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Chapter 1
INTRODUCTION
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INTRODUCTTION

The chick embryo has been one of the
favoured experimental materials among Developmental
Biologists world over since ancient times. As seen
by the naked eye its development was first
described by Aristotle as early as in 342 B.C. but
detailed embryological and histological
investigations were carried out with the help of
microscope only in late 19th. century: (see for
reference Lillie, 1908; revised by Hamilton, 1952;
Romanoff,1960; Patten,1971 among others).
Analytical apporach to morphogenetic study seems
to have been started by Wilhelm His (1874) who
pointed out that the chick blastoderm is an
aggregate of organ forming areas. The morphogenetic
nature of the primitive streak of the early chick
embrsro that it resembles amphibian blastovors was
first describedby Rauber in 1876. Exverimental
investigations to 2xamine the casual relationshios
to development were started with the work of
wWaddington (1932) who discovered that the anterior
part of the primitive streak of the chick embrvo
known as the Hensen's node acts as organizer,
corresponding to tha dorsal lip of blastopore in

amphibia as described by Spemana in 1918.



The most important role of the primitive
streaxk is one that may be essential in the control
of the develooment in bcdy patterning. The steady,
forwvard growth of the primitive streak brings cells
from the vosterior end of the area pellucida to the
middle of the blastoderm, whilst its gradual
retreat spr=ads them out again along the axis. The
formation of the primitive streak in the chick
embryo coincides with the start of gastrulation.
During gastrulation, the cells of the epiblast
proce=d to move from the anterior and pile up at its
posterior end. The heap of cells so formed stretch
anteriorly and gives rise to the primitive streak.
The cells of this primitive streak rudimant
subsequently pass downwards through the primitive
streak and in the opnosite diractions to form the
mesodermal and endodermal layers. When th= primitive
streak is fully formed at Hamburger and Hamilton
(1951) stage 4, it has a primitive groove along its
entire length bounded laterally by primitive folds.
The anterior part of the primitive streak is slightly
enlarged and is known as Hensen's node. The primitive
str=ak is not a fix=d structure, rather a
morphogenetic event. It retreats and disappears as
soon as 3ll prospective organ forming areas of the

epiblast destined to pass through it have done so.



There is strong evidence that c=11 movement
in th= e@piblast leading ta the formation of the
primitive streak is induced by hvpoblast (s=2e for .
raview Ballairs,1986). Jaffe and Stern (1982) have
attempted to ernlain the morphog=anetic movements in
the chick blastnderm via electric .couvnling. They
have explainad that extra-cellular electric current
pathways operate at this stage. Mitrani and
Farverov (1982) however feel that as fibro-nectin
appear between hypoblast and epiblast, it may have
some role in bringing about the formation of the
primitive streak. Once formed the primitive streak
exhibits two major morphogenetic roles :

(1) Migration of cells throuqgh it to their
respective destinations and (2) Embryonic induction.
So far as embryonic induction is concerned
Bellairs (1986) reviews that there are two major
aspects of induction in relation to the primitive
streak. The first is concerned with the induction
of the str=zak itself and second, the induction of
embryonic structures especially the neural plate.
Several decades ago this aspesct was considered of
prime importance but it received relativaly little
attention. The phznomznon of =mbryonic induction
was first observed in amphibians and most of tha

informatinn now available on this phenomenon has



been acquired from this material. This work was
stimul et2d by classical experimerits on the amvhibian

organizer by Snemann (1918).

A direct analogy between the procesces cof
primary induction in amphibizans and birds was
escablishad during the thirties. Owing to technical
difficulties definite precof of embryonic induction
in the chick embryvo was not obtainasd until 1932
when Waddington demonstratad that Hensen's node does
indeed act as organizer in the chick embryo. He
showed that if Hensen's nnde was =2xtirvated,
stripned free of adherent endoderm and implanted
beneath the ectoderm at the side of the area
Pellucida of another embryo it could induce there
a secondary embryonic axis. Howaver, it soon bzcame
apvoarent that this ability was not restricted to

X

Hensen's node but was presaent in throughZout the
anterior third of the primitiv;_;treak. It was
therefore considered by most workers at this time
that the anterior part of the primitive str=ak,
possibly its entir= length, correspond with the
amphibian organizer. How>ver, the most weall
established finding about the noge is perhavs that
it has greater nower of bringing about an inducticn

of the neural tissue than any other part of the

primitive streak or indeed any other regicn of the

blastoderm.



The dynamic picture of the process of
neural induction and =stablishment of neural
differentiation pattern in the chick embryoc has
haen providsd by Hara,19617 Ra3o ,1968; Choudhury

and Khare,1978 and Khare and Chnudhury,b1985.

Other workers, Aber@rombie (1950)
extirnatad lengths of the primitive étreak and
grafted them back into €he blastoderm in reversed
nrientation, so that the original anteriorfgmd’
Hensen's node now lay towards the posterior end of
thé area pellucida, care baing taken to maintain
the original dorso-ventral onlarity of the graft.
It might expectad that if successful healing takes
place the embryo would develoo with its head
directed towards the pcsterinr =nd of the a;ea
pellucida as a wholes; thus ths fate and development
of the whole primitive streak including the node
be strongly influenced by the surrcunding tissue.
The influence of area pellucida upon the

orientation of the graft is howaver restricted in

its action in the antero-vosterior organisation.

Mulherkar (1958) and Gallera (1964) showed
that the neural inductions have been obtained also

by grafts taken from behind thz node or from
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reqions immediateiy latzral or anterior to it.
Gallera (1964), Gall=ia and Nicolet (1969),
vakazt (1964) have shown also that the middle of
nrimitive streak also causes neural inducticn.
However, the middle of the primitive streak does
not induce nesural tissue directly, but it first
induces an additional primitive streak which then
gives rise to an embryonic axis (Gallera 1968).
The grafts of the posterior third of the primitive
streak have not been remort=d to cause neural
inductinn in the host ectcderm exczpt in one case

reported by Waddington and Schmidt (1933).

The middle region of the primitive strezak
avparently has presumptive head mesenchyme and the
last »ost=rior third of the vrimitive streak

lateral plate m=soderm only.

In review on primary inductinn in birds,

Gallera (1971), on the basis of work done by
Mulherkar (1958) and his own work summdrised that
the inducing capacity of the fragments derived from
the streak diminishes in the ant=sro-posterior
direction and disappears completely posterior to
the mid-point of the definitive streak. He referred
to the work of Vakaet (1964, 1965) whn demonstrated

that the inducing capacity of the Hensen's node



changes during its development. At stage 3 and 4
the noda inducas brain structure whil=2 from stage 5

cnwards it induces mziullary structures,

Bas=d on these and the work cof Gallera and
Nicolat (196¢) and Nicolzat (1970), Gallera (1971)
felt that the induceld brain structure in its own
turn may influence the embryonic endoblast so that
it diff=rentiates into a typical foregut. Gallera
and Nicolet (1969) wrote '"the first stimulus for
the neural induction, then,woull originate in the
presumptive embryonic endoblast)and it is later
reinforced by inductive stimulus from
chorda-mesoblast. In any event, once invaginated,
the embrvonic endoblast cells loose their inducing
canacity." Th= declinz in the neural inducing
capacity of Hensen's ncde by stage 6 has becn
attributed to cpmplete disappearance of endodermal

cells from this region.

