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THE METHOD
OF STUDY

Dissection is a fine process
which requires certain ins-
truments :

1. Scalpels: two or three,

sharp and of different sizes. -

2. Scissors : two, a fine
pointed pair for dissecting

delicate tissues, and ancther
strong pair for cutting bones.

If bones are cut with the
fine « scissors, they would
destroy them.

3. Two forceps: one pair
pointed,and the other blunt.

4. A dissecting needle,
mounted in a handle.

5. Probes : cne or more,
similar to the knitting
needle. .

6. Anatomical blowpipe.

4. Pins, small nails,
thread, sponge and a duster.

You may keep the dis-
secting instruments in a spe-
cial case. You ought to wipe
them clean after every dis-

. section. Traces of water will
make them rusty, thus
spoiling them. Bad instru-
ments are no good for making
Jme dissection.

8. The student is advised
to have a dissecting dish.
He can make it from any

" dish of suitable dimensions,
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and put in it a mixture of
melted wax and charcoal.

9. A dissecting board, of
wood, for dissecting larger
animals such as the rabbit.
It is a rectangular board of

wood of suitable dimensions.’

General Rules of Dis-
section.

With every practical les-
son, some instructions about

dissection are given. Care- .

fully follow them, and it
would be preferable to read
the whole lesson before you
start dissecting. You will
find that organs, blood ves-
sels and nerves are con-
nected with each other by
delicate tissues. These should

beremoved away with great -
care in order to expose the . -

. required structures. Dissect

along and not across the -

blood vessels and nerves.

Always keep the water
clean in the dissecting dish
during dissection by chang-
ing it whenever stained
with blood, so that visibility
remains good.

Drawing.

The idea of the practical
study is to enable you to see
everything by yourself, and

be original. Have a suitable
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drawifig¢ book, of white
paper of good quality. Draw
on one page and register
your observations on the
opposite page. Use a pencil
in your drawings, and do
not draw anything which you

have not seen. Keep the
proportions in your draw-
.ings. Do not use colours or
shading unless necessary.

One can easily obtain a
toad either from gardens,
fields or from the animal
dealer. In order to dissect a
toad, one has to kill it,either
by knocking, pithing or
anaesthetizing it. Kno-
cking a toad is by holding it
by its hind-limbs and
striking it fairly violently
against a table’s edge.
Pithing is accomplished by
introducing a dissecting
needle into the brain
through the joint between
the back of the skull and
_the  vertebral column.
Anaesthesia is carried out

by putting the animal in a -

small tight tin with a piece
of cotton wool rinsed in
chloroform or ether, or by
pouring about 5-10 c.c. of
commercial alcohol into the
- tin. An overdose kills the
toad.

So often, during dissect-
ion, a blood vessel is cut or
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injured, and a haemorrhage
follows. To stop this, one
has to press gently on the
injured vessel with the blunt

forceps, till the blood flow
_ ceases.

Flag-Labelling.
Frequently, the student is

asked to dissect the blood

vessels and flag-label them.
Small pieces of paper (2.5 X
o.7cm) are prepared, and
. apin is passed through each
close to the periphery. The

names of the vessels are -

written (in pencil) on these

flags, then each is inserted

mn the dissecting dish close

to the vessel bearing the
name on the flag.

Preliminary Examina-

tion of the Skeleton.

Frequent reference to cer- .

tain parts of the skeleton will
be made in the instructions
for the dissection of many
systems. Since the student is
not familiar with these parts

he would find it difficult to .

follow these instructions. So,
" before dissecting the toad or
any other vertebrate
animal, he should acquaint
- himself with its skeleton and
‘the names of its various
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Phylum

BRY 3

SECTION 1

ANATOMY o );;H

THE MACULATED TOAD .u,_;)j\ sl

Systematic position ,_s:J'J:” C"J“

: Chordata

Sub-phylum : Vertebrata

Class
Order

Family

Genus
Species

: Amphibia

: Anura LW -
: Bufonidae

: Bufo

. Bufo regularis oy by







L. THE EXTERNAL
FEATURES

A. Note in the living toad:
— General body colour
(adaptive colouration).

— Absence of neck(inherit-
ed character from fish-like
ancestors). 5

— Absence of tail.(the toad

belongs to the tail-less
Amphibia — the Anura).

— Longer hind- than fore-
limbs (the toad hops and
leaps).

— Eyes are bulging (so can
“cover” a bigger area of the
surroundings).

—Up and down move-
ments of the floor of the
buccal cavity (a respiratory
movement). '

— Distinguish the sexes by
the colour of the subgular
area; being black in the
male, whitish in the female

(secondary sexual character).

— Make a drawing of the
lateral aspect of the toad.

B. Examine the specimen
provided and note :

— The body surface,
which is roughened by the
prescnce of small protu-
berances or warts, especial-
ly on the back. The skin
also sticks due to the pre-
sence on it of a mucous
secretion which keeps the

<19
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body moist (to preserve the
skin from desiccation). No
scales or any dermal pro-
tection is present.

—The head, which is
triangular but blunt, is
dorso-ventrally compressed
and terminates in a wide
and edentulous mouth.

— The external nares or
nostrils, which are two
small openings lying near
the anterior tip of the head.
—The eyes, which are
guarded each by two eye-
lid s, an immovable upper,
and a semi-transparent
movable lower eyelid, for-

med of a2 lower eyelid pro-

per below,and a nictitating
membrane above. Note
the colour of the iris
(golden yellow)in the centre
of which the eye-pupil is
found. Note also the sclero-
tic or “white of the eye”.
The front of the eyeball is
covered by a transparent
cornea and this by another
transparent delicate mem-
brane, the conjunctiva,
which fastens the eyeball
to the eyelids.

—The tympanic mem-
brane or ear-drum, which
is a more or less circular
area found posterior to each
eye. It is the external
boundary of the middle
ear; an external ear as is

<20
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characteristic of mammals
is entirely absent.

— The parotoid gland, is
indicated by an elevated
area of the skin found just
dorsal and posterior to each
tympanic membrane. Press
it gently. A milk-white
viscid substance comes out
of it. The gland is an
aggregation of poisonous
glands in this area.

— Make a labelled drawing of
the head.

— The trunk, is compact
and divided into thorax
and abdomen; the uro-
style protrudes at its
posterior end. Identify in
the living animal a pulsating
area on each side of the
urostyle indicating the posi-
tion of a lymph heart.
Note the cloacal opening
at the posterior end of the
trunk.

—The limbs, are two
pairs,pentadactlye and built
up on the same plan; each
consisting of three regions :
proximal, intermediate and
distal.

—The fore-limb, is form-
ed of : the brachium,
antebrachium and
manus. The last consists of
the carpus, metacarpus
and digits (4 in number).
Look out for two horny

22
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pads on the ventral sur-
face of the hand (take the
shock on alighting on the
ground after each leap).
—The hind-limb,is built
up of : the femur,
crus and pes. The last
consists of - the tarsus,
metatarsus and digits
(6 in-number, by the add-
ition of a small preaxial
extra digit — the pre-
hallux or calcar). Nate the
presence of a web, uniting
the toes together.

— Draw the limbs showing
details of their various regions.

What are in your opinion
the principal external fea-
tures of the toad adaptive
to its environment and
mode of life ?
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I. THE BUCCOPHARY.
 NGEAL CAVITY

Open the toad’s mouth as
much as you can, and look
out for the details in figure 4.

Pass a probe through the
external to the internal
nostril and another through
the opening of Eusta-
chian tube to perforate
the ear-drum. The pressure
in the tube equalises the

pressure falling on the.ear-
drum. .

Note, in the male only,
the presence of the vocal
sac with its two openings
into the mouth. Dissect it
from the outside by cutting

off the skin of the subgular
area.

Gently pull the tongue
forward, and sec that the
glottis is surrounded by
two arytenoid cartilages.

— Draw the buccopharyng-

eal cavity Showing its various
Darts.
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II. THE VENTRAL
SUPERFICIAL MUSCLES

Instructions for dissection :

* Lay the toad on its back in a
dissecting dish.Pin its limbs down
and press on the pins with the base
of the forceps. Using the forceps,
pinch the skin between the thighs
in the region of the pubic symphy-
sis and make a small opening with
the scissors.See that a clear trans-
parent fluid oozes out from below
the skin. This is lymph. Make a
mid-ventral incision up to the
symphysis mentis, then along each
limb. Pull the skin outwards and
pin its flaps down to the dish (see
fig. 5). Wash the toad with water.
Add water to the dish till the
toad becomes completely sub-
merged in it.

As you cut the skin and
reflect it, the muscula: ~ody
wall is exposed. This is built
up of a great number of
voluntary muscles attached
to the skeleton, hence called
the skeletal muscles, They
move its various parts. These
muscles form what we call
in ordinary language ‘“‘the
flesh’’. Note that these mus-
cles are covered with thin
membrane called thefascia.
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some of the

Identify
muscles on the ventral sur-
face of the buccal cavity,
thorax, abdomen, thigh and
shank and compare them
with figure 7.

Examine any muscle
of these and note that it
consists of numerous fibres
which run in one direction
(except when the muscle
consists of several parts,such
as the pectoralis muscle).
When a muscle contracts,
it does so along thedirect-
ion of its fibres. Thus the
muscle performs one action
by moving a certain part of
the body towards another
in the direction of its fibres.

Note that the muscle has
two heads, one lies near to
the median axis of the body,
and is called the origin of
the muscle, while the other
is away from that axis, and
is called the imsertion of
the muscle. The origin is
more fixed thanthe insert-
ion which moves. The origin
or insertion of the muscle, or
both, may be a tendon.

To understand the above
features, try to apply them
to a strong muscle like the
gastrocnemius. The origin
of this muscle lies on the
- posterior (distal) part of the
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femur and the anterior (pro-
ximal) part of the tibio-
fibula. Its fibres extend
backwards to form the belly.
which lies along the back of
the shank, forming its calf,
while the insertion is a
distinct glittering tendon —
the tendo achillis. This
tendon passes along the
dorsal surface of the foot,
and is inserted by branching
fascia on the digits of the
foot. Pull the tendo achillis
with the forceps towards
the belly of the muscle and
see that this movement
extends the foot. It is
necessary for the living toad
when leaping.

Any action carried out by
a muscle is ¢ounteracted by
a reaction to be performed
by another muscle, called
the antagonistic action.
In the previous example,
the tibialis anticus flexes
the foot. Identify the origin
of this muscle on the ventral
surface of the anterior
(proximal) part of the tibio-
fibula, and find out that it
extends along the postaxial
side of the shank. The
insertion is a double tendon
on the ventral surface of the
astragalus and calcaneum.
Pull the tendon of the mus-
cle, as you did with the
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gastrocnemius, and see that
it flexes the foot (antagonis-
tic to the gastrocnemius).

— Make a drawing to show
the ventral superficial muscles of
the body. In another drawing,
show the details of structure of
the gastrocnemius muscle.

Write an account of
the general morphology of
the skelctal muscles and the
part which they play in
locomotion.
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IV. THE GENERAL
VISCERA

Instructions for dissection:

* After you have examined the
muscles, proceed to open the
abdominal cavity. Pinch the right
rectus abdominis muscle at (a), a
little to the left-hand side of the
linea alba, through which you can
sec the anterior abdeminal
vein (see fig. 8). Cut through the
abdominal wall in the direction of
the arrow (1) till you reach the
xiphoid cartilage and the pect-
oral girdle. Cut through them
till you reach (b), but be careful
not to injure the heart.

* Turn the dissecting dish 180°
so that the toad’s head comes to
lie opposite to you. Cut the right
portion of the abdominal wall in
the direction of the arrow (2) and
remove it away. Then cut the left
portion of that wall in the direct-
ion of -thearrow (3), but note that
the anterior abdominal vein is
attached to the abdominal wall
“below’’ the linea alba by a thin
membrane. Separate the vein
carefully by cutting through this
membrane (see fig. g).

* Ligature the anterior abdo-
minal vein near to the thighs, and
at its entrance into the liver, then
cut it between the two ties.
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* Expose the cloaca, first by
feeling the position of the pubic
symphysis, cut its pointed edge,
then insert the scalpel on it, and
press it vertically so as to separate
the two halves of the pelvic girdle
(see fig. 17). Thus you have
exposed the cloaca. Pull out the
hind-limbs, and sever the muscles

of the pelvis so as to free the

cloaca.

Examine the general vi-
scera and note that they
are connected with each
other by thin membranes —
the mesenteries. Make a
preliminary identification
of : the lungs, heart
(probably still pulsating),
liver, gall-bladder, sto-
mach, intestine, spleen,
kidneys, fat — bodies,
testes in the male, or
ovaries and oviducts
in the female, i

urinary
bladder.

~— Make a labelled drawing
of the general viscera,

How “are the organs
arranged and fixed to each
other and to the body wall
in the general body cav1ty

(Look at fig. 23).
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V. THE DIGESTIVE
SYSTEM

The inlet of this system is
the mouth opening, and
its outlet is the cloacal
aperture. Follow . the sys-
tem between the two open-
ings and note :

— The mouth opening
leads to the buccal cavity
which is edentulous, and
indistinct from the phary-
ngeal cavity; both forming
a single buccopharyngeal
cavity which you have
already examined.

— The buccopharyngeal
cavity leads to the oesopha-
gus. This is cylindrical,
" short({becausc of the absence
of the neck region) and
opens into the stomach.

Lift the left lung and the
liver forwards in order to
exposc the oesophagus.

-— The stomach,is a
muscular curved sac which
lics in the left side of the
abdominal cavity. It has
two ecnds : a cardiac, into
which the oesophagus opens,
and a pyloric end, which
leads into the intestine.

- The intestine, is long
and differentiated into the
‘small intestine and large
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See that the
- small intestine consists of
the duod enum, (forms with
the stomach a U-shaped
loop embracing the

intestine.

creas) and the ileum
(thrown up into several
loops bound by mesenteries).
The large intestine is short,
straight and consists of only
the rectum. This is wider
than the ileum and extends
backwards to open into the
cloaca.

Identify the following ac-
cessory glands connected
with the digestive system :

— The liver, is large,
dark red in colour, and
consists of two lobes con-
nected by an isthmus; the
left lobe is cleft and larger
than the right one. The
gall-bladder lies between
the two lobes, posterior to
the isthmus,
hepatic and cystic ducts
as they collect from the

“liver and gall-bladder to
form the common bile

duct. This pierces the pan--

- creas, and accompanies the

q.ncreatxc duct to open -

with it into the ducdenum;

by & very short common -

hepato-pancreatic, duct
near to the pyloric end of
“the stomach.
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— Thc pancreas, lies

between the stomach and
the duodenum. It is much
smaller than the liver, pale
yellowish cream in colour.
Its posterior part is divided
into two lobes, a dorsal
lobe to the left and a
ventral Iobe to the right
side, each of which in turn
is cleft.

Make a preliminary iden-
tification of the blood vessels
connected with the digestive
system. 7

Unravel the ileum by
cutting with your scissors
the mesenteries holding its

loops. Keep in position the

U-shaped loop formed by
the stomach and the duo-
denum, so as not to damage
the pancreas.

— Turn the liver and the
heart forwards, and make a
labelled drawing of your dis-
- section” showing the dzgestwe
System.

Cut off the alimentary .

canal from the oesophagus
to the cloaca. Slit open it
. longitudinally and wash

away its contents with water. -

Measure the intestine and
find out its length in propor-

* tion to that of the body

Examine the mucous mem-
brane lining the different
regions of the canal.
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VI THE URINO-
GENITAL SYSTEM

Instructions for dissection:

* Open the toad in the usual way,
as you did in the previous lessons.
Separate the anterior abdominal
vein, tie it at both ends and cut it
in between.

* Try to separate the alimentary
canal from the
organs by cutting the mesenteries
which connect them with one
another, then tie the rectum near
to its connection with the ileum
and remove the rest of the
alimentary canal up to the
oesophagus. ’

* Cut with the help of the scalpel

through the pubic symphysis, be-
tween the two thighs, in order to

expose the cloaca, as you did in

the previous lesson.

A—THE URINARY .
(RENAL) SYSTEM

Identify the kidneys and

note their position in relat-

ion to the body cav1ty
Also note that a thin mem-
brane separates them ‘off
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from the secondary body
cavity (or coelom). This
membrane is the ventral
wall of an internal lymph
sac — the cisterna magna.

Note that each kidney is
elongated and dark red in
colour. Its median edge is
lobulated, while its lateral
edge is straight or gently
curved to the inside.Identify
a broad irregular yellow
patch on the ventral surface
of each kidney. This is the
adrenal gland. It is a
gland of internal secretion,

or ductless gland.

Identify the Wolffian
duct. Note that it extends
backwards from the lateral
edge of the kidney, then
swells up either largely or
gently according to the sex
of your specimen, and final-
ly opens on the dorsal side
of the cloaca, near to its
fellow of the other side.

Identify the wur
bladder and note that it is
a thin-walled bilobed sac;
each lobe is connected by a
dorsal mesentery to the
dorsal body wall. Cut off
this mesentery to loosen the
lobes of the bladder. This

* enables you to follow its

opening into the cloaca
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later on. This opening lies
posterior to the openings of
the two Wolffian ducts, but
on the ventral side of the
cloaca (no direct connection
extsts between the bladder and
the Wolffian ducts).

Try to make a -preli-
minary identification of the
blood vessels connected with
the kidneys, both from the
median and lateral sides.

B - THE MALE GENITAL
SYSTEM

. Identify the two testes,
as two clongated bodies,
yellowish white in colour.
Each testis is connected to
the median edge of the op-
posite kidney by a thin
membrane called the mes-
orchium. Try to hold one
of the testes with your
fingers, but do not use the forceps,
Jor these split up the testis. On
pulling it towards you,
then you would see a num-
ber of fine tubes leading
~ from the testis to the kidney.
These are the wvasa
efferentia.

Follow the Wolffian duct-

and note that it is largely
swollen to form the vesi~
cula seminalis. Thus this
duct acts as a urinary and
at the same time as a genital
duct. Try to cut the mesen-
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teries which attach the two
Wolffian ducts together and

connect them with the
rectum. This would faci-
litate the examination of
their openings into the
cloaca.

Note that each of the two
testes is connected anterior-
ly to a fat-body. In be-
tween the two lies a small
pale brown body — the
Bidder’s organ.

How do the spermatozoa
reach the outside ? Try to
find out the answer to this
question.

— Make a drawing of the
urinogenital system of the male
toad from your own dissection.
Identify the different parts.

The proportions here are of

paramount importance.

C - THE FEMALE GENITAL
SYSTEM

Note that this system con-
sists of two ovaries and two
oviducts, and that the
ovary is a large organ which
occupies a considerable space
in the coelom, particularly
durmg the breedmg season.
It isblackish in colour,gra-
nulated and lobulated, and
contains a multitude of ova
at different stages of ma-
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turity.  Note - that it is
connccted to the opposite
kidney by a thin membrane
called the mesovarium.

An oviduct is a long tube,
opcning into the body cavity
by an internal opcning near
to the base of the lung cf its
side. Follow it, to sec that
it continues backwards as a
convoluted tube where it
swells up, opposite to the
posterior third of the kid-
ney, to form the ovisac.
This sac extends blindly
forwards, and backwards to
unite with its fellow of the
opposite side.
united ovisacs open to-
gether by a common open-
ing into the dorsal side of
the cloaca, a little in front
of the opcnings of the two
Wolffian ducts.

Note that the Wolffian
ducts extend backwards
dorsal to the ovisacs, each
of them swells up but gently,
not to the extent found in
the male. Carefully cut
through -the mesenteries
which connect the ovisacs

with the rectum and sepa-

rate the Wolffian ducts
from the ovisacs, so as to
examine more easily these
organs and their openings
into the cloaca.
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Note the presence of the
‘two fat-bodies and the
two Bidder’s organs, cach
* "having the same relations
with the ovary as with the
testis,

~How do the eggs reach
~ the outside from the
ovaries ? Undoubtedly you
have noticed here that the
Wolffian duct is entirely
urinary, and that the ovi-
duct serves to transfer the
ova, but how ?

Re-examine the oviduct,
feel it with your fingers and
note that it is thick-walled
and narrow, while the
ovisac is, on the contrary,
thin-walled and capacious.
The reason for this is that
the oviduct contains nume-
rous glands in its walls
. which secrete a gelatinous
+ substance around the eggs
as they pass down, while
the thin wall of the ovisac
enables it to be distended

when congested with eggs.

— Make a labelled drawing
of the urinogenital organs of the

- Jemale toad from your own

dissection. Draw the parts in
the correct proportions.
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D - THE CLOACA

Try to identify the right
positions of the openings of
the urinary and genital

ducts, the rectum and the’

urinary bladder into the
cloaca, as well as their inter-
relations in both of the
male and the female. Cut
open the cloaca and pass a

bristle from the horse’s tail -

into the Wolffian duct, the
common opening of the
ovisacs and the opening of
the urinary bladder.

You can detach the
cloaca from the skin by
cutting it close to the
cloacal sphincter, then
lift it up towards you to
see the positions of the ducts
from the dorsal side.

— Make .a series of draw-
- ings of the cloaca as seen
- from different aspects.
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VIL. THE CIRCULAT-
ORY SYSTEM

You have encountered,
on dissecting the different
systems of the toad, several
vessels full of blood in
various parts of the body.
These blood vessels are of
two kinds : arteries and
veins. It is not easy to
distinguish between them
in dissection. However, you
can, in a general way,
distinguish the artery from
the vein, by three different
criteria. Firstly, an artery is
centrifugal (passes out
~ from the heart), while the
vein is centripetal (runs
towards the heart). Second-
ly, the artery is thicker-
walled, appears generally
paler in colour and is more
elastic than the vein. Lastly,
- when an artery and a vein
- are present in one place, as
they often do, then the
vein usually lies nearer to
the outer surface than the
artery. -

The heart acts as a force-
pump pushing the blood
into the various arteries,

which form the elements of .

the arterial system. The
arteries divide and subdi-

“«—45

Sl Sledt ¢ bl
Sjg.g-?\c J:J&T)&lzbudﬁ
et e iyl dde dedialliala!
oday ¢ o] il ke 4
el 0 Jo Gl 2
2 Jed or s ¢ BapsdY
SLSs I3 may ¢ s 23 3 o

Ol ¢ e daaay ¢ f O

o & gl O oo sl
ao N gy oA
O ety « A §
by 1y Thas Bkt 0L 20
g g A G b gl
oF W8ty ¢ Ty ST W
o T bnazrt 13] sy ally 0L 20
Qs Sz W ¢ dly O
ol gy ssle s 1 0 ¢ T

oL A e ol et )

¢ o Bval M Jen s

3 WS G ukd oulH

gD . Gu AN et

L ! el G ol oda
to



vide into a system of
arterioles and minute
arterial capillaries in the
body tissues. From these
tissues, the blood is col-
lected by a system of
venous capillaries and
venules and conveyed
back to the heart by way
of the veins, which form
the venous system. Two
subdivisions are different-
iated into this system

a) Some of the veins return
the blood from the tissues
to the heart directly, and

these form what is called

the venous system pro-

per. b) Other veins pass the -

blood, which is collected
from the tissues, first to the
liver or the kidney (into
which organs they branch
once again into a system of
capillaries ) before it is
conveyed to the heart. Such
veins form the venous
“portal system,

There is also the lymph.
atic system which collects
the lymph (formed original-

~ly from the blood in the -

body tissues by filtration)

and pours it into some veins.

This system complements,
with the blood system, the

_vascular or circulatory

~ system. )
- The dissection of the circ-
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ulatory system requires care
and precision; it is a mea-.
sure of the student’s skill.
However, on¢ should not
exaggerate the difficulty of
.its dissection. If the student

follows the instructions
given here, he ought to be
able to dissect the blood
- vessels clearly. It should
be born in mind that the
student would not be able
to master the dissection
in so short a time as that
devoted in the laboratory
for this study. He must
practice dissection whenever his
time allows. -

A — THE HEART

Note that the heart lies
in an anterior compartment
of the coelom — the

icardial cavity. It is
- surrounded by a thin mem-
“brane — the pericardium.

It often happens, in

freshly killed toads, to find

the heart still beating. Count
g ey POl 4By
Y, 0;1# . 3-\’-!’“ 3.2._5.\“ d g_.u“
ity . M Sl o ol
o pBY o By B> S

the number of times the
heart contracts per minute.
- These are the heart beats.
A heart beat comprises a

. wave of contraction called.

- the systole,followed by a
pause of rest or relaxation
_called the diastole.

