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EMBRYOLOGY

Embryology is the study
of the developing organism
till it reaches the adult form.
Material for the study of
embryology, especially in
the big classes, is not always
sufficient. The student has,
however to depend on exam-
ining models, photographs
and whatever real material
is available. As knowledge is
acquired of the wvarious
types, you should compare
these types one with the
others to help you in the
understanding of the devel-
opmental processes.

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

Fertilization, is the union
of spermatozoon and ovum.

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

The blastula, is a hollow
ball; its cavity 1is the
blastocoel.

The gastruala, is formed
by the invagination of the
blastula, the process being
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known as gastrulation.
The gastrula is thus double-
walled; the outer wall is
the ectoderm, the inner is
the endoderm, and its
cavity is the archenteron
or gastrocoel.

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

Derivatives of the three
germ (germinal) layers :

The ectoderm, gives rise
to the epidermus and its
appendages, nervous system,
neuro-epithelia in the sense
organs, and lining of stomo-
daeum and proctodaecum,

The mesoderm, gives
rise to the three types of con-
nective tissues, the proper,
skeletal and vascular tissues,
and to the musculature and
urinogenital organs,

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

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

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

ege.

— Cleavage stages, 2-,
4-, 8- and 16-blastomere
stages. Note the directions
of the cleavage planes,which
pass from one end to the
other — holoblastic {i.c.
complete) cleavage. Note
also the difference in size of
the blastomeres; those lying
towards the animal pole —
the micromeres — are
smaller than those lying to-
wards the vegetative pole —
the macromeres. This solid
mass of blastomeres is called
the morula because of its
resemblance to the mul-
berry fruit. The blastula has
a central cavity — the bla~
stocoel.

— Draw.
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— The gastrula. Exa-
mine stages showing the
invagination process, and a
section of the gastrula
showing the ectoderm,
endoderm, archenteron
and remains of blastocoel.

— Draw.

— Advanced gastrula
stages, showing  the
development of :

1. The nervous system.
A flattencd dorsal plate —
the neural plate — is
formed from the dorsal
region of the cctoderm. The
ectoderm at the sides of this
platc  separates from it
forming the neural folds
which grow over this plate.
The sides of the plate itself
arc rolled up, meect ecach
other mid-dorsally and form
the neural tube, whose
cavity 13 the neural canal.

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

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

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

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

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

— Follow 2 mesoblastic
somite and note that it
grows in a dorsoventral
direction. Its upper portion
— the epimere —differ-
entiates into an inner
thickened portion and an
outer thinner portion. The
inner portion is the muscle
plate from which separates
the sclerotome that gives
rise to connective tissue,
and the rest forms the
myotome from which the
musculature of the body
develops. The outer portion
is the dermatome which
forms the dermis of the skin.

The lower portion of the
somite is the hypomere or
lateral plate, and has two
walls, an inner splanchno-
pleure, and an outer
somatopleure. The former
becomes attached to the
wall of the alimentary canal
and the latter to the outer
body wall. The cavities of
the enterocoel of opposite
lateral plates freely com-
municate with one another
giving rise to the coelom.
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— Make drawings to show
the various parls of the
mesoblastic somites.

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

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

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

Examine models and
whatever material available
showing the main following
features of the development
of the toad, and note :

— The fertilized eggs,
are in ribbons of a gelat-
inous material, characteris-
tic of the toad’s spawn. The
egg is telolecithal, that is,
with plenty of yolk which
accumulates at one pole of
the egg. It is greyish in
colour with an upper black-
pigmented animal  hemi-
sphere. A small area, in-
termediate in colour and
position between the two
poles, is also present and is
called the grey crescent.
Note the vitelline membrane.

- Cleavage stages, 2-,
4-, O-blastomere stages ...
etc. Note the direction of
the cleavage planes, first
two vertical, third hori-
zontal, followed by less
regular divisions. The blast-
ula with blastocoel,
micromeres and macro-
meres arc quite distinct.

-—- Drawe.
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In what respects 1s the
blastula of the toad different
from that of Amphioxus ?

— The gastrula,is form-
ed by the growth of the
black micromeres over the
yolky macromeres, and at
the same time by the
pushing inwards of the
macromeres, till the miro-
meres alone are shown on the
surface except at a small
space called the blastopore
filled by a mass of volk-cells
- -the yok plug. A section
of the gastrula at this stage
shows that the blastocoel
has decreased considerably
in size, and that the ecto-
derm is of two layers of
cells. A slit-like space is
formed in the endoderm,
which extends from outside
inwards, that is from the
blastopore. The space thus
formed is the archenteron.
The endoderm by now has
become several layers in
thickness.

~— Draw the gastrula of
the toad and sections of il.

How does the gastrula
of the toad differ from that
of Amphioxus ?
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— Later embryonic
stages :

1. The mesoderm This
arises as two sheets from
either side of the endoderm.
At first solid, then each
sheet splits up in the middle
giving rise to a cavity,
which is thus a schizocoel,
not an enterocoel.

