A

SECTION 1I

HISTOLOGY ( iaryzingll) sVl Ls



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 2 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
our 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 the squamous
epithelial cells.
~— Skelch.

2— Take a drop of a
fluid from a tube in which
a small piece of the ileum
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 examine under the
microscope. :

Note the columnar cells.

- Sketck.

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

Note the melanophores,
drawn out into irregular
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-
scope. ’

Note 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—Take a very thin piece
of the xiphoid cartilage of
the toad on a slide, add a
drop of isotonic soluticn
and examine under the
microscope.

Note the chondroblasts

found in capsules or lacunae.

-— Skeich.

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.

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

— Sketch.

7 — Take a piece of the
urinary bladder of the toad,
spread it on a slide and rub
it gently with vour finger.
Add a drop of isotonic sol-
ution and examine under
the microscope.

Note the unstriated
muscle fibres.
— Sketch.

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

Note the shape of the

eggs. Some may be seg-

mented.
— Sketch.
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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 shape. The cells
aggregate, each group form-
ing a tissue. Histology
deals with the study of these
tissues.

A tissue may be defined
as an aggregate of more or
less similar cells, which per-
form one function or more.
Some tissues collect to form
an organ which performs
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
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gquamous  epitheliuw, a
muscular tissue of unstriated
muscle fibres which push
the food backwards, an
areolar connective tissue
holding blood vesscls and
nerves, and a simple
columnar epithelium which
secretes some digestive en-

zymes and absorb sdigested
food.

Accordingly we shall deal
with the microscopic ana-
tomy in two sections, one
for the tissues and the other
for the 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 jform
and structure into several
types, as indicated in the
following table, dle :

<—125

e Y11 ]

Ot Ay Slogast d-’i Hia
P r_.-l-:l 3 AVt

SN s (1

el glaelaltions Yt ()

. it i1 (> )

o Lall B ( 5)

A s Y

ol o eV olda L
S S
& - el g el 5
e b e G amy LT
Wiy OS5 & ¢ g
25 - et bia 40y p 2l
ie Gyl ey b e O
Lk sl Catty (o3

TPV P | A
A ¢ b Gy PR EREN Y
do o Jet et g S5
= o OSa suel Sli
o AeE 3yl {.LHI

or A deuih -8
gl ate 4] ol JSl &
P OV ikl G e 2

\Ye



A oY

Simple Zh:.....,
(3l b o LT bt iz )
(Cells arranged principally in onc layer)

W ags S0 gL BT Gk, B
Pseudo- Pseudo-  Ciliated Columnar Cuboidal Squamous
stratified  stratified columnar

ciliated

M fm

PRPIRYE o
; _’,._J UL_U 4.=...a.“ nL.l'-ﬂ
oadl Hladd LY el cwaasi g 8 ¢
y ’ b -la s
Lt Blly whny bl & gl i wl Iu‘: sl e ki Gl
R R e e
. nner w uco ]

i - Endothelium;
In;:;::l:le:g ining ducts h:“m“';_nfem membrane of swztal ll:xl;d w:lloof Bo:v-
° of some large 0. M8 alimentary 8 man’s capsule

- glands the anterior ., 01 of the

regl.v.:ln o:'tl;c toad, from
oviduct o

cesophagus

the toad to rectum

¢ 2l A DU plyT ) et o il 8 B ST el
.Mtgupfuﬁ%‘wtf



Epithelial Tissues

Stratified aib
(or compound) (&5~ ')
((ALd sae g Ll (L..u )

(Cells arranged in several layers;

Y| Lige iy 3yt Rat
Transitional Ciliated Columnar Squamous
columnar

-3 o-:b =
ll-::zzlcd . ?.v"w
(o e e o)
.
5

collapsed Qﬂﬂﬂﬂ
Lt LN

. balasd A 23 gk -

oot L2 ol gl ool el Sl s 38

{1 Rt ! i

s _J"'.'JJ edindl gyl Conjunctiva Epidermis of
Taner lining of Epithelium lining of eye vertebrate skin
urinary passage buccopharyngeal

cavity of the toad

Examine the structures given ir: the table under the microscope
to see the various kinds of epithelial : ssues. 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. Semsory or neuro-
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, ie.
sperms and ova.
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5. Glandular or secre-
tory epithelia, which per-
form a secetory function
and form special structures
hlghly spec1al1sed for secre-
Hon and mnown 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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adalt

.