- €47

Sl plie gy ¢ By Gl
BVl e a4l ¢ I
o ells ¢ gmy 2l lin 4 g
e by oS 15] Sl
iV Of Jo 06 6T Y cla
O s . T By g Al
G O pudars Ul OF Jyaall
Cif) G D) i o
e ol Bl et s
C—%é‘d‘.ﬁ,ﬂ\&d*’&%.
s 4 Ol LIS sl

SRR V- |y
b gl AW OF Y
Gupd o el o Rl
3 slin ble Ul &y o\l
. )fH\_,a
gl 4 sa bl
Y \v:sqzs\o,iiaﬂa_.\,a,:m ,

FRRT R FEWERFr")

&y




* In order to examine the heart
preliminarily, hold the peri-
cardium from behind with the
forceps and cut a small piece of
it with the scissors. From this
window, proceed cutting the peri-
cardiurh forwards till you reach
the origin of the large vessels; the
heart will protrude out of its
membrane. Try with great care
to remove the pericardium from
around the heart, by cutting it
off on both sides of the heart. The
safest way to do this is to hold
the right part of the pericardium
with the forceps in your left hand,
the scissors in your right hand,
then shift the heart forwards with
your left little finger and cut off
the pericardium on this side.
Repeat on the left side.

Note that the heart con-
sists of five chambers, only
four of which show on either
the ventral or the dorsal
aspect (see fig. 20). These
are : the ventricle, large
and muscular and occupies
the posterior region of the
heart; and the two auricles,
right and left, are thin-
ner-walled and darker in
colour than the ventricle.
Note the presence of a
girdle of fat between the
auricles and the ventricle.
The fourth chamber, the
truncus arteriosus, only
appears from the ventral
side and opens into the right
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side of the ventricle, thus
covering part of the right
auricle. The fifth chamber
is the sinus venosus which
lies dorsally. Lift the vent-
ricle forward to see it as a

triangular chamber con-
cealing part of the right
auricle. It receives three
principal veins — the venae
cavae — two anterior,
right and left, and one
posterior vena cava. Note
‘that the left auricle receives
two pulmonary veins,
and the truncus arteriosus
gives off three pairs of
aortic arches in two
groups, each group consis-
ting of the carotid arch,
the systemic arch and the
pulmocutaneous arch.

— Make drawings of the
heart and the blood vessels con-
nected with it as seen from the
ventral and  dorsal aspects.
Label the parts.

Defer the dissection of the

heart to a later step (p. 69).

B — THE VENOUS SYSTEM
PROPER

Instructions for dissection:

* Pin the toad down to the dis-
secting dish and cut through its
skin in the usual way (see page 25).
Take care not to pull unduly the
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skin covering the thorax to the
outside, so as not to damage the
musculocutaneous vein. 8ome of
the tributaries of this vein extend
along the skin in this region.

* Before cutting thiough the
ventral abdominal wall, remove
the pectoralis posterior muscle on

each side. Cut each at its anterior -

head, then pull it carefully back-
wards till. you remove it com-
pletely (see fig. 13). In this way,
the musculocutaneous vein, which
runs ‘below’ this muscle, is
exposed. You can also see the
point where it joins the brachial
- vein, Note that a small fat-body
lies near to the place of union of
these two veins. Try to remove
this fat-body carefully.

* Cut through the muscular ab-
dominal wall in the usual way
(see p. 30) ,separate the anterior
abdominal vein, tie it at both ends
and cut it in between.

* Remove the pericardium, by
the way shown in p. 48.

* Try to separate the alimentary
canal from the neighbouring
organs by cutting the mesenteries
connecting -them, then cut the
canal and remove it away from
the oesophagus to the rectum.

* Try carefully to remove the
fascia that covers the veins in the
axillary region in order to expose
the veins which unite to form one
of the two anterior venae cavae.
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This requires great care, so as to
avoid damaging these vessels. The
success of your dissection dépends
largely on this step.

* If the provided specimen is a
female, remove one of the ovaries
to facilitate the examination of

" the posterior vena cava.

The wvemous system
Pproper consists principally
of three venae cavae, col-
lecting blood from various
-parts of the body; two
anterior venae cavae, right
and left, and one posterior
vena cava; and of two
pulmonary veins which col-
lect blood from the lungs.
The venae cavae pour into
the sinus venosus, while the
pulmonary veins into the
left auricle.

Follow these veins from
the heart outwards :

1. The Left (or Right)
Anterior Vena Cava :

Trace it from the sinus
venosus,to see that it consists
of threce veins which are
(from in front backwards) :

(a) The external jugular
vein, which is formed of :

— The lingual vein; is
a small vien which coilects
blood from the tongue and
the floor of the mouth.
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— The faciomandibul-
ar vein, is larger, and col-
lects blood ‘from the lower
jaw and the lateral side of
the floor of the mouth. Cut
off the membranes con-
necting the left fore-limb
with the lower jaw to expose
the full course of the vein.

The two veins unite to
form the external jugular
vein, and at the point of
their union a slender muscle
is found. This should be
removed away to expose
the junction point.

(b) The innominate
vein, which is formed of :

— The internal jugular
vein, which collects blood
form the brain, leaves the
skull through a foramen and
then appears in the region
between the axilla and the
lower jaw.

— The  subscapular
vein, which collects blood
from the shoulder.

(c) The subclavian
vein, which is formed of :

— The brachial vein,
which is large and collects
blood from the fore-limb.
Try to cut off some of the
muscles of the upper arm
attached to the humerus, to
expose this vein.
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musculocuta-
neous vein. This is a large
vein formed of a great
number of tributaries, as
you have already noticed
on dissecting the vein from

— The

the exterior. It collects
blood from the skin and
the muscles lying on either
side of the body.

Note that the three prin-
cipal veins meet at a point
to form the left anterior
vena cava, but the innom-
inate vein lies in a plane
dorsal to that of the external
Jugular and the subclavian
veins.

Repeat the same steps

with the right anterior vena

cava to gain more practice.
2. The Posterior Vena
Cava :

— Follow the posterior
vena cava from between the
kidneys to see that it is
formed of five pairs of renal
veins collecting blood from
the kidneys. You have to
remove away the wall of
the cisterna magna and
insert two pins down in the
uissecting dish opposite to
each other, in between the
two kidneys, so as to display
well the veins of this region.

—- Identify the genital
veins which, together with
the renal veins, are not

" constant in arrangement.
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Usually there are two
genital veins on each side
(spermatic in-the male, or
ovarian in the female).
They unite, one with the
anterior renal vein, and the
other with the penultimate
renal vein. Note that the
blood from each of the two
fat-bodies - is collected by a
fat-body vein which joins
the right anterior renal vein.

— On leaving the region
of the kidneys, the posterior
vena cava proceeds for-
wards till the liver and
pierces it.Soon after it leaves
the liver, the vein receives
from it two large hepatic
veins, then pours immedia-
tely into the sinus venosus.

3. The Pulmonary Veins:

It remains for you to see
the two pulmonary veins,
which open into the left au-
ricle. Pull out the two lungs
~ and pin them down to the
dissecting dish, to see that
each lung is drained by a
pulmonary vein which runs
towards the heart. The two
pulmonary veins unite one
with the other,in the wall of
the left auricle, and open
by a single opening into
this chamber.

— Draw the venous system
proper, and label every vein.
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C-THE VENOUS PORTAL
STSTEM

Instructions for dissection:

* Dissect the toad in -the usual
way. Separate the anterior ab-
dominal vein and keepit intact;
do not cut it as you did in the
previous lessons. Note that the
anterior abdominal vein is formed
by the union of two pelvic veins
which lie in the anterior part of
the pelvis (they are not the two small
veins lying on the ventral supface of the
thighs). Try to separate the two
pelvic veins from the thigh’
muscles by gently pulling the
anterior abdominal vein forwards
and cutting through the thin
membrane which connects them
to these muscles.

* Remove the pericardium from
around the heart

* Tie the rectum near to the
cloaca and to its junction with the
ileum, and cut the part in
between.

* Remove away the vastus in-
ternus muscle which lies on the
outer side of the thigh. Cut it
first near its posterior tendon, pull

it gently outward (thus the fem-

oral vein is exposed) then cut it
with great care at its anterior
origin, and get rid of it (see fig.
16).
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* Using the scalpel, cut through
the pubic symphysis between the
two thighs in order to expose the
cloaca and the two sciatic veins.
* Remove the wall of the cisterna
magna, and separate the urinary
bladder from the dorsal body wall
by cutting the mesenteries con-
necting them. _
* Carefully remove the gall-
bladder. -

Note that the venous
portal system is composed
of two portal systems :

1. The renal portal
system, which is formed
(on each side) of :

(a) The femoral vein,
which you must have seen
when you removed the
vastus internus muscle. It
collects blood from the
hind-limb and divides into:

— The extermal iliac

vein, which lies in the body
cavity.
— The pelvic vein,

which unites with its fellow

of the opposite side form-

ing the anterior abdominal
vein. )

(b) The sciatic vein,
which lies on the dorsal side
of the thigh, and is internal
to, and smaller than, the
femoral vein. It collects
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blood from the dorsal region
of the thigh.

(¢) Thesciatic vein unites
with the external iliac vein
to form the remal portal
vein, which runs forwards
towards the kidney, and
continues along its lateral
border where it receives
from the lumbar region
three or four dorsolumbar
veins (the arrangement of
which varies from specimen
to specimen). The renal
portal vein ends in the
kidney where it breaks down
into a system of capillaries
that recombine to form the
renal veins. Thus this vein
is a portal vein, since it
begins in the hind-limb by
a system of capillaries and
ends in the kidney by an-
other system of capillaries.

(d) The two pelvic veins
unite to form the anterior
abdominal vein which
runs along the mid-ventral
line till it unites with the
hepatic portal vein In its
way it receives -

— A vesical vem, from
the urinary bladder.

— Parietal veins (3-4
pairs), which drain the
ventral abdominal wall and
extend in the tendinous
intersections of the two recti
abdomines muscles. Inevi-

tably, they have been cut
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off on
dominal wall. Identify them
in another specimen before
you open the abdomen.

opening the ab-

2. The hepatic portal
system, which is formed of:

The hepatic portal vein
which is formed of several
tributaries from the ali-
mentary canal and the
spleen. These are :

— The gastric vein,
from the stomach.

— The splenic vein,
from ‘the splcen.

— The intestinal vein,
from the intestine.

The tributaries of these
veins appear on the outer
surface of the alimentary
canal and in the mes-
enteries.

The hepatic portal vein
pierces the pancreas and
then ultimately unites with
the anterior abdominal vein
to form an extremely short
trunk, which divides into
three branches,two of which
enter the left lobe, and the
third enters the right lobe
of the liver. It is a portal
vein because it starts with
a system of capillaries in
the alimentary canal and
spleen and ends in the liver
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with another
capillaries, which recom-
bine to form the two hepatic
veins.

system of

— Draw the venous portal
system and label the veins.

What is the difference
between a portal vein and
an ordinary or proper vein?
Give examples.
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D - THE ARTERIAL
SYSTEM '

You have already noted
that arteries lie deeper than
veins, and since you dissect
the toad from the ventral
side, so most of the blood
vessels which you see for the
first while are the veins;
they veil the arteries*‘under-
neath”. Therefore, you
must remove away these
veins in order to expose
the arteries.

Instructions for dissection:

* Dissect the toad in the usual
way. Separate the anterior ab-
dominal vein, tie it atboth ends
and cut it in between.

* Remove the pericardium.

* Keep all the alimentary canal
and its mesenteries intact; only
shift it to the left-hand side (i.c.
to the right of the toad) and pin
it down to the dissecting dish.

* Tie one of the anterior venae
cavae, preferably the left one,
near to the sinus venosus, in the
following way : First hold the
ventricle with your left hand to

lift the heart vertically. You will

sec the anterior vena cava on the
dorsal side of the heart, crossing
“‘over’’ the three aortic arches of
the same side, which arise from
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the truncus arteriosus on the
ventral side of the heart. A small
triangle is thus formed between
those vessels and the heart.
Prepare a fine thread and lay it
down over this triangle, then pass
a finc pointed forceps below the
vena cava into the triangle. Catch
hold of one end of this thread
with it and pull it back(see fig.19).
In this way you succeed in passing
the thread “below” that vena
cava, thence you can easily tie it.
Cut the vein a short distance
beyond the tie (to the outer side
of it) then remove away its
tributaries one by one with great
care; do not mix these tributaries
with the arteries ‘“‘underneath’.
You can easily differentiate bet-
ween the two, since you have
already studied these veins; also
they. are brighter in colour than
the arteries.

* _ With the help of the scalpel
cut through the pubic symphysis
between the two thighs in order
to expose the cloaca and the ex-
tension of the- two iliac arteries.
* Remove the wall of the cisterna
magna and separate the urinary
bladder from the dorsal body wall.
* Then try to follow the three
aortic arches, arising on either
side from the truncus arteriosus,
and their branches, especially in
the axillary region. Remove the
fascia and muscles around them
in order to expose well all of
their branches.
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You have seen that the
arteries which leave the
heart are three pairs of
aortic arches, coming out
from the truncus arteriosus
in two groups. Each group
consists of three arches ,
the carotid, the systemic,
and the pulmocutaneous

arches, bound together at

their bases by membrane.

Note the presence of a
small red body at the base
of the systemic and pulmo-
cutaneous arches. This is
the parathyroid gland,
an endocrine or ductless
gland.

Follow each of the aortic
arches and its branches to
the various organs of the
body:

1. The carotid arch,
passes  outwards, then
- divides into :

(a) The lingual artery
which passes inwards anci
forwards to supply various
parts in the floor of the
mouth, notably the tongue.

(b) The carotid artery,
enters the cranium to supply
the brain. Note the presence
of a small swelling at the
point of issue of the carotid
artery. This is the carotid
labyrinth.
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2. The systemic arch,
is the largest of the three
arches. It extends lateral-
wards, then strongly curves
backwards to meet its fellow
of the opposite side, near to
the foreparts of the kidneys,
forming the dorsal aorta.
In its way, the systemic
arch gives off :

(a) The occipitoverte-
bral artery to the occiput
and the vertebral column.
It is a small artery. Turn
the oesophagus and the
systemic arch towards your
left-hand side to see it.

(b) The subclavian ar-
tery to the fore-limb. It
springs off from the systemic
arch close to the occipito-
vertebral artery and extends
straight to that limb.

(c) The oesophageal ar-
tery which is single, given
off from the /l¢ft arch only.
It supplies the oesophagus.

As soon as the two system-
ic arches unite to form the
dorsal aorta, they give off
an important branch — the
coeliacomesenteric ar-
tery which divides into :

— The coeliac artery,
to the stomach, liver, pan-
crcas and duodenum.

— The mesenteric ar- -
tery,to the small and large
intestine. and the spleen.
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| ‘The dorsal aorta thep ex-

tends backwards between

the two kidneys, *‘beneath’’
- (i.e. dorsal to) the posterior
vena cava. In order that
you can see it clearly, turn
the right kidney over the
left and pull them gently

- outwards. Now you will see

that the dorsal aorta gives
off a number of wurino-
genital arteries to - the
kidneys, gonads and fat-
bodies. Neither the number

nor the arrangement of

these arteries is constant.

Usually, however, three
unpaired urinogenital ar-
teries leave the aorta

anteriorly (each then giving
off two branches), and two
separate urinogenital ar-
teries - posteriorly.  Each
urinogenital artery gives off
a genital artery (sperm-
atic in the male or
ovarian in the female) and
. a renal artery to the kid-
ney. The anterior genital

artery gives offa fat-body-

artery to the fat-body.

On leaving the region of
the kidneys, the dorsal aorta
divides into two iliac arter-
ies, which lie dorsal to the
posterior portion - of the
rectum. They extend into
the pelvis, each giving off
in its way a number of
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minor arteries and finally °

ending in the hind-limb as
the sciatic artery.

3. The pulmocutaneous
arch, is the smallest of the
three arches. It divides into:

(a) The cutaneous ar-
tery, which passes for-
wards and crosses ventral to
the systemic arch, then pa-

sses backwards to break up

into capillaries in the skin.

(b) The pulmomnary ar-
tery, to the opposite lung

— Make a detailed drawing
of the arterial system, and label
the arteries.

E — THE DISSECTION
OF THE HEART

* Remove away the pericard-
ium (p. 48) and cut through the
chief blood vessels which leave or
pour into the heart near to their
bases. Take out the heart and lay
it in the dissecting dish with its
ventral side facing you.

* Cut longitudinally through
the wall of the ventricle up to the
girdle of fat, then transversely
parallel to this girdle for some
distance on either side of the
longitudinal incision.

Note that the wall of
the ventricle is very thick
and that it is raised intern-
ally into conspicuous colu-
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mns called the columnae

carneae. To these are at-
tached short elastic cords,
the chordae tendineae,
connected to the auriculo-
ventricular valve guard-
ing the auriculo-ventri-
. cular opening which com-
municates the ventricle with
the two auricles. Note also
that this valve is formed of
four thin flaps fixed to
the edge of the opening. Of
these flaps two are large
horizontal, one ventral
and the other dorsal, and
two are lateral and much
smaller.  When the flaps
of the valve float on the
blood filling the ventricle,
thus tending to pass into
the auricles, the chordae
tendineae pull them back-
wards to the level of the
opening thus closing it and
the reflux of blood into the
auricles is prevented.

* Carefully make a longitudinal
incision through the truncus
arteriosus starting from its origin
at the ventricle.

Note that the truncus
arteriosus leaves the vent-
ricle on the right side of
- its base. The opening of the
truncus is guarded by three
semilunar valves. These

are pocket-like, and when

filled with blood they be-
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come turgid, approach each
other and close the opening,
thus preventing the reflux
of blood into the ventricle.

Note the presence of a
spiral valve which tra-
verses the truncus obliquely
along its entire length. Note
that this valve is free vent-
rally and fixed dorsally to
the wall of the truncus. -

Find out that the two
auricles are separated one
from the other by a vertical
partition — the inter-
auricular septum. Make
two longitudinal incisions
on the ventral walls of the
two auricles, close to and
parallel with that septum,
and turn over the flaps.
Note that the right auricle
is the larger. Note the sinu-
auricular opening bet-
ween the sinus venosus and
the right auricle.  The
opening is guarded by two
sinu-auricular  valves
which prevent the reflux of
blocd into the sinus.

-— Make a drawing of the
dissected heart showing as much

as you can of ils internal
structure.
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'F - DEMONSTRATION OF
THE CIRCULATION OF
S BLOOD =

* Anaesthetize a toad with ether
but do not kill it.
piece of cardboaid about 7 X
5 cm and cut in it a window
about 1.5 X r.5cm. Make
notches in the cardboard opposite
three of the sides of the window.
Tie cotton threads on the toes
and fix them to the cardboard
through the notches. In this way

you stretch the web of the foot - -
which can be adjusted on the -
open window. Place the board °

and the toad on the microscope
stage and focus with the L.P.

Note the presence of
chromatophores in the skin
and a network of capillaries

through which the blood is -

flowing at a great speed.
You may see the blood corp-
uscles as they are rolled
along the capillaries. Dif-
ferentiate the arterial and

venous capillaries by the -

direction of the blood
stream. If the blood stream
slackens' down, gently rub
the heart with your finger
and allow a cold stream of
water on the breast; these
will stimulate the circulat-
ion.
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~ G - THE STUDY OF THE
BLOOD VESSELS CONNECT-
ED WITH DIFFERENT SYS-
TEMS |

You have practiced so far
to disscct the toad to show
a ccrtain system as a whole.
In casc of the circulatory
system you have learnt to
dissect any one of its sub-
systems. However, thereisa
- method in dissection which
requires that an organ or an
organ-system be dissected
~ and the blood vessels going
‘to each or leaving it be
shown. Here are two
examples :

1. The digestive sys-
tem and the blood ves-
sels connected with it :

(a) The veins are :

— Thefaciomandibul-
ar and lingual veins,
from the buccopharyngeal
- region.

_— The hepatic portal
~ veim, from the stomach,
intestine and pancreas.
—The hepatic veins, from
the liver.

(b) The arteries are :

— The lingual artery,
to the region of the mouth

" and pharynx.

'~ — The oesophageal

artery, to the oesophagus.
—_ Th¢ coelincomes-
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enteric artery, which
divides into :

— The coeliac artery,
to the stomach, liver, pan-
creas and duodenum.

— The mesenteric ar-
tery, to the intestine and
spleen. ‘

— Make a darwing of the
digestive system and the blood
vessels connected with it.

2. The urinogenital
system and the blood
vessels connected with
it :

(a) The veins are:

— The veins,
" from the kidneys.

— The genital veins,
from the gonads.

-— The fat-body veins,
from the fat-bodies.

— The renal portal
veins, #o the kidneys from
the posterior region.

— The vesical vein,
from the urinary bladder.

(b) The arteries are:

— The renal arteries,
to the kidneys.

— The genital arteries,
to the gonads.

— The fat-body art-
eries, to the fat-bodies.

— Make a drawing of the
urinogenital system and the
blood vessels connected with it.
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Il

You ought to understand
the connections of the blood
vessels which you have stu-
died,their interrelations and
their positions in the general
circulation. Attempt the fol-
lowing questions :

1. An erythrocyte found
in the splecen, what is the

shortest route that it ought -

to follow to reach the
rectum ?

Sketch the route.

2. An erythrocyte found
in the wall of the urinary
bladder, what is the short-
est route for it to follow to
reach the brain ?

Sketch the route.

3. An erythrocyte found
in the wall of the lung, what
is the shortest route for it
to follow to reach the
hallux ?

Sketch the route.

You can answ=r innumer-
able questions of this kind.
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VIII. THE RESPIRAT-
ORY SYSTEM & THE
HYOID APPARATUS

These are two entircly
different structures, the res-
piratory system being con-
cecrned with  respiration,
while the hyoid apparatus
forms part of the skull.
However, the muscles con-
nected to the hyoid ap-
paratus act to lower and
raise the floor of the mouth,
thus forming part of the
respiratory movements. Not
only this, but also the hyoid
apparatus is originally part
of the skeleton of the hyoid
and branchial arches which
used to carry the respira-
tory organs (gills) in the
fish-like ancestors of the
toad and all Amphibia
generally. This accounts for
studying them together.

The respiratory system in
terrestrial tetrapods prin-
cipally consists of the two
lungs and the air passage
leading to them. You have
alrcady noticed the exter-
nal nares (or nostrils) in
the front part of the snout
which lead to the masal
cavities, and these open by
the internal nares in the
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anterior part of the buccal
cavity. You bave also noted
the glottis in the floor of

the pharynx (see fig. 4).

Instructions for dissection:

* Open the toad in the usual
way.

* Remove away the general

viscera including the heart, but
keep the lungs in their places.
Follow either of them till you find
that it leads to the larymx (or
the laryngotracheal chamber)
which is a small triangular
chamber. Note that the larynx
lies between the two posterior
cornua of the hyoid apparatus.
E

the muscles that cover the hyoid
apparatus from below, till you
expose it well.

Note that the hyoid app-
aratus consists of a body
and two pairs of cornua
(two anmterior and two
posterior). The anterior
cornua are the longer and
extend forward, curve
strongly backward and out-

“ward, then forward again,
to become attached each to -

the corresponding auditory
capsule of the skull. Note
the presence of two pairs of
processes projecting from
the body of the hyoid
apparatus (two anterior
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alary processes and two
posterolateral processes).
Note also that the apparatus
is entirely cartilaginous, ex-
cept for the posterior cornua
which are largely bony.

Examine the larynx and
the glottis once again. The
latter is surrounded by two
cartilages, triangular in
shape — the arytenoid
cartilages — to which some
muscles are attached that
serve to open and close the

glottis.

Note the presence of an
unpaired cartilage posterior
to the arytenoids. This is the
cricoid cartilage, which is
ring-like and gives off back-
wards two pulmonary
processes, cach supporting
the base of the corres-
ponding lung.

Open the larynx and see
the vocal cords. There are
two relatively thick cords —
the vocal cords proper -
and two other thinner ones
— the false vocal cords
which lie anterior to them.
A cartilaginous ball is
attached to each of the vocal
cords proper. It is milk-
white in colour, and larger
in the male than in the
female.

Carefully examine the
lung; see that it is spongy
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and red-pink in colour.
Inflate it from the larynx
by a blowpipe; you would
find that it has a central
cavity and that from its
elastic wall protrudes a
number of trabeculae
which divide the central
cavity into alveoli.

— Draw the hyoid apparatus
and the larynx as seen from the
outside. Draw also the dissected
larynx and lung. Label the parts.
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IX. THE NERVOUS
SYSTEM

You must have come
across, while dissecting the
previous systems, a number
of white delicate threads in
diffcrent parts of the body.
These threads are the ner-
ves. Had you followed them
you would have seen them
to be connected to the mid-
dorsal line of the body,
where the centres of these
nerves lie. So the nervous
system is divided into :

—The central nervous
system, which comprises
the brain (lying in the
brain-case or cranium) and
the spinal cord (lying in

the ncural or vertebral
canal in the vertebral
column).

—The peripheral nerv-

ous system, which com-
prises nerves leaving the
brain (cerebral or cranial
nerves) and ncrves leaving
the spinal cord (spinal
nerves). Tothescarc add-
ed the automomic nerv-
ous system which con-
sists of the sympathetic
and thc parasympathetic
nervous systems.
Customarily, the ncrvous
system is dissected in two
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steps:one involves dissecting
the spinal nerves and the
sympathetic nervous system,
and the other invalves dis-
secting the brain, cramal
nerves and spinal cord.
Since the nerves and the
brain are delicate struc-
tures, for they contain large
amounts of fatty substances,
it is preferable to harden
them by adding some
alcohol to the water of dis-
section. It is even better to
preservethespecimens,which
will be used in dissecting
- the brain, in a dilute
solution of formalin, but
remember to wash these
specimens in running water
for some minutes before
dissection, to get rid of the
smell of the formalin.