2. The central nervous
system. A neural plate
and two neural folds are
formed which give rise to
the neural tube. A neur-
enteric canal connects the
neural tube with the arch-
enteron, The anterior part of
the central nervous system
is enlarged giving rise to
the brain. The sides of the
neural plate form the
neural crests which will
give rise later on to the
dorsal root ganglia.

3. The notochord. This
is formed in a way pretty
similar to that in
Amphioxus.

The gut (enteron).
This is formed from the
endoderm,after the separat-
ion of the notochord and
mesoderm. In the ventral
wall of the gut, the cells are
still heavily charged with
volk granules, which are
not consumed till a later
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stage of developmet. The
anterior part of the gut is
early differentiated into the
pharynx, which develops
some thickenings in its
walls — the rudiments of
the visceral pouches. At
this stage the stomodaeum
and proctodaeum are
being formed but have not
perforated yet.

— Make drawings to illu-
strate the above formations.

— Hatching
(30-40 hours).

stage

When an embryo toad
hatches out of its egg, it is
about 2 mm in length, and

shows the following features:

1. A three-lobed brain
and a neural tube havc by
now hecome differentiated,
but the neurcnteric canal
has becn obliterated.

2. Two olfactory pits,
two optic vesicles and two
auditery vesicles, are the
three pairs of organs of
special sensc.

3. The notochord.

4. The pharynx, with
four pairs of wvisceral
panches, The iver divert-
icvlum s pocker-like and
oviginated from the gzut.
The proctodacum opcens to
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the outside, but the mouth
has not perforated yet.

5. The mesoderm, is
well differentiated into its
regions.

6. The heart, has dif-
ferentiated ventral to the
pharynx.

-- Larval stages (meta-
morphosis).

Examine the free larval
stages (tadpoles) till the
end of metamorphosis :

1. A tadpole with an
adhesive organ, external

gills and tail, but without

a mouth.

2. A tadpole with the
mouth, and operculum
around the gills which are
now contained in a branchial
cavity, firstwith two open-
ings and later with one

opening only, that of the
left side.

3. A tadpole with a pair
of hind-limbs and a tail.
Note the spiral winding of
the intestine through the
transparency of the abdom-
inal wall.

4. A tadpole with two
pairs of limbs, fore-limbs
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and hind-limbs. The tail
has become much reduced
in size.

5. A small toad, with all
the essential adult featu-
res.

— Make drawings of the
above stages.
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III. THE EARLY DEVE-

LOPMENT OF THE
CHICK
Examine models and

whatever material available,
living or fixed, of the chick
embryo showing its main
developmental features.
Eggs may be kept in an
incubator and opened as
desired for examining the
developing embryos, This is
done in warm saline sol-
ution(0.75 %),and the taken
out embryos may be kept
alive in the incubator for a
considerable time during
which they may be inspect-
ed.

— The hen’s egg is
usually fertilized in the
upper portion of the oviduct.
It consists of a large amount
of yolkk (yellow of egg),
hence telolecithal, sur-
rounded by a thin vitelline

membrane, followed by~

an amount- of albumen
(white of egg) which cont--

ains a large amount of
water, This is sur-
rounded by two shell

membranes covered ex-
ternally by a calcareous
shell. The two shell mem-
branes lie very close to
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each other except over an
area at the blunt end of
the egg, where they are
separated to enclose an air-
space or chamber. A part
of the albumen is con-
densed to form two cord-
like structures, one on either
side of the yolk. These are
the chalazae.

The nucleus lies inside
a small amount of clear
cytoplasm — the blasto-
disc — which appears on
top of the yolk. The animal
pole is thcrefore extremely
small as compared with the
vegetative pole.

— Cleavage, is carried
out in the blastodisc while
the egg is still in the oviduct.
The cleavage planes do not
pass down the vyolk, i.e.
cleavage is meroblastic
(cp. with the toad). Cleav-
age results in the convers-
ion of the blastodisc into a
blastoderm formed of one
layer of blastomeres. A
cavity is formed by the
accumulation of a fluid be-
low the central cells of the
blastoderm., This is the
subgerminal cavity which
corresponds at this stage to
the blastocoel, and the
embryo to the blastula.
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The marginal cells of the
blastoderm, however, rest on the
yolk directly and are by now
more than one cell layer deep.
The lower cells of this zone
form the yolky endoderm
which will form later on the
extra-embryonic endo-
derm, and will not contribute
to the formation of the endoderm
proper from which the endo-
dermic  adult  structures will
develop.

— Gastrulation.

The single layer of the
blastoderm is transformed
into several layers by a
series of horizontal and
vertical cleavage furrows.
The upper layer will give
rise to the ectoderm and
primitive streak, and the
lower layer to the endo-
derm which later is separat-
ed from the upper layer by
a process of delamination.
This process also involves
separation and movement
of other cells from the upper
layer directly into the now
stretching layer of endo-
dermal cells. Theseparating
cells come mostly from the
posterior portion of the
blastoderm. The cavity be-
low the endoderm corres-
ponds to the archenteron
or gastrocoel.
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The egg is usually laid
at this stage; development
stops, and will be resumed
only when the egg is in-
cubated or sat on by the
hen.