A R P E M AN R P
Exocrine glands
(36 5ok oo o 320 Ll Zetl S WiL3) 25 )

(Pass their secretion on to a surface either directly or by

means of a duct)

Al Gy
Unicellular
Simple 4z
l PRI
l l ' { I Goblet cell
Zojinadlay o Lhoas pm dejine Ll Ailedy gl Ayl
Branched Alveolar Branched
alveolor

Coiled  Tubular
tubular

ynrastS

e
A

(SEEeran

ACTE]

bl sall
& ol sl g wldy EXTR- Y .
Sl deapall Al HIAY! agall sl _,_S'_,L.J
Sebaceous Mucous and Some gastric Sweat glands Crypts of
glands in skin poisonous glands Licberkiihn
of mammals glands in skin
of toad
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The Glands

P I SRV REPEE
Endocrine or ductless glands
(ke el T ol Y il %)

(Pass their secretion directly into the blood or lymph)
S e

e.g. Adrenal gland

Maulticellular b dpe

|

Compound &5

|
| | |

IS5 e Byl iy Ly 5t
Reticular  Tubulo-alveolar Alveclar Tubular

24l Jl:‘._)s"'“
RARNLI i aolall sl Landll 2l
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 wouls
find the various glands. Make drawings from the preparations. Do not expect |
see the gland as figured, for the section passes through paris 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. Note the
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 amocboid 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.

(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
il 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

examined 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
mentoned 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

. Grind off well till it be-
comes very thin. Dissolve away

< 138

ady 1 gl Oy Al LY
Uy 1S ¢ ah AN 5al1 O,
Lasldl L@l 3 Tg amasd (o

ady d'._l" gJ}Ja.q.“ .Y
ol & 5, elay ST 225
Op A Al el BV ¢ A
CSloadl (84 5

a—dy 1 My A Ly
AT Bl et uall LY G
& B Olyal ]
. Solgadt

ady 1 SV Oy 2l g
A B (3 ) T
Sl il el dpy
R RN {7 o
Bl ST sl ...
Oyl el g et o
. lr‘JQ )be«jb ¢ 2k

:rEJJ\ (o)
PRAPY RIS R s
T AR AT A 8 C’“Itﬁ o
S Ju e o e 3 3 0L,
JW&W;AU'MJt%ul
TG P Jpig KIS .ri-'-dsr:“-.-'—“
;;__,:J.;J,‘.!Ji':.bqig..all sl ol

YA



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
bohe 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 cones, then the tissue is
treated in the usual way and cut
into thin slices.

— Examine a T.S. of
dense 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 bone 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 non-Haversian
systems.

— Make a drawing of a
T.8. of dense bone and label
the parts,
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— Examine an L.S. of
dense bone and note 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-
ine 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
osteoblasts 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, the cells 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 oneside 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 1s 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.  Similar
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 load, 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
Muscles.

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 wunder the
microscope. Examine also
a permanent preparation
of the same and note the
bundles of wunstriated
muscle fibres running in
various directions. Each
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
Muscles.

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
mauscle.
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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
elongated. 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 slidewitha drop of
Ringer’ssolution and try to
tease it with the dissecting
needle lengthwise. Cover
with a cover-slide and exam-
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-
tain places 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
an areolar 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 e drawing of a
T.S. of the sciatic nerve of
the cat, and label the parts.

2. The Spinal Cord.

You have noticed that
the nerve fibres are not
cclls; the axis cylinder of
cach is a dendron of a
neuron, whose body lies in
the central nervous system
or in one of the merve
ganglia.

(a) Take a piece 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
in shape and take a blue colo-
ur. among which are to be
found the neuroglia cells.

— Draw your preparation.

(b) Examine a permanent
preparation of a T.S. of the
Spinal Cord of the Rabbit
and note the following :

The dorsal fissure, or
septum,above;the ventral
fissure, which is wider,
below;the pia mater,which
surrounds the cord closely.
In the centre, there 1is
found a cavity lined by
simple epithelial cells. This
is the central canal. The
cord is thus not solid but
tubular {characteristic verte-
brate feature).