A —The Spinal Nerves
and the Sympathetic
Nervous System

Instructions for dissection:

* Dissect the toad in the usual
way.

* Tie the alimentary canal at
the rectum and at the beginning
of the cardiac end of the stomach.
Separate the mesenteries which
connect the canal with other
organs, then remove away the
part of the canal between the
‘two ties.

* Gently remove away the wall of
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the cisterna magna since several
spinal nerves lie ‘‘beneath’ it.
* Cut through the pubic sym-
physis in order to expose the
cloaca and some of the spinal
nerves extending into the hind-
limbs.

Note the presence of ten
pairs of spinal nerves and
two sympathetic chains,
one on each side cf the ver-
tebral column. The nerves
are given serial numbers,
The number of these nerves
depends in each animal
upon the number of its
- vertebrae, and since there
are in the toad g vertebrae
and a urostyle (which is
thought to represent a
number of fused vertebrae),
so there are only 10 pairs of
spinal nerves in this animal.

The first of these nerves
leaves the column between
the first and second verte-
brae, the second between
the second and third verte-
brae and so on. The ninth
leaves the column between
the ninth vertebra and the
urostyle,while the tenth leav-
es the urostyle through a
small foramen in its side wall.

~— Therefore, you should
look out for the vertebral
column and find the joint
between the first two verte-
brae to see the first spinal
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nerve, which is also called
the hypoglossal nerve.
Follow it as it passes lateral-
ly, then inwards to encircle
the oesophagus, then curves
forwards and comes to lie
“below’> some muscles
which extend on the ventral
side of the larynx and the
floor of the mouth. Remove
away these muscles to fol-
low the rest of the course of
the nerve till it ends in the
muscles lying ventral to the
tongue.

— The second spinal
nerve or the brachial
nerve, is a stout nerve
which leaves the column
between the second and
third vertebrae and passes
straight to the fore-limb.

— The third spinal
nerve,is a delicate one; it
curves outwards and for-
wards to unite with the
second nerve forming to-

gether the brachial plexus.

— The fourth, fifth
and sixth spinal nerves,
arc long nerves which pass
obliquely backwards and
outwards to supply the
muscles of the side of the
body and the abdomen.

—- The seventh, eighth
and ninth spinal nerves,
are similar to the last three,
but stronger, extend along
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side with the urostyle and
unite to form the sacral

plexus. This supplies the
structures found in the pelvis
and then continues to the
hind-limb where it forms a
strong sciatic nerve.

— The tenth spinal
nerve or coccygeal nerve,
is a delicate nerve. It gives
off a branch to the sacral
plexus, and supplies the
posterior region of the trunk.

— Note that each of the
two sympathetic chains
lies along one side of the
vertebral column. It has
been called ‘“‘chain” be-
cause it is formed of a long
cord bearing a number of
swellings or nerve ganglia.
These are the lateral gan-
glia. Their number varies
according to the specimen.
Typically there are ten
lateral ganglia in each chain,
one opposite each spinal
nerve. However, two of
them may fuse together to
form a common ganglion.
Each ganglion is connected
to the opposite nerve by a
very short branch — the
ramus communicans.

Note that some nerves
leave out this chain to some
organs of the body where
they form nerve plexuses
such as, for example, the
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solar plexus in the region
of the stomach, and the
urinogenital plexus in the
region of the organs bearing
the same name. Of course
the solar plexus had been
damaged on removing the
alimentary canal.

— Draw the spinal nerves
and the sympathetic chain of one
side and label the parts.

B— The Centrai Nervous
System and the
Cranial Nerves

To dissect the central
nervous system, the toad
should be placed in the
dissecting dish in a par-
ticular position, because this
system, as is the case in all
chordates, lies in the dorsal
region of the body (charac-
teristic feature). Therefore,
the toad should be pinned
down with its back facing
you.

Instructions for dissection:

* Turn over the same toad in
which you have just examined
the spinal nerves, or another toad
that had been preserved in for-
malin, lay it on its belly and pin
it down to the dissecting dish.

* Cut the skin transversely be-
hind the head region, then pull it
forwards and remove it away from
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above the head by usiig the
scalpel. Put down the edge of a
sharp scalpel over the longitudinal
median line of the skull, move it
to and fro with slight pressure till
the cranium is cut open. Lift the
bones forming the roof of the
cranium with the scalpel and cut
them off. The brain is thus
exposed, and you can easily
examine it from the dorsal side.
* Inthesameway, remove away
the skin of the back of the toad

and get rid of most of the dorsal

muscles attached to the vertebral
column to expose the vertebrae.

* Cut through the neural arches
of the vertebrae on both sides so -

as to expose the spinal cord.

Note that. both the
brain and the spinal cord
are enveloped by thin mem-
branes. These are the dura
mater,which is usually torn
away with the bones, and
the pia mater which usual-
ly remains intact around
the brain and the spinal
cord.

— Examine the brain
from the dorsal side and
identify its three main
regions :

1. The fore-brain, of
which you see in this posi-
tion the two cerebral
hemispheres, which are
large, and connected in
front to the two small
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olfactory lobes; and the
thalamencephalon, which
is trapczoid in outline, and
to it is connccted the stalk
of a small body, the
pineal body, which must
have been removed away
with the bony roof.

2. The mid-biran, of
which arc seecn the two
optic lobeswhich are large
and roundcd.

3. The hind-brain,
which consists of the cere-
bellum, a narrow trans-
verse band lying posterior
to the optic lobes, and the
medulla oblongata, which
is large and continues back-
wards inscnsibly to the
spinal cord. Note that the
roof of the medulla is thin
and shows thc fourth vent=-
ricle; onc of the prin-
cipal cavitics of the brain.

- Note that the spinal
cord is long and extends
from the mecdulla at the
level of the first vertebra to
the urostyle. It ends in a
thread-like prolongation —
the filum terminale. Note
the presence of a shallow
furrow along the mid-dorsal
line of the cord. This is the
dorsal fissure. Also note
that the cord is not uniform
in thickness. It displays two
slight enlargements ‘at the
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places of origin of the
brachial and sacral plexuses.
These are called the thor-
acic and lumbar,or pre-
ferably here in the toad,
the anterior and posterior
enlargements respectively.

- Draw the brain and the
spinal cord as seen from the
dorsal side and label the parts.

* When you finish with your
drawing, try to look out for the
roots of the cranial nerves; most
of them spring off from the sides
of the brain (the cranial nerves
number IV, V, VII, VIII, IX
and X).

* Cut through the roots of all
the cranial nerves in order to let
the brain free from the brain-case,
Take care not to cut away all the
nerves but to leave.a small part
of the root of each attached to
the brain. Now turn over the
brain on its back, so as to expose
its ventral side, examine its
different regions, and note :

1. In the fore-brain: the
cerebral hemispheres,
and the olfactory lobes
attached to them; the in-
fundibulum as an extens-
ion from the floor of the
thalamencephalon. At-
tached to the infundibulum
is an important glandular
structure. Thisis the pituit-
ary gland, which is one
of the most important
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ductless glands in the body.
The two optic nerves, on
coming out from the two
eye-balls, decussate in front
of the infundibulum forming
the optic chiasma. The
two sides of the thalamen-
cephalon arc thickened out to
form the two optic thalami.

2. In the mid-brain
the optic lobes, in the floor
of which lie the two crura
cerebri which connect the
two cercbral hemispheres
with the medulla oblongata.
The third pair of cranial
nerves springs off from the
ventral surface of the mid-
brain. _

3. In the hind-brain :
thc medulla oblongata,
from the ventral surface of
which springs offthe sixth
pair of cranial nerves.

- Make a drawing of the
brain as seen from the ventral
aspect. Try to mark the posi-
tions of the rools of the cranial
nerces.

Note that the cranial ne-
rves arc ten pairs, which
are as follows, on eachside:

I. The olfactory nerve,
originates from the olfactory
organ and connects with
- the olfactory lobe.

II. The optic nerve,
originates from the eye-ball
and decussates with its
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fellow of the other side to
form the optic chiasma.

III. The oculomotor
nerve, arises from the
ventral surface of the mid-
brain and supplies most of
the extrinsic muscles of the
eye.

IV. The trochlear or
pathetic nerve, arises from
the side of the medulla and
supplies the superior oblique
muscle of the eye.

V. The trigeminal
nerve, arises from the side
of the medulla. It has been
called so because it gives
off three branches : the
ophthalmic to the snout,
the maxillary to the upper
jaw and the mandibular
to the lower jaw.

VI. The abducent nerve
(or mervus abducens),
arises from the ventral sur-
face of the medulla and
supplies the external rectus
muscle of the eye.

VII. The facial nerve,
arises from the side of the
medulla close to the fifth
nerve and supplies the
mucous membrane of the
roof of the mouth, the skin
and muscles of the lower
Jjaw and some of the muscles

of the hyoid apparatus.
VIII. The auditory
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nerve, arises from the side
of the medulla with the
seventh nerve and supplies
the corresponding ear.

IX. Theglossopharyng-
eal nerve, arises from the
side of the medulla and
supplies the tongue, the
pharynx and some muscles
of the hyoid apparatus.

X. The vagus nerve,
arises with the ninth nerve
and gives off several branches
to various parts of the hody.

It is easy for you to follow
the courses of the glosso-
pharyngeal and vagus
nerves outside the skull.
You must have noticed
some of their branches while
dissecting the blood vessels
in the shoulder region. Now
you have to identify these
nerves in a closer way :

* Take a toad, fix it to the dis-
secting dish and dissect it in the
usual way.

* Carefully remove away the
lower jaw muscles to expose the
hypoglossal (first spinal) nerve,
so that you would not mix it up
with the other two nerves. -
* Locate the position of the
jugular foramen of the skull, just
behind, and a little to the inside
of, the opposite posterior angle of
the skull. You see then, the IX
and X nerves, together with the
internal jugular vein, coming
out from the foramen.
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The glossopharyngeal
nerve extends medially and
pierces the hypoglossal mus-
cles which it supplies,among
other structures, as stated
above.

The vagus nerve gives
off : :

1. Thelaryngeal nerve
to the larynx. The vagus
nerve then extends medially
to give off three branches :

2. The gastric nerve,
to the stomach,

3. The pulmonary
nerve, to the lung, and

4. The cardiac nerve,
to the heart.

It is preferable in this
dissection to remove away
the anterior vena cava and
its tributaries, and turn
aside the lung and heart,to
locate the branches of the
vagus nerve more easily.

— Make a drawing of the
glossopharyngeal nerve, vagus
nerve and its branches, and the
Sirst spinal or kypoglossal nerve.

The Dissection of the
Ear.

You have already exami-
ned the ear-drum or

tympanic membrane (p.20).

* Cut through the skin post-
erior and parallel to the ear-

drum. Detach the skin from this

area, hold it with the forceps and
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then proceed detaching it untilyou
reach the ear-drum itself. Detach
the drum gently and turn it over.

In this way you have
exposed the middle ear,
posterior to the eye. Look
for the position of the
auditory capsule on the
skull of a prepared skeleton
(median to the transverse
limb of the squamosal bone).

.Note the outer rim (the
annulus) of the middle
car to which the ear drum
is fixed. The middle ear is
bordered by the vertical
handle of the squamosal in
front and by thick mus-
culature bchind. Note in-
side the middle ear the
presence of a rod of bone —
the columella auris. It
traverses the middle car
obliquely from the dorso-
mcedian side, where it fits
into the femestra ovalis
(an aperture plugged with
cartilage in the lateral wall
of the auditory capsule) to
the ventro-lateral side to be
fixed, by its distal end, to
the inner surface of the
tympanic membrane. Thus,
the columella transmits
waves of sound falling on
the tympanic membrane to
the inner ear.

You have already noted
the Eustachian tube com-
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municating the middle ear
#with the buccopharyngeal
cavity (p. 24).;

The inner ear is protected
by the auditory capsule
which is supported by bone
(p-103). It consists of the
membranous labyrinth
that contains the true sen-
sory epithelium. Usually, it
is demonstrated in such

‘small animals like the toad

by sectioning.

— Make alabelled drawing
‘of the middle ear of the toad.

Examine a T.S. of the
head region of a young toad
passing through the audit-
ory capsule and note :

Medulla oblongata with |

fourth ventricle and post-
erior choroid plexus;
auditory capsule cont-
aining parts of the mem-
branous labyrinth ;audit-
ory merve; columella
auris ; pharynx; body of
hyond .. etc.

— Drace.
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X. THE SKELETAL
SYSTEM
(THE SKELETON)

To understand the ske-

leton, you ought to study its
parts, one by one, with the
help of individual bones, as
well as with a whole mount-

. ed skeleton. You can easily

prepare the skeleton of the
toad 'by putting a dead
animal in boiling water for
a few minutes, then take it
out, let it cool down and
then remove away the soft
parts till only the bones are
left. Ouverboiling disintegrates
the skull into its constituent

 parts.

The skeleton consists of :
— The axial skeleton,
comprises those parts which
lie along the median axis
of the body. These are the
skull, vertebral column
- and sternum.

—The  appendicular
skeleton, comprises those
parts which lie on both sides
of that aixs. These are : the
two girdles, the pectoral
and the pelvie, and the
skeleton of the anterior or
fore-limbs connected to
the pectoral girdle, and that
of the posterior or hind-
limbs conntected to the
pelvic girdle.
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A— THE AXIAL SKELETON

1. The Skull.

The skull is the skeleton
of the head. It passes
through 1hree  develop-
mental stages : the mem-
branocranium, the chon-
drocranium and the
osteocranium. This, how-
ever, does not mean that
the osteocranium does not
contain cartilages, for in
fact it is built up of bones
and cartilages together.

The skull is divided into
two regions : :

— The neurocranium,
which comprises the cra-
nium that surrounds the
brain and hence also called
the brain-box, and the
sense capsules which en-
close the organs of special
sense. These are three pairs:
the olfactory or nasal
capsules, the optic cap-
sules and the auditory or
otic capsules. It should
be noted that the optic cap-
sules are not fused to the
cranium, to allow of free
movement of the eyes in
their orbits,

— The splanchno-
cranium, which originally
consists of seven visceral
arches, the first or man-
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dibular arch forms the
and lower jaws,
the second or hyoid, and
the last five form the
branchial arches. All of
these show well in the
tadpole. In the adult, how-
ever, they had been, like
many other organs, sub-
jected to the process of
metamorphosis; so that,
apart from the mandibular
arch, nothing remains out
of them except the hyoid
arch and small vestiges of
the branchial arches.
It is to be noted that the
byoid arch forms a bone
which enters in the form-
ation of theear. This is the
columella auris. The rest
of the arch combines with
the remains of the bran-
chial arches to form together
the hyoid
branchial) apparatus.

The best method of study-
ing the skull is to identify
its regions pointed to above,
~and then identify the ele-
ments of each region as they
appear in both the dorsal
and ventral surfaces of the
skull :

(a) The cranium. The
roof of the. cranium is for-
med of two broad fronmt-
al bones, while its floor is
supported by a dagger-
shaped bone — the para-
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sphenoid. Its hind-wall is -

formed of two exocmpxtals
which surround a large
foramen — the foramen
magnum — that allows
the passage of the spinal
cord. Each exoccipital car-
ries a prominent protuber-
ance — the occipital
condyle; the two condyles
a.ticulate with the first
vertebra. (Note the pre-
sence of the jugular fora-
men, in each of the two
exoccipitals, which you have
already located on dis-
secting the ninth and tenth
cranial nerves. It allows the
passage of these two nerves
as well as the internal
jugular vein).

The anterior wall of the
cranium is formed of the
sphenethmoid, while its
side walls, which complete
the brain-case, are formed

of cartilage and down- .

growths of the two frontals;
the two auditory capsules
complement them. (Note
the presence of a number of
foramina in the side walls of
the cranium which allow
the passage of some of the
cranial nerves and the two
carotid arteries).

Thus the bones of the
cranium which show on the
surface are : the two front-
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als; the parasphenoid,
the two exoccipitals and
the sphenethmoid.

(b) The auditory cap-
sules. Each encloses an ear
and is supported by the
prootic, which lies lateral
to the exoccipital. Note the
opening of the capsule and
the presence of a slender

ossicle — the columella

‘auris (sece p. g6).

(c) The optic capsules. -

A cartilaginous layer, the

sclerotic or sclera, forms

the outer layer of the wall
_of the eye ball. The sclerotic
is ossified in some animals
like birds and some lizaras.
However, it does not fuse
with the surrounding bones

. so as to allow of free move-
ment of the eye in its socket.
Thus no special bones build
the orbit. It is formed
medially of the bones of the
cranium, and laterally of
the bones of the upper jaw.
(d) The olfactory cap-
sules. These lie inside the
sphenethmoid. This is box-
like and divided internally
by a transverse vertical part-
ition, formed of the two
ectethmoids, which sepa-
rates the two capsules from
the cranial cavity. There is
a foramen in each cct-
ethmoid which admits the
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olfactory nerve. The two
capsules are separated one
from: the cther by another
bony partition, the mes-
ethmoid, which extends
vertically and longitudinal-
ly. The two capsules are

covered from above by the

two nasal bones, which are
nearly triangular, and in
front of them lie the two
external nares. Near the

edge of each of these lies a

small bone called the septo-
- maxillary, while on the
ventral surface

vomers.,

(e) The upper jow. This
~consists of two arches on
cach side, the inner arch
consists of the palatine
which extends transversely
from the sphenethmoid to
the outer arcade, of the
pterygoid which is 4 —
‘shaped and its anterior limb
is connected .o the palatine,
while its posterior limbs are
connected with tbe prootic
and the quadrate, and of the
quadrate which is small,
cartilaginous and lies in the
posterior angle of the upper
Jjaw.

The outer arcade forms
the outer border of the skull
. and consists of the pre-

- maxilla, lying in front, fcl-
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lowed by the maxilla,
which is a larger bone, then
the quadratojugal and the
squamosal*. This is ham-
mcr-shaped and shows well
- in the dorsal view.

(f) The lower jaw. This
consists of two rami, each

is formed of threce bones

which are, from in front .
backwards: a small mento-

meckelian, a larger den-
tary, then the angulo-

splenial which forms the

posterior part of the jaw.

It should bc noted that
the teeth are entirely absent
from the maculated toad.

(g) The hyoid appara-
tus. You havc alrcady .

studied this well and located,
its position in the animal
on dissecting the respirat-
ory system (sce p. 78).
The skulls are customarily
-supplied in the laboratory
without the hyoid appara-
tus, and sometimes without
thc lower jaw. Here is a list
of thc bones seen in each
of the dorsal and ventral
surfaces of the skull (from

in front backwards, in one

half) :

*Some: osteologists consider
the squamosal bone part of the
neurocranium, being a membrane
bone which covers the temporal
region from above. '
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Dorsal surface: Premaxil-
la,maxilla,quadratojugal,
pterygoid, quadrate,
squamosal, septomaxil-
lary, nasal, frontal, pro-
otic and exoccipital.

Ventral surface: Premaxil-
la, maxilla, quadrato-
jugal, quadrate, palatine,
pterygoid, vomer, sphen-
ethmoid and parasphe-
noid (unpaired), frontal,
prootic, exoccipital and
squamosal. :

— Make drawings of the
skull as seen from the dorsal
and ventral aspects. Label the
parts. Draw also the lower jaw.

2. The Vertebral Column.

You have already got an
idea, while dissecting the
spinal nerves, of the verte-
bral column. It is short,
consisting of only nine
vertebrac and a slender rod
of bone — the urostyle.
The vertebrae are all built

up on the same plan, and
rescmble each other very
closely. However, the first
and ninth vertebrae differ
from the rest but slightly.
Nevertheless, they can be
distinguished easily, because
the first articulates with the
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skull and the ninth with
the urostyle and the pelvic
girdle. ,

" (a) The normal verte-

bra (from 2nd - 8th). This
consists of a thick centrum,
‘surmounted by the meural
arch, thus enclosing the
neural foramen. The
neural arch carries along
the mid-dorsal line a short
process, the neural spine.
Projecting out from the
sides of the vertebra are two
large transverse process-
es. Note that each of the
four edges of the neural
arch is not straight, but
contains a concavity, the
- intervertebral notch.

The adjacent vertebrae
articulate with one another
in two ways :

i. By their centra, for
these are concave in front,
convex behind, so that the
convexity of one vertebra
fits into the concavity of the
vertebra next behind. The
joint thus formed is a ball-
and-socket joint, and
the vertebra is described as
procoelous.

ii. By their neural

arches, for each arch carries
two pairs of articulating -

facets known as zygapo-
physes : two prezyga-
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pophyses carried on the

eantrior edge of the neural
arch and directed upwards
and inwards, and two post=-
zygapophyses carried on
its posterior edge, and are

directed downwards and

outwards, so that the two
postzygapophyses of one
vertebra overlap the two
prezygapophyses of the vert-
cbra next behind.

Mount two vertebrae one
on the other and see how
the zygapophyses articulate
with each other. Note that

the adjacent neural foram-

ina constitute the vertebral
or neural canal which lodges
the spinal cord. Also note
the presence of two inter-
vertebral foramina, each
formed of two opposing
intervertabral nothces,for
the passage of a spinal
nerve from the spinal cord
to the outside.

- — Draw a normal vertebra
as you see it from different views,
to show its various paris.

(b) The first (or atlas)
vertebra. ‘This is disting-

uished by the absence of the -

two transverse processes and the
two prezygapophyses, and also
by the presence of two
concavities — the condylar
surfaces — on the front wall
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of the centrum, for the
reception of the two occi-
pital condyles of the skull.

— Draw the first vertebra-

as you did with the normal ver-
tebra.

(c) The ninth (or sacral)
vertebra. This is disting-
uished by its large, broad
and wedge-shaped transverse
processes for the articulation
with the ilia of the pelvic
girdle, and also by the
presence of two convexilies,
instead of one, on the centr-
um from behind, for the
articulation with the uro-
style.

— Draw the ninth vertebra

as you did with the normal
vertebra.

(d) The urostyle. Thisis
a slender long bone, and is
thought to represent a num-
ber of fused caudal ver-
tebraec. Note the presence
on its front surface of a
neural foramen which ex-
tends backward in the bone
till about its first anterior
third. The filum terminale
of the spinal cord is housed
in it. The urostyle has also
a necural arch and two con-
cavities on its anterior sur-
face, into which the con-
vexities of the sacral ver-
tebra are received. Most of
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~ the urostyle is a sort of solid
rod of bone, but - its
posterior end is cartilaginous.

— Draw the urostyle as you
see it from the anterior aspect
and from the side.

3. The Sternum.

Defer the examination of
the sternum till you exa-
mine the pectoral girdle,
~since. the two are clcsely
attached one with the other.

B-THE APPENDICULAR
SKELETON

I. The Pectoral Girdle
(and the Strenum).

Note the position of this
girdle in the whole skeleton,
and note that it is incom-
plete dorsally. It consists of
two symmetrical halves.
The sternum is connected
posteriorly to the mid-
ventral part of the girdle.

Note the presence of two
epicoracoids in the mid-
dle, the left overlapping the
right (this means that you
sece only the right epi-
coracoid in full on looking
at the girdle from the
ventral side).

Two bones extend late-
rally from each epicoracoid,
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one posterior—the coracoid

- and the other anterior —
the clavicle;the three bones
enclosing the large corac-
oid foramen. The corac-
oid and clavicle meet each
other laterally forming the
head of a triangle, and are
connected here to an im-
portant large bone — the
scapula. This projects for-
wards where it meets the
clavicle, forming the acro-
mion process. The three
bones (coracoid, clavicle,
and scapula) form where
they meet each other an
extensive concavity, called
the glenoid cavity, which
lodges the head of the
humerus. A suprascapula
articulates with the scapula
.and bends upwards to lie
on the dorsal side in the
shoulder region.

Note that the bony parts
of the poctoral girdle are
the coracoid, clavicle,
scapula and part of the
suprascapula; the rest of
the girdle consists either of
calcified cartilage or of
hyaline cartilage.

The stermum is simple,
consistingof the xiphistern-
um, which articulates with
the posterior edges of the
two epicoracoids, and is
connected at the other end
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to the xiphoid cartilage,
which is almost circular
and consists largely of hya-
line cartilage.

— Draw the pectoral girdle
and the sternum, and label the
parts.

2. The Pelvic Girdle.

Note that this girdle con-
sists, like the pectoral girdle,
of two symmetrical halves.
Each half consists of three
clemnts : the ilium, which
islongeand articulates with
the transverse process of
the sacral vertebra, the
ischium, which. lies post-
ero-dorsally, and the pubis
which lies postero-ventrally
and fuses with its fellow of
the opposite side forming
the pubic symphysis.