If the blastoderm is
examined through trans-
mitted light at the begin-
ning of incubation, the
central zone would appear
clearer than the marginal
or outer zone because yolk
granules always adhere to
the latter zone. Thus they
are called the area pel-
lucida and area opaca
respectively.

— Differentiation of

the primary germ layers.

With the early hours of
incubation an opaque band
is seen in the posterior
region of the area pellucida.
This is the primitive
streak, produced by the
heaping up of cells from
the upper layer towards the
mid-line. However, these
cells will migrate inwards
and ther outwards thus
producing, as a result of
speeding up of this migrat-
ion and accumulation of
cells, a longitudinal depress-
ion in the primitive streak,
and a raising up of its two
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sides. The depression is the
primitive groove and its
sides are the primitive
ridges.

At the 20-hour stage the
area pellucida has become
more or less pear-shaped
and the primitive steak
slightly swollen anteriorly,
that is towards the blunter
end of the pellucid area
(which marks the anterior
end of the embryo),forming
the primitive knot or
Hensen’s node. Sections
of this stage show that the
primitive streak is formed
of proliferating cells, some
of which have already bud-
ded off and come to lie
between the upper layer
and the endoderm. These
cells will form the meso-
derm. Other cells in the
area of the primitive knot
will form the notochord
or “head’ process, thus
the upper layer is left with
the ectoderm alone.

In this way a stage is
reached where the three
germ layers {ecto-, meso-,
and endoderm), a blas-
tocoel and an arch-
entron, which are the main

parts of the gastrula, are
formed.

In what respects does the
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process of gastrulation re-
semble or differ from thatin
Amphioxus and in the toad?

— Later embryonic
stages (Differentiation of
the main organ-systems).

1. In front of the primi-
tive streak, during the form-
ation of the notochordal
process, cells of the upper
layer (now the ectoderm)
are thickened above this
process giving rise to the
neural plate. Soon the
plate is folded, and the
neural folds thus formed
approach one another and
fuse in the mid-line giving
rise to the neural tube
and neural crests on both
sides. The anterior half of
this tube will expand, and
by the progress of develop-
ment, will give rise to a
series of vesicles to form
the brain. It is open ante-
riorly by a neuropore
which closes later on. The
remainder of the tube will
give rise to the spinal
cord, which is not complet-
ed until the
appearance of the primitive
streak (after 50 hours of in-
cubation). The neural crests
give rise mostly to dorsal
segmental nerve ganglia.
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During the second day of
incubation, the rudiments
of the eyes and ears are
developed. = When  the
ectoderm develops the main
parts of the nervous system,
what remains out of it is
the epidermis.

2. In front of the neural
plate, on the second day of
incubation, a crescent-
shaped head fold appears
which causes the head of
the embryo (now containing
mainly the brain, notochord
and fore-gut) to be raised
off the surface of the yolk.
In front of the head fold
lies a part of blastoderm
which is free of mesoderm
and is known as the
proamnion, but it should
be noted that it has nothing
to do with the future
amnion.

3. The mesoderm be-
comes rapidly differentiated
into somites,lateral plate
and intermediate meso-
derm. The somites are
metamerically scgmented
and arranged on both sides
of the nervous system and
notochord. By the end of
the first day of incubation
there are about 5-6 pairs of
somites, while by the end
of the second day there are
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about 27 pairs. Each somite
becomes differentiated into
a myotome (give rise to
skeletal muscles), a sclero-
tome (gives rise to skeletal
structures) and a derma-
tome (gives rise to the
dermis). The lateral plate
splits up as in the toad
giving rise to an upper
(outer) somatic meso-
derm and a lower (inner)
splanchnic mesoderm,
enclosing the coelom which
is thus a schizocoel. The
intermediate mesoderm
forms the nephrotomic
plate and will give rise to
the excretory system.

4. Meanwhile, cells from
the mesoderm have separat-
ed from its lateral parts
and become differentiated
into bloed corpuscles to be
surrounded by epithelial
cells from the same origin.
Each group of such new

formation is a blood island.

The blood islands are
first formed in the inner
zone of the area opaca and
called the area vasculosa,
while the remaineder of the
area opaca is the area
vitellina. Blood islands run
together and form a plexus
of blood vessels,

<— 264

IR SR g NP
dnlady (AISCAl MGl 0S5)
S 0S5y g Sf LS
GV 55y dpasl dnkely (LIS
AU 355 | &) il U
gl 5 T
@il 53 sly (7 B 3] ) et
Olpats ¢ (S0 d]y Jook o
o O3 pp s bl g
ol 0539 A NENPIPR
O g (YN D
S I PR

UK CRPCH A v T
Lt eVl e W c Lol
L R NI SETPN
i U 253 L3 L el
odn e degeg IS S ¢ sl
A gad Gy Sl S

Gy g Lyl 1 0y
¢ Lazalli- Lozl e
iy o \o ¢ Sl Bl oy
ety . &t Gl Lozal) B L
A e ol s & gl |
gyl Zeg e ks ST

Y



In the meantime a
tubular heart, at first a
double tube, develops vent-
ral to the fore.gut and
receives two vitelline veins
from the area vasculosa. A
vetanral aorta is given off
from the heart forwards,
which gives off vessels to
the pharyngeal region.
Blood is collected from here
and conveyed in two dorsal
aortae. These leave the
body of the embryo as two
vitelline arteries. Other
blood vessels are formed.