In the present work the following aspects
have been investigated :

(1) Neural induction by the grafts of
different parts of the primitive streak of stage 3,
4, 5 and 6 with all germ layers intact, without

endoderm and without endoderm and mesocderm.



(2) Histological changes in ths neurectoderm
induca2d nhy the grafts cof the Hensen's node at
different time intervals of stage 4, 5 and 6 by the
grafts with all germ layers intact and without
endoderm.

(3) Histological chang=s in the normal
neurectodarm at stages 3, 4, 5 apd 6 and

ultra-structural changes at stages 4, 5 and 6.

Though the process of induction has beesn
well investigated and the Jdynamics of neural plate
formation mell established, very little attention
has been paid to the gquality of induced neural
tissue. This work is a study on the c=llular
compnsition of neural tissue., The investigations
described hers would establish the quality of
induced tissue in relaticn to the guality of the
inductOr tissue. The histological changes in the
induced neural tissue, as develooment progresses,
are studied in comparison with similar events
during normal develooment. The results obtained in
these investigations would provide new insights on
the role of endoderm an? endomesoderm not only in

neural induction but also in neural differentiation.
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REVIEW OF LITERATURE



REVIEW OF LITERATURE

2.1 Neural inducticon and Spemann's Organizer in B{irds

The phenomencn nf embryonic inducticn was
discovered in amvhibians by Spemann (1918). He
grafted a piece of the dorsal l1lip of blastopore »f
an early amphibian gastrula int» the flank of another
similar embryo at the same stage of development,
and demcnstrated formation of a secondary embryonic
axis. Subsequently, Spemann and Mangnld (1924)
modified the experiment so that they “.were able to
decide which of the tissues of this axis were formed
from the h»nst and which from the graft. This was
done by taking the graft and the host from two
separate amphibian species which differed from one
another in their intracellular pigmentation. It was
then »ossible to see which were hoststissues and
which were »f the graft. They found that most »f the
neural tissues were formed from the host and that
in general, there was a collabrration of h»ost and
graft tissues to form a unified axis. It became
apnarent *that the graft had influenced the host
tiesues around it to form an embryo. Grafts taken
from other »arts of the donor embryo could not
nrnduce this result. Thus, Spemann concluded that

the dorsal lip »f blastonore nnssessed special
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proverties which enabled it to 'organize' the tissues
around it to form an embryonic axis. As a result of
these Classical experiments é great deal of interest
was stimulated and a number of research workers

started similar research on other animals.

waddington (1932) demonstrated that chick
blastoderm could be dissected away from the yoik )
and grown in vitro, in a watch glass with the
techniqgue of Fell and Robinson (1929). His
experiments revealed that if the anterior end of the
primitive streak (Hensen's node), stripped free of
any adherent endoderm, implanted beneath the
ectoderm at one side of the area pellucida of
another embryo it induced a secondary embryonic

axis. The results were comparable with that of a

primary organizer of amphibians.

Waddington and Schmidt (1933) reported that
an embryonic axis of chick could also be induced
using grafts of the head process as well as of the
sinus rhomboidalis (that is, the most posterior part
of the neural plate), although the inducing capacity
of these regions was not so great as that of
Hensen's node. How neurallinductive stimulus
emanates from the pre-chordal and chordal mesoderm
and how neural differentiation pattern is

established in the neural plate has been
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investigated by Hara (1961), Rao (1968), Choudhury &

Khare (1978), Khare & Choudhury (1985).

Neural induc¢tions have been obtained by
grafts taken from behind the node or from regions
immediately lateral or anterior to it (See Mulherkar,
1958; Gallera, 1966 among others)., According to the
prospective fate map of Pasteels (1937) these reglons
were probably presumptive somite and presumptive
head mesenchume, Similarly, the middle part of the
primitive streak (Gallera, 19643 Vakaet, 1964;
Gallera and Nicolet, 1969) and the head process
mesoderm of embryos vossessing not more than four
pairs of somites (Gallera, 1965) were also found
capable of bringing about neural induction when
transp.anted tg the areatopacaof a primitive streak
stage host. Grafts taken from the middle part of
the primitive streak, however, do not induce neural
tissue directly; instead, they first induce an
additional primitive streak in the host and this
then give rise to an embrvonic axis (Gallera, 1968).
If some embryonic endoderm is formed by this new
primitive streak it may play a role in inducidg

neural tissue (Gallera and Nicolet, 1969).

Attempts to obtain inductions by grafts taken
from the posterior third of the primitive streak were

less successful in early experiments (Waddington,1932)
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but one successful case was recorded by Waddington and
Schmidt (1933). This region consists largely of
presumptive lateral plate mesoderm overlain by
ectoderm and is not normally capable of different}ating
when isolated (Spratt, 1952; Butros, 1960). It was
found that in birds, as in amphibians, simpde neural
placodes could be induced by a variety of substances,
living, dead or inert (Waddington, 1938a;

Aberérombie, 1939). Pasternak and McCallion (1962)
have shown that neural inductions can be obtained in
c¢hick by implants of liver and kidney:; Viswanath

et al (1968) demonstrated that alcohol killed Hensen's
node 1s able to induce various tissues from

competent ectodarm.

England (1981) showed that the scanning
electron microscopy (SEM) 1s a valuable tool for the
analysis of morphogenetic events. The role of
edtracellular materials in primary neural induction
in the early stage 5 chick embryo may be analysed by
SEM as well as by histochemical techniaues., During
primary neural induction, extracellular materials in
the early stage 5 chick embryo form a fan-shaped
region on the ectoderm anterior to Hensen's node.
Fibronectin and sulphated glycosaminoglycaris are
present anterior to Hensen's node on the ventral

ectodermal layer. It is proposed that the fan=shape
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of extracellular materials has a dual functions as
a chemical substrate to form close contacts between
the inducing cells and the target ectodermal cells,

and also to serve as a contact guidance system for

the prz-notochordal cells.

Smith, pale and Slack (1985) studied cell

—

lineage labels and region - specific markers in the
analysis of inductive interactions. The work reviews
cell lineage labels and cell type - specific markers
in the analysis of inductive interactions in early
amphibian development. The results provide clear
evidence for the existence of three such interactions.
Mesodermal inductlon occurs in the early blastula and
results from the action of vegetal pole cells on the
animal hemisphere. At lezst two mesodcrmal rudiments
are formed, one dorsal and one ventral. During the
next interaction, which we call dorsalization; the
ventral mesodermal rudiment becomes subdivided into
several territories under the influence of the dorsal
marginal zone, or organizer. 'Finally, during
gastrulativn, the involuting organizer induces neural
tissue from the overlying ectoderm. This interaction

is called neural induction.

Although these phenomena can readily be
demonstrated under experimental conditions, direct

evidence that they occur in normal development awaits
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an understanding of the molecular basis of induction.