Both pubes are cartilaginous.

Note the presence of*a cup-
like depression called the
acetabulum on each side
of the girdle, where the
three elements meet, for the
reception of the head of
the emur.

—- Draw the pelvic girdle
JSrom the side, as well as from
the ventral and dorsal aspects.
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3. The Skeleton of the
Limbs. '

You have noticed when
you examined the toad for
the external features, that
its limbs, like all limbs of.
other terrestrial vertebrates,
are pentadactyle limbs,
and built up on one com-
mon plan, whether anterior
or posterior limbs. Each
limb is built up of three
regions, a proximal, an
intermediate and a distal.
The last is also subdivided
into three regions, a proxi-
mal, an intermediate and a
distal.

(a) The fore-limb :

The proximal region of
this limb is supported by
the humerus, the inter-
mediate by the radio-ulna
and the distal, viz. the hand,
by the carpals, metacarpals
and phalanges in its three
consecutive regions respect-
ively.

— The humerus is a
stout bone which consists of
two epiphyses and a shaft.
The anterior epiphysis is the
head and the posterior is
the trochlea. The shaft
carries on its inner side a
conspicuous crest, the delt-
oid ridge.
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— The radio-ulna is a
~ paired bone, being original-
ly formed of the radius to
the inside and the ulna to
the outside. Note the pre-
sence of a groove between
the two bones, which indi-
cates the paired nature of
the radio-ulna. The ulna
extends upwards forming
the olecranon process.

— The carpals are six
small bones, arranged in
two rows. The metacarp-
als are four long bones,
and the phalanges arc
slender bones expressed by
a digital formula, thus:
2 :2:3: 4, for the toad’s
hand possesses only four
digits.

— Draw the bones of the
fore-limb and label the parts.

(b) The hind-limb :

The proximal region of
this limb is supported by the
femur, the intermediate by
the tibio-fibula and the
distal, viz. the foot, by the
tarsals, metatarsals and
phalanges in its three con-
secutive regions respectively.

—- The femur is a long
bone and consists of two
epiphyses and a shaft,
the upper epiphysis is the
head and the lower is
formed of two condyles.
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The shaft also carries a crest,
but is not as conspicuous as
the deltoid ridge of .the
humerus.

— The tibio-fibula is
paired, consisting originally
of the tibia to the inside
and the fibula to the out-
side. Note the presence of
a longitudinal groove on the
shaft which. indicates the
double nature -of the bone.

—- The tarsals are four
in number, arranged in
two rows, the proximal
contains two elongate bones
fused with each other by
their heads. They are the
astragalus, which articulat-
es with the tibia, and the
calcaneum, which arti-
culates with the fibula. The
second row contains two but
small bones. The meta~
tarsals are six,five of which
are elongate and one is small
and belongs to the calcar
or prehallux. The digital
formulais 2:2:3:4 : 3.

Note that the bones of
the hind-limbs, especially
the proximal tarsals, are
longer than the correspond-
ing bones of the fore-
limbs, thus enabling the

toad to leap.

— Draw the bones of the
hind-limb and label the parts.
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SECTION II
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HISTOLOGY

The study of the toad which
- you have made so far had
- been concerned with the
dissection of its various sys-
tems. You have noticed that
each of its systems consists
of a number of organs, and
studied the shape of every
organ, its position in the
body and the blood vessels
and nerves connected with
it. Such study is called
Anatomy. You have used
certain dissecting instru-
ments in this study.

Another kind of study of
the organ-systems of the
toad is concerned with the
minute  structure of its
organs. This study requires
the use of a magnifying
instrument called the mi-
croscope (mikros = little,
and skopein = to look at).
Thisstudy is therefore call-
ed the “Microscopic Ana-
tomy” or ¢“Histology”.

1— Rub off the roof of
your mouth with the tip of
your tongue. Put a drop of
your saliva on a slide, cover
with a cover-slide and exa-
mine under the microscope.
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Note thc squamous
epithelial cells.
— Sketch.

2— Takec a drop of a
fluid from a tube in which
a small picce of the ilcum
of the toad has been kept
for a week in a saturated
solution of boric acid in
order to dissociate its cons-
tituent cells. Put it on a slide
and cxaminc under the
microscope,

Notc the columnar cells.

- Sketch.

3— Take a small piece of
the mesentery of the toad,
sprecad it on a slide, add a
drop of 0.7 9, isotonic sol-
ution and examine under
the microscope.

Notc thc melanophores,
drawn out into irrcgular
processes and full of black

granules.
—- Sketch.

4— Take a drop of the
blood of the toad on a slide
and add a drop of the
isotonic solution used in (3).
Examine under the micro-
scopc.

Notec the red blood
corpuscles /erythrocytes),
~and a few white blood
corpuscles (leucocytes)
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which move by an amoeb-
oid movement.

— Sketch.

- 5—Takeavery thin picce
' of the xiphoid cartilage of
the toad on a slide, add a
drop of isotonic soluticn
and cxamine under the
microscopc.

Notc the chondroblasts

found in capsules or lacunae.

— Sketch.

6— Take a testis of the
toad, make a smear of it on
a slide, add a drop of
isotonic solution and exam-
ine under the microscope.

Notc the spermatozoa
as they swim by their tails
in the fluid.

— Sketch.

5 — Take a picce of the
urinary bladder of the toad,
sprcad it on a slide and rub
it gently with your finger.
Add a drop of isotonic sol-
ution and examine under
the microscope.

Note the wunstriated
muscle fibres.
— Sketch.

8 — Examine a sample
of eggs of a sca-urchin.

Notc the shapc of the
eggs. Some may be seg-

mented.
— Skelch.
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These specimens which
you have just examined de-
monstrate the presence of
cells in different parts of the
body. They are different in
sizc and shapc. The cclls
aggregate, cach group form-
ing a tissue. = Histology
deals with the study of these
tissues.

A tissue may bc defined
as an aggregatc of more or
less similar cclls, which per-
form one function or more.
Some tissues collect to form
an organ which pcrforms
one or more functions. For
example, the stratified
squamous epithelium
consists of epitheliocytes
arranged in strata, and its
function is to protect the
surface on which it lies.
Glands may arise from it, as
it happens in the epidermis
of the toad’s skin which is
built up of this tissue. In
this case another function is
ascribed to it, namely,
secreting some substances
which moisten the body
surface and kill the harm-
ful micro-organisms which
may alight on it.

The ileum may be given
as an example of an organ.
This is built up of a simple

<123

o L,:.a.’u ‘_;J\QL::,H o.'u;;l

").’-'i \-‘k‘ J l{)"- :‘,’_—, g,U
Ll S Ak L o4
J; Qribtu L_)U-| PRV C"JJ)
u“* ‘-‘M\j‘ (k') . L;:.-: icgst

. eVl oda dul

Sl gl Sey
S 4t P e degae
sy daby (6355 + L& IS
FR [ C:""ﬁ"fﬁ S
o sty iy ¢ 42 Tt 0]
S JE f g ST
gl b G e
gy 3. Sk 3 x5 33
Ay e cf: il c_‘z..ll 4
Mo bia Soag 15 L sae 4l
S eardl A i g
Ilas ey o c_::..’J\ i fte 4o
Wl et Ay wiby )
by Js el ‘_S'H sl ae
FER L) e Fon
e koo 5 ) LaN Gl
¢ PUlll pinl Yiu o4l
o O g o S b
'Yy



squamous

epitheliuw, a
muscular tissue of unstriated
muscle fibres which push
the food backwards, an

arcolar conncctive tissue
holding blood vesscls and
nerves, and a simple
columnar cpithelium which
secrctes some digestive en-

zymes and absorb sdigested
food.

Accordingly we shall deal
with the microscopic ana-
tomy in two scctions, one
for the tissucs and the other
for thc organs.
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1. THE TISSUES

Four main groups of tis-
sues are known in the body.
These are :

A. Epithelial tissues.

B. Connective or sus-

tentacular tissues.

C. Muscular tissues.

D. Nervous tissues.

A - THE EPITHELIAL
TISSUES

These tissues arise from
any of the three primary
germ layers, the ectoderm,
endoderm or mesoderm.
They are almost always
found covering a surface,
external or internal, thus
mainly performing a pro-
tective function. But some
of them are specialised in
various ways to perform
different other functions.

The epithelial tissues are
characterised by having
very little intercellular sub-
stance or matrix in between
their cells, and by resting,
in the majority of cases, on
a basement membrane
formed of the underlying
connective tissue.

The epithelial tissues are
classified according to form
and structure into several
types, as indicated in the
following table. le :
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g lining ducts Mucous.xrfem- membrane of Wall of ndothelium;
of trachea brane lining . sweat gland  wall of Bow-
of some large . . alimentary ’ le
glands the,::t:;’t:: canal of the man’s capsu
regi
oviduct of :::;’h‘:::
the toad to rectum
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Epithelial Tissues

Stratified 4ab
(or compound) (45, )‘)

(clid e g Ll t‘!a:;:)
(Cells arranged in several layers)

4! dage Dy# i30f Lid
Transitional Ciliated Columnar Squamous
columnar

Y-
Ml TeT @ xe.

AU
et oLl il g gl ol damile Sl Gl Al 3,
1 eding
sl ,—‘J Ldial yall Conjunctiva Epidermis of
I:.mcr lining of Epithelium lining of eye vertebrate skin
urinary passage buccopharyngeal
cavity of the toad

Examine the structures given in the table under the microscope
to see the various kinds of epithelial tissues, Make drawings from your

preparations.



The epithelial tissues
may be also classified ac-

cording to function as follows :

1. Protective or cover-
ing epithelia, which cover
and protect an outer or
inner surface, such as the
epidermis of the skin or the
mucosa of the gut.

Those which line cavi-
ties not connected with the
outside, such asin the blood
vessels and lymphatics, are
known as endothelia, and
that which lines the coelom
is called mesothelium.

2. Cuticular epithelia,
which secrete a thick chitin-
ous outer covering to the
body, as in the body wall
of insects and arthropods
in general, or a thin layer
of a hrony substance called
cuticle, as in the earth-
worm and Amphioxus.

3. Sensory or meuro-
epithelia, which are modi-
fied to perform sensory fun-
ctions, such as those found
in the sense organs.

4. Germinal epithelia,
are found in sex organs and
form the germ cells, i.e.
sperms and ova.
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5. Glandular or secre-
tory epithelia, which per-
form a secetory function
and form special structures
highly specialised for secre-
tion and known as glands.
These glands are of various
forms and are classified
according to their form and
structure into various types as
shown in the following
table :
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Unicellular
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The Glands

el o LY s s
Endocrine or ductless glands
(320 ol 1 ot S Usha} %)
(Pass )their secretion directly into the blood or lymph) J
S g,

¢.g. Adrenal gland

Multicellular L) suae

Compound is
2 thay bl idas o~ i 55!
Reticular . Tubulo-alveolar Alveolar Tubular

. sadlly b ’S;J .
ol s rRu aslall st Goandll Sl
Liver of mammals Pancreas and Parotid salivary Lacrymal gland
mammary glands gland

Examine the sections given as examples in the table and in which you would
find the various glands. Make drawings from the preparations. Do not expect to
see the gland as figured, for the section passes through parts of the gland only.



B — THE CONNECTIVE
OR SUSTENTACULAR
TISSUES

These tissues arise from
the mesoderm only and, in
contrast to the epithelial
tissues, they have a large
amount of intercellular sub-
stance or matrix among
their cells. They are never
to be found on a surface,
and they do not rest on a
basement membrane. Their
main function is to connect
other tissues or organs to-
gether or support them.

Thir ground substance
is either solid or fluid and
accordingly they are clas-

sified into three main

groups :

1. The connective tissues
proper.

2. The skeletal tissues.
3. The vascular tissues.

1. The Connective
Tissues Proper.

Six varieties of these
tissues are known :

(a)Areolar connective
tissue.

Take a piece of the
subcutaneous tissue from a
rabbit, spread it on a slide
and let it to dry for a while.
Examine it under the micro-
scope to see an example of
the areolar or loose con-
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nective tissue.
white or collagenous fib-
res which are wavy, do not
branch and run in bundles;
and the yellow or elastic
fibres which are thinner,
run singly and branch to
form a network. -

Examine a permanent
preparation of the same
tissue and identify, in addi-
tion to the above mentioned
types of fibres, the following

cell types : the fibrocytes

which secrete the fibres and
have branched irregular
forms and clear cytoplasm;
the mast cells which
secrete the ground substan-
ce and have a distinctly
granular cytoplasm; the
large amoeboid macro-
phages; the fat cells full
of fat droplets; and the
small plasma cells with
eccentric nuclei. Some
white blood cells, such as
some eosinophils and
lymphocytes, may also be
found in small numbers.
‘Note the clear, amorphous
and homogeneous matrix

— Draw.

(b) Fibrous connec-
tive tissue.

Examine an L.S. of a

tendon, such as the tendo
achillis, and note the dense
connective tissue in it with
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preponderant white fibres
running in bundles along
the length of the section.
‘The yellow fibres are few.
~ (c) Elastic connective
tissue. '
‘Examine an L.S. of the
ligamentum nuchae of the
ox and note the numerous
branching and interlacing
yellow fibres; the white
fibres are few.
(d) Adipose connective
tissue.

Examine a section of the
fat-body of the toad and
note the adipose connective
tissue with predominant fat

cells loaded with. fat

globules.

(¢) Reticular connective
tissue.

Examine a section of the

spleen or of a lymph gland
and note the reticular tissue
in it, with branching and

anastomosing  reticular
fibres. S
(f) Mucous connective
tissue.

Examine a T.S. of the
umbilical cord of a placen-
tal mammal and not the
mucous connective tissue
with few white fibres and
stellate cells or fibroblasts,
- all lying embedded in an
extensive semi-fluid or gela-
tinous matrix. @ — Draw.
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2. The Skeletal Tissues.

‘These tissues compose the
skeleton. They are either
cartilage or bone.

(a) Cartilage :

You have already exam-
ined a piece of the xiphoid
cartilage of the toad and
noted the presence of the
chondroblasts,

Examine a T.S. of the
trachea of the rabbit and
note the cartilage in it. Note
that the matrix is solid and
clear, and that the chond-
roblasts or chondrocytes
are arranged either singly
or in groups of twos, fours
or rarely eights. Note that
the single or group of
chondroblasts lie in a clear
capsule or lacuna. Note

also the presence of a fibrous -

membrane at the periphery
of the cartilage. This is the
perichondrium.

— Draw this cartilage as
it appears under the microscope.

Several types of cartilage
are known, according to the
kind of its fibres and the
nature of the matrix :
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i. Hyaline cartilage,
with a clear matrix, such as
that which you have just

examinced in the trachea of
the rabbit.

ii. Fibro-cartilage,with
a matrix rich in white
fibres, such as the inter-
vertebral cartilaginous discs
in mammals.

iii. Elastic cartilage,
with a matrix rich in yellow
fibres, such as that in the
ear-pinna of mammals.

iv. Calcified cartilage,
in the matrix of which cal-
cium salts are precipitated.
Any of the other three types
of cartilage may be calcified.

— Examine the above

mentioned structures to see

the various-types of cartilage.
— Make drawings.

(b) Bone &

The bone is prepared for
microscopical examination by
either of two methods, grinding
or decalcification. = The first
method involves cutting a slice of
a long bone, like the femur, and
fixing it to a block of wood by
gum. Grind off well till it be-
comes very thin. Dissolve away
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the gum and wash well with water,
dehydrate with alcohol, clear in
xylol and mount in canada
balsam. The second method in-
volves putting a small piece of

bone in 1%, solution of HCI, thus

decalcifying it by the reaction of
the acid with the insoluble salts
in the bone, chaging them into
soluble ones, then the tissue is
treated in the usual way and cut
into thin slices.

— Examine a T.S. of
demse or compact bone
and note the following :
Haversian systems, cach
consisting of a central
' Haversian canal, surroun-
ded by concentric rings of
osteoblasts or osteocy-
tes, lying each in a lacuna.
The lacunae are connected
together by fine branching
canaliculi. Among the
rings of lacunae lie rings of
very thin bome lamellae
which compose the matrix
of this skeletal tissue.

Note that some bone
lamellae and lacunae are
not arranged around Have-
rsian canals. They are
found in between neigh-
bouring Haversian systems
and form what are known
as the mnon-Haversian
systems.

— Make a drawing of a
T.S. of dense bone and label
the parts.
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— Examine an L.S. of
dense bone and notc the
lengthwise arrangement of

the structures mentioned
above. Note that the
Haversian systems are con-
nected with each other by
connecting or Volkman’s
canals. These may
occasionally show also in
the transverse section.
— Draw.

Since the bone you exam-
inc has perhaps been pre-
pared by the mechanical
method, the living bone
structures have been dis-
integrated. During life, the
Haversain canals contain
blood vessels and nerves,
the lacunae contain osteo-
blasts, and the fine proto-
plasmic processes of these
ostcoblasts extend in the
canaliculi. And since you
have noted that the canal-
iculi are connected with
each other, this shows that
the osteoblasts were also
connected with each other
during life through their
fine processes, forming a
continuous tissue.
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3. The Vascular Tissues.

These comprise the blood
and lymph only. They are
liquid tissues and flow in
vessels. They are nearest to
the connective tissues in
structure, for the matrix is
extensive and forms fibres
on exposure to air. How-
ever, thecells do not secrete
the matrix as in the other

types of connective tissues.

You have already exam-
ined a drop of the toad’s
blood and seen the blood
corpuscles. Repeat and pre-
pare a film of blood of man
from your own blood. Dis-
infect your thumb and prick
it quickly by a clean dissect-
ing needle. Put the drop of

. blood on a clean slide and

spread it with the help of
another slide. In this way
you have prepared a film
of blood. You can stain it
by Leishman’s fluid or by
any other suitable dye.
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Examine the fresh drops
of blood and the stained
films under the L.P. and
H.P. of the microscope.

— Draw the various blood
corpuscles.

(a) The Blood of Man.

Note that the erythro-
cytes are round and enuclea-
ted (non-nucleated), and if they
lie on one side they appear
biconcave.

The leucocytes are
larger, nucleated and exhi-

bit an amoeboid movement,
but appear rounded in

stained films. They are of
two main types :

i. The granulocytes
-(or granular leucocytes),
which have granules in their
cytoplasm. Their nucleus
assumes different shapes as
it is divided by deep con-
strictions. into a varying
number of lobes; hence
these leucocytes are also
called polymorphonuclear
leucocytes. Three catego-
ries of granulocytes are re-
cognised according to the
affinity of their granules
towards stains :

— The neutrophils,
are by far the most numer-
ous of all leucocytes. Their
cytoplasm contains fine
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granules which stain well
with most dyes. The nucl-
eus consists of several (3-5)
segments connected to-

gether by a thin chromatin
thread.

— The eucinophils
(or acidophils), have large

acidophilic granules which
stain with acid dyes. The

nucleus is divided into 2-3
lobes.

— The basophils, have
large basophilic granules
which stain with basic dyes.
The nucleus is S-shaped.

ii. The agranulocytes
(or nongranular leucocy-
tes), which have clear cyto-
plasm devoid of granules.
They are of two categories :

— The lymphocytes,
are small, with a deeply-
staining spherical nucleus
that fills most of the cell,
and little cytoplasm. Some
are large and are known
as the large lymphocytes..

— The monocytes (or
macrocytes), are the larg-
est leucocytes. They have
a lightly-stainable, horse-
shoe-shaped, eccentric nu-
cleus.
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(b) The Blood of the
Toad

Note that the erythro-
cytes are oval, biconvex and
have a nucleus.

Look out for the various
types of leucocytes, which
are similar to those found
in the blood of man. You
may come across groups of
small nucleated cells known
as the blood platelets or
thrombocytes.

platelets are less distinct in

th blood of man because

they disintegrate on expos-
ure to air.

— Draw the blood corpuscles
of man and of the toad, and
compare them with each other.

It is worthy of mention
that all mammals agree
with each other in the
nature of their erythrocytes,
except in the family Camelidae,
where they are oval. All other
vetebrates have blood cells
similar to those of the toad.
On identifying a film of
blood, it would be better
therefore to say ‘film of
mammalian blood’’ and *‘film
of non-mammalian blood”.
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C — THE MUSCULAR
TISSUES

These tissues form the
muscles. They are made
up of contractile muscle
cells which are more com-
monly referred to as
muscle fibres. Three
kinds of muscles, made up
of three different types of

muscle fibres, are known in °

the animal body : unstria-
ted, striated and cardiac
muscles.

1. Unstriated or Smooth
Mouscles.

: Take a piece of the wall
~ of the urinary bladder of
the toad, spread it on a
slide in a drop of saline
and examine under the
microscope. Examine also
a permanent preparation
of the same and note the
bundles of unstriated
muscle fibres running in
various directions.
bundle consists of a number
of fibres bound together by
connective tissue.  Each
fibre is a long, spindle-
shaped cell with pointed ends
and a thickened central part
housing the nucleus. A
number of fine thread-like
myofibrils extend length-
wise in the cytoplasm, or
sarcoplasm, of each fibre.
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The arrangement of the
unstriated muscle fibres
varies in different. organs.
They may be scattered
singly or in Small groups,
or may form dense masses
~ or layers.

The unstriated muscles-

are usually found in the
walls of the viscera and
work without the interfer-
ence of the will of the
animal. Hence they are
also called visceral or in-
voluntary muscles.

— Make drawings.

2. Striated or Skeletal
Mouscles.

Take a piece of muscle
from the leg or thorax of a
beetle and tease it with a
dissecting needle on a slide.
Compare with a permanent
- preparation of an L.S. of

striated muscle.

Note the striated
muscle fibres which
appear as large elongated
cylindrical cells, each show-
ing a large number of fine
alternating dark and light
cross striations commonly
known as the dark and
light bands. Each fibre
is surrounded by a thin
structureless membrane cal-
led sarcolemma, and
contains a large number of
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peripherally situated
nuclei; thus a fibre forms a
syncytium. Note also the
numerous myofibrils
which run longitudinally in
the sarcoplasm parallel
to one another. They are
much more distinct here
than in the unstriated
muscle fibres.

Note that a striated
muscle consists of many
such striated fibres which
run the length of the muscle
parallel to each other, do
not branch or anastomose

- and form bundles. The

“individual fibres in each
bundle are-bound together
by connective tissue called
endomysium. The neigh-
bouring bundles are simil-
arly bound together by con-
nective tissue called peri-
mysium, and the whole
muscle is ensheathed by
connective  tissue called
epimysium.

The striated muscles are
usually found connected to
the skeleton and their move-
ment is controlled by the

~will of the animal. Hence
they are called skeletal
or voluntary muscles.

— Make drawings of in-,
dividual striated muscle fibres
and of an L.S. of a striated
muscle.
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3. Cardiac Muscles.

Take a piece of the wall
of the ventricle of the rabbit
and tease it with a dis-
secting . needle on a slide.
Compare with a permanent
preparation of an L.S. of
cardiac muscle.

Note that the cardiac
muscle fibres are also cyl-
indrical, but not much
clongated. Each fibre has
one ovoid central nucleus,
but neighbouring fibres
unite to form a syncytium
through bridges or side
processes, i.e. the cardiac
fibres branch and unite with
each other. Every two
connected fibres have a
darkly stained transverse
band in between them
known as the intercalated
disc. Each fibre is also
ensheathed by an ill-defined
sarcolemma, and contains
alternating dark and light
bands which are not as
. distinct as in the striated
muscle fibres. The cardiac
fibres and the bundles they
form are bound by con-
nective tissue as in a stria-
ted muscle (p. 148).

The cardiac muscles are
found only in the wall of
the heart and contract
rhythmically.

— Make drawings.
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D~-THE NERVOUS
TISSUES

You have already seen,
on dissecting the nervous
system, that it consists of
the brain and the spinal
cord — central nervous
system — and of the nerves
which are connected with
them — peripheral nervous
system.,

For studying the micro-
scopic - structure of these
parts, do the following :

1. The Nerves.

(a) Take a piece of one
of the nerves of the toad
from the sacral plexus. Put
it on a slide witha drop of
Ringer’s solution and try to
tease it with the dissecting
needle lengthwise. Cover
with a cover-slide and exain-
ine under the microscope.
Note the numerous nerve
fibres of which the nerve
is composed.

Note thateach nerve
fibre is a sort of cylinder
with a central core — the
axis cylinder or axon —
which is a continuation of

the substance of the nerve -

cell or neuron,surrounded
by a fatty layer — the
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medullated or myelin
sheath. This is interrupted
at regular intervals at cer-
tainplaces called the nodes
of Ranvier. The medul-
lated sheath is surrounded
by the neurilemma, a
delicate membrane which
possesses cells with nuclei of
their own. Such fibres are
known as medullated or
myelinated nerve fibres.

— Draw your preparation.