5. The ammniom is first
formed during the second
day of incubation in front
of the head as a semicircular
fold (head-fold of amnion)
which grows rapidly back-
wards, covering first the
head. Somewhat later, a
similar fold develops in the
tail region (tail-fold of
ammnion) which grows
forwards. The two folds
eventually meet and fuse
giving rise to a sort of sac
by the end of the third day
of incubation. The inner
wall of the sac thus formed
is the amnion which sur-
rounds the embryo from
almost all sides. The space
between the amnion and
the embryo, the amniotic
cavity, is filled with the
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amniotic fluid (shock ab-
sorber). The outer wall of
the sac is the chorion (or
serosa) which becomes
applied to the inner shell
membrane, while the space
of the sac between the
amnion and chorion is part
of the coelom (but is an

extra-embryonic coelom).

Later, during the fourth
day of incubation, a sac
grows out from the hind-gut,
at first small and then
gradually increases in size.
This is the allantois (has
respiratory and excretory
functions).

In the meantime, the
endoderm in the region of
the mid gut grows out with
the splanchnic mesoderm
around the yolk and finally
encloses it in 2 yolk sae,
The endoderm cells here
take the yolk and digest it,
the sac thus becoming
progressively smaller.

6. The gut 1is more
obviously differentiated on
the third day of incubation.
Thus the fore-gut develops
four pairs of gill-pouches
in the pharyngeal region.
The first pouch forms the
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cavity ot the middle ear
and opens into the pharynx
through the Eustachian
tube which is part of this
pouch. The ectoderm forms
a depression towards the
fore-gut diverticulum and
eventually breaks through
to form the mouth.

The mid-gut is open to
the yolk sac, Its opening
into the fore-gut is the
anterior intestinal portal
and its opening into the
hind-gut is the posterior
intestinal portal.

A depression is formed in
the ectoderm in the tail end
of the gut (hind-gut) and
eventually breaks through
to form a cloaca on receiv-
ing the urinogenital ducts.

Derivatives of the gut are
now formed, the most
important of which are
the Iungs, liver and pan-
creas, as outpushings from
the endodermal lining of
the gut.

7. The kidneys arise as
seginental tubules from the
nephrotomic plates, each
series on each side joining a
longitudinal duct.  The
tubules are first formed in
the anterior segments giving
rise to the pronephros
which eventually disapp-
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ears. During the third day
of incubation, the meso-
nephros develops in the
form of tubules in segments
16-32 and open into the
pronephric duct, which has
now become the meso-
nephric or Wolffian duct.
The metanephros s
formed later (during the
4th day) from still more
posterior segments.

8. The mesoblastic
somites increase in num-
ber progressively and attain
their full number (52 pairs)
on the 6th day of incubat-
ion. They give rise to
skeletal muscles, skeleton...
etc., and bud off wandering
cells, the mesenchyme,
which plays an important
role in the formation of
connective tissues. It is
also held that the mesen-
chyme arises in part from
the neural crests.

9. The vascular system
progressively develops. The
heart becomes differentiated
into four chambers (sinus
venosus, auricle, ventri-
cle and truncus arter-
iosus). The aortic arches
and the main veins {though
at first different from those
of the adult) are formed
and an efficient embryonic
circulation is established.
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10. The wings and
hind-limbs appear as

buds towards the close of
the third day of incubation,
and then grow considerably
by the progress of develop-
ment,

11. By the middle of the
second day of incubation,
the embryo is nearly
straight, but it soon under-
goes a remarkable process
of flexion and torsion.
Flexion is the bending of
the body, about a transverse
axis as when you bend your
fingers on your palm, while
torsion means twisting of
the body while part of it is
fixed as when you turn your
head and shoulders both
backwards while your feet
are fixed.

The first flexion occurs
in the head region through
the mid-brain, and hence
called the eranial flexure.
Its result is that the fore-
brain comes to lie below
the rest of the brain. A
second flexion occurs some-
what later in the region
where the hind-brain joins
the spinal cord, and is called
the cervical flexure which
makes the head bending
much more pronounced.

Almost  simultaneously
with the bending of the
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head, the head also rotatcs
about the longitudinal axis
of the body, so that the
head lies on its left side.
This torsion extends back-
wards through the body;
finally the whole embryo
comes to rest on the yolk
by its left side.

Now, as you have got an
idea of the main structures
of the chick embryo and
the approximate date of
their formation, examine
whole mounts and trans-
verse sections of the follow-
ing stages of the chick
embryo and identify as
much as you can of their
structures,

A. The 24 - Hour Stage

(5= 6 somites).