< 153

*—A’Jid' L‘:@JF[FUA.I‘(-AJI. .
.r)k}; “J':“-"\'“CJEJ 4 wLé)‘

S

Lead SUY O s

ot I Ll o W w-!
i ety M o] Vg GlyhasYl
lpomar g (M ¢ el Al
i) 5l ¢ S gl Sl
- il Ll

S A o a3 J (1)
e B Je (Sesly el
£ o ol Gyl o B e
cnbas of Las WS 32y (a5
ca Yol Jsb Kallidn e
‘s.a.uﬂ n‘,'cjl LS L;-u

J}&udoj f-a_)

et Do il ()
SHGH o otp U2
D bead Oy iy
o ‘S)Q‘E‘" grard o fJ"‘"
Gl g g g e
Lo Oy r’?ﬂ @}\ )
doysy . Aidy bl (Sl JAL
iy s g bl O
LGS M g e o daew
Bn ody 3 4l 03] Syl 3
- (Ll g daw )

VoY



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 cali-
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 venm-
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-
Iated 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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H. 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 endothelinm of squam-
ous cells followed by a
wavy lamina of elastic
connective tissue.

—- The tunica media,
or middle layer, consists
of circular wunstriated
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-
titda 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
capillaries 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,
bence called the spongy
layer (stratum spongio-
sum), while the inner layer
is built up of a fibrous con-
nective tissue, hence called
the compact layer (stra-
tum compactum).

Note that the spongy
layer is rich in blood capil-
laries (the skin of the toad
18 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
disappeared, so that their
nuclei lie in a continuous
mass of protoplasm. Some
of the poisonous glands
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 poisonous 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
{(an important process during
hibernation) and- to make
the toad wunpalatable to
its matural 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 paris.

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 forthe present study
as a type of the mammalian
skin.

Fxamine 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 1s
thicker.
--The dermis. This

consists of a dense areolar
connective tissue rich in
white fibres, blood vessels
and nerves, The outer part
of the dermis projects into
the epidermis forming
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microscopic dermal papil-
lea 1n 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
parte 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 tissue 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 epi-
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thelium, from which the
growth of the hair takes
place. A number of un-
striated muscle fibres are
connected to the hair necar
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
the simple 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
secretory part of the gland
lies deeply embedded in
the dermis, What you would
see 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 drawing 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-
thelivm, developed from
the mesoderm, and consists
usually of 2 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 mauscularis,
consists in most cases of
unstriated muscle fibres,
disposed in various direct-
ions, some being circularly
arranged, i.c., 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 tissue
holding blood vessels, nerves
and lymphatic vessels. Its
function is to bind the
muscular layer with the
following layer.

— The mucosa, is form-
ed of a mucous membrane
which lines the lumen of
the canal. Thus it is built
up of an epithelium, either
simple or stratified. The
epithelium forms glandular
structures which secrete a
mucous secretion that may
contain digestive enzymes.
The mucous membrane has
a tunica propria formed
of connective tissue.

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

The mucous membrane
is usually not a simple mem-
brane, but thrown up into
folds, sometimes very long,
to increase its surface,
Obviously, the mucosa
functions essentially in
secreting a mucous subs-
tance and digestive enzy-
mes, and, in some 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
compare them with each
other. Note the charac-
teristic features of each, so
as to be able 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.

Examine a T.S. of the
lining of the roof of the
buccal cavity of the toad
and note :

— The mmucosa, is built
up of an epithelium,
tunica propria and strat-
um compactum. The
epithelium is stratified
ciliated colummnar. Note
that it is thrown upinto 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
are 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
secreted 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 cells 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
arec more frequent in the
tongue,

The tumica 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 vessels and
capillaries  (the mucous
membrane of the buccal
cavily is a respiratory sur-
face).
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The stratum compact-
um is 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,
as you 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 muceosa, 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
cither 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
necks. 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 papillac have
broad tops.