(b) Examine a T.S. of the
Sciatic Nerve of the Cat
and note the following :

Bundles of nerve fibres
each fibre appearing circ-
ular in this cross section
and consists of the three
parts which you have seen
in the previous preparation,
the axis cylinder in the
centre, the medullated
sheath, and the neurilem-
ma on the periphery . The
fibresare bound together by
anareolar connective tissue
-called the endoneurium.
Each bundle is also sur-

rounded by compact con-

nective tissue- called the
perineurium, and the
bundles are all bound to-
gether by an areolar con-
nective tissue rich in blood
vessels and fatty cells and
called the epineurium.
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- — Make a drawing of a
T.S. of the sciatic nerve of
the cat, and label the parts.

The Spinal Cord.

You have noticed that
the ncrve fibres are not
cells; the axis cylinder of
cach is a dendron of a
ncuron, whose body lies in
the central nervous system
or in onc of the merve
ganglia.

(a) Take a picce of the
spinal cord of the toad and
make a smear of it on a
slide, add a drop of me-
thylene blue and note the
presence of nerve cells or
neurons,which are irregular
inshapc and take a blue colo-
ur. among which are to be
found the neuroglia cells.

-— Draw your preparation.

2.

(b) Examine a permanent -

preparation of a T.S. of the
Spinal Cord of the Rabbit
and notc the following :

The dorsal fissure, or
septum,abovc;the ventral
fissure, which is wider,
below;the pia mater,which
surrounds the cord closely.
In the centre, there is
found a cavity lined by
simple cpithclia{ cells. This
is the central canal. Th/e
cord is thus not solid but
tubular (characteristic verte-
bratc feature).
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The substance of the cord
is differentiated into a cen-
tral zone that surrounds
the central canal and is
called the grey matter,
and a peripheral zone call-
ed the white matter. The
two have gained their
names from their colours in
the fresh condition. Note
that the grey matter is
H-shaped, projecting dors-
ally into two dorsal horns
and ventrally into two
shorter and broader ven-
tral horns. The cross bars
of the H, passing trans-
versely above and below
the central canal, are called
the dorsal and ventral
commissures.

In the grey matter, note
‘the nerve cell bodies or
cytons with the arborisa-
tions of their dentrites,
some non-myelinated
nerve fibres and support-
ing neuroglia cells. The
axons of the neurons pass
along the dorsal and ventral
horns in their way to form
nerves. Each axon becomes
surrounded by a myelin
sheath and neurilemma to
form a myelinated or
medullated nerve fibre.

The white matter is en;
tirely composed of medul-
lated nerve fibres cutin
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cross  or oblique sections
and supported by prolon-
gations of the neuroglia.
Each nerve fibre appears
circular in cross section with
the axon in the centre, sur-
rounded by the myelin
sheath and neurilemma.

. — Draw a T. S. of the
spinal cord and label the parts.

— Now, as you have
studied the various tissues
of the body, what are the
different types of fibres that
you have encountered ?
Give a detailed description

of each type, and state where

you find it.
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II. THE ORGANS

A — THE BLOOD
VESSELS

Arteries and veins are
built up on the same plan,
the wall of each being for-
med of three coats or layers:
an inner epithelial and
fibrous coat, a middle mus-
cular coat and an outer
connective tissue coat. You
can distinguish an artery
from a vein by the differen-
ces in structure and relative
thickness of these layers or
coats.

1. T.S. of Artery.

Examine a T.S. of an
artery and note :

— The tunica intima,
or inner layer, consists of
an endothelium of squam-
ous cells followed by a
wavy lamina of elastic
connective tissue.

— The tunica media,
or middle layer, consists
iof circular unstriated
muscle fibres held toge-
ther by elastic and collage-
nous connective tissue fibres.
This is the thickest layer
in the wall of the artery.

— The tunica adven-
titia, or outer layer, con-
sists of areolar connective
tissue which is especially
rich in elastic fibres.
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— Make a drawing.
2. T.S. of Vein.

Examine a T.S. of a vein
and compare it with that
of an artery, 'and note :

— The tunica intima
consists of an endothelium
of 'squamous cells, but the
elastic connective tissue
layer is poorly developed
and may be totally absent.

— The tunica media
consists, as in the artery, of
circular unstriated
muscle fibres, but this
layer is relatively much
thinner than that of the

artery and contains more

collagenous than . elastic
connective tissue fibres.

— The tunica adven-

tida is the thickest layer
" in the wall of the vein. It
consists of areolar conne-
ctive tissue containing
mainly collagenous fibres.

— Make in drawing.
3. The Blood Capillaries

‘The walls of the blood
capillanes which you may
encouter in any tissue are
built up only of the endo-

thelium of the tunica intima.

This is the principal layer
found in all blood channels
and the first to develop.
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B — THE SKIN

1.. The Skin of the
Toad.

Examine a vertical sect-
ion of the toad’s skin, and
note that it consists of two
distinct principal layers : an
epidermis to the outside and
a dermis to the inside.

— The epidermis. This
is built up of a stratified

‘squamous epithelium, that.

is, its cells are arranged in
several layers or strata, one
above the other. The shape
of the constituent cells of
these layers is not uniform,
for the cells of the basal
layer are columnar, while
those near the surface are
flattened and scale-like. This
accounts for calling the
epidermal epithelium by its
name. The cells in between
are polygonal, while those
lying on the surface itself
are dead and consist of a
horny material. Accordingly
the basal layer is called the
germinative or Malpi-
ghian layer, and the super-
ficial _layer -the horny
layer. It is to be noted that
the nuclei of the cells dec-
rease gradually in size as

their cells approach the

surface.
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The cells of the Malpi-
~ ghian layer are ever
dividing, and form the cells
of the other layers of the
epidermis. When the cells
of the horny layer die, they
are shed, to be replaced by
others from the, underlying
layers. This phenomenon is
‘known as the moulting of
the skin.

~— The dermis. This
consists of a connective
tissue differentiated into two
distinct layers, the outer of
which is built up of an
areolar connective tissue,
hence called the spongy
layer (stratum spongio-
sam), while the inner layer
is built up of a fibrous con-
nective tissue, hence called
the compact layer (stra-
tum compactum).

Note that the spohgy

layer is rich in blood capil- -

laries (the skin of the toad
is a respiratory surface) and
nerve fibres which are con-
nected with the cells of the
epidermis (the skin is sensi-
tive to touch). It also con-
tains cells which are irregu-
~ lar in shape, lie close to the
epidermis and appear full of
black granules, hence called
melanophores. They give
the toad its characteristic
colour. A few of them rarely
permeate the epidermis.
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The fibres of the compact
layer are arranged parallel
to the surface of the skin,

but some of them are
perpendicular to it, forming
vertical strands.

— The glands. Note the
presence of numerous
glands (characteristic feature
of amphibian skin). They
all originate from the
Malpighian layer, and are
of the simple alveolar type,
each resembling a flask
whose body lies in the
dermis, and opens by a
neck on to the surface of

the skin. They are of two
kinds :

i. The mucous glands,
‘are smaller but more numer-
ous than the second kind.
They are distinguished by
their wall being formed of

cuboidal or short columnar
cells. -

ii. ~The poisonous
glands, are large and dis-
tinguished by their wall
being formed of a syncyt-
ium, that is to say the cell
membranes of the cells
which compose it have
disappecared, so that their
nuclei lie in a continuous

mass of protoplasm. Some
glands

of the poisonous
aggregate where they are
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localised near to the ear-
drum forming the parotoid
gland.

The mucous glands
secrete a mucous secretion
which moistens the skin,
while the poisonocus glands
secrete a white viscid subs-
tance (as you have seen
when you examined the
external features of the
toad) with poisonous pro-
perties. It is thought to kill
the micro-organisms -that
may alight on the skin
(animportant process during
hibernation) and to make
the toad unpalatable to
its natural enemies..

Note the presence of an
arcolar connective tissue
internal to the dermis. This
is the subcutaneous con-
nective tissue. It contains
large blood vessels, and is
followed by the sub-
cutaneous lymph sacs.

It is easy for you to study
the structure of the nucleus
in the cells of theskin, part-
icularly those of the Malpi-
ghian layer. Note that the
nucleus is surrounded by a
nuclear membrane and con-
tains granules of chromatin
material which stain denser

with the dyes than the rest

of the nucleus. Among these
granules is found a spherical
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body —

the nucleolus;
sometimes two nucleoli are
present.

— Draw a V.S. of the skin
of the toad, and label the parts.

2. The Skin of a
Mammal.

The skins of mammals

vary among themselves
greatly. It is customarily to
- select the skin of an embryo
of pig for the present study
- as a type of the mammalian
skin.
Examine a V.S, of the
skin of the pig and note the
following :

— The epidermis. This
consists of a stratified squam-
ous epithelium, composed of
strata of cells similar to
those which you have seen
in the epidermis of the skin
of the toad. However, the
cells of the Malpighian layer
contain pigment granules,

and the horny layer is
thicker.
— The dermis. This

consists of a dense areolar
connective tissue rich in
white fibres, blogod vessels
and nerves. The outer part
of the dermis projects into
thc  ecpidermis forming
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microscopic dermal papil-
lea in which nerve fibres
arc found.

The mammalian skin is
characterised by the presen-
ce of hairs and glands,
which all arise principally
from the epidermis, but lie
embedded by their basal
parts in the dermis.

— A hair is an elongate
structure,whose shaft (hair-
shaft) projects obliquely on
the surface of the body. It
consists of a hair-medulla
(formed of cells) in the
middle, followed by a hair-
cortex (formed of a fibrous
material), and a hair-
cuticle on the surface (form-
ed of scales). The deeper
part of the hair is the hair-
root, which is lodged in
the hair-follicle which
swells up at the base form-
ing the hair-bulb into
which project, from the
dermis, blood vessels, nerves
and connective tissuc form-
ing the hair-papilla.
Note that the walls of the
hair-root and hair-follicle
are formed of several layers
of epithelial cells which are
continuous at the surface
with the Malpighian layer
of the epidermis. The hair-
bulb is formed of an actively
proliferating germinal cpi-
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thélium, from which the
growth of the' hair takes
place. A number of un-

connected to the hair near
to the epidermis. They
move the hair involuntarily
and form what is known
as the erector muscle of
the hair.

— The glands are of two
types :

i The sebaceous
glands, are small glands of
thesimple branched alveolar
type. Usually each is con-
nccted to a hair and opens
by a short duct close to it.
The cells of the sebaceous
gland look full of cavities.
These were occupied by fat
globules which were dis-
solved during the prepara-
tion of the section.

ii. The sweat glands,
are much longer, and are
of the simple coiled tubular
type. Each gland opens on
the surface through a long
winding duct, while the
sccretory part of the gland
lies deeply embedded in
the dermis. What you would
sec of the sweat glands in
the section is a number of
rings which represent cross-
sections of the bodies of
these glands.
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— Make a dfawing of a
V.S. of the skin of the embryo
of the pig. Label the parts.

~ Compare the structure
of the amphibian skin with
that of mammals, Show how
each is adapted to the life
-of the animal.
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C-THE DIGESTIVE
ORGANS

“THE ALIMENTARY
CANAL”»

The wall of the aliment-
ary canal is built up of
several layers composed of
simple tissues. Each layer
has a definite function. The
layers are, from outside in-
wards " :

— The serosa, is a meso-
thelium, developed from
the mesoderm, and consists
usually ofa simple squamous
epithelium, overlying some
connective tissue. It is found
only in those parts of the
canal which lie inside the
coelom. Its function is to
cover these parts and con-
nect them with the adjacent
organs. It extends from the
walls of the canal forming
double sheets of membrane,
the mesenteries, into
which some blood vessels
and nerves extend.

— The muscularis,
consists in most cascs of
unstriated muscle fibres,
disposed in various direct-
ions, some being circularly
arranged, i.e., running pa-
rallel to the circumference
of the canal, or long-
itudinally parallel to its long
axis. Their contractions
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push the food into the canal
and churn it, thus mixing
it with the digestive juices.

The submucosa,
consists of connective tissuc
holding blood vesscls, nerves
and lymphatic vesscls. Its
function is to bind the
muscular layer with the
following layer.

— Thc mucosa, is form-
cd of a mucous membrane
which lines the lumen of
the canal. Thus it is built
up of an epithclium, cither
simple or stratificd. The
epithelium forms glandular
structures which sccrcte a
mucous sccretion that may
contain digestive enzymes.
The mucous membranc has
a tunica propria formed
of connective tissuc.

The mucosa may contain
muscle fibres which form
thc muscularis mucosae
that moves the mucous
mcembrane.

The mucous membrane
is usually not a simple mem-
brane, but thrown up into
folds, somctimes very long,
to’ incrcasc its  surface.
Obviously, thc mucosa
functions cssentially in
secrcting a mucous subs-
tancc and digestive enzy-
mes, and, in somc parts of
the canal, in absorbing the
digested food in addition.
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Study the following
regions taken from the ali-
mentary canals of the toad
and the rabbit. Identify
their various layers, and
comparc them with each
other. Notc the charac-
teristic features of cach, so
as to bc ablc to identify
any of them easily:

Reference should he made to
this general description with the
study of any section from the
alimentary canal.

1. T.S. of the lining of
the Buccal Cavity of the
Toad.

Fxaminc a T.S. of the
lining of the roof of the
buccal cavity of the tcad
and note :

— The mucosa, is built
up of an epithelium,
tunica propria and strat-
um compactum. The
epithelium is stratified
ciliated columnar. Note
thatitis thrownupinto pro-
minent folds. Also note that
it rests on a distinct base-
‘ment membrane and is
formed of a small number
of strata. The cells of the
basal and superficial layers
arc columnar with large
nuclei, while those of the
intermediate  layers  are
polyhedral. Also the cells
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of the superficial layer
bear distinct cilia. These
are thin protoplasmic pro-
cesses which beat contin-
- uously during life producing
a current in the mucus
secrcted by the epithelium.
The mucus is secreted by
special mucus-secreting
unicellular glands, which
are extremely numerous,
They are also of particularly
large size in comparison
with the other cclls of the
epithelium. Note their pyri-
form or saccular shape,
sometimes also resembling
a goblet and hence also
called goblet cells. Each
cell or gland opens on to
the surface of the epithel-
ium by a short neck and
possesses a nucleus compress-
ed at the base. '

Clustures of neuro-epi-
theial cells in the form of
taste-buds are found, but
are more frequent in the
tongue.

The tunica propria is
built up of connective tissue
which projects as papillae
on which the folds of the
epithelium rest. It is very
rich in blood vesscls and
capillaries  (the mucous
membrane of the buccal
cavity is a respiratory sur-
face).
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The stratum compact-
um js a fibrous connective
tissue layer of considerable
thickness.

— The submucosa, is
built up of loose connective
tissue, holding large blood
~ vessels and nerves.

— Make a labelled drawing
of a T.S. of the lining of the
roof of the buccal cavity of the
 toad.

2. T.S. of the lining of
the Pharyngeal Cavity of
the Toad.

- Examine a T.S. of the
lining of the roof of the
pharyngeal cavity of the
toad, compare it with the
lining of the buccal cavity
and note :
- — The mucosal folds are
higher and the stratum
compactum is thicker.

— The submucosa is of
an adipose tissue.

— Striated mucle fibres
appear following the sub-
mucosa.

— Make a labelled draw-
ing.
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3. T.S. of the Tongue
of the Toad.

The tongue of the toad,
asyou have already known,
is fixed to the front end of
the floor of the mouth by
its anterior end, while its
posterior end is 'free.

Examine a T.S. of the
tongue of the toad and
note :

— The mucosa, is built
of similar constituents as
in the lining of the buccal
and pharyngeal cavities, but
the stratum compactum is
almost absent.

The epithelium on the
lower surface of the tongue
is of the stratified ciliated
columnar type, with uni-
cellular  mucus-secreting
glands and taste-buds. The
epithelium continues on the
upper surface, but here
it is a simple columnar
epithelium and lacks the
cilia on the lower surface.
~ Very numerous multicell-
ular mucus-secreting
glands are formed from
this epithelium. They are
either simple tubular or

branched tubular glands.

The cells of the glands are
finely granulated and their
nuclei are restricted to the
base. Note that the glands
are of different sizes, some
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being much larger than
others, but all of them open
on to the surface by their
nccks. The openings of the
glands lie at the bases of
distinct papillae.

The papillae are of two
types, filiform and fungi-
form. They are formed by
outpushings from the tunica
propria into the epithelium

and are both rich in their -

vascular supply. The fili-
form papillae are long and
have blunt tops, while the
fungiform papillae have
broad tops.

Note the presence of
taste-buds on the fungi-
form papillae. A taste-bud
consists of sensory cells sup-
ported by sustemtacular
cells. They are gustatory
in function, rest on the
tunica propria and are con-
nected to nerve endings.

The tunica propria
consists of connective tissue
which is very rich in blood
vessels and capillaries as
well as nerves.

— The submucosa, is |

continuous with the tunica
propria and is more pro-
minent on the lower than
on the upper surface. It is
built up of loose connective
tissue.

— The muscularis,
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forms a sort of core to the
tongue. It consists of striat-
ed muscle fibres of part-

icularly large size. They
extend in various direct-
ions, some are longitudinal,
others transverse and others
vertical while still some
others are oblique. They
tend to aggregate in bundles
and these are held together
by connective tissue rich in
blood vessels and nerves.
— Make a labelled drawing
of aT.S. of the tongue of the toad.

4. T.S. of the Tongue
of the Rabbit.

The tongue of the rabbit
is a powerful muscular
organ, free anteriorly and
fixed posteriorly to the floor
of the buccal and pharyng-
eal cavities.

Examine a T.S. of the
rabbit’s tongue and note :

— The mucosa, is built
up of a stratified squamous
epithelium on its entire
surface. The lower surface
is smooth while the upper
surface is produced into
prominent folds into which
project papillae from the
underlying tunica propria.
The papillae are of various
shapes and sizes, but the
commonest are the filiform
and foliate papillae. The
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filiform papillae, as the
name implics, are thread-

like. The stratified epi-
thclium covering them is
strongly cornificd on the
surface, thus producing a
rough file-like surface{useful
in mastication). The ant-
crior part of -the tongue is
almost entirely covered by
this typc of papillae.

The foliate papillae have

broad tops and carry num-

erous tastc-buds on the sides.
They are restricted to two
arcas in the posterior part
of the tongue.
Fungiform papillae are
also found, but much less
common than the two pre-
vious types. They have
broad tops, have usually a
thin cpithelial covering and
carry groups of taste-buds.
The taste-buds here are
barrcl-shaped and consist as
in the toad of semsory and
sustentacular cells. The
sensory cells bear fine hair-
like processes (somctimes
called hairlets) on their free
surfaces which collect in a
distinct pit-like dcpression.
Note in the region of the
foliate papillac the presence
of masses of multicellular
glands which penetrate deep
among thc muscles. These
are von Ebner’s glands.
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— The other layers of the

tongue are. similar to those .

found in the toad.

— Make labelled drawings
of T. sections of the tongue of
the rabbit to show as much as
Jou can of the above features.

5. T.S. of the Sub-
mandibular Salivary
Gland of the Rabbit.

In addition to the micro-
scopic glands found in the
mucous membrane of the
. buccal cavity, there are in
mammals masses of gland-
ular tissue of considerable
size which pour out copious
saliva into the mouth. These
are the salivary glands,
which in the rabbit are four
pairs : the parotid, sub-
mandibular (formerly
known as the submaxillary),
sublingual and infra-
orbital. Their secretion mixes
with the food and helps in
chewing,digesting and swall-
owing it as well as in
keeping the mouth moist.

~ The salivary glands are of
the compound alveolar type.

Examine a T.S. of the
submandibular  salivary
gland of the rabbit and note:

— Its division into lobes
and lobules, held together
by loose connective tissue.
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~— The alveoli or acini
of the gland are built up
of almost entirely one type
> of cells, the serous cells.’
They are large; with 3 large

spherical nucleus situated

in the middle of a heavily
granulated cytoplasm. The
lumen of the acinus is
Very narrow.

— The  presence of
branched ducts, small and
large. A duct is recognised
by its smaller columnar or
pyramidal cells and larger
lumen.

— The presence in the
connective tissue of numer-
ous blood capillaries and

small and large blood vessels.
~— Make a labelled drawing

of a T.S. of the submandibular
salivary gland of the rabbit.

6. T.S.of the Oesophagus

of the Toad.

Identify the
layers :

following

— The serosa.

— The muscularis, the
muscle fibres of which are
arranged in two layers,
the outer disposed long-
itudinally, and the inner
cicularly. Note the differ-
ence between the thick-
ness of the two layers.

— The submucosa.
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~— The mucosa, consists
of a simple columnar epi-
thelium containing goblet
cells; some of the cells carry
cilia, that is the epithelium
is only partially ciliated.

The mucosa also contains
simple branched tubular
glands, the necks of which
open into the lumen of the
oesophagus and several
cross-sections of its branched
bodies appear in the con-
nective tissue.

The muscularis muco-
sae is in the form of scatter-
ed patches of muscle fibres.

Note that the mucosa is
thrown up into folds which
give off secondary folds.

— Make a drawing of a
T.S. of the oesophagus of the
toad as you see it under the L.P.
and a sector under the H.P. of

the microscope, to show the

details of the layers.

2. T.S. of the Oesophagus
of the Rabbit.

Identify the following layers:

— A fibrouslayer, fori.>-
ed of fibrous connective

tissue that binds the oeso- -

phagus to the surrounding
organs (in case the section
had been taken from the
neck region), or serosa (in
case the section had been
 taken from the posterior
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region of the oesophagus
that extends into the
coelom).

— The muscularis,

consists of three layers of
muscle fibres, which are
arranged circularly in the
middle layer and longitud-
inally in the other two
layers. These are mostly of
the striated type in the
“anterior half of the oeso-
phagus. The unstriated
fibres gradually propond-
erate in the posteroir half,
and the striated fibres disap-
pear near the stomach.

— The submucosa.

— The mucosa, formed
of a stratified squamous
epithelium which is un-
dulating, looking like a
swastika.

Note the presence of the
muscularis mucosae,
mainly composed of long-
itudinal fibres, which extend
close to the stratified epi-
thelium.. Sometimes it is
well developed.

— Make drawings as you
did with the oesophagus of the
tead.

8. T.S. of the Stomach
of ‘the Toad.

Identify the following
layers :
— The serosa.
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— The subserosa, con-
sists of a thin layer of con-
nective tissue and contains
some blood vessels.

— The muscularis,
consists of ome layer of
circularly disposed fibres.

" — The submucosa.

— The mucosa, consists
of a simple columnar - epi-
thelium devoid of goblet cells.
It gives rise to simple
tubular and simple bran-
ched tubular glands.

The muscularis muco-
sae is well developed, and
formed of two layers, an
outer longitudinal and an
inner circular layer.

— Make drawings of the
stomach of the toad, as you
did with the previous sections.

9. T.S. of the Stomach
of the Rabbit.

Identify
layers :

the following

— The serosa.

— The muscularis,
consists of two layers, one
of longitudinal fibres to
the outside and the other of
circular fibres to the inside.
Note that in both layers the
fibres are arranged in
bundles bound together by
connective tissue.

— The submucosa.
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— The mucosa, is the

thickest layer. It contains a

simple columnar epithel-
ium (devoid of globlet cells)
and characteristic gastric
glands which opcn on to
the cpithclium. Notc the
grcat length of these glands,
their arrangement parallel
with cach other and that
they arc usually of the
simplc or simple branched
tubular typc.

Examinc their cells to sce
that they arc of two varie-
tics : onc compriscs cells
which abound at the base
of the gland. Thesc are
polygonal, granular, and
take a bluc colour with the
common stains. The other
varicty compriscs  cclls
which abound towards the
luminal part of the gland.
They are circular or oval,
non-granulated and stain
rcd. The former cells are
the peptic or central cells
and sccrcte digestive enzy-
mes, while the others are
thc acidic, oxynmtic or

parietal cells and secrete.

HCI.

Thc muscularis muco-

sae is wcaker than in the
toad, its fibres arc arranged
in the two ‘usual layers,
although the inner circular
layer is somewhat more
dcveloped.
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— Make drawings of the
stomach of the rabbit as you did
with the other sections.

1o. T.S. of the Ileum
of the Toad.

This consists of :

— Thc serosa.
- — Thc muscularis, of
longitudinal fibrcs to the
outside,and circular fibres
to the inside.

— The submucosa, is
rich in lymph spaces.

—Tihcmucosa,is thrown
up into numcrous simple
folds, covered with simple
columnar epithelium which
is formcd of absorptive
cells and goblet cells.

Note the absence of tubular
glands and muscularis mucosae.

—Make a labelled drawing
of a T.S. of the ileum of the
toad.

11. T.S. of the leum of

the Rabbit

Identify the following
layers :
" — The serosa.

— The muscularis, as
in the ileum of the toad.
— The submucosa.

~— The mucosa, is
thrown up into numerous
finger-like folds called villi,
all covered by a simple
columnar cpithelium with
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scattered goblet cells, and
each contains an artery, a
vein and a lymphatic ves-
sel (lacteal). Note that the
section passes transversely
through some villi which
bend in the lumen.