I. In the whole mount
note :

Head fold; proamnion;
fore-gut; anterior intestinal
portal; neural tube; neuro-
pore; notochord; paired
somites; undifferentiated
mesoderm; primitive streak
with primitive groove and
primitive ridges; primitive
knot (Hensen’s node); area
pellucida; area opaca form-
ed of an inner area vasc-
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ulosa containing blood
islands, and an outer area
vitellina.

2. In the T.S. note :

Neural plate; neural
crests; ectoderm; noto-
chord ;endoderm ;mesoderm
differentiated into somite,
intermediate mesoderm and
lateral plate; somatic meso-
derm which forms with the
ectoderm close to it the
somatopleure; splanchnic
mesoderm which forms with
the endoderm close to it
the splanchnopleure,

—- Make labelled drawings.

B. The 48-Hour Stage.
(about 27 somites)

1. In the whole mount
note :

Head fold of amnion;
divisions of the brain (fore-,
mid- and hind-brain) with
optic and auditory vesicles
attached to it; notochord;
mouth rudiment (in the
formation but not perforat-
ed); gill-pouches in the

wall of the pharynx ;somites;

heart inside pericardiac
cavity and showing sinus
venosus, auricle, ventricle
and truncus arteriosus;
vitelline veins and arteries;
neural tube; primitive
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streak;  undifferentiated
mesoderm; tail-bud; tail-
fold of amnion; area pel-
lucida; area vasculosa with
blood islands; area vitellina.

2. In the T. S. of the
trunk note :

Epidermis; necural tube
and neural crests; noto-
chord; dorsal aorta; somite;
splanchnopleure and somato-
pleure;  posterior card-
inal veins; vitelline wves-
sels; mesonephric duct;
coelom; extra-embryonic
coelom; amnion fold; gut.

— Make labelled drawings.

C. The 72-Hour Stage.
(about 36 somites)

1. In the whole mount
note :

Parts of the brain (telen
cephalon,  diencephalon,
mesencephalon, meten
cephalon and  myelen-
cephalon) ;olfactory pit;eye;
auditory vesicle; visceral
pouches; aortic arches;heart
(with sinus venosus, auricle,
ventricle, and  trunce
us arteriosus); somites;
wing-bud; leg-bud; spinal
cord; chief blood wvessels
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(main vitelline arteries and
veins, posterior cardinal
veins, anterior cardinal
veins, ductus venosus, duectus
Cuvieri) ; tail-bud; amnion.

2. In the T.S. of the
trunk note :

Epidermis; spinal cord;
notochord; dorsal aorta,
posterior cardinal veins,
mesonephric tubules and
duct; myotome; dermatome
sclerotome ; mesenchyme:
somatopleure {somatic
mesoderm plus ectoderm)
and splanchnopleure (splan-
chnic mesoderm plus endo-
derm) enclosing coelom;
amnion and amniotic cavity;

chorion; extra-embryonic
coelom; vitelline wvessels;
gut,

— Make la elled draw-
ings.

— Point out the sequence
of events during the deve-
lopment of the chick embryo
from fertilisation till the
92nd hour of incubation.

— Tabulate the chara-
cteristic features of each of
the following stages of the
chick embryo :

1) the 24-hour stage,
2} the 48-hour stage, and
3) the 72-hour stage.
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— Write an account of
the mode of development
of the embryonic mem-
branes in birds and the
part they play in the life of
the embryo bird.

— What is meant by the
following terms :
1. Blastodisc and blasto-

derm,

2. Epiboly and delaminat-
ion,

3. Endoderm and vyolky
endoderm,

4. Proamnion and amnion,

5. Head fold and hcad-
fold of amnion.

6. Flexion and torsion ?

— What is the role
played by the primitive
streak in the formation of
the germ layers ?
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MICROSCOPICAL
TECHNIQUE

By virtue of their trans-
parency,cells require special
preparatory treatment be-
fore they can be examined
through the ordinary
microscope.Several methods
are employed in order to
make them better séen and
also to present them in
almost the same normal
living condition,

a) Smearing. This is to
spread out the tissue ele-
ments Into a very thin
layer, “film” or smear, This
method is employed for
opaque fluid tissues such as
the blood (see p. 141) or
soft ones such as the testis
(see p.122).

b) Teasing. This is to
separate the tissue elements
apart with a fine needle. It
is employed for tissues
largely formed of fibres,
such as muscle or nerve,
in order to secure indivi-
dual fibres (see p. 147
and p. 150).

c) Dissociating. This is
to separate the tissue ele-
ments by any mechanical
means or by chemical
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reagents, such as a saturated
solution of boric acid
{see p. 121).

d) Sectioning. This is
to cut the tissues into very
thin slices, one or two cells
thick. This method has the
advantage of keeping the
constituent cells undisturb-
ed. However, it is a labor-
lous one and requires much
training until mastered.
An abridged account of this
method is given below:

SECTIONING OR
SECTION CUTTING

In the following, the
main steps of the general
tecknique for sectioning are
shown. Follow them to
make a permanent pre-
paration of, e.g., a T.S. of
the toad’s ileum.

1— Killing, fixing and
hardening.