In the following review we shall deal mainly
with contributions on the role of primitive streak

in this connection.

2.2 Inducing capacity of the primitive streak and

its derivativas

Following the work of Waddington and his
collaborators, notably Abercrombié, Taylor and
Schmidt during 1930-40, which established the capacity
of the anterior part of the primitive streak to
induce a neural structure in the ectoblast of both
pellucid and opague areas, the inducing capacity of
the definitive streak was systematically analysed by
Mulherkar (1958) and later reinvestigated by Gallera
(1964). According to these authors, grafts of
fragments derived from the anterior half of the
definitive streak alone have the capacity to induce
neural structure. Inducing capacity .of the fragments
derivad from the streak diminishes in the
antero-posterior dirgction and disappesars completely

postericr to the mid-voint of the definitive streak.

Vakaet (1964) reported that the middle part
of a medium primitive streak induced the formation
of a secondary primitive streak if oarafted to a long
streak blastoderm, while the anterior part of such a

streak induced secondary heal formation.
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According to Vaketeg, the anterior third of the
streak (stage 3) induced brain, and the middle third
regis-n induced a new primitive streak in the host
ectonlast. The differences in the inducing capacity
of these two regi-ns were found to be of a
quantitative nature only. Thus both of these fragments
induce either a nesural structure ov 3a new nrimitive
streak, but the frequency of neural induction 1s
indeed higher for the anterior third fragment.
Moreover, the freguency cf »rimitive streak inductions
decreases 1s function cf the age of the host ectoblast;
bey~nd stage 4, the host ectoblast is no longer
comwetent for the induction of a primitive streak
(Gallera and Niceclet, 1969). They also found that

streak inducing capacity is present not only in the

middle third but also in the anterior third of the &F&
streak more often gave rise to axial and paraxial

mes~»derm than the middle third.

There are a number »f contributions wnich have
revealed the importance <f certain components »f
blast ~derm such as hypoblast and embryonic end-derm
in the inductive processes. It would be proper n w

to examine them.

Wakely and England (1977) studied the primitive
streak by SEM of the chick embryo. The structure of
/
the cells forming the primitive streak was examined by

SEM in a sdries of embryn~s at Hamburger and Hamilt~n's

stages 2-5. Specimegs were prevarad by stripping the

A

/QQJH
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endoderm from fresh embryos in New Culture and by
fracturing whode fixed embryns along and at right
angles to the primitive streak. At all stages of
examination the SEM appearance of cells within the
primitive streak was quite different from that of
ectodermal, endodermal or mesodermal cells away from
the streak. Streak cells were clusely packed,lay

with their long axes directed from'ectoderm to
endoderm and possessed many flat leaf-like processes,
By contrast the ectoderm formed a columnar @pithelium,
the endoderm a flat epithelium and the mesoderm was

a layer of loosely arranged cells with long, thin

proc esses.

Within the streak SEM did not show any
‘differences between cells that could identify them
specifically as future endoderm or mesoderm cells.

It was concluded that during gastrulation all the
cells migrating through the primitive streak have the
same appearance regardless of theilr eventual
destinatlion in the embryo. This structure may be
attributed to the type of movement made by cells

during invagination.

Wakely and England (1979) studied the chick
embryo late primitive streak and head process by

Scanning electron microscbpy.They observed that
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changes in cell shape during the formation of ths
head process and regrassion of Hensen's node from
stage 5 to stagz 8. Tha2 endoderm was removed and the
embryo mounted feor Neaw Culture such that the mesoderm
could be viewed from ventral surface. As the primitive
streak shortens its cells were seen to flatten and
lose the fldp-like processes characteristic of
earlier stages. The notochord differentiates . and

i1ts cells become transversely orientated, and between
stages & and 8 then re-align along the embryonic
axis. Simultaneously, at the same time a split or
cleft apoears between notochord and head mesoderm,
and extracellular fibrils are formed which are the

first sign of the formation of a notochordal sheath.

Bellairs (1986) attempted to show the
critical role played by the primitive streak in the
early development of the embryonic axis. Its
appearance follows the establishment of
aintero-~posterior polarity and leads to the formation
of bilateral symmetry. It is the centre of a range of
morphoganetic cell migrations including convergence,
ingression, regression and the elongation of the
areapellucida. Ingressli—n through the primitive
streak is associated with a range of corelated
changes within the cells, at the surfaces of the

cells and in the extracellular materials. The cells
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lose th=ir epithelial arrangement whilst passing
through the primitive streak but regain it wh=n they
become associated into tissues at the end of the
process (e.g., as endoderm or somites). Grafts of the
primitive streak specially its anterior end can

induce nesural plate from eclod:2rm.

The most important role of the primitive streak
in the development is one that mag: be essential in
the control of the developmenﬁ in body patterning.
The steady forward growth of the primitive streak
brings cells from the vosterior end of the area
pellucida to the middle of the blastodarm, whilst its

gradual retreat spreads them out again along the axis.

2.3 Hypoblast

Sevaral authors hqve studi=d the inductive
action of the early hypoblast on the epiblast in the
chick plastoderm (Waddington, 1932, 1933; Spratt and
Haas, 1960a,b; Eyal-Giladi and Wolk, 1970; AZzar' and
Eval-Giladi, 1979,1981). These experiments ware
concerned with the study of the role of the hypoblast

in the morphogenesis of the epiblast.

The cHick blastoderm has been described to be

an assymmetrical system by Rudnick (1932) and Rawles
/
(1936, 1943). They found that at the hzad process

* stane grafts from the left side of the blastoderm
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nossessed a superior devzlopmental capacity compared
to these from the right side when transplanted onto

the chorio allantceis.

Waddington (1930, 1932, 1933) noticed long
ago that the hypoblast has an epigenetic influence
on the epiblast. Summarising his earlier work in The
Epigenetics of birds (1952), he proposes that there
is an inherent polarity in the hypoblast as a whole
In the form of a gradient field, which gives it an
inductive effect. This is resmonsible for the
formation of embryos in conformity with the polarity
of the hypoblasgy following rotation of the

hyooblast in relation to the ewniblast.

Eyal-Giladi and Wolk (1970) studied the
inducing capacities of the primary hyooblast as
revealed by transfilter induction studies. The
inducing powers of the »rimary hy»ooblast of the
chick embryo were studied by the insertion of a TH
millipore filter between the hywooblast and the
reacting epiblast. Two successive inducing canacities
were discovered in the hyooblast. The first to
appear and disappear is the inductor of the primitive
streak, while the second is a »rosencenhalic
inductor. The formatinn »f a mature primitive streak
which contains a Hensen's node is dependent on

direct cellular contact between the epiblast and
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hypcblast)and most probably on the inclusion of
hywooblastic cells in the forming node and nntochozd.
The formation of spinal cord-like sturctures and
undifferentiated neural plats can be related to the
nressnce 0f nodeless primitive streaks in the
b.lastoderms. These neural structures are probably
induced by the mesoderm produced by the defective
vrimitive streaks, which were unable to form
notocherd or somites. The »rimary hy»onblast, by
virtue of its »Drosencephalic inducing poweg.can be
combared with the presumpntive pharyngeal endoderm

of the ammhilbian embryo.