Note the presence of
taste-buds on the fungi-
form papillae. A taste-bud
consists of sensory cells sup-
ported by sustentacular
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 papillaec 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 implies, are thread-
like. The stratified epi-
thelium covering them is
strongly cornified on the
surface, thus producing a
rough file-like surface{useful
in mastication}. The ant-
erior part of the tongue is
almost entirely covered by
this type of papillae.

The foliate papilize have
broad tops and carry num-
erous taste-buds on the sides.
They are restricted to two
areas 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 epithelial covering and
carry groups of taste-buds.

The taste~buds here are
barrel-shaped and consist as
in the toad of semsory and
sustentacular cells. The
sensory cells bear fine hair-
like processes (sometimes
called hairlets) on their free
surfaces which collect in a
distinct pit-like depression.

Note in the region of the
foliate papillae the presence
of masses of multicellular
glands which penetrate deep
among the 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 longue of
the rabbit to show as much as
you can of the above features.

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 arelarge, with a large
spherical nucleus situated
in the middle of a heavily
granulated cytoplasm. The
lumen of the acinus is
VETy 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

smalland 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-
ftudinally, and the inuner
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
ocsophagus and several
cross-sections of its branched
bodies appear in the con-
nective tissue.

The muscularis muco-~
sae isin the form of scatter-
ed patches of muscle fibres.

Note that the mucosa 1s
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.

4. T.S. of the Oesophagus
of the Rabbit.

Identify the following layers:

— A fibrous layer, form-
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

<«— 182

WMl o S ¢ AbIS! —
¢ AulS LY oo das BF
st Blual Joz labdls an o118
L2 E:“.P' Loy g 253001 O
sue Taf Gl ads 3 dogiy
Plel gl Hopmy o g
¢ gl Q2 S 1 e
lgabarnt 0 2o tellal el 1S
oLl el G il
Sleget o bl AP\ LLAd)
s Akl DUV 0 B pne pmee
ol o8 abll O
iyl Ol S Ll
;nyf:éf Tela fw)l .
¢ sl dzll ol 51Y dei
¢ St Al pladl o e
il el

e e G

R R RCAFAR B PRCP
o SR Al A —
Bt slae Wl egl ey odpls
7 O S T gladl O 13})
gt 0" 151 ) ddaao ol ¢ (5

\AY



region of the ocsophagus
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 cesophagus of the
toad.

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 the
layers :

— 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.

<« 184

following -

b a Al Cou —
Gies W am (92 pLo el r B
g gadl

Aﬂ.b uo-n_..SuJ ¢ Llaall —
szb a...h...a-ul.!l e G-y

. Ab Cou —

Db p Sy ¢ ABE
¢ LS LD U3 pud dlage B3y
Ly goly Arly ol 208 e Ly
Ty

25 Zo-bin 4180 L2l
¢ DU oo ok e S
- s Ay Al doldil

el us “WISCat oo -
Ol elladl) e A LS

Shme o o2 CU:S A

Yl
VO e Gy
. Adaall —

3 L,.oL!l beiy o Alaall —

B L,l idb b Ccide
of B L el ) & sy
3 doi ogaldl Us G Uy
o pld m pan i g 0 5
cAD oo —

VAE



iy it i

bl Gl simple squamous epithelium
serosa
ALl o k2
subserosa

&7t ilae Ll

ladt ikl circular muscle fibres
muscularis
Abbt Cog daldl 4 :

submucosa

il (long. layer) b2 Ll

= (circ. layer) [ Muscularis
mucosae

I w5y sley
HIR AL —5 blood vessel
Mucosa
I
iy gl s
tubular glands
R e
simple columnar epithelium
an.ud\iiu&nsof&m;_niﬂ
FIG, 54 - T.S. OF THE STOMACH OF THE TOAD
Loy L2 U
simple squamous epithelium
Al Gl
SEros3 E.JJL -.l ic du"
longitudinal muscle fibres
il M, 1 th i O
muscularls circular muscle fibres
5ped stey
blood vessel
ALGM Cag dadl = .
submucosa 3 K.i {long- layer) i._hlﬁi wl
7 (c]rc. layer) (“muscularis
mucosze
o Lanan Lo
bt L peptic cells

mucosa _4——ﬁ

tubular glands

oxyntic cells

Wy Giapf 150

simple columnar epithelium

g)g\'éh‘ysbftm;_ecﬂ
FIG. 55~ T.5. OF THE STOMACH OF THE RABBIT



— The mucosa, is the
thickest layer. It contains a
simple columnar epithel-
tum (devoid of globlet cells)
and characteristic gastric
glands which opcn on to
the epitheliurn. Note the
great length of these glands,
their arrangement parallel
with each other and that
they are usually of the
simple or simple branched
tubular type.