At the bases of the villi
open glands of the simple
branched tubular type call-
ed the crypts of Lieber-
kiihn, lincd by a columnar
epithclium which contains
goblet cells.

The muscularis muco-
sae is also double-layered
as in the stomach, and some
of its fibres extend into the
villi.

— Make detailed drawings of
aT.S.of the ileum of the rabbat.

12. T.S. of the Rectum of
the Toad.

Examine a T.S. of the
toad’s rectum (fig. 58) and
compare it with a T.S. of
its illeum, and note :

--- The serosa.

—- The muscularis,
consists of two much thicker
layers thanin the ileum, an
outer of longitudinal and
aninner of circular fibres.

— The submucosa, is
more extensive than in the
ileum and contains very
numerous blood vessels and
capillaries as well as lymph
spaces.
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— The mucosa, is
thrown up into much lower
folds than in the ileum, and
hence the lumen of the
rectum is much wider, in
addition to its originally
much larger diameter. The
columnar epithelium con-
tains more numerous goblet
cells (their secretion lubri-
cates the faeces during
defecation),

— Make a labelled drawing.
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Key to the identification of the sections you have

studied of the alimentary canal which lie within the
coelom.

A

Tubular glands present ..................... cevieenenens (B)
Tubular glands absent

Tubular glands contain goblet cells ... Ileum of Rabbit.
Tubular glands do not contain goblet cells ...... (C)

Muscularis mucosae formed of scattered patches ......

Oesophagus of Toad.
Muscularis mucosae formed of two distinct layers (D)

Tubular glands long, parallel, and their cells different-
iated into peptic and oxyntic cells ... Stomach of Rabbit.
Tubular glands shorter and their cells are not different-
iated into peptic and oxyntic cells .. Stomack of Toad.

Mucous membrane consists of a simple columnar
epithelium with goblet cells .......... erareieieeaans )
Mucous. membrane consists of a stratified epithelium

without goblet cells ..... eeene . Oesophagus of Rabbit.

Folds of mu\cous membrane high and muscularis some-
what thin ... lleum of Toad.

Folds of mucous membrane low and muscularis thicker ‘

Rectum of Toad.
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“ACCESSORY
DIGESTIVE GLANDS*”

1. Section of the Liver
of the Toad.

The liver of the toad is a
compound tubular gland.
The gland consists of a
great number of acini
which appear in section
lined by the glandular or
hepatic cells. The cavity
of each acinus acts as a
bile canalicule. The bile
canaliculi unite to form bile
ductules and these in turn
unite to form the bile duct.
Among the acini are to be
found the blood sinusoids
and capillaries which re-
sult from the breaking down
of the hepatic portal vein.
This structure helps the
liver to : 1) take in the
monosaccharides from the
blood of the hepatic portal
vein, and 2) secrete the bile
which is drained through
the bile duct.

Examine a section of the
liver of the toad and note :

— The hepatic acini,
which are built up of granular
columnar hepatic cells, sur-
rounding a bile canalicule
in the centre. Some of
the hepatic cells contain
pigment granules.
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—- The bile ductules,
are lined with a cubical
epithelium.

— Blood capillaries
and blood sinusoids. Note
that the sinusoids are large

~ vessels - whose walls are

extremely thin.

~— Draw a section of the
liver of the toad and label the
parts.

2. Section of the Liver
of the Pig.

The liver of the pig is
taken as a type of the mam-
malian liver. It differs from
the liver of the toad
morphologically. However,
the two livers are physio-
logically similar.

The liver of the pig is a
reticular gland, the cells
of which are arranged in
strands crossing each other
forming a network. These
strands are arranged in
groups, each group forming
a hepatic lobule. The bile
canaliculi lic among the
. cells and collcct in groups,
each group forming a bile
ductule which lics, beside
two blood vessels, an artery
and a vein, in a certain
space called the portal
space. Several portal spaces
are found among the
hepatic lobules.
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There is a vein .’ the
centre of each hepatic lobule
-called the central vein.
The vein which lies in the
portal space is abranch of
the portal vein. The

branches of the hepatic
portal vein, pierce each a
hepatic ‘lobule to break
down in it into capillaries
or sinusoids which lie among
the hepatic strands and re-
collect to form the central
vein. The central veins from
all the lobules unite to form
the two hepatic veins.

Examine a section of the
liver of the pig and note :

— Thehepatic lobules,
containing strands of
hepatic glandular cells,
a central vein in the
centre of each and the blood
capillaries or sinusoids
among the strands.

— The portal spaces,
each containing a branch
of the portal vein, a
branch of the hepatic
- artery and a bile ductule
lined with cubical epi-
thelium. All of these are
bound together by connect-
ive tissue, which extends
among the lobules to hold
them together.

— Draw.
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— Show how does the
structure of the liver suit the
performance of its functions.

3. Section of the Pancreas
of the Toad.

The pancreas is a digest-
ive gland of the compound
tubulo-alveolar type. At
the same time, it is a mixed
gland for, besides being an
exocrine gland with a
duct, it is also a ductless
gland of internal secret-
ion by virtue of the pre-
sence among its acini of
groups of certain cells, call-
ed the islets of Langer-
hans, which pass their
secretion into the blood
stream directly.

The pancreas of the toad,
as you have seen in your
dissection (page 35)» con-
sists of a number of lobes of
irregular shape. It is pierced
by the common bile duct,
and the hepatic portal vein
in its way to the liver.

Examine a section of the
pancreas of the toad and
note :

" — The coelomic epi-
thelium, which surrounds
the pancreatic lobes and
lobules. It consists of a
simple squamous (some-
times cuboidal), epithelium.

It is followed by a con-

nective tissue which pene-
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trates among the pancreatic
acini or alveoli forming

what is generally called the
stroma, ’
— The pancreatic

acini or alveoli, are the
secretory parts of the gland.
The wall of each acinus is
formed of columnar or
pyramidal cells. Each cell
is differentiated into two
zones, a basal zone which
contains the nucleus, has
basiphilic coarse granules,
and a luminal zone which
is strikingly acidophilic and
contains fine but numerous
granules. In the centre is
a narrow lumen which may
contain one or more small
centro-acinar cells, each
with a nucleus.

— Large veins and
arteries, which you can
discriminate easily. Nume-
rous blood capillaries lie in
the connective tissue which

binds the pancreatic acini. .

~— Numerous pancreat-
ic ducts, the walls of
which are formed of a

cuboidal epithelium sur-
rounded by connective
tissue.

— The islets of Lan-
gerhans = are scattered

groups of cells which stain
paler in routine sections
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than the acini. Blood capil-
laries abound in and around
each islet,

— Make a labelled drawing
of a section of the pancreas of
the toad and label the parts.

4. Section of the Pan-
creas of the Rat.

Examine a section of the
pancreas of the rat and
compare it with that of the
toad. Note that the two
organs are similar to each
other, but there are a few
points of difference :

The lobulation in the rat’s
pancreas is more obvious,
and its outer capsule and
connective tissue stroma are
more conspicuous. The
pancreatic ducts, small and
large, are more numerous,
and the larger ones have a
much thicker wall. The
islets of Langerhans are
much more prominent and
appear in good contrast
with the pancreatic acini.

— Make a labelled drawing.
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D -THE URINARY
ORGANS

1. The Kidney of the

Toad. -

The toad’s kidney is a
complex mass of nephric
units among which lje

blood vessels and capillaries.

The adrenal gland lies on
its ventral surface. The
kidney is bathed in the
lymph, contained

drained into its veins. These

are the renal veins and the
renal portal vein. Renal -

arteries supply the kidney.

We ought to know the
structure of the nephric unit
in order to understand well
the section of the kidney. A
nephric unit consists of a
long tubule which begins by
a peculiar structure called
the Malpighian body or
corpuscle. This is
formed of a thin, double-
walled Bowman’s capsule

into which pushes an af-"

ferent arteriole which
branches and then leaves
away the corpuscle as an
efferent arteriole. The
tuft of vessels thus formed
inside the corpuscle is called
the glomerulus. (The ef-
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ferent arteriole breaks up,
outside the glomerulus, into
capillarics which connect
with thosc of the renal
portal vcin).

The Bowman’s capsule
lcads into a uriniferous
tubule, which is much
convoluted and ultimately
opens into a collecting
tubule. The collecting
tubules pour the urine into
thc Wolffian duct which
extends along the lateral
bordcr of the kidney.

Search for the above
mentioned structures in the
scction. These are :

— The Wolffian duct,
on the lateral edge, is lined
by a simple cubical epi-
thelium surrounded by con-
nective tissuc and unstriated
muscle fibres.

— The remal portal
vein, lics next to the Wolff-
ian duct. It may contain
blood corpuscles and its
wall consists of the usual
layers.

— The renal artery
and renal vein, lic on the
ventral side of the section.

— The adrenal gland,
lies on the ventral surface,
and consists of glandular
cells surrounded by abun-
dant blood vessels.
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— The wall of the
cisterna magna and the
nephrostomes or peri-
toneal funnels,found on the
ventral side of the section.
Each peritoneal funnel is
lined with ciliated cuboidal
cells.

— The  Malpighian
bodies or corpuscles, are
formed each of the glom-
erulus in the middle
and of the Bowman’s
capsule to the outside. The
wall of the latter is built up
of a simple squamous
epithelium,

— The uriniferous or
convoluted tubules, are
lined by large granular cells
and have a narrow lumen.
They are the greatest ele-
ments of the kidney in
number.

— The collecting tubul-
es, appear in the section
lined by cubical cells which
contain but few granules
and have a wide lumen.
They are much fewer in
number than the uriniferous
tubules.

— A network of blood

vessels and capillaries,
held by connective tissue
among the tubules.

— Draw a T.S. of the
kidney of the toad and label
the parts.
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2. T.S. of the Urinary
Bladder of the Toad.

The urinary bladder of
the toad is a thin bilobed
sac (sce p. 38) which may
be shrinked or distended
according to the amount of
fluid urine it contains.

Examine a T.S. of the
urinary bladder of the toad
and note that it is thin-
walled and folded. Its wall
is built of the following
layers :

— The serosa, is a
simple  squamous  epi-
thelium.

— The muscularis, is
built up of bundles of
unstriated fibres, some of
which are circular, others
longitudinal and still some
others oblique. Study the
shape of the circularly dis-
posed fibres and note that
they are elongated, tapering
at both ends and housing
a nucleus in the middle
portion.

— The submucosa, is
formed of loose connective
tissue,containing numerous
blood vessels(through which
water from the urine may
be resorbed). Towards the
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mucosa some collagenous
fibres are condensed to lie
below the epithelium.

— The mucosa, possess-
es a peculiar epithelium.
In some places it is formed
of a single layer of cuboidal
cells while in some other
places the epithelium is two
or three layers deep. This
is a transitory epithelium
which, ondistension, adds to
the width of the urinary
bladder by virtue of the
flattening of its cells.

— Draw.

3. The Kidney of the
Rabbit.

The nephric units which
you have just seen in the
kidney of an amphibious
animal living in fresh water,
such as the toad, are of a
primitive type with simple
tubules designed to get rid
of excess water and nitro-
genous excretory products.

In terrestrial animals,
like birds and mammals,

which generally produce *
larger volumes of excretory -
products, there has been a |

tremendous- increase in
number of the nephric units
which have also become
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morc complex as they have

developed special water-
resorbing sections, called
the lops of Henle, for the
purpose of water conserva-
tion.

The rabbit has two dark
red, bean-shaped kidneys

found closely attached to
the dorsal wall of the perti-
toneal cavity. The lateral
border of each kidney is

concave and has a notch,
the hilus, where the ure-

ter, remal aretry and
renal vein enter and leave

the organ.

Bisect the kidney of a
freshly-killed rabbit in the
longitudinal plane with a
sharp scalpel or a razor
blade.

In this longitadinal
hand section of the
kidney of the rabbit note
that the organ consists of :
a thin outer capsule, a
broad reddish-brown gran-
ular cortex following the
contour of the convex
lateral border of the kidney,
and a lighter-coloured and
radially striated medulla
shaped like a broad pyra-
mid. The base of the
 pyramid lies adjacent to
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the cortex, while its apex,
which is called the papilla,
projects  freely into the
cavity of the kidney called
pelvis.

— Make a drawing.

T.S. of the kidney of
the rabbit :

In order to understand
the histological structure of
this organ one should first
know the structure of the
nephric units or nephrons
in the rabbit.

The nephric unit con-
sists of two parts : a small
knob-like Malpighian cor-
puscle and a very long
uriniferous or convolu-
ted tubule differentiated
into.3 main sections :

The first part of the
convoluted tubule is rela-
tively wide, thick-walled
and pursues a tortuous
course in the cortex close to
the Malpighian corpuscle.
It is called the proximal
convoluted tubule.

The second part passes
straight down, into the
medulla then :loops back
and follows a straight course
out into the cortex until it
touches the same Malpi-
ghian corpuscle. This part
of the tubule, therefore,
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makes a long loop, known
as the loop of Henle, wnth
a proximal .d

LEmb and a distal ascend-
ing imb. The lower half
of the descending limb is

narrow and very thin-walled.

After touching the cor-
puscle, the tubule turns
away and proceeds in a
somewhat tortuous manner
in the cortex as the distal
convoluted tubule. This
tubule finally opens in a
side branch of one of the
collecting tubules which
drain the nephrons.

The collecting tabules
descend .again in the
medulla where they follow
a straight course, unite in
groups and open on the
papilla, thus conveying the
urine from the nephrons
to the pelvis and ureter.

Now examine a perman-
ent preparation of a T.S.
of the kidney of the rabbit
and search for the above
mentioned structures. Note:

— The capsule, or thin
outer covering of the
kidney, consists of fibrous
connective tissue.

— The cortex contains
all the Malpighian corpus-
cles and all the proximal
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and distal convoluted
tubules. Note that a Mal-

pighian corpuscle con-
sists, as in the kidney of the
toad, of a double-walled
spherical Bowman’s caps-
ule surrounding a capillary
network or glomerulus.
The walls of the capsule are
very thin and consist of
squamous epithelium. (An
afferent arteriole enters the
glomerulus, branches inside
it and leavesit as an efferent
arteriole. This breaks up
around the tubules in the
medulla into capillaries
which connect with the
venous tributaries of the
renal vein.)

Around these corpuscles
are numerous cross and
oblique sections of the tortu-
ous proximal and distal con-
voluted tubules, the former
being much more numer-

ous. Note that a proximal’

convoluted tubule has a
relatively narrow lumen
and thick walls of cuboidal
or pyramidal granular cells
with distinct brush borders.
The distal convoluted
tubule, on the other hand,
has a larger lumen and
thinner walls of smaller
cuboidal cells without brush
bqrders. Hence a cross

< 210

4,5 00 o . sl 4y,
WU 4 U S e
imy;00lay Aok o ¢ Aedaall
Slpatdl o0 dbeast s Oyl
o LY . S A Gyl
UMb o S5 Oy dhae
USH )y o Al Add
gz Ol dm (s oy 00 2
May . pslo 00 5 2ta o b
d W ol dp g
Jas Lges Sld ) gl
(AN 4, Sl
ke SLST dp i
o adkde Wl Lo e Olelhs
¢ sdadly doL3 Ll ol
hSe g, 2 Toae 5T L,
LA el LY Lo Ol
bei Gedll Wlnd G b op
W e A1 i) Aoy
Uy Lot S5 Lopn 1 LA
L LT Al Ly Ol
Tyl B ol e suad 2all
L3kt oo oS G Bleny ot
U oy Lo );"’T i:‘L"g’
S A F o Lpmp Ol

Y\



section of this tube reveals

more nuclei than in a
similar section of a proximal
convoluted tubule.

— The medulla con-
tains the loops of Henle and
the collecting tubules, all
of which run fairly straight
courses and are mostly cut
longitudinally (except if the
section passes obliquely
through the medulla). The
narrow part of the des-
cending limb of the loop
of Henle has very thin
walls of squamous epithe-
lium, the nuclei of which
bulge into the lumen. The
ascending limb has
thicker walls of cuboidal
epithelium and is thus
similar to a distal convol-
uted tubule.

The collecting tubules
are the largest in diameter.
Each has a wide lumen and
thick walls of cuboidal cells.

— Branches of the renal
artery and renal vein are
seen in the intermediate
zone between the cortex
and medulla. Numerous
blood capillaries and
little fibrous connective
tissue are found in between

the kidney tubules.

— Draw.
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1
E-THE RESPIRATORY
ORGANS

: ‘ '

We shall select two organs
only for the study of the
respiratory organs, each of
which is characterised by
certain features, and cont-
ains some of the tissues
which ought to be recogni-
sed. These are the lung of
the toad and the trachea of
the rabbit.

1. The Lung of the Toad.

Examine a T.S. of the
lung of the toad and note
the following :

—- The central cavity,
capacious and leads into
chambers separated one
from the other by partitions
or trabeculae. These cham-
bers are the alveoli.

— The trabeculae, are
the partitions among the
adjacent  alveoli. Each
trabecula contains some
bundles of unstriated muscle
fibres, and profuse blood
vessels and capillaries. The
trabeculae are lined in part

. by a simple squamous

epithelium and in part by
a ciliated columnar

epithelium.
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— The outer wall, con-
sists of a connective tissue
which contains elastic fibres.
It is covered externally by
a simple mesothelial
squamous epithelium.

Note that this structure
enables the lung to perform
its function, for it expands
during the entrance of air
by virtue of the presence of
the elastic fibres in its walls.
Its respiratory surface,which
overlies the blood capil-
laries, is increased by the
presence of the alveoli. The
efficiency of the Ilung
depends on the area of this
surface. In mammals the
central cavity disappears
and the alveoli become
extremely complex.

— Draw a T.S. of the
lung of the toad and label the
parts.

2, The Trachea of the
Rabbit.

Examine a T.S. of the
trachea of the rabbit and
note the following layers,
from inside outwards :

— The mucosa, con-
sists of a pseudostratified
~ ciliated columnar epith-
elium which rests on a
~ distinct basement membr-
"~ ane. Among the cells of
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this layer are unicellular
glands or goblet cells.

— The submucosa
consists of areolar or loose
connective tissue. It con-
contains multicellular
mucous glands, whose
ducts open onto the surface
of the mucosa, and blood
vessels of various sizes.

This layer also contains
a C-shaped incomplete ring
of hyaline cartilage, the
open side of which is direc-
ted upwards. The cartilage
is surrounded on all sides
by a fibrous connective
tissue layer called the peri-
chondrium. The cartilage
cells, or chondrocytes, are
arranged either singly or in
groups of twos or fours
within cartilage capsules
or lacunae embedded in a
clear homogeneous matrix.
The cells found close to the
perichondrium are more
or less flattened.

Bands of circular uns-
triated muscle fibres
are found on the dorsal side,
bridging the gap between
the two free ends of the
cartilage ring, and insert-
ing on the perichondrium.

— The outer coat, or
adventitia, consists of dense
fibrous connective tissue
which contains some fat
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" cells and blood vasek.

The trachea is streng-
thened by a series of such
incomplete rings of hyaline
cartilage which prevent it
from collapsing and keep it
continuously open for the
easy passage of air in and
out of the lungs. The idea
for these cartilaginous rings
to be incomplete is to allow
the trachea to be modera-
tely squeezed by the oeso-
phagus during the swal-
lowing of food.

The cilia of the epithel-
ial lining of the trachea pro-
duce a current in the mucus
which is secreted by the
mucous glands and to which
dust particles and other
hard  particles adhere.
These cilia beat in such
a way that the current is
directed outwards, towards
the nasal cavities, thus pro-
tecting the lungs from the
ill-effects of such foreign
particles.

— Draw a T.S. of the
trachea of the rabbit and label
the parts.
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F - THE GENITAL
GLANDS (GONADS)

The genital glands differ
according to sex, thus the
testis in the male produces
thc spermatozoa, while
the ovary in the female
produces the ova (sing.
ovum).

! THE TESTIS

The testis is built up of a
large number of seminifer-
ous tubules. The sperm-
atozoa are formed in the
walls of these tubules in the
mature testis. The tubules
arc held togcther by an
intertubular connective
tissue which contains part-
icular interstitial cells
that sccrcte certain hor-
monces rcsponsible for the
appearance of the secondary
scxual characters.

Since the spermatozoon
passcs through a, series of
phases till it rcach\‘:s its final
form, the wall of the
seminiferous tubule thus
contains all what represent
these phases. The process
is known as spermato-
genesis,
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1. T.S. of the Testis of
the Rabbit (or Rat).

This consists of :

---Seminiferous tubules.
Thesc appear as rounded or
oval structurcs, cach sur-
rounded by a thin base-
ment membrane and
contains in its wall scvcral
layers of cells representing
(from outside inwards )

i. Spermatogonia,which
lic along the periphery of
the tubule from the inside.
They arc packed cclls.

ii. Primary spermato-
cytes, which arc the largest
of the cclls and have large
nuclei.

iii. Secondary sperm-
atocytes, which are
smaller than the previous
cells, about half in size,
Their nuclei stain deeply.

iv. Spermatids, which
arc smaller than the pre-

vious cells and their nuclei

arc morc condense. They
aggregate in clusters.

v. Spermatozoa, which
lie in the cavity of the
tubule. They are always in
clusters and connected to
peculiar large cells which
reach the periphery of the
tubule. These are the cells
of Sertoli.
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A spermatozoon (or
sperm) has an eclongated
head and a long declicatc
tail. Its nucleus lics in the
hcad which is pointed at
the acrosome.

Identify all the above
mentioned stages in the
scminifcrous tubule with the
help of the H.P.,and note
the other structures of the
testis :

— The intertubular
tissue, which is formed of
connective tissue  hold-
ing the tubules -with
cach other and contains
blood vessels. It also cent-
ains cells of endocrine
secrction, the mterstltlal
cells.

—- The tunica albu-
ginea, which is built up of
fibrous connective tissue,
and surrounds the testis.
The intertubular tissue
extends to the periphery of
the testis to connect with
this sheath.

— The peritoneal epi-
thelivm, which is the
outermost covering of the
testis.

— Lraw a T.S. of the

testis of the rabbit, and a
seminiferous tubule as seen

under the H P.
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2. T.S. of the Testis of
the Toad.

Examine a T.S. of the
testis of the toad and note
that it is built up of ele-
ments similar to those of
the testis of the rabbit.
However, some of the stages
of spermatogenesis may ap-
pear arranged in clusters
within the seminiferous
tubules. The testis, then, is
one of those organs which
do not change but little
during the evolution of
vertebrates.

—- Make drawings as you

did with the testis of the toad.
THE OVARY ‘

The ovary is concerned
with the formation of eggs.
The process of formation of
eggs, or oogenesis, closely
resembles the process of
formation of the spermato-
zo0a, or spermatogenesis,
in its essential details.
However, the ova (eggs) are
very much larger in size
than the sperms, since the
ova represent the non-
motile and food-storing
gametes, while the sperms
are motile and ought to be
very small. However, they
are formed in very much

greater numbers than the ova.
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1. T.S. of the Ovary of
the Toad.

Here the ovary consists
of a number of hollow
lobules in which the ova
are formed. Each lobule is
surrounded externally by
the theca externa, which
corresponds to the peritoneal
epithelium of the testis.

Thousands of sacs of
various sizes are connected
to the theca externa,depend-
ing on the size of the ovum
that each sac contains. The
sac is surrounded by the
theca interna, an envelope
which contains unstriated
muscle fibres, blood vessels
and nerves. However, the
theca interna is incomplete
where the sac is connected
to the theca externa, a place
which faces the body cavity
and into which the ovum
bulges out. It is this place
at which the ovum, when
fully mature, bursts out to
fall into the body cavity.

The ovum is also sur-
rounded by a number of
cells which lie to the inside
of the theca interna. These
cells are the follicular cells
which develop from the
oogonia.

The theca interna, the
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theca externa and the fol-
licular cells form the ova-

rian stroma which is
responsible for the secretion
of the ovarian hormones.

The ovum passes through
a number of phases fol-
lowing the oogonium stage.
First is the primary oocyte
which increases in size
gradually.  The nucleus
also undergoes certain chan-
ges and contains several
nucleoli. Finally a vitelline
membrane is formed
around the primary oocyte,
which separates it from the
follicular cells. '

Usually the first reduc-
tion division occurs when
the ovum reaches the
oviduct, thus becoming the
secondary oocyte. The
second maturation division
occurs on fertilisation, that
is, externally in water.

— Drawa T.S. of the ovary
of the toad.  Note the oogonia
and primary oocytes with their
Sollicular cells, and note the
changes which occur in them.

2. T.S. of the Ovary of
the Cat.

The mammalian ovary in
general differs from the
ovary of other vertebrates
in that the ova become
mature at certain seasons of
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the year, the extent of which
varies according to the
animal. The whole process
is subjected. to pronounced
internal physiological chan-

ges.

Examine a T.S. of the
ovary of the cat and note
that it. is comparatively
much smaller in size than
that of the toad. It is pear-
shaped and connected to
the mesenteries by its apex,
called the hilum.