Eval-Giladi (1970) in a study of *he
differentiation potenties of the young chick
blastoderm as rasvealed by different mani~ulations
namely localised damage and hyvoblast removal
concluded that removal of hypoblast from a primitive
streak stage blastoderm reduces its develoomental
potencies to the level of those of the unincubated
stage. These exneriments which were designed to test
the embryo-forming prtency of the blastodemm whose
hypoblast has been removed, showed that the naked
epiblast 1s at least as labile as an unincubated
blastoderm. It was concluded that during the perind
of develooment of a blastoderm from the unincubated

stage till the formation nf a full length orimitive
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_,rstreak, the epibiast and its surrounding marginal

zone ueither undergo irreversible differentiation on
the one hand and nor lose, even slightly, the

potency for the induction of heterotoyio-embryoeforﬁing

centres on the other.

It is the influence of the vpolarised hypoblast

which.creates the environmental wconditiOns Dromoting‘

"';fthe formation ofiian embryo—formlng centre at the

aosterivr‘marglnwl zZone. Thls effect is not- limlted

fto the period of the fountalh - llke'movement_of the
.hypoblaet;but‘is exeroised as'a'long*term continuous
‘ influence. it'is probably flrstly concerned w1th the
;&formetioh of the orlmltlve streak, _whlch 3ga1n neeﬂs»
further 1nfluencing by the hyvoblast for 1ts own.

*%normal develo*ment

Litke (1978) inveetigated.the development.
oﬁéndthDoblastvformatioh in=early chick embfyo;'
(Stages 1-13) in eggs 1ncubated from 0- -52 hours by
light microscovy, SEM and TEM, and supported the
theory of delaminatioh as a means of formlng the

- hypoblast formation and.priorltO'itL eppendages

(microvilli, blebs and: -ruffles) were numerous.

Sanders, Bellairs and Portch (1978) conducted
in vivo and in vitro experiments on the hyooblast and

'deflnitlve endoblast of avian embryos. They reborted
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that this was an unusuval <xample of invas;on of one
tissue by another during gastrulation in the chick
embryo when the definitive endoblast becomes inserted
into the hypoblast.They also examined the two tissues
morphologically by SEM and TEM; They resemble each
other in being of an epithelial type, though neithar
posseses a basal lamina. The definitive endoblast
cells are flatter than the hypoblast c=lls and more
closely attached to one another. When they were
explanted ini' hanging drop cultures, the two tissues
were found to exhibit differences in their behaviour.
In comparison with the definitive endoblast, the
hypoblast cells attached more readily to the giass,
produced larger ruffle membranes, moved more rapidly,
showed poorer contact-inhibition of locomotion and
showed a greater tend=ncy to break away from the

main explant.

When a hypoblast explant was confronted with
a definitive endoblast explant, the hypbblast cells
became displaced by the definitive endoblast. The
hypoblast explant tended to fragment into smaller
groups of cells, many of which migrated around the
definitive endoblast, thus mimicking the
situation in vivo. Control experiments comprised
confronting hypoblast with hypoblast, hypoblast with

somites, definitive endoblast with definitive
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endoblast)and definitive endoblast with somitas. The
hypoblast explants bzhaved in a consistent manner,
always fragmenting when coming into contact with
cells from a confronting explant. The definitive
endoblast explants showed more contact inhibition
of lécomotiOn when confronted with definitive
endoblast or with somites than when confronted with
hypoblast. It is suggested therefore that the
ability of the hypoblast cells to separate from one
another may play an .important role in the

penetration of the hypoblast by the definitive

endoblast both in vitro and in vivo.

Azar and Eyal-ciladi (1979) showed that the
removal of both area opaca and thes marginal 2zone
of the area pellucida from a blastoderm stripoved free
of its hypoblast prevents the regeneration of a
normally functioning hypoklast. The cellular
contribution of the marginal zone to the primary
hypoblast is instrumental for the latter's capacity

to induce a primitive streak.

By hypoblast rotation experiments, Azar and
Eyal-Giladi (1981) studied the interaction of
epiblast and hypoblast in the formation of the
primitive streak and the embryonic axis. Three types
of experiments were performed to determine the

interaction between the eviblast and hypoblast for
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primitive streak formation : (1) Hypoblast of
blastodermz from stages XIII E.G & K to 3 H & H
were separated from the epiblast and rotated by
90° counter clockwise« (2) hypoblasts from stages
XIII E.G. & K to 3 H & H blastoderms were rotated
by 1800; (3) hypoblasts were exchanged between
blastnhderms of different developmental stages and
placed at 90° counter clock-wise to the axis to
the recipient epiblast. In all blastoderm studied
only a2 single PS develoved. After rotation »f the
hypoblast by 90% the direction of the PS was
according to the orientation of the hypoblast at
stage XIII, whereas a% older stages it gradually
shifted towards the axis of the epiblast. At

stage 3 H & H the PS is already imprinted in the
epiblast and cannot be shifted. After rotation of
the hypoblast by 180° the PS originated at the point
near the marginal zone at which the inductive part
of the hypoblast interacted with a competent
epiblast, Conclusinns were drawn about the dynamics
of the iqductiveness of the hypoblast and the
comoetence of the epiblast in the formatlon of the

»rimitive streak and its orientation.

Mitrani and Eyal-Giladi (1981) reported that

the hyvooblastic celils can form a disk iniducing an



embryonic axis }n chick eniblast. The primitive
streak of the chick embryo develops from one of the
two layers of cells of stage XIII blastoderm, the
-
eviblast. The other layer of cells, the hyncblast,
seems to be necassary for the induction of the
orimitive streak and also determines its crientation.
Rotation of the hy»ooblast by 90° 1is followed by a
similar rotation of the embryonic axis. Cells 6f
stage XIII hypoblast, showed that two functions,
S
inductinn and orientatlon are independent and thag

with reconstituted hyooblast, the orientation of

the primitive streak 1s determined by the epiblast.

With such understanding on ths role of
hypoblast, increasing attention has been paid on its

N - .
morpholoyy, development and in inductive action.

Wainberger, and Brick (1982) studied
on the development of primary hy»oblast in chick by
SEM indicated that the -primary hypoblast forms
beneath the area pellucida during the first 8 hours
of incubation mainly by establishment of contact
among c21l1ls which move downward from the epibhlast.
This movement or Dolyingression, begins posteriorly
and continues antero-laterally. Polyingressien
procduced many »its and vossibly a crescentic fold

in the embryo upder surface. Fixaticn in situ helps
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to vrevent formation of artifactual folds and
wrinkles facilitating interpretaticn of the SEM
imiges. Foarmatlon of intercellular adhesions

lead to develoomant of >rimary hyonblast from

waosterior to anterior direction. This awitheliallzation

begins wlth the elaboratlion of numerous filamentous
processes by cells 3s they arrive from the epiblast‘
and continue with on~oing innut of cells, merqging

of cells into cell clusters and cell flattening.
Proliferation of ingressing cells vwrovides additional

-

cells for hypoblast development.