This step involves: a) kill-
ing the cells and tissues,
b) preserving or ‘fixing”’
their  structural  detail
{through the conversion of
the soluble and diffusible
protein constituents of the
protoplasm into non-soluble
substances), and c) hard-
ening them so that their
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form is kept unchanged as
much as possible with the
subsequent trecatment. The
3 processes are usually
accomplished by a single
reagent called the “fix-
ative c.g. Bouin’s fluid?,
Zenker’s fluid 2, formalin 3. ..
etc. The excess of the
fixative should be washed
out thoroughly after fixation.

* Killthetoad in some suitable
way (see p. 15) and dissect it in
the usual manner, without using
water. Cut away a small length
{0.5-1 cm} of its ileurn and wash
it in 0.7 9, saline solution.

* Put this piece in plenty of
the fixative (Bouin’s fluid) in a
test tube and leave it for rz-24
hours,

* Wash the material several
times in 70 9, alcohel to get rid
of excess fixative. (The fixed
material can be preserved assuch
in 70 % alcohol indefinitely).

(1) Picric acid (sat.aq.sol.}. 75¢.c.
40 % formol . . . . . . 25 C.C.

Glacial acetic acid . . . 5C.C.

(2) Mercuric chloride (sat.sol.) 5.0 c.c.

Potassium bicromate . . 2.5c.c.
Sodium sulphate . . . 1.0C.C.
Distilled water . . . . . 100.0 €.C.
Glacial acetic acid . . . j.0¢.c

(3) 10 % formalin solution.

—- 282

o gl 56 e e Yt
Slleall iy . A 2 Jily
e oy (S asle LM
ity My e Joa ¢ 1l
CEL L Mol S
W s bl o B AB] A
il ALE

(Vo fuil)i s 2 ieai 51 o
Jletigy oS3y caabeall 2 Lem
25 Ul B Gl Ul e
gty ¢ dlh sl oanly st
A i

dil#) el o €3 Bldll o o

~ vy e T 5last 3,508 (Ol
RETI §

e S 4 Ol e kil Lil o
AR YL v S gl

(p2edudiie) el S e (1)

rr.va e e
Ypo ¥o il B e
Y o PSS U REL -
(2 H#) a3 sl (1)
eI e e e
T'r.a\’,o . r_,._.-\.';,._i\.:ab_,_,i._.g
Yoo Vyr o gyl SRS
\-r, fouye P

frn,o . &lﬂl;ﬂ:l:c‘u&,o-
e Al (v)

YAY



2~ Dehydration.

Most fixatives  are
aqueous solutions, and since
water is not miscible with
the paraffin wax used for
embedding, all the water
must be eliminated. This
is dehydration, which is
accomplished by passing
the material  through
ascending grades of alcohol
(70%, 80%, 90%, 96%
and 1009%). It must not be
too rapid in order to avoid
distortion and to add more
hardness to the tissues,
which is necessary for
satisfactory sectioning.

* Replace the 70 9, alcohol
with 8o %, and leave for 1 hour.

* Transfer to go 9%, alcohol and
leave for 2 hours.

* Change the go 9, with g6 %

alcohol and leave for'/,—1 hour,

* Discard the g6 9, and add
100 % alcohol, changing it twice
during 1 hour.

3— Clearing.

Alcohol is not miscible
with the paraffin wax, so
the material should now be
transferred into a medium
miscible with both alcohol
and paraffin, such as xylol
or benzene. Thisisclearing,
as it also renders the object
translucent.

<«— 283

. 0 t‘f‘" .
S op ple ol L
bl ¥ Wl ol o sy ¢ d3L
s oty (st Codl !
A o il s 6 ¢ L3
PR Ll ada ey ¢ e
Solamys 3 Tl ) e i"::" el el
LAV ) IS ke
TR T ATTP VALY XY
s T Ty s 1 1 0S5 o
ASTEaS &S i 4y y2d
Al Wl ae ¢ STh
S bS5l denS” /A 8l et e
A
B 5L ¢ e /e U] e

.u\.'.FL-

AREC R N e T VA TR

A P TP Vo AP W o
'/.1~-4~5LJ;S AL UL
R i R NP P

Ty
¢ U paty Jali2 Y JmS
oy 3} W &l S5 ey SMy
Joo ¢ Oy S e S5 el
Ga g U, o )

L wlas 4 Lot Jag ol o

YAY



* Transfer the material to a
mixture of equal parts of 100 9,
alcohol and xylol for '/, hour.

* (Change with pure xylo! and
leave for '/,—1 hour.

4~Embedding in para-
ffin wax.

Before cutting the mate-
rial, it should be reinforced
or impregnated with some
solid supporting medium
which gives all its internal
parts adequate support to
withstand the passage of the
knife on cutting. Paraffin
wax (melting point of 50-
56°C) is generally used for
this purpose. After complete
infiltration, a solid rectan-
gular block of paraffin is
made, in which the material
is oriented in a definite
position.

* Transfer the material to a
mixture of xylol and paraffin
wax for 20 minutes.