Examine their cells to sce
that they arc of two varie-
ties : one comprises cells
which abound at the base
of the gland. These are
polygonal, granular, and
take a blue colour with the
common stains. The other
variety comprises  cells
which abound towards the
luminal part of the gland.
They are circular or oval,
non-granulated and stain
red. The former cells are
the peptic or central cells
and secrete digestive enzy-
mes, while the others are
the acidic, oxymtic or
parietal cells and secrete
HCL

The muscularis muco-
sae is weaker than in the
toad, its fibres are arranged
in the two usual lavers,
although the inner circular
layer is somewhat more
developed.
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— Make drawings of the
stomach of the rabbit as you did
with the other sections.

ro. T.S. of the Ileum
of the Toad.

This consists of :

-— The serosa.

— The muscularis, of
longitudinal fibres to the
outside,and circular fibres
to the inside.

— The submucosa, is
rich in lymph spaces.

—Themucosa,is thrown
up into numerous simple
folds, covered with simple
columnar epithelium which
is formed 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 ieum of the
toad.

11. T.S. of the Ileum of
the Rabbit

Identify the
layers :
— The serosa.

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

— The mucosa, Iis
thrown up into numerous
finger-like folds called villi,
all covered by a simple
columnar epithelium with

following
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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, lined by a columnar
epithelium 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 rabbit.

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

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

--- The serosa.

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

— The submucesa, 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, Iis
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 ............... ...l (B)
Tubular glands absent ..................l (E)

Tubular glands contain goblet cells ... Heum 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 .. Stomach of Toad.

Mucous membrane consists of a simple columnar

epithelium with gobletcells .................. . ()
Mucous membrane consists of a stratified epithelium
without goblet cells ............ Oesophagus of Rabbit.

Folds of mucous membrane high and muscularis some-

what thin ..., Jleum 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 builtup 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,
arc lined with a cubical
epithclium.

— Blood capillaries
and blood sinusoids. Note
that the sinusoids are large
vessels whose walls are
extremely thin,

— Draw a section of the
fiver 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 lie among the
cells and collect in groups,
each group forming a bile
ductule which lies, 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 in the
centre of each hepaticlobule
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 intermal secret-
ion by virtue of the pre-
sence among its acint 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 vour
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 scction 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 {sofe-
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 Jumen 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 differcnce :

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

i. The Kidney of the
Toad.

The toad’s kidney is a
complex mass of mephric
units among which lie

blood vessels and capillaries.

The adrenal gland lies on
its ventral surface. The
kidney 1s bathed in the
lymph, contained in the
cisterna magna, which is
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 scction of the kidney. A
nephric unit consists of a
leng 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 pushcs 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

capillaries which connect’

with those of the renal
portal vein).

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

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

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

— The remnal portal
vein, lies 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-
ernlus in the middle
and of the Bowman’s
capsule to the outside. The
wall of the latter 1; built up
of a simple squamous
epithelium,

— The wuriniferous 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 {see 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 muscalaris, 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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more 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, renmal 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 longitudinal
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 convolo-
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, with
a proximal descending
limb and a distal ascend-
ing limb. 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 tubules
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 leaves it 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
borders. Hence a cross
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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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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
Iung 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 lung
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
paris.

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-
eliem 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 vessels.

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 e 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
the 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-
cus tubules. The sperm-
atozoa are formed in the
walls of these tubules in the
mature testis. The tubules
are held together by an
intertubular connective
tissue which contains part-
icular interstitial cells
that secrete certain hor-
mones responsible for the
appearance of the secondary
sexual characters.