Shimoni”
Mitraniyand Eyval-ciladi (1983) studied the

nature of the influcnce of the hyvoblast on the
early chick embryo epiblast. The chick blastoderm

at stage XIII when deprived of the marginal zone, the

area onaca and the posterior half of the hypoblast,
and incubated further, develoned axes whose
orientatinn in 50% of the cases, was according to the
original blastoderms orisntation, whereas in the
other 50% cases, the embryonic axis develnped at 90°
to the posterior side. These results 1illustrate tbe
quantitative differences in inductivity between the
anterior and the nosterior halves of the hy»noblast,
The posterior reqgion has the greatest effect but
other reglions can 3185 bring about the develonment

of an embryonic axis 1f allowed to act upon the
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eniblast for a sufficiently long time.

Mitrani and Eyal-Giladi (1984) studied the
differentiation of dissociated 2nd reconstituted chick
eniblast under the influence of a normal hy»oblast.
Cell suswensions of chick eviblast cells cultured
unier defined conditicons form a flat disk which
differantiates and 7jenerates axial embryonic
structures, when covered with a wrimary hyooblast.

?

Macroscopnically ildentifiable axes develowed in 25
e

t2~EE~EE§?S' In all cases axes develowed in 2
direction consistent with the »ostero-anterior
polarity of the ncormal hywpeblast. Almost invariably,
the epiblast cells differentiate into ectoderm,
neural »late or tubes and endoderm. In some cases
typical primitive streaks were foﬁnd sometimes .
accompanied by signs of axial mesoderm, in other
casaes the primitive streak seemed to regress. In the
absence of a hypoblast no differentiation of neural

tissue or any signs of axial development were

observed.,

Similarly, Mitrani (1984) studied the mitosis
in the formatlion and function of the primary hypoblast
of the chick. A normal staje XIII hyooblast 1s=
submitted to an X-ray dose of 6000 rad (sufficient

to stom cell division), a»-ears to retain 1its
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capacity tc induce axis formation in’'the epiblast.
Examination of the process »f hypoblast formation
indicates an agreement with »revious findings, that
a hypoblastic layer can form in the absence of

cell divisinn and a»parently can induce ths=
development of an.embryonic axis when combined with

a normal stage XIII epiblast.

Azar and Eyal-Giladi (1983) obsérved that
the retentinn of primary hypoblastic cells
underneath the developing primitive streak allows
for their prolonged inductive influence. An °
experimental study was made of the distributinn of
the primary hypoblastic cz2lls in the lower layer
of the avian blastcderm throughout primitive streak
formation and until stage 10 (Hamburger and
Hamilton, 1951). The primary hypoblast »f stage XIII
(Eyal-Giladi and Knchav, 1976) chick blastoderm
was exchange for either an [ H%] thymidine-~labelled
similar chick hypablast)or a quail primary
hypoblast. During the entire perind of primitive
streak formation, the lower prcved to be a mnsaic
of labelled hypoblastic and non-labelled entodermal
cells (Chick cells of ewiblastic origin). The
persistence of hypﬁbléstic cells underneath the
davelceping primitive streak is regarded as a
possible way to prolong the inductive influence of

the hypeoblast upon the forming streak.
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2.4. Embryonic endoderm

@allera and Nicolet (1969) while working on
the inducing capacity of the primitive streak
observed that the inducing capacity 1s present not
only in the anterinor third but alsc in the middle
third of the medium ~ primitive streak. Their
experiments with autoradliographic technicques revealed
that the antgripr third of the streak more often
gave rise to axial and para-axial mesodérm ﬁhan”its
middle third. However, regardless of the origin of
the graft, if the graft contributed exclusively to
endoderm formatilon either a primitive streak or
neural structures were formed, whereas only neural
structures were, induced if marked graft cells were
found both in the endoderm and the mesoderm, Since
isolated »nieces of the endodermal layer of the
medium to long streak blastoderm do not show any
inductive effect on host ectoderm, the authors
concluded that the neural or streak inductive
capacity of the embryonic endoderm is retained only
during invagination, and that the secondary neural
structures observed in the former case muct have
been formed by iﬁductive influence emanatingy
directly from the prospective embryonic endoderm

in the graft.
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The authors f=el that inductinn nccurs
“nssihly in two ste-~s. First, the graftad streak
induces the formation of a secondary streak, as 2
result of which naw endo-mesndermal cells of host
orijyin invarinate (in scme eases intermingled with
graft cells); and subsegquently the invaginated host

mesoderm induces neural structure,

The autoradiogranhic study of Nicolet (1970),
using [“%{] thymidine as a marker, revealed the
changes in prosvective significance of Hensen's
node and other parts of the primitive streak during
the short streak to head »rocess stages. He
discovered that the anterinr end of the streak of
the short streak blastoderm consists almost
egclusively of »rosvective endcdermal cells. As the
stage adv3inces the percentage of nrospective
endodermal cells decreases while conversely that of
the prosoective mesodermal cells increases. At the
definitive primitive streak stage, Hansen's node
contains prospective cells for endoderm (60%),
mesoderm (35%) and ectoderm (5%). The medodermal
component c¢f the odrimitive streak at this stage
comd>rises (roughly from front to back) prospective
cells for prechordal plate, notochord, head
mesenchyme, somite, heart, lateral pilate, and extra-

embryonic mesoderm. At the head process stage, the
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anterisr streak (exclusive of the node) contains
prospective somitz cells and the more posterior

streak prospective lateral plate -cells.

Similarly, based on cinematogravhic study in
combination with carbon marking Vakaet (1970)
visualised the dynamics of the centrifugal sv»reading
of the ambryonic endoderm (tertiary hy»oblast) with
Henszn's node at its centre during the latter half
of the »rimitive streak formation, and sunrorted the

\
idea of the eviblastic origin of the embryonic
endoderm. It also show=d that the initial layer
(the »rimary hypoblast) is pushed forward by the
secondary hyoblast r'spreading from 'Koller's Sickle!
and subsequently by the centrifugally e=x»anding
embfyonic endoderm (the tertiary hy»ooblast), until it
finally comes t~ lie in the extra-embryonic germinal
cresent area. It was observed that the soreading of
the embryecnic endoderm with Hensen's node as its

centre starts at the medium streak stage, when

groove formation in the streak hegins.

Rosenquist (1972) studied endoderm movements
in the chick embryr between the early short streak
and head process stages. Endoderm movements in the
chick embryo between the early short streak and head
nrocess stages were studled by tracing the migration

of tritiated thymidine-labeled grafts excised from
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exnlanted donor embryos and transmnlanted to
identical =»ositions in explanted recinlent embryos

of the same stage.

During the primitive streak stages, the
endoderm layer~ migrates in an orderly fashion away
from a centre of the primitive streak which is
located about o2ne fourth to one third of :ithe
distance from its anterior to its »posterior end;
all endoderm grafts pl@ced anteri~r, lateral or
vosterior to this centre migrated resoectively
anteriorly, laterally and »osteriorly toward the
outer margin of the area pellucida. During this
migration, the grafts became narrowed and strefched
ocut to conform with the roundéd circumference of the
area pellucida, Endoderm cells located in the
endoderm - centre itself never combletely left the
streak, but spread out in all directilions until they

occupied a central circular area destined to form

the gut.