% Transfer to pure melted
paraffin, Keep the specimen
bottle containing the material in
an oven kept at a constant
temperature justabove the melt-
ing point of the paraffin (58-
60°C) for 2 hours till the paraffin
diffuses all through the tissues,
The paraffin should be changed
with fresh paraffin once or twice
during this period in order to
remove all traces of xylol.
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* Make a small rectangular
paper boat (3 X 1.5 X 1.5 cm)
and pour quickly the material
togeher with the paraffin into it.
Orient the material, with the help
of warmed forceps, in such a way
that its long axis extends parallel
to the length of the boat.

* Blow across the top of thes
boat till a surface film of solid
paraffin is produced, then im-
merse the whole boat gently in
cold water. Tt will float on the
water, Leave it till the paraffin
hardens throughout homogene-
ously.

3
LA
' lfl'l’

5~ Sectioning.

Microtomes are used
for section cutting. They
can be easily regulated to
cut sections ot any desired
thickness. The prepared
block of paraffin is fixed to
this instrument and success-
ive sections adhere to form
a straight ribbon.

* Remove the paraffin block
containing the material from the
paper boat and trim its sides with
the help of a warm scalpel, cutt-
ing away some of the extra
-paraffin about the material.
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* Seal the block on to the
microtome block-holder and cut
at the desired thickness (6-10 u).
The cut sections stick together in
a ribbon,

6 —Mounting paraffin
sections.
Individual sections are

then mounted on glass slides.

* Take a thoroughly clean
slide and spread on it 2-3 drops of
distilled water,

* Cut a small section of the
ribbon and float it on the water
on the slide.
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* Hold the slide h'gh up over
a bunsen burner flame till the
sections flatten out. Do not
overheat, otherwise the section
would disintegrate.

* Drain off excess water and
keep the slide in a dry place
overnight, thus the section adheres
firmly to the slide.

7 — Staining.

The nucleus is usually
acidic in reaction and has
an affinity for basic dyes,
while the cytoplasm is basic
and has an affinity for
actdic dyes. Therefore,dou-
ble or counter-staining
is used in histological studies
as for example Delafleld’s
haematoxylin (a blue, basic
or nuclear sain) counter-
stained by eosin (a red,
acidic or cytoplasmic stain).
Such method is known as
the routine method. Other
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methods are known, adopt-
ed to verify specific struct-
ures.

* Immerse the slide with the
dry naraffin section in xylol for
about 3 minutes to dissolve the
paraffin,

* Transfer to 100 9% alcohol
for 1 minute to remove the xylol,
then hydrate the section by pass-
ing the slide down g6 %, 9o %,
8o 9%, 70 % and 50 %, alcohol
for a minute in each. Shake the
slide every time.

* Stain in haematoxylin for
10 minutes.

* Wash the excess of stain in
distilled water, then transfer to
acidified 709, alcohol till the pro-
perdensity of colour is attained.
This is known as differentiation.

* Rinse the slide for 2 minutes
in zlkaline water(i .e. containing
little ammonia or sodium bicarb-
onate or mere tap water). This
sligh alkalinity neutralises any
acid present so that the section
turns blue.

* Counterstain  with  eosin
(1 9, saturated watery solution)
for 5 minutes.

* Wash out the excess of stain
with distilled water till the cor-
rect staining effect is attained.

8 = Dehydration.

In order to mount the
stained section permanently
in balsam, .it must be de-
hydrated with alcohol first.
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* Pass the slide gradually in
70 %, 80 %, g0 % and 96 %
alcohol for 2 minutes in each
grade, then twice in 100 9%
alcohol to ensure getting rid of
all traces of water.

g - Clearing.

Sections are then cleared
in some suitable clearing
agent which 1is miscible
with the alcohol and the
mounting agent. This also
renders the tissues quite
translucent and hence in a
suitable condition for study
by transmitted light.

* Pass the slide twice in xylol
for 2 minutes each time. The
purpose of using 2 xylol baths is
to ensure getting rid of the
the alcohol.

10 — Mounting perm-
anently.

This is the final embedd-
ing or sealing of the sections
in some suitable mountant
such as Canada balsam or
clarite dissolved in xylol
and then covering with a
thin cover-glass.

* Prepare a thorough dry and
‘clean cover glass. Take the slide
out from the xylol znd lay it
down on a piece of blotting paper
with the section uppermost. Add
2 drops of the Canada balsam on
the section, then carefully lower
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the cover-glass into position over
the section, using a mounted
needle to control the operation
and taking care that no air bub-
bles are included.

* Put the slide in an oven of
about 40°Cto dry or harden the
balsam. The finished slide is then
cleaned and labelled.

N.B. Smaller pieces of
tissues require  shorter
periods of time than those
given above, while bulkier
ones require longer periods.

The technique employed for
making whole mounts of
small animals, dissected out
organs or hand-sections in-
volves steps similar to those
described in the sectioning
method except for the ex-
clusion of paraffin embedd-
ing and section cutting

(steps 4-6).
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PREFACE TO THE FIRST EDITION

Every country has its own fauna. It would be of no use,
therefore, to dissect animals guided by a book using dif-
ferent species; the instructions contained therein would be
misleading. A guide to the study of animals used in the
laboratories of the higher institutes and universities of the
United Arab Republic is therefore strongly needed. This
is the objective of our present book.