The ovary is covered by
a peritoneal epithelium
which overlies the germs=
inal cpithelium. The
latter produces the ova by
dividing, giving rise first to
the oogonia, which are
arranged in groups or nests
near the periphery. These
divide forming primary,
then secondary oocytes
each of which becomes sur-
rounded by a follicle — the
Graafian follicle -~ which
is at first small but gradual-
ly increases in size at the
same time when the egg-cell
increascs considerably in
size.

All these developmental
stages of the eggs are held
together by connective tis-
sue called the stroma
rich in blood vessels, and
unstriated muscle fibres part-
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icularly abundant in the
region of the hilus.” The

stroma contains also ' ecial
cells which secrete the sex
hormones of the female.

Follow Graafian follicles
of different sizes and note
the difference in the thick-
ness of their walls; such
thickness depends upon the
stage of growth of the ovum.

The fully formed or ma-
ture Graafian follicle
consists of the theca fol-
liculi to the outside, and
several layers of follicular
cells which collectively form
the membrana granulosa.
This thickens around the
ovum forming the discus
proligerus. The follicle
contains a cavity full of a
liquid, the liquor folliculi.
The ovum is surrounded by
a transparent membrane
known as the zoma pel-
lucida. ‘

Note that the mature
Graafian follicles lie near to
the surface of the ovary
when they are about to
burst and fall into the
Fallopian tube.

Note also that the ovary
contains onc or more bodies,
cach called the corpus
luteum. It represents the
place that was occupied
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by a mature Graafian
follicle, which had burst
out and separated from the
ovary. The corpus luteum
consists of columns of yel-
low cells (which secrete
substances of a hormonal
nature) separated by con-
nective tissue rich in blood
vessels.

— Draw a T.S. of the
ovary of cat under the L. and
H.P. of the microscope, showing
details of its structure. Label
the parts.

3. The Oviduct of the
Toad.

The oviduct of the toad,
as you have already noted,
is a long tube which extends
on either side of the body
cavity of the female. It
begins_at the- base -of the
lung by a funnel-shaped
opening and runs straight
for some distance, then be-
comes much convoluted
and thicker - walled and
finally ends by a thin-walled
ovisac which opens dorsal-
ly into the cloaca (see p. 42).

Examine sections of the
oviduct of the toad and
note :

(a) T.S. of the anterior
portion :

— The mucosa, is built
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up of a simple ciliated

columnar  epithelium
thrown into high folds and
contains goblet cells (the
cilia drive a current of
mucus which draws the ova
into the oviduct when they
fall into the body cavity).

— The submucosa, is
built up of loose connective
tissue which contains blood
vessels.

Muscle fibres of the un-
striated type are present, but
do not form a distinct layer.

— The serosa, is a very
thin layer of a simple squ-
amous cpithelium which
covers the oviduct ex-
ternally.

(b) T.S. of the middle
(convoluted) portion:

Note that the  mucous
membrane is throyn into
much lower lorgitudinal
folds than in the anterior
portion, but still covered by
a simple ciliated columnar
epithelium with goblet cells.

Enormous tubular
glands are present which

form mecst of the thickness

of the wall of the oviduct.
Note that the wall of each

~ gland is built up of large

columnar cells each with a
small nucleus usually con-
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e~

fined to the base. The
glands, especially during
the breeding season, are
congested with their mucoid
secretion (which forms an
outer coating to the eggs
which will swell up on
contact with water when
these are deposited in water)
and thus the lumen of each
gland appears as a narrow
chink.

The submucosa and
serosa are similar to those
of the anterior portion, but
the former is less distinct
owing to the great thick-
ness of the tubular glands.

(c) T.S. of the Ovisac:

Note the relative thin-
ness of the layers of this
portion and its much wider
lumen. No tubular glands
are present, but the simple
ciliated  columnar epi-
thelium contains numerous
goblet cells.

— Make labelled drawings
of T. sections of the oviduct
laken  from its three main
Dortions.
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G - THE DUCTLESS
(ENDOCRINE) GLANDS

From the table shown on
pp.130 &131 it could be seen
that the glands are group-
ed in two categories acc-
ording to the way by which
their secretion is passed out.
Thus, there are exocrine
glands which pass their
secretion on to a surface
either directly or by means
of a duct, such as the
salivary  glands, . liver,
pancreas... etc. The other
category comprises glands
which pass their secretions
(known as hormones) into
the blood or lymph without
the intervention of a duct,
thus they are endocrine or
ductless glands. Although
small in size and number,
the endocrine glands play
an important role in co-
ordination.

The more important
endocrine glands are : the
pituitary gland, thyroid
gland, adrenal gland, islets
of Langerhans, and gonads.
You have studied the islets
of Langerhans . with the
pancreas (p. 198) and also
the gonads (p. 211) which
thus are both exocrine and
endocrine glarids. The

< 231

‘,A.H FYH | I

(1 51N o3)
S~ G i Il
Cepet gl ¢ Ve
Wlat by £ i 28 o o o
S sadl g o U )
¢ o geda 3 W53 8 (2
Jo ¢ W8 ik op ol 3 U
oSSl ATl Al sl
A b LW ispd! ey . &)
A (Sl 3 Iy Wbl
es ¢ 55 Jays gy Caall ol

e S5 sab e &5

3 e S Ol ¢ (J‘ sully
B s 1 Y] 3041 G348
B L
Bl 1 Wl ol sl
LS Sl 34l 43,01 3l L)
Alis; Y Hpm ESH S
g > OF &l G Ay Ll
(VA2 )b Sl e jilaY
sai S (YA o) Jutlly

Yy



thymus gland is considered
by some authors as an

endocrine gland whose
secretion controls some
metabolic processes; while
others regarditas a lymph-
oid tissue which in most
animals almost disappears
entirely at puberty.

1. The Adrenal Gland.

You have encountered in
your study of a T.S. of the
kidney of the toad p. 201)

some glandular cells on the
ventral surface which are

labelled adrenal gland. In
macroscopic examination,
the gland appears as a
broad irregular yellow
patch on the vegtral surface
of the kidney (p. 38). In
mammals, such as the rab-
bit, the gland is a separate
yellowish body which lies
generally anterior to the
corresponding kidney.

The adrenal gland is of
double origin, for its outer
part, the cortex, is of meso-
dermic origin, while its
inner part, the medulla,
develops from the sym-
pathetic system.

Examine a T.S. of the
Adrenal Gland of the
Rabbit and note :
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— The capsule, which
is built up of fibrous con-
nective tissue holding blood
vessels and nerves.

— The cortex, lies next
to thc capsule and is dif-
ferentiated into thrce zones
which are from outside
inwards : the zona glom-
erulosa in which the
cclls are arranged in
oval groups which rcsemble
cithcr closed or open
vesicles. The cells are
columnar or pyramidal and
contain large nuclei. Next
comcs thc zona fasciculata
which is the broadest zone
and consists of columns of
double rows of cells ar-
ranged radially. The cclls
are large polyhedral or
columnar, contain large
nuclei and are more granul-
ated than the cells of the
outer zone. It is known
that the cells of the zona
fasciculata contain lipoids,
cholestrol and vitamin C,
and owing to the fact that
some of these substances
dissolve with the routine
technique, vacuoles are left
in their place. The third
zone is the zoma reticu-
laris which consists of
anastomosing columns of
columnar cells containing
pigment granules and form-
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ing a reticulum, in the
mcshes of which very numer-
ous blood sinusoids are
housed. These are in
continuity with a capillary
nctwork in the outer zones
and in the medulla.

—- The medulla, is the
ccutral rcgion and contains
in the centre a large central
vein. This zonc consists of
anastomosing columns of
polygonal cells which cont-
ain characteristic granulcs.
These have a characteristic
affinity for chromium, and
so are referred to as chrom-

affin cells. In the meshes !

of the reticulum there is a
rich blood capillary net-
work forming large sinus-
oids.

Note the presence in the
medulla of ganglion cells
(neuroms) arranged singly
or in groups. Also note that
‘thc components  of the
adrenal  gland are held
together in a reticular
conncctive  tissue  with
numerous blood vessels.

It is held that the cortex
sccretes a hormone -called
cortin, while the medulla
sccretes adrenalin,

— Make a labelled drawing.
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~2.. The Thyroid Gland.

The thyroid gland of the
toad is paired masses of
glandular tissue, lying close
to the posterior cornua of
the hyoid apparatus.

The thyroid gland of
mammals gencrally lies on
the ventro-lateral surfaces of
the larynx and anterior
portion of the trachea. It
consists usually of two lobes
connected by an isthmus.

Examine a Vertical
Section of the Thyroid
Gland of the Cat and notc:

— The fibrous capsule,
which surrounds the gland
and consists of fibrous con-
nective tissue holding large
blood vessels.

— The thyroid fol-
licles, which are very
abundant rounded, oval or
oblong bodies very peculiar
to the thyroid gland. The
follicles vary in size, some
being small and others large.
Each follicle has a wall
formed of a simple cuboidal
epithelium which does not
rest on a basement membrane
as most epithelia do,
but on the interfollicular
tissue directly. The cells
of the epithelium contain
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large nuclei and pour their
secretion into the cavity of
the follicle. This secretion,
of hormonal nature, is des-
cribed as a colleid and
has an affinity for acid dyes.
Sometimes the colloid cont-

ains vacuoles. Note that
the form of the follicular
cells is variable, sometimes
they are short columnar,
cuboidal or flattened.

— The interfollicular
tissae, is built up cf con-
nective tissue with a reti-
cular network and holds
numecrous blood vessels and
capillaries. During the
activity of the gland, the
colloid pass=s out from the
follicles into these vessels.

— Make a labelled drawing.
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EMBRYOLOGY

Embryology is the study
of the developing organism
till it reaches the adult form.
Material for the study of
embryology, especially in
the big classes, is not always
sufficient. The student has,
however to depend on exam-

ining models, photographs

and whatever real material
is available. As knowledge is
acquired of the various
types, you should compare
these types one with the
others to help you in the
understanding of the devel-
opmental processes.

Some terminology is
necessary for the under-
standing of embryological
development :

Fertilization, is the union
of spermatozoon and ovum.

Cleavage, is the success-
ive division of the fertilized
ovum (zygote) forming
blastomeres, which finally
develop into :

The blastula, is a hollow
ball; its cavity is the
blastocoel.

The gastrula, is formed
by the invagination of the
blastula, the process being
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known as gastrulation.
The gastrula is thus double-

walled; the outer wall is
the ectoderm, the inner is
the endoderm, and its
cavity is the archenteron
or gastrocoel.

The gastrula elongates,
and differentiation of tissues
and organs follows. Most
important is the formation
of a third layer, the
mesoderm. The central
nervous system, noto-
chord and gut are the first
to' differentiate.  Other
organs follow.

Derivatives of the three
germ (germinal) layers :

The ectoderm, gives rise
to the epidermis and its

appendages, nervous system,

neuro-cpithelia in the sense
. organs, and lining of stomo-
daeum and proctodaeum.

The mesoderm, gives
_rise to the three types of con-
ncctive tissues, the proper,

skeletal and vascular tissues, -

and to the musculature and
urinogenital organs.

The endoderm, gives
rise to the inner lining of
the alimentary canal (gut
or enteron) and the organs
derived from it, such as the
salivary glands, lungs, liver,
pancreas and others.
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I. THE EARLY
DEVELOPMENT OF
AMPHIOXUS

Examine the models and
whatever material provided
of Amphioxus and note :

— Thefertilized ovum
with vitelline membrane.
Note its two poles, the
animal and vegetative,
with little yolk granules in
the latter — isolecithal

egg.

— Cleavage stages, 2-,
4-, 8- and '16-blastomere
stages. Note the directions
of the cleavage planes,which
pass from one end to the
other — holoblastic (i.c.
complete) cleavage. Note
also the difference in size of
the blastomeres; those lying
towards the animal pole —

. - the micromeres — are

smaller than those lying to-
- wards the vegetative pole —
the macromeres. This solid
mass of blastomeres is called
the morula because of its
resemblance to the mul-
berry fruit. The blastula has
a central cavity — the bla-
stocoel.

— Draw.
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"< The gastrula. Exa-
mine stages showing the
invagination process, and a

section of the gastrula
showing the ectoderm,
endoderm, archenteron

and remains of blastocoel.

— Draw.

— Advanced gastrula
stages,
development of :

1. The nervous system.
A flattened dorsal plate —
the neural plate — is
formed from the dorsal
region of the ectoderm. The
ectoderm at the sides of this
plate separates from it
forming the meural folds
which grow over this plate.
The sides of the plate itself
are rolled up, meet each
other mid-dorsally and form
the neural tube, whose
cavity is the neural canal.

The above process begins
at the hinder end so that the
blastopore is covered and
communicates with the
neural canal. A neurent-
eric canal is thus fornied,
which connects the neural
canal with the archenteron.
This canal will close later
on. Anteriorly, the neural
tube opens by the meuro-
pore.
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2. The notochord. The
endodermal cells in the roof
of the archenteron separate
to form the notochord.

3. The mesoderm. The
mesoderm is formed on
each side from the dorso-
lateral walls of the endoderm
as two evaginated folds which
eventually separate from
the gut, giving rise to two
mesoblastic pouches or
somites. Each pouch has
a cavity derived from the
archenteron and is thus an
enterocoel. The pouches.
represent the beginnings of
the third germinal layer
or mesoderm.

4. The gut (enterom).
The rest of the endoderm,
that is,after the separation
of the notochord and meso-
blastic pouches, forms the
gut or enteron.

The above changes take
about 8 hours. By then, the
ectoderm cells, which are
now the epidermis, have
acquired cilia, and the
embryo can move inside the
vitelline membrane. It has
become markedly elongat-
ed in an antero-posterior
direction. It then hatches
out as a free - swimming
larva. But until the format-
ion of the mouth, the stage
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is sometimes called the
“free embryo”.

— Make drawings of a
series of developmental stages of
the advanced gastrula and sect-
tons passing through them to
show the above changes.

— Follow a mesoblastic
somite and note that it
grows in a dorsoventral
direction. Its upper portion
— the epimere —differ-
entiates into an inner
thickened portion and an
outer thinner portion. The
inner portion is the muscle
plate from which separates
the sclerotome that gives
rise to connective tissue,
and the rest forms the
myotome from which the
musculature of the body
develops. The outer portion
is the dermatome which
forms the dermis of the skin.

The lower portion of the
somite is the hypomere or
lateral plate, and has two
walls, an inner splanchno-
pleure, and an outer

somatopleure. The former

becomes attached to the
wall of the alimentary canal
and the latter to the outer
body wall. The cavities of
the enterocoel of opposite
lateral plates freely com-
municate with one another
giving rise to the coelom.
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— Make drawings to show

the various parts
mesoblastic somiles.

of the

— In the next stage, the
mouth is formed by a per-
foration between the gut
and the external surface at
the front end. At first, it
lies on the left side of the
body but soon shifts to
occupy a mid-ventral posi-
tion. It acquires two ecto-
dermal folds giving rise to
the oral hood. The anus
is formed posteriorlyon the
left side of the middle line.

— The gill-slits develop
posterior to the mouth. The
details of their development
are quite peculiar to
Amphioxus, and since they
contribute but little to the
understanding of general
embryological information,
the student need not follow
them in detail at this stage.

— Make a drawing of a
side view of an early larva of
Amphioxus.
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II. THE EARLY DEVE-
LOPMENT OF THE
TOAD

Examine models and
whatever material available
showing the main following
features of the development
of the toad, and note :

— The fertilized eggs,
are in ribbons of a gelat-
inous material, characteris-
tic of the toad’s spawn. The
egg is telolecithal, that is,
with plenty of yolk which
accumulates at one pole of
the egg. It is greyish in
colour with an upper black-
pigmented animal hemi-
sphere. A small area, in-
termediate in colour and
position between the two
poles, is also present and is
called the grey crescent.
Note the vitelline membrane.

— Cleavage stages, 2-,
4-, 8-blastomere stages ...
etc. Note the direction of
the cleavage planes, first
two vertical, third hori-
zontal, followed by less
regular divisions.The blast-
ula with blastocoel,
micromeres and macro-
meres are quite distinct.

— Draw.
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In what respects 1s the
blastula of the toad different
from that of Amphioxus ?

- - The gastrula, is form-
cd by the growth of the
black micromercs over the
yolky macromeres, and at

the same timc by the
pushing inwards of the

macromeres, till the miro- -

meres alonc arcshown on the
surface except at a small
space called the blastopore
filled by a mass of volk-cclls
- the yok plug. A scciion

of the gastrula at this stage .

shows that thc blastococl
has decreased considerably
in size, and that the ccto-
derm is of two layers of
cells. A slit-like space is
formed in the cendoderm,
which extends from outside
inwards, that is from the
blastopore. The space thus
formed is the archenteron.
The endoderm by now has
“become several layers in
thickness.

Draw the gastrula of
the toad and sections of it.

How does the gastrula
of the toad differ from  that
of Amphioxus ?
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— Later embryonic
stages :

1. The mesoderm This
arises as two sheets from
either side of the endoderm.
At first solid, then each
sheet splits up in the middle
giving rise to a cavity,
which is thus a schizocoel,
not an enterocoel.

2. The central nervous
system. A neural plate
and two mneural folds are
- formed which give rise to
the neural tube. A neur-
enteric canal connects the
neural tube with the arch-
enteron. The anterior part of
the central nervous system
is enlarged giving rise to
the brain. The sides of the
neural plate form the
neural crests which will
give rise later on to the
dorsal root ganglia.

3. The notochord. This
is formed in a way pretty
similar to that in
Amphioxus.

4. The gut (enteron).
This is formed from the
endoderm,after the separat-
ion of the notochord and
mesoderm. In the ventral
" wall of the gut, the cells are
still heavily charged with
volk granules, which are
not consumed till a later
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stage of developmet. The
anterior part of the gut is
carly differcntiated into the
pharynx, which decvelops
some
walls — the rudiments of
the visceral pouches. At
this stage the stomodaeum
and proctodaeum are
being formed but have not
perforated yet.

— Make drawings to illu-
strate the above formations.

- Hatching
(530-40 hours).

stage

When an embryo toad
hatches out of its egg, it is
about 2 mm in length, and

shows the following features:

1. A three-lobed brain
and a neural tube have by
now become differentiated,
but the neurenteric canal
has becn obliterated.

2. Two olfactory pits,
two optic vesicles and two
auditory vesicles, are the
three pairs of organs of
special sense.

3. The notochord.
4. The pharynx, with

four pairs of visceral
pouches. The liver divert-
iculum is pocket-like and
originated from the gut.
The proctodaeum opens to
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the outside, but the mouth
has not perforated yet.

5. The 'mesoderm, is
well differentiated into its
regions.

6. The heart, has dif-
ferentiated ventral to the
pharynx.

- Larval stages (meta-
morphosis).

Examine the free larval
stages (tadpoles) till the
end of metamorphosis :

1. A tadpole with an
adhesive organ, external
gills and tail, but without

a mouth.

2. A tadpole with the
mouth, and operculum
“around the gills which are
now contained in a branchial
cavity, firstwith two open-
ings and later with one
opening only, that of the
left side. ‘

3. A tadpole with a pair
of hind-limbs and a tail,
Note the spiral winding of
the intestine through the
transparency of the abdom-
inal wall.

4. A tadpole with two
pairs of limbs, fore-limbs
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and hind-iimbs. The tail
has become much reduced
in size.

5. A small toad, with all
the essential adult featu-
res.

~— Make drawings of the
above stages.
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III. THE EARLY DEVE-

LOPMENT OF THE
CHICK
Examine models and

whatever material available,
living or fixed, of the chick
embryo showing its main
developmental features.
Eggs may be kept in an
incubator and opened as
desired for examining the
developing embryos. This is
done in warm saline sol-
ution(0.759%),and the taken
out embryos may be kept
alive in the incubator for a
considerable time during
which they may be inspect-
ed.

— The hen’s egg is
usually fertilized in the

upper portion of the oviduct.

It consists of a large amount
of yolk (yellow of egg),
hence telolecithal, sur-
rounded by a thin vitelline
membrane, followed by
an amount of albumen
(white of egg) which cont-
ains a large amount of
water. This is  sur-
rounded by two shell
membranes covered ex-
ternally by a calcareous
shell. The two shell mem-
branes lie very close to
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each other except over an
area at the blunt end of
the egg, where they are
separated to enclose an air-
space or chamber. A part
of the  albumen is con-
densed to form two cord-
like structures, one on cither
side of the yolk. These are
the chalazae.

The nucleus lies inside
a small amount of clear
cytoplasm — the blasto-
disc — which appears on
top of the yolk. The animal
pole is thcrefore extremely
small as compared with the
vegetative pole.

— Cleavage, is carried
out in the blastodisc while
the egg is still in the oviduct.
The cleavage planes do not
pass down the yolk, i.e.
cleavage is meroblastic
(cp. with the toad). Cleav-
age results in the convers-
ion of the blastodisc into a
blastoderm formed of one
layer of blastomeres. A
cavity is formed by the
accumulation of a fluid be-
low the central cells of the
blastoderm. This is the
subgerminal cavity which
corresponds at this stage to
the blastocoel, and the
cmbryo to the blastula.
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The marginal cells of the
blastoderm, however, rest on the
- yolk dzmt{y and are by now
more than one cell layer decp.
The lower cells of this zone

Jorm the yolky endoderm
whick will form later on the
extra-embryonic endo-
derm, and will not contribute
to the formation of the endoderm
proper from which the endo-
dermic  adult structures will
develop.

— Gastrulation.

The single layer of the
blastoderm is transformed
into several layers by a
series of horizontal and
vertical cleavage furrows.
The upper layer will give
rise to the ectoderm and
primitive streak, and the
lower layer to the emdo-
derm which lateris separat-
ed from the upper layer by
a process of delamination,
This process also involves
separation and movement
of other cells from the upper
layer directly into the now
stretching layer of endo-
dermal cells. The scparating
cells come mostly from the
posterior portion of the
blastoderm. The cavity be-
low the endoderm corres-
ponds to the archenteron
or gastrocoel,
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The egg is usually laid
at this stage; development
stops, and will be resumed
only when the egg is in-
cubated or sat on by the
hen.

If the blastoderm is
examined ~ through trans-
mitted light at the begin-
ning of incubation, the
central zone would appear
clearer than the marginal
or outer zone because yolk
granules always adhere to
the latter zone. Thus they
are called the area pel-
lucida and area opaca
respectively.

— Differentiation of
the primary germ layers.

With the early hours of
incubation an opaque band
is seen in the posterior
region of the area pellucida.
This is the primitive
streak, produced by the
heaping up of cells from
the upper layer towards the
mid-line. However, these
cells will migrate inwards
and then outwards thus
producing, as a result of
speeding up of this migrat-
ion and accumulation of
cells, a longitudinal depress-
ion in the primitive streak,
and a raising up of its two
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sides The depression is the
primitive groove and its
sides are the ‘primitive
ridges.

At the 20-hour stage the
area pellucida has become
more or ‘less pear-shaped
and the primitive steak
slightly swollen anteriorly,
that is towards the blunter
end of the pellucid area
(which marks the anterior
end of the embryo),forming
the primitive kmnot or
Hensen’s node. Sections
of this stage show that the
primitive streak is formed
- of proliferating cells, some
of which have already bud-
ded off and come to lie
between the upper layer
and the endoderm. These
cells will form the meso-
derm. Other cells in the
area of the primitive knot
will form the notochord
or “head” process, thus
the upper layer is left with
the ectoderm alone.

In this way a stage is
reached where the -three
germ layers (ecto-, meso-,
and endoderm), a blas-
tocoel and an arch-
entron, which are the main

parts of the gastrula, are
formed.

In what respects does the
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process “of gastrulation re-
semble or differ from that in
Amphioxus and in the toad?

— Later embryonic
stages (Differentiation of
the main organ-systems).

1. In front of the primi-
tive streak, during the form-
ation of the notochordal
Process, cells of the upper
layer (now the ectoderm)
are thickened above this
process giving rise -to the
neural plate. Soon  the
plate is folded, and the
neural folds thus formed
approach one another and
fuse in the mid-line giving
rise to the meural tube
and neural crests on both
sides. The anterior half of
this tube will expand, and
by the progress of develop-
ment, will give rise to a
series of vesicles to form’
the brain. It is open ante-
riorly by a mneuropore
which closes later on. The
remainder of the tube will
give rise to the spinal
cord, which is not complet-
ed until the final dis-
appearance of the primitive
streak (after 50 hours of in-
cubation). The neural crests
give rise mostly to dorsal
segmental nerve ganglia.
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During the second day of
incubation, the rudiments
of the eyes and ears are
developed. : When .. the
“ectoderm develops the main
parts of the nervous system,

what remains out of it 1s» ‘

the epidermis.

‘2. In front of the neural
plate, on the second day of
incubation, a  crescent-
shaped head fold appears
which causes ‘the head of
the embryo (now containing
mainly the brain, notochord
and fore-gut) to be raised
off the surface of the yolk.
In front of the head fold
lies a.part of blastoderm
which is free of mesoderm
and is known as the
proamnion, but it should
be noted that it has nothing
to do with the future
amnion.