Veini and Hara (1975) using the intracoelomit.
technique, demonstrated changes in the differentiation
tendencies of the hypoblast -~ free Hensen's node
during the stages from medium streak to head fold.
‘Endodermal differentiation tendencies (varipus gut
and gland structures) gradually decreased from the

medium streak to the »re-head »Hrocess stajye and
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eomplately disadneared at the head process stage,
whereas contrnls (hydoblast not removed) gave rise t»
endcdermal structures throughout all stages. There
was a constant high incidence of ncotochord,muscle and
cartilage fnrmation. The incidence of mesnnevhric
strudtures, sometimes accompanied by adrenal gl@dnd,
rose steadily throughout all stages both in
exnerimental and controls. Neural differentiation
tendencies (rhombence»haloan and/or spinal cord) were
always »Hresent in the nodss isolated, with or
with>ut hyooblast, from the definitive »rimitive
streak stage onwards, but in nodes from earlier
stages the incldence of neural differesntiatinn was

significantly lower.

England and Wakely (1977) usingy SEM followed
the develooment ~f the mesnderm layer in chick
embryos from stage 3 to stage 5. It was revealed
that the secretion of basement membrane by the

“ectoderm pﬁg;eeded the arrival of meso->dermal cells,
Ectodermal cells alone can synthesize basement

membrane without mescdermal contribution.

England and Wakely (1978) investigated by
SEM that a new endoderm was formed in situ. The area
of regenerated endoderm coincides with the mesoderm
area at the time of =ndcderm removal, confirming

the mesodermal origin ~f the new layer. Remnants of



34

the originil endnderm 2id n»t contribute to the
redgenerated layer and contact inhibitinn was
observed at the hounilary between original ind

reqdenerated endoderm.

Solursh and Revel (1978) showed by SEM that
eniblast cells become »Hrojressively =longated in the
brimitive streak rezion until flask cells »redominate
medially. The flask cells have'a brecad hasal end
Jdirected toward the endoderm. In aldition to fine
filo»>odia, broad lamellijndia are found anch»oring
the flask cells to subjacent cells. The >rimary
mesenchyme cells are at first round in shape and
closely packed, but laterally are flattened and more
dispersed. The mesenchyme cells are associatz=d with
each ocher by filoondia 2and lamellirodia and with
the 27 niblast 3and endoderm by filovodia. It ds
suggésted that cell movement through the Drimitive
streak o¢curs by cell extension, attachment by
basal lamelli>odia and cell shortening that results

in the movement of individual cells in a cell stream.

€tern and Ireland (1981) conducted an
integrated experimental study of endaxderm formationn
in avian embryo by microsurgery, time lavse filming,
use of chick~ quails chimeras, tritiated thymidine
autoradioqgrarhy and a novel technique for identifying

the morohology of the cells after small pieces of



390

tissue from known areas have been maintained in the
culture for 24 hours. These techniques confirmed
that the ventral layer of the early chick embryo
receives contributions from both marginal and the

central region of the area pellucida.

Vanroelen, Verplanken and Vakaet (1982)
studied the effects of partial hypoblast removal on
the cell morphnlogy of the epiblast in the chick
blastoderm. The experiment was performed at the
early brimitive streak stage chick blastoderm where
the hypoblast was partially removed. This orovokes
A reaction in the epiblast which curls up and
becomes even at its ventral surface. The basal
lamina underlying the epiblast is also dep=ndent
upon the presence of hypoblast. During culture
after partial hypoblast removal, active hypoblast
wound healing is observed. Whzare the hypoblast
underlines the epiblast zagain, the. effects of the
removal disappear andinormal development proceeds.
The results suggests that the normal epiblast
morphology 1s dependent upon the presence of
hypoblast. This influence of hvpoblast on epiblast
is thought to be concerned with the morphology of
the espiblast and not dir=sctly with its

morphogenesis.
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Ishiziya - Oka - atsuko (1983) investigated:
the self-differentiation potency of* :the endoderm
5f the chick embryo mainly by TEM. The
self—differentiation votancies of the upper and
lower layers of blastoderm of Hamburger and Hamilton
(H & H) stage 1-5 were investigated. Both stomach
type 2and small intzstinal type epithelial cells
developad only whan fragments of the lower layer
ware isolated from the blastoderms. When embryos
slder than staage 3 w=2re cultured thes results
suggest that cells possesing the pot=ancy to
differantiate into the stomach and small intestine
type epitheslia =xist in the'.definitive endoderm at

the beginning of its formation.

While inducing a new orimitive streak, the
invaginated cells mix with those of the grafted
material and make the recognition of the fate of the
graft impossible. In oxder to overcome this
difficulty, grafts labelled with thymidine - 3H were
employed (Gallera and Nicolet, 1969). The
autoradiographic analysis provided results falling
into twn distinct groups. In the first, the graft
material gave rise tc embryonie endoblast, axial
and para-axial mesoblast, and it induced 2 neural
structure in the host ecéoblast. In the second group,

labell=d cells were found only in the embryonic
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endoblast, and induction of either a neural structure
of 2 n2w primitive streak was observed in the host
ectoblast. It seems necassary to indicate that the
induced brain structure, in its own turn, may
influence the inviginated =smbryonic endoblast s»

that it differentiates into a typical fore-gut. The
results suggest that the presumptive embryonic
endoblast cells exercise a neural inductive influence
while they are still in the streak. This suggestion
is more relevant when one considers the fact that a
major portion of cells in Hensen's node or in a
corresponding regicn between stags 2 to 4 are
presumptive embryonic endoblast cells (Ndcolet, 1970).
The first stimulus for the neural induction, then
would originate in the presumptive embryenic
eﬁdgblast and it is reinforced later by the inductive
stimulus from the chorda mes~oblast. In any event,
Gallera and Nicolet (1969) felt that once invaginated
the embryonic endoblast cells loss their inducing

capacity.

Grunz and Tacke (1986) studied the inducing

capacity of the wmegetal hemisphere nf early
<

amphibian blastulae by placing a nuclear pore fitter
(pore size 0.4 uym) between isolated presumptive

endoderm and animal (ectodermal) caps. The inducing

as
///effect was known to traverse the nucleonpore

R
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:~membranc. The reacting ectoderm dlfferentiated intr.
mainlv ventral meSOdermal Jarivatives. Exolantq
cmnsistlng of five animal caos also fnrmeﬂ dorsal
mesodermal and neural strudtu;es- Those results
togather with data pﬁblished elsewhere indicate
that in addition to a vegetaliziné factor, different
mesodermal factors must be fukcn 1nto considccatiwn
for the inductisn f': thmr the Vantrﬂl or thg.5- :
dorsal mesodprmal derlvatives. The'nauxal structhfés
are thought to:be induced by the primarily induced

‘dorsal mesoaérmal tissues Electron microseonic {TEM)
éxaminatiﬁn aia nofipeveal any cell processes inA
‘the pores of the filter}_*he resultq indicate. that

' he™
///(/;;ctors rather tham signals Vla-cytOplasmiC'or gap

Junctlons are reSDOn51bl= for the mesodermal
1nductlon of ectodermal cells. The data support

the view that mesoderm is determined by the trarnsfer
of ipducing factors from vegetalk blastcmerﬁé cells

of the marginal zone (presumptive mescdermal cells).