Since the spermatozoon -

passes through a scries of
phases till it reaches its final
form, the wall of the
seminiferous tubule thus
contains all what rcpresent
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.
These appear as rounded or
oval structures, each sur-
roundzd by a thin base-
ment membrane and
contains in its wall several
layers of cells representing
(from outside inwards ) :

i. Spermatogonia,which
lie along the periphery of
the tubule from the inside.
They are packed cells.

ii. Primary spermato-
cytes, which are the largest
of the cells 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
are smaller than the pre-
vious cells and their nuclei
are more 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 elongated
head and a long delicate
tail. Its nucleus lies in the
head which is pointed at
the acrosome.

Identify all the above
mentioned stages in the
seminiferous 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
each other and contains
blood vessels. It also cent-
ains cells of endocrine
secrction, the interstitial
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-
thelium, which is the
outermost covering of the
testis.

— Lraw a T.S. of the
testis of the rabbit, and a
seminiferous  inbule as seen
under the HP.
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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, 15
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 cogenesis, closely
resembles the process of
formation of the spermato-
zoa, Or Sspermatogenesis,
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 exterma, 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 primaxry oocyte
which increases in size
gradually.  The nucleus
also undergoes certain chan-
ges and contains several
nucleoli, Finally a vitelline
membrane 15 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.

—- Draw a T.S. of the ovary
of the toad.  Nole the vogonia
and primary ovecytes with their
Jollicular 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 hilam.

The ovary is covered by
a peritoneal epithelium
which overlics the germs=
inal epithelium, The
latter produces the ova by
dividing, giving rise first to
the oogomnia, 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
sizc.

All these developmental
stages of the eggs are held
together by connecctive tis-
sue called the stroma
rich in blood vessels, and
unsiriated muscle fibres part-
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icularly abundant in the
region of the hilus. The
stroma contains also special
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-
Iucida.

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 one or more bodies,
each called the corpus
Iuteum. 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 siructure. Label
the paris.

3. The Oviduct of the
Toad.

The oviduct of the toad,
as you have already noted,
is a long tube which extends
on ecither 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 convaluted
and thicker - walled and
finally ends by a thin-walled
ovisac which opens dorsal-
ly into the cloacn (see p. 4%).

Examine seciicns o the
oviduct of the ioarl and
note :

(a) T.8. ot ke anriur
portian |
—- The mruicosa, i buili
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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 thrown into
much lowcr longitudinal
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 mest of the thickness
of the wall of the owviduct.
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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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 lavers ot 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
taken from its three main
partions
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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 glartds. The
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thymus gland is considered
by some authors as an
endocrine gland whose
secretion controls some
metabolic processes; while
others regard itas 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 ventral 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 the capsule and is dif-
ferentiated into thrce zones
which are from outside
inwards : the zona glom-
erulosa in which the
cells are arranged in
oval groups which resemble
either closed or open
vesicles. The cells are
columnar or pyramidal and
contain large nuclei. Next
comes the 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 G,
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
meshes of which very numer-
ous blood sinusoids are
housed. These are in
continuity with a capillary
network in the outer zones
and in the medulla.

—- The medulla, is the
central region and contains
in the centre a large central
vein. This zone consists of
anastomosing columns of
polygonal cells which cont-
ain characteristic granules.
These have a characteristic
affinity for chromium, and
so arereferred 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
(neurons) arranged singly
or in groups. Also note that
the components of the
adrenal gland are held
together in a reticular
connective  tissue  with
numerous blood vessels.

It is held that the cortex
secretes a hormone called
cortin, while the medulla
secretes adrenalin.

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

The thyroid gland of the
toad 13 paired masses of
glandular tissue, lying close
to the posterior cornua of
the hyoid apparatus.

The thyroid gland of
mammals generally lies on
theventro-latceral surfaces of
the larvnx and anterior
portion of the trachea. It
conststs usually of two lobes
connected by an isthmus.

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

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

—- The thyroid fol-
licles, which are veiy
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
cpithelium  which does not
rest on a basement membranc
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 colloid 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
tissue, is built up of con-
nective tissue with a reti-
cular network and holds
numerous blood vessels and
capillaries.  During  the
activity of the gland, the
colloid pass=s out from the
follicles into these wvessels.

— Make a labelled drawing.
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