3. The mesoderm be-
comes rapidly differentiated

into somites,lateral plate
and intermediate meso-

derm. The somites are
metamerically segmented
and arranged on both sides
of the nervous system and
notochord. By the end of
the first'day of incubation
there are about 5-6 pairs of
somites, while by the end
of the second day there are
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" about 27 pairs. Each somite
becomes differentiated into

a myotome (give rise to -

skeletal muscles), a sclero-
tome (gives rise to skeletal
structures) and a derma-
tome (gives rise to the
dermis). The lateral plate
splits up as 'in the toad
giving rise to ‘an upper
(outer) somatic meso-
derm and a lower (inner)
splanchnic mesoderm,
_ enclosing the coelom which
is thus a schizocoel. The
“intermediate mesoderm:
forms the nephrotomi¢
plate and will give rise to
the excretory system.

4. Meanwhile, cells from

the mesoderm have separat-- _

ed from its lateral parts
and become differentiated
into blood corpuscles to be
- surrounded by epithelial
cells from the same origin.
Each group of such new
formation is a blood island.

The blood islands are
first formed in the inner
zone of the area opaca and
called the area vasculosa,
while the remaineder of the
area opaca is the area
vitellina. Blood islands run
together and form a plexus
of blood vessels.
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In the mcantime a
tubular heart, at first a
double tube, devclops vent-
ral to the fore-gut and
reccives two vitelline veins
from the arca vasculosa. A
vetnral aorta is given off
from the heart forwards,
which gives off vessels to
the pharyngeal region.
Blood is collected from here
and conveycd in two dorsal
aortae. These leave the
body of the embryo as two
vitelline arteries. Other
blood vessels are formed.

5. The ammnion is first
formed during the second
day of incubation in front
of the head as a semicircular
fold (head-fold of amnion)
which grows rapidly back-
wards, covering first the
head. Somewhat later, a
similar fold develops in the
tail region (tail-fold of
amnion) which grows
forwards. The two folds
eventually meet and fuse
giving rise to a sort of sac
by the end of the third day
of incubation. The inner
wall of the sac thus formed
is the amnion which sur-
rounis the embryo from
almost all sides. The space
between the amnion and
the embryo, the amniotic
cavity, is filled wi*» the
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amniotic fluid (shock ab-
sorber). The outer wall of
the sac is the chorion (or

serosa) which becomes
applicd to the inner shell
membrane, while the space
of the sac between the
amnion and chorion is part
of the coelom (but is an

extra-embryonic coelom).

Later, during the fourth
day of incubation, a sac
grows out from the hind-gut,
at first small and then
gradually increases in size.
This is the allantois (has
respiratory and excretory
functions).

In the meantime, the
endoderm in the region of
the mid gut grows out with
the splanchnic mesoderm
around the yolk and finally
encloses it in a yolk sac.
The endoderm cells here
take the yolk and digest it,
the sac thus becoming
progressively smaller.

6. The gut is more
obviously differentiated on
the third day of incubation.
Thus the fore-gut dzvelops
four pairs of gill-pouches
in the pharyngeal region.
The first pouch forms the
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cavity ot the middle ear
and opens into the pharynx
through the Eustachian
tube which is part of this
pouch. The ectoderm forms
a depression towards the
fore-gut diverticulum and
eventually breaks through
to form the mouth.

The mid-gut is open to
the yolk sac. Its opening
into the fore-gut is the
anterior intestinal portal
and its opening into the
hind-gut is the posterior
intestinal portal.

A depression is formed in
the ectoderm in the tail end
of the gut (hind-gut) and
eventually breaks through
to form a cloaca on receiv-
ing the urinogenital ducts.

Derivatives of the gut are
now formed, the most
important of which are
the lungs, liver and pan-
creas, as outpushings from
the endodermal lining of
the gut.

7. The kidneys arise as
segmental tubules from the
nephrotomic plates, each
series on. each side joining a
longitudinal duct. The
tubules are first formed in
the anterior segments giving
rise to the pronephros
which cventually disapp-
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ears. During the third day
of incubation, the meso-
nephros develops in the
form of tubules in segments
16-32 and open into the

pronephric duct, which has

now become the meso-
nephric or Wolffian duct.
The metanephros is
formcd later (during the
4th day) from still more
posterior segments.

8. The mesoblastic
somites increase in num-
ber progressively and attain
their full number (52 pairs)
on the 6th day of incubat-
ion. They give rise to
skeletal muscles, skeleton...
etc., and bud off wandering
cells, the mesenchyme,
which plays an important
role in the formation of
connective tissues. It is
also held that the mesen-
chyme arises in part from
the neural crests.

9. The vascular system
progressively develops. The
heart becomes differentiated
into four chambers (sinus
venosus, auricle, ventri-
cle and truncus arter-
iosus). The aortic arches
" and the main veins (though
at first different from those
of the adult) are formed
and an efficient embryonic
- circulation is éstablished.
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0. The. wings and

hind-limbs appear as
buds towards the close of
the third day of incubation,
and then grow considcrably
by the progress of develop-
ment. :

11. By the middle of the
second day of incubation,
the embryo is nearly
straight, but it soon under-
gocs a remarkable process
of flexion and torsion.
Flexion is the bending of
the body about a transverse
axis as when you bend your
fingers on your palm, while
torsion means twisting of
the body while part of it is
fixed as when you turn your
head and shoulders both
backwards while your feet
are fixed.

The first flexion occurs
in the head region through
the mid-brain, and hence
called the cranial flexure.
Its result is that the fore-
brain comes to lie below
the rest of the brain. A
second flexion occurs some-
what later in the region
where the hind-brain joins
the spinal cord, and is called
the cervical flexure which
makes the head bending
much more pronounced.

Almost  simultaneously
with the bending of the
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head, the head also rotates
about the longitudinal axis

of the body, so that the
head lies on its left side.
This torsion extends back-
wards through the body;
finally the whole embryo
comes to rest on the yolk
by its left side.

Now, as you have got an

idea of the main structures
of the chick embryo and
the approximate date of
their formation, examine
whole mounts and trans-
verse sections of the follow-
ing stages of the chick
embryo and identify as
much as you can of their
structures.

A. The 24 - Hour Stage
(5= 6 somites).

1. In the whole mount
note :

Head fold; proamnion;
fore-gut; anterior intestinal
portal; neural tube; neuro-
pore; mnotochord; paired
somites; undifferentiated
mesoderm; primitive streak

with primitive groove and-

primitive ridges; primitive
knot (Hensen’s node) ; area
pellucida; area opaca form-
ed of an inner area vasc-
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ulosa containing  blood
islands, and an outer area
vitellina.

2. In the T.S. note :

Neural plate; neural
crests; ectoderm; noto-
chord ;endoderm ;mesoderm
differentiated into somite,
intermediate mesoderm and
lateral plate; somatic meso-
derm which forms with the
ectoderm close to it the
‘somatopleure; splanchnic
mesoderm which forms with
the endoderm close to it
the splanchnopleure.

— Make labelled drawings.

B. The 48-Hour Stage.
(about 27 somites)

1. In the whole mount
note :

Head fold of amnion;
divisions of the brain (fore-,
mid- and hind-brain) with
optic and auditory vesicles
attached to it; notochord;
mouth rudiment (in the
formation but not perforat-
ed); gill-pouches in the

wall of the pharynx ;Somites;

heart inside pericardiac
cavity and showing sinus
venosus, auricle, ventricle
and truncus arteriosus;
vitelline veins and arteries;
neural tube; primitive
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streak;
mesoderm; tail-bud; tail-
fold of amnion; area pel-
lucida; area vasculosa with.
blood islands; area vitellina.

undifferentiated

2. In the T. 8. of the
trunk note :

Epidermis; ncural tube
- and neural crests; noto-
chord; dorsal aorta; somite;
splanchnopleure and somato-

pleure; posterior card-
inal wveins; vitelline ves-

sels; mesonephric duct;
coclom; extra-embryonic
coelom; amnion fold; gut.

— Make labelled drawings.

C. The 72-Hour Stage.
(about 36 somites)

1. In the whole mount
note :

Parts of the brain (telen
cephalon, diencephalon,
mesencephalon, meten
cephalon and  myelen-
cephalon) ;olfactory pit;eye;
auditory vesicle; visceral
pouches; aortic arches;heart
(with sinus venosus, auricle,
ventricle, and trunce
us arteriosus); somites;
wing-bud; leg-bud; spinal
cord; chief blood vessels

— 274

e — Gt dd — fad
J &S — Er— A
asleglimbl— 2B Ll — 2L
CAB BN Gy Uy
D t}&:\

Leardl &Y — 32
—'s,q.\ill J..Ll — Cpamanll Cpdyally
0y ) oyl —p e
N = A a1 023
N P PO SV T IS
bl — o gboadl — (o fdin ;) 52
Q= 2 LY g

e Bon OIS o
el aled

pean H, . ...sy\))” P
D (Tage ¥4 ) il
t ons JISH ol .Y
) ‘d‘lc?l'c“(-.&c)éJ s\J;-t
goudly fusnblyc Jaudilly ¢ )
— ol = Bl 5 —( ok
o BSay I — 3 e Y
gty ladly 03 Wy st
_.C\:J-:‘ é —Solaagedl — (3L 2N

& gty Y1 S bl sl
¢ Zad Jabasy Yy sl 2y dmt
el ¢ el e e 5 M

Yvt



P ¥ UR S It Al
i of cl
M\ wall of amnioa mesencephalon
Sl g . -
e ) ‘ur.‘ o
lencephalon sortic arch
suditory vesicle: d\;ﬁ-“ C‘“‘-‘
truncus arteriosus
Sy e
visceral pouch ot
eye
oW 3 sy -
anterior cardinal vein ginz:.;;bn
whS GF
IR (U
ductus Cuvierl teleb«%:ll::’

OF e s
posterior cardinal vein

A
sinus venosus

Y T

ductus venosus

S e

dorsal aorta

ol 5,
olfactory pit
ol
auricle

vc-nt.ricle

laall 2

Lon ) Sl
mesodermal somites Eob S
vitelline artery
FARYY
spinal cord o= Loy

vitelline vein

JA
i

LW ihed 8K g St S
dermatome chorion amnion spinal cord (gl Jid1 Gads
dorsal root ganglion

S e s
posterior cardinal vein

A A 52
mesonephric duct
L iy oo o)
mesonephric tubule

Lt iy, P N\
somatopleure N\ e
& \ epidermis
) \
I -
22 o
Lprbl W, sl e o Py - I P RN B S A T
gut coelom , vitelline, vessels extra-embryonic coclom

splanchnopleure dorsal aorta

T.S. of trunk region pitl s op op plad

Gl gty oW S 3 BT o - SO

FIG. 81 - 72-HOUR STAGE OF CHICK EMBRYO




¢main vitelline arteries and
. veins, posterior cardinal
veins, anterior cardinal
veins, ductus venosus, ductus
Cuvieri) ; tail-bud; amnion.

2. In the T.S. of the
~ trunk note :

Epidermis; spinal cord;
notochord; dorsal aorta,
posterior cardinal veins,
mesonephric tubules and
duct; myotome; dermatome
sclerotome ; mesenchyme:
somatopleure {somatic
mesoderm plus ectoderm)
and splanchnopleure (splan-
chnic mesoderm plus endo-
derm) enclosing coelom;
amnion and amniotic cavity;
chorion; extra-embryonic
coelom; vitelline vessels;
gut.

— Make
ings.

la elled draw-

— Point out the sequence
of events during the deve-
" lopment of the chick embryo
from fertilisation till the
72nd hour of incubation.

— Tabulate the chara-
cteristic features of each of
the following stages of the
chick embryo :

1) the 24-hour stage,
2) the 48-hour stage, and
3) the 72-hour stage.
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— Write an account of
the mode of development
of the embryonic mem-
branes in birds and the
part they play in the life of
the embryo bird.

— What is meant by the
following terms :
1. Blastodisc and blasto-

derm,

2. Epiboly and delaminat-
ion,

3. Endoderm and yolky
endoderm,

4. Proamnion and amnion,
5. Head fold and hcad-

fold of amnion.
6. Flexion and torsion ?

— What is the role
played by the primitive
streak in the formation of
the germ layers ?
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MICROSCOPICAL
TECHNIQUE

By virtue of their trans-
parency,cells require special
pPreparatory treatment be-
fore they can be examined
through  the ordinary
microscope.Several methods
are employed in .order to
make them better seen and
also to present them in
almost the same normal
living condition.

a) Smearing. This is to
spread out the tissue ele-
ments into a very thin
layer, “film” or smear. This
method is employed for
opaque fluid tissues such as
the blood (see p. 141) or
soft ones such as the testis
(see p.122).

b) Teasimg. This is to
separate the tissue elements
apart with a fine needle. It
is employed for tissues
largely formed of fibres,
such as muscle or nerve,
in order to secure indivi-
dual fibres (see p. 147
and p. 150).

c) Dissociating. This is
to separate the tissue ele-
ments by any mechanical
means or by chemical
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rcagents, such asa saturated

solution  of boric acid
(sce p. 121).

d) Sectioning. This is
to cut the tissues into very
thin slices, one or two cells
thick. This method has the
advantage of keeping the
constitucnt cells undisturb-
cd. However, it is a labor-
ious onc and requires much
training until mastered.
An abridged account of this
mcthod is given below:

SECTIONING OR
' SECTION CUTTING

In the following, the
main steps of the general
tecknique for sectioning are
shown. Follow them to
make a permanent pre-
paration of, e.g., a T.S. of
the toad’s ileum.

1 - Killing, fixing and
hardening.

This step involves: a) kill-
ing the cclls and tissues,
b) preserving or ‘‘fixing”’
their  structural  detail
(through the conversion of
the soluble and  diffusible
protcin constituents of the
protoplasm into non-soluble
substances), and c¢) hard-
cning them so that their
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form is kept unchanged as
much as possible with the
subscquent treatment. The
3 processes are usually
accomplished by a single
reagent called the “fix-
ative”, c.g. Bouin’s fluid?,
Zenker’s fluid 2, formalin3...
etc. The excess of the
fixative should be washed
out thoroughly after fixation.

* Kill the toad in some suitable
way (sce p. 15) and dissect it in
the usual manner, without using
water. Cut away a small length
(0.5-1 cm) of its ileum and wash
it in 0.7 9, saline solution.

* Put this piece in plenty of
the fixative (Bouin's fluid) in a
test tube and leave it for 12-24
hours.

* Wash the material several
times in 70 9, alcohol to get rid
of excess fixative. \The fixed
material can be preserved assuch
in 70 9, alcohol indefinitely).

(1) Picric acid (sat.aq.sol.). 75¢.c.
40 % formol . . . . . . 25c.c.

' Glacial acetic acid . . . 5€.c.

(2) Mercuric chloride (sat.s0l.) 5.0c.c.

Potassium bicromate . .

Sodium sulphate . . . .

Distilled water . . . . .100.0C.C.

Glacial acetic acid . .

(3s) 109% formalin solution.
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2— Dehydration.

Most fixatives  are
aqueous solutions, and since
water is not miscible with
the paraffin wax used for
embedding, all the water
must be eliminated. This
is dehydration, which is
accomplished by passing
the material  through

ascending grades of alcohol

(70%, 8%, 99%, 96%
and 1009,). It must not be
too rapid in order to avoid
distortion and to add more
hardness to the tissues,
which is necessary for
satisfactory sectioning.

* Replace the 70 % alcohol
with 80 %, and leave for 1 hour.

* Transfer to go % alcohol and

leave for 2 hours.
* Change the go 9, with g6 %

alcohol and leave for '/,—1 hour.

* Discard the 96 9%, and add
100 % alcohol, changing it twice
during 1 hour.

3— Clearing.

Alcohol is not miscible
with the paraffin wax, so
the material should now be
transferred into a medium
miscible with both alcohol
and paraffin, such as xylol
or benzene. Thisisclearing,
as it also renders the object
translucent.
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* Transfer the material to a

mixture of equal parts of 100 %,
alcohol and xylol for '/, hour,

* Change with pure xylol and
leave for '/,—1 hour.

4 -Embedding in para-
ffin wax.

Before cutting the mate-
rial, it should be reinforced
or impregnated with some
solid supporting medium
which gives all its internal
parts adequate support to
withstand the passagc of the
knife on cutting. Paraffin
wax (melting point of 50-
56°C) is generally used for
this purpose. After complete
infiltration, a solid rectan-
gular block of paraffin is
made, in which the material
is oriented in a definite
position.

* Transfer the material to a

“mixture of xylol and paraffin
wax for 20 minutes.

* Transfer to pure melted
paraffin. Keep the specimen
bottle containing the material in
an oven kept at a constant
temperature- just above the melt-
ing point of the paraffin (58-
60°C) for 2 hours till the paraffin
diffuses all through the tissues.
The paraffin should be changed
with fresh paraffin once or twice
during this period in order to
remove all traces of xylol.
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* Make a small rectangular
paper boat (3 X 1.5 X 1.5 cm)
and pour quickly the material
togeher with the paraffin into it.
Orient the material, with the help
of warmed forceps, in such a way
that its long axis extends parallel
to the length of the boat.

* Blow across the top of the
boat till a surface film of solid
paraffin is produced, then im-
merse the whole boat gently in
cold water. It will float on the
water. Leave it till the paraffin
hardens throughout homogene-
ously.

5 - Sectioning.

Microtomes are used
for section cutting. They
can be easily regulated to
cut sections ot any desired
thickness. The prepared
block of paraffin is fixed to
this instrument and success-
ive sections adhere to form
a straight ribbon.

* Remove the paraffin block

containing the material from the
paper boat and trim its sides with
the help ofa warm scalpel, cutt-
ing away some of the extra
paraffin about the material.
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* Seal the block on to the
microtome block-holder and cut
at the desired thickness (6-10 ). -
The cut sections stick together in
a ribbon.

6 -Mounting paraffin
sections.

Individual sections are

then mounted on glass slides.

* Take a thoroughly clean
slide and spread on it 2-3 drops of
distilled water.

* Cut a small section of the
ribbon and float it on the water
on the slide.
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* Hold the slide high up over
a bunsen burner flame till the
—sections flatten out. Do not
overheat, otherwise the section
would disintegrate,.

* Drain off excess water and
keep the slide in a dry place
overnight, thus thesection adheres
firmly to the slide. '
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7 - Staining.

The nucleus is usually
acidic in reaction and has
an affinity for basic dyes,
while the cytoplasm is basic
.and has an affinity for
acidic dyes. Therefore,dou-
ble or counter-staining
is used in histological studies
as for example Delafleld’s
haematoxylin (a blue, basic
or nuclear sain) counter-
stained by eosin (a red,
acidic or cytoplasmic stain).
Such method is known as
the routine method. Other
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methods are known, adopt-
ed to verify specific struct-
ures.

* Immerse the slide with the
dry naraffin section in xylol for
about 3 minutes to dissolve the
paraffin. ‘

* Transfer to 100 % alcohol
for 1 minute to remove the xylol,
then hydrate the section by pass-
ing the slide down g6 %, go 9,
80 %, 70 % and 50 %, alcohol
for a minute in each. Shake the
slide every time.

* Stain in haematoxylin for
10 minutes.

* Wash the excess of stain in
distilled water, then transfer to
acidified 709, alcohol till the pro-
per density of colour is attained.
This is known as differentiation.

* Rinse the slide for 2 minutes
in alkaline water(i .c. containing
little ammonia or sodium bicarb-
onate or mere tap water). This
sligh alkalinity neutralises any
acid present so that the section
turns blue.

* Counterstain with eosin
(1 % saturated watery solution)
for 5 minutes.

* Wash out the excess of stain
with distilled water till the cor-
rect staining effect is attained.

8 ~Dehydration.

In order to mount the
stained section permanently
in balsam, .it must be de-
hydrated with alcohol first.
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* Pass the slide gradually in
70 %, 80 %, go %, and 96 %
alcohol for 2 minutes in each
grade, then twice in 100 9,
alcohol to ensure getting rid of
all traces of water.

9 - Clearing.

Scctions are then cleared
in some suitable clcaring
agent which is miscible
with the alcohol and the
mounting agent. This also
renders the tissues quite
translucent and hence in a
suitable condition for study
by transmitted light.

* Pass the. slide twice in xylol
for 2 minutes each time. The
purpose of using 2 xylol baths is
to ensure getting rid of the
the alcohol.

10 -~ Mounting perm-
anently.

This is the final embedd-
ing or sealing of the sections
in some suitable mountant
such as Canada balsam or
clarite dissolved in xylol
and then covering with a
thin cover-glass.

* Prepare a thorough dry and
clean cover glass. Take the slide
out from the xylol 2nd lay it
down on a piece of blotting paper
with the section uppermost. Add
2 drops of the Canada balsam on
the section, then carefully lower
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the cover-glass into position over
the section, using a mounted
needle to control the operation
and taking care that no air bub-
bles are included.

* Put the slide in an oven of
about 40°Cto dry or harden the
balsam. The finished slide is then
cleaned and labelled.

N.B. Smaller pieces of
tissues require  shorter
periods of time than those
given above, while bulkier
ones require longer periods.

vy

The technique employed for
making whole mounts of
small animals, dissected out
organs or hand-sections in-
volves steps similar to those
described in the sectioning
method except for the ex-
clusion of paraflin cmbedd-
ing and section cutting
(steps 4-6).
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PREFACE TO THE FIRST EDITION .

Every country has its own fauna. It would be of no use,
therefore, to disscct animals guided by a book using dif-
ferent spccies; the instructions contained thercin would be
mislcading. A guide to the study of animals used in the
laboratorics of the higher institutes and universities of the
United Arab Republic is therefore strongly nceded. This
is the objective of our present book. .

Another objcctive of the book is to help the student,
who studics in Arabic, to rcad scientific English easily. We
arc ccrtain that by the end of the course he would have
sufficient practice in understanding the text in Arabic and
‘nglish languages, both of which are indispensable to the
student of science in the U.A.R.

The present part of “Practical Animal Biology’ falls in
three sections. The first comprises the anatomy and
methods of dissection of a vertebrate animal — the usual
classical example uscd in the academic studies of Zoology,
namecly, the toad. The second section deals with the study
of the histology of this animal in comparison with that of
mammals, since the histology of this group of animals is
essential to medical sciences. The third section deals with
the embryology of the toad, with an introduction to the
development of Amphioxus. In this way, a gencral picture
of the clements of Practical Animal Biology is presented.

We have to regret that this book is to be read from right
to left, because it was incevitable to insert the text opposite
to the Arabic text and to the corresponding text-figures.

Sgptcmber, 1961. : The Authors.
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PREFACE TO THE THIRD EDITION

It is with the deepest regret that this third edition of
Practical Animal Biology in English and Arabic Languages
comes forth after the premature death of Professor
Dr. Ahmed Hammad Al Hussaini which took place in
May, 1964.

In recognition of the many talents of Professor Al-
Hussaini, I should like to mention here his great enthusiasm
for writing this book. Dr. Al-Hussaini believed that university
professors should always present in recorded form their
personal experlences in the teaching of their subjects. He
always underscored the value of such writings to both
students and future successors.

1 was asked by Dr. Al-Hussaini to participate in the
writing of the three volumes of the present book. I remember
with admiration his efforts in the course of preparing and
writing this material. Dr. Al- Hussaini’s fame as an expert
in Zoology is not unknown. His experience as translator
and writer in Arabic is certainly a valuable asset. His
contribution in the field of finding the proper scientific Arabic
terminologies will stand as an everlasting monument in the
memory of such a great scientist as Professor Al-Hussaini.

The authors have made full use of all constructive
criticisms and incorporated whatever they thought useful
in the second ed%tion of this volume. The third edition
has not undergone any radical changes. It is hoped,
however, that future editions of the three volumes of the
present book will always fol »w the guiding steps of Dr.
Al-Hussaini.

September, 1965. E.S. Demian
209 | | | Y44




FREFACE TO THE TENTH EDITION

It pleases me.in introducing this tenth “edition of Vol.
I of “Practical Animal Biology, in English and Arabic Lang-
uages” to repeat what I have alrecady mentioned in the
preface of previous editions. The generous reception and
increasing demand on this book by university teachers and
students in the Arab Republic of Egypt and in all brethren
Arab Countries undoubtedly prove that the book with its
unique style, meets the needs of the Arab Studentfora good
manual for his laboratory studies in Zoology. It does not only
provide the student with detailed instrucitions, lucid des-
criptions and elaborate drawings of the material he examins
in the laboratory, thus helping him to make perfect dissections
and proper scientific drawings, but also aids him to practice
reading scientific English so that he can easily use foreign
advanced references written in that language.

Besides the satisfaction I draw from performing this
duty for all students of biology in the Arab Nation, particularly
at this juncture which is characterized by comprehensive
scientific revival in all fields, I find in the successive appearance
of new editions of this book a due payment of homage to
my late Professor Dr. A.H. Al-Hussaini, with whom I began
this job guided by his vast knowledge and experience.

September, 1977 E.S. Demian
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