2.5 Changes in the induced ectoderm

England (1974) as a result of her stﬁ&y“of
1CYtapla$mic:chamges in primary neural imdnétidn,
sugaested that the primary neural induction in the
chick embry» was associzted with cellular

“eommunication Petween ectodzrm and mesoderm cells..
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Furthermnre, the cytcplasmic changes in the mes>derm
emohasize tha close interacti»n between ectnderm and

mesoderm during inducti-n.

Rasilg and Laiknla (1976) studied the neural
inducti»n by orevi-usly induced 2viblast in avian
embry» in vitro and sh-we:l that wieces of »revinusly
neurally induced and c-moetent =2»3iblast resnectively
of chick and Quail »rimitive streak blastolerms
ware cultured in close contact with each other for
48 h~urs. In several cases, both »izces Jdifferentiated
in ths n=ural directinn, indicating the »ccurrencs ~»f
a h-mziogen=stic inducti-n. fhere was considerable
mixing of cells of different origin, esnecially in
the undifferentiated controsls. In general, the
dorsoventral orientation of the »revicusly induced
eriblast was retained, but the ~rientation of‘the
compatent eniblast cells was more flexible andrcould

be influenced by the neighbouring neuralised cells.

Toivonen and Warti~vagra (1976) studied the
mechanism of cells interaction during »rimary embrycnic
induction by transfilter ex»eriments. The Transmissinn
mechanisms ovnerative at different stages of
neuralisation during peimary embryonic induction of

the newtTriturus vulgiris were studied in

experiments emmloying nucleospore filters placed
’—_”_——\—q

between interactive tissue explants. The transmission
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time of the neuralising effect was determined with
0.2 mm nucleopere filter. In another series of
experiments the transformation of neuralised
ectoderm by aréhenterﬁn roof mesoderm into other
~arts of the CNS was studied. Although sufficiently
1long induction times w1is used no transformation into
nindbrain structures could be induced across filters
#ith pore sizes from 0.1 um to 1.0 pm. However,
slectron microscope demcnstrated cytodlasmic
cenetration into> 0.6 pm filters at 15 hours of
induction. The result speaks against free long range
diffusion of inductive material at the stage of
transformation of the nsuralised actoderm t» more
caudal parts of CSN and warrant 131 more detailed
structural study of the transmission phenomencn in'

Juestion.

England and Cow>er (1976) studied o>rimary
neural induction using transmissi~n and scanning
electron microsconoy. A single mesoderm cell is
usually in contact with szaveral ectoderm cells. The
nesoderm cells are alsn contacting other mesodermal
cells., It 1s suggested that ectodermal cells are
induced in groums and that induction is synchronised
by these contacts. At the noints of contact betwe=zn

nesoderm and ectolerm cells cytonlasmic changes are

present in the induced tissue.
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It has been often sugyested that changes in
the relative adhesivenass »f cells may »lay an
imonrtant r»le in embryonic lifferentiation
(e.g. Trwnes and Holtfreter, 1955; Curtis, 1967
Ede an? Agarbak, 1968 Steinbe=rqg, 1970- J~hns»n,
1970) . There are however curiously few attemots tn
investigite whether or no>t changes in adhesiveness
take place in the cells of a »articular tissue as
it differentiates. Several auth»ors have »rnoyossed
that changes 2f this ty»oe are a major f2actor in the
semmentation of somites (Waidington, 1956; Zeeman,
1971) anl alsn durinqg the formati-n of the neural
nlate (Brown, Hamburger and Sehmilt 1941). Bellairs,
Curtis and Sanders (1978) studied cell adhesiveness
and embryonic differentiation. The investigati on was
to Jdecide whether cell tn cell adhesiveness took
nlace Zuring embry»onic differentiati-n. The t=chniocue
of Curtis (1969) was used to measure the adhesive
behaviocur of several tyoles of ectolermal,neural and
mesodermal cells of the chick embryc at stages 7
and 12 of differentiation. Cells dissected from
segm=ntad mes~derm were found to be mcre adh=zsive
than cells from unsegmented mesnderm. C=211s from
bnoth ectoderm and neural tissue became more
adhesive between stages 7 and 12. It is concluded
that 3an increase in adhesiveness may »lavy a rcole

in somite segmentation but not neural tube formation.
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’

Bellairs, Sanders and Phrtch (1978) carried
out in vitrn studies ~n the davelo ment of n=ural
and ectodermal cells from young chick embryos. A
brief account is given of mornhnl-gical and fire
stPuctural changes in thas2 tissues at Hamburger and
Hamilton stages 4, 7 and 12. The behavioural
differences have besn studied by taking nesural and
ectedermal tissues from the sams thrae stages of
embryos and growing them in vitro. They were exnlanted
egither as sheets or as semi-dissociated czlls and
were grown as hanging érops on cellagen coatad glass
or as sitting Jdrops on »nlastic. The behaviosur of the
cells was studied by time - lavse cinematogranhy. It
was found that the prodortion of cells that settled
on the substrate was higher with the ectodarmal than
with the neural explants. During the >rocess of
settling on the substrate they underwent vigorcus
blebbing. When they were well attached they became |
s»indle - shaved in avpearance. Finally, if they made
contact with other cells they usually soread out on
the substrate and lost their spindle - shaw»ed
appearance; It was found that these cells Dossessed
many ~f the characteristics which are tywoical of
other types ~f epithelial cells in vitro, though
they 2lso exhibited certain characteristics of

their own. The neural cells from the stage 12
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embryos differed from those of the other tissues in
that they seldom form a sheast but remained
fibroblast-like in 2»1earance. They had difficulty
in making firm adhesimns t» other cells and tended
t-> migrate over or under nne 2nnther with few signs
of contact inhibition of locomotinn. The relevance
of these results is discussen in r=lation to their
behavirur and morohology in their neormal

environment in the embryo.

2.6 The chemical nature »f inductors

Work on the chemical basis ~f inductinn has
been reviawed by Toivonen (1967), Teilemann (1967 a,b)
and Yamada (1967). Formerly, it was assumel that a
single chemical was involved in inluction but this

now appeirs unlikely, for different results are

brought ab~ut by different types of chemical inductnr.

An~tvwer current idea is that some common2nt
P Nap _
of yolk may not act 1s an inducing agent, at least
in amphibia (Flickin~wer, 1961; Brachet, 1967;
Yamada, 1967). This concept is based larqely on the

finding of nucleic acids in ynlk.

Exneriments by Sherbet (1963) and Sherbet
~“and Mulharkar (1963, 1965) remin%é us that follicle
stimulating hormone is capable of calling forth
inductive capacity in chick blasteoderms. Earlier

Abercrombie (1937) demonstrated, that the chick
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resemblas the amvhibian =mbryo in reso>~nding to a

wide variety of inductive agents.

Nicolet (1965 b) who treated y»ung chick
embryo in vitro with lithium chloride concluded that
the main affects ware brought by changes affecting

the mnrohogenetic mnovements and the mitotic rhythm.

accordiny to Shempet . and Mulherkar (1965)
isnlat=3 fragments taken from the pDostarinsr nart of
the »rimitive streak when treated with FSH acquire

a certain ca»nacity tn induce neural structures.

Lakshmi (1962) found that under the
influence of increasing doses of chlnroacetooshenone,
Hensen's nnde progressivaly loses 1ts inducing

capacity.

Diwan (1966) observed that a similar effect
is 2xercis=d by coclchicine which however does not
affect the neural competence of the host ectoblast.
Inhibition »f the inducing canacity of these drugs
is probably due to a blockage of - SH (- thiol)
groums »n sulphyldryl protesins (Lakshmi, 1962;
Diwan, 1966) which »lay an important role in the

»rimary induction (Brachet, 1960, 1964).

Lakshmi (1962) 2nd Diwan (1966) could show
that the acti-n of th=2se inhibitors coulil be

raversed by the additinn »f cysteine to the culture



medium at an apohronriate moment. They @also remarked
that an inhibition of the graft differentiati-n 1s
not the factnr res»nnnsiblzs for the loss »f its

inducing canacity.

According to Wahe2d and Mulharkar (1967),
isclated fragmants taken from the vosterior part of
the »rimitive streak, when treated with cysteine,

acquire a certain cavjacity t» induce nesural structures.

Gallera (1970) incubated chick blastoderm in
nhysinlogical saline solution containing actinomycin D.
He found that although the develo>ment of the
host axis was delayed the reacting tissue was still
able to resp-nd (by »rnducing a neural vlate) if the
Hensen's node from a normal, untreated donor embryo

was grafted into it.

Zagris and Eyal-Giladi (1982) studied the
effect ¢f 5 - bromodexyuridine (Bud-R) inhibition
of the eniblast competence for »Hrimitive streak
formation in chick blastnderm stage XIII. Bud-R
treated eniblast form a typical orimitive streak
and no axial mes»o>derm. A non-organised mesenchymal
layer is formed between the evniblast and the
hyonblast and a tyo>ical neural tissue in the epiblast.
Bud~R interferes netther with hy»nblast formation
nor with its inductivity even when blastoderms are

treated as early as uterine Stage VIII and later.



Penner and Brick (1984) studied the effect
~f acetylcholinssterase on pnlyingressi~n in the
epiblast of the »rimitive streak chick embryo.
Cholinesterase histochemistry SEM were nerformed
on whnle chick blastoderms, sta~e 4, Hamburger-
Hamilteon, to study the rzlatiosonshin between
acetylcholinesterase (ACHE) and cell movemant in the

epiblast.

Grunz (1985) studied j# inf-rmation transfer
during embryonic inductioﬁ in amohibians. Neural
inductinn and differentiatinn has been studied using
Concanavalin A, Cylic AMP, tunicamycin and calcium
innophone A 23187. Comnetent ectonderm of Xenoodus
leavis treated with Concanavalin A differentizates
intn neural (archenczphalic) structures. Binding
studies with g-ld-labellsd Con A indicate that the
superficial ectodermal layer contains fewer Con a

- sensitive sites ( ~ D-mannoside and - - T
® - D-jlucnside residues of 7jlyco~roteins) than the
inner ectodermal layer. The small number »f Con-A
sensitive_sites can be cnrrelated with the fact
that the isolated superficial ectcderm layer, in
contrast to the inner layer does not differentiate
into neural structures. The gold Con-A »articles
bound to inner ectoderm are quickly (within

30 minutes) internalized presumably by
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recentor-mediated endncytosis. However, endncytosis
is not a »re-rerquisita for neural inducticn. On the
cnntrary, Con A aooarently must bz bounl to the
nlasma membrane for a certain perinsd to initiate
naural inducti-n. The rapid internalization of Con A
could explain why neural inducticons are evoked only

if ectoderm is incubated in Con A containing medium

for longer than 30 minutes.

On the other hand cyclic AMP ‘or calcium
ionophone A 23187 dces not elicit neural inducticons.
Calcium ionophone A 23187 a»nparcently inhibits neural
End mesodermal differentiation. These effects could
be correlated with an increase nf intracellular
calcium level »f the ectodermal target cells, which
cnuld influence the merm=ability of ga» junctions
resulting in a loss of cell communicatinn followed

by a change of differentiati-n and »attern formation.

Dunrat, ¥Xan, Sualandris, Foulquier, Marty
(1935) »bserved that during neural induction
embryonic determinaticn elicits full expression of
soecific neuronal traits. In Pleurodeles waltl: the
early nauronal differentiati~n »f precursor celis
from late gastrula stage has been studied by culture
in vitro from either isolated neural plate (NP) or

isolated neural fold (NF). The aim of this study
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was to lelineate the informati-n acquired by
ectodermal tarAdet cells during neural inductinon. By
culturing these cells in vitro =2ither with or without
the underlying chordamesoderm, they showdd that in
the absence of chordamesodermal influence such

NP or NF cells exhibited a high deqree of biochemical
and morphological differentiation as revealed by the
synthesis and the storaje of neurcotransmitters, the
activity of specific enzymes, as well as by th=
exoression of neuronal markers; specific changes in
cell surface carbohyjrates, tetanus toxin binding
sites and neurnfilament Hnlywentides. Remarkable
chanjes in the cell adhesive »Hroderties were the
first events observed in the different central (NP)

and petipheral (NF) ty»es.

In cocultures the chordames->dermal cells
eXert a beneficial influence on this differentiation,
svecially increasing acetylcholine synthesis. There
are some differences betw=sen central (NP) or
perivharal (NF) neurnblast resvonse to this further

not-chord or mesodermal influence.



Chapter 3
MATERIAL AND METHODS
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MATZRIAL AND MTTHODE

3.1 Tncukation: of eqgs and steri'ization measures

Mixed breed (whita and red leghortn)
hatchable hens' eqgs mere obtained from the
All-weather Government Poultry farm at Nayabungalow
near Shillong. They were stored below 14°C ana
incubated in forced air drift type NSW incubator
for a desired period at 37.5°C (+1°C) and 60% - 70%
humidity. The oprration table was sterilised with
70% ethanol before starting the operations. The
sterilized solutions, Corning glasswares and steel
instruments were exnosed to a UV germicidal lamp
as an additional sterilizing measure before
starting each opesration. The operations were
carried out near a table lamp fitted with a 60 watt
bulb so that a temperature of around 30°C (tloc)

was achieved around the lamp on the operation table.

3.2 Preparation of solutions and agar bases

For solutions BDH (Analar grade) and E Merck
(GR grade) chemicals were used. The following three

solutions were used for operation work.

1. Normal Locke Solution

Nacl M/6.2 - 94.5 ml
Kel M/6.2 - 3.5 ml
CaCl, 4/9.3 - 2,0 ml
Glucose - 0.2 g
. NaHCo