Another objective of the book is to help the student,
who studies in Arabic, to read scientific English easily. We
are certain that by the end of the course he would have
sufficient practice in understanding the text i Arabic and
English languages, both of which are indispensable to the
student of science in the U.A.R.

The present part of “Practical Animal Biology” falls in
three sections. The first comprises the anatomy and
methods of dissection of a vertebrate animal — the usual
classical example used in the academic studies of Zoology,
namely, the toad. The second section deals with the study
of the histology of this animal in comparison with that of
mammals, since the histology of this group of animals is
essential to medical sciences. The third section deals with
the embryology of the toad, with an introduction to the
development of Amphioxus. In this way, a general picture
of the elements of Practical Animal Biology is presented.

We have to regret that this book is to be read from right
to left, because it was inevitable to insert the text opposjte
to the Arabic text and to the corresponding text-figures.

September, 1961. The Authors.
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PREFACE TO THE THIRD EDITION

It is with the deepest regret that this third edition of
Practical Animal Biology in English and Arabic Languages
comes forth after the premature death of Professor
Dr. Ahmed Hammad Al-Hussaini which took place in
May, 1964.

In recognition of the many talents of Professor Al-
Hussaini, I should like to mention here his great enthusiasm
for writing this book. Dr. Al-Hussaini believed that university
professors should always present in recorded form their
personal experiences in the teaching of their subjects. He
always underscored the value of such writings to both
students and future successors.

I was asked by Dr. Al-Hussaini to participate in the
writing of the three volumes of the present book. I remember
with admiration his efforts in the course of preparing and
writing this material. Dr. Al-Hussaini’s fame as an expert
in Zoology is not unknown. His experience as translator
and writer in Arabic is certainly a valuable asset. His
contribution in the field of finding the proper scientific Arabic
terminologies will stand as an everlasting monument in the
memory of such a great scientist as Professor Al-Hussaini.

The authors have made full use of all comstructive
criticisms and incorporated whatever they thought useful
in the second edition of this volume. The third edition
has not undergone any radical changes. It is hoped,
however, that future editions of the three volumes of the
present book will always fol ow the guiding steps of Dr.
Al-Hussaini.

September, 1965. E.S. Demian.
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PREFACE TO THE THIRTEENTH EDITION

It pleases me in introducing this thirteenth edition of Vol.
I of “Practical Animal Biology, in English and Arabic Lang-
uages” to repeat what I have already mentioned in the
preface of previous editions. The generous reception and
increasing demand on this book by university teachers and
students in the Arab Republic of Egypt and in all brethren
Arab Countries undoubtedly prove that the book with its
unique style, meets the needs of the Arab Studentfora good
manual for his laboratory studies in Zoology. It does not only
provide the student with detailed instrucitions, lucid des-
criptions and elaborate drawings of the material he examins
in the laboratory, thus helping him to make perfect dissections
and proper scientific drawings, but also aids him to practice
reading scientific English so that he can easily use foreign
advanced references written in that language.

Besides the satisfaction I draw from performing this
duty for all students of biology in the Arab Nation, particularly
at this juncture which is characterized by comprehensive
scientific revival in all fields, I find in the successive appearance,
of new editions of this book a due payment of homage to
my late Professor Dr. A.H. Al-Hussaini, with whom I began
this job guided by his vast knowledge and experience.

June 19‘8? E.S. Demian
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PREFACE TO THE FIFTEENTH EDITION

The unprecedented acceptance of the book “PRACTICAL
ANIMAL BIOLOGY, in English and Arabic languages™ and
the run-out of the Fourteenth edition of Volume I concerning
The TOAD, made it necessary for us to produce the new
edition. It is a renewed strong affirmation that its unique method
in handling the practical subjects, their comprehensive clear
explanation in Arabic and English and their meticulous clear
illustrations are apprecaited by the esteemed professors. It also
meets the need of the Arab Student and a perfect guide
supplying him with the necessary directions for his laboratory
study. It is no exaggeration when we say that this study is the
most important and most effective part in teaching the student
the fundamentals of zoology and their selected examples. He
would also acquire the necessary practical and scientific skills
needed for forming the intelligent and well trained student.

I find it painful to h:wve this edition published after the passing
away of Professor Dr. Emile S. Demian in June 1983. By his

perseverance and praiseworthy sincerity and his admirable
precision he continued eagerly to publish thirteenth consecutive

editions of this volume after the death of his great professor and
partner in this exceilent work, Professor Dr.A.H.Al. Hussaini.
He followed his path and was loyal to his memory. Man pass
away but his achievements remain.

We are today keen to keep the torch luminous and the
message in force as a demonstration of loyalty to the two noble
and dececased and for the sake of Science, of professor colleagues
and of our son students.

May lord be behind our intention and may He, the Almighty,
be our supporter.

Dr. Amani A.H.. Al-Hussaini
Assistant Prof. Zoology Dept.
Faculty of Scicnce-Ain Shams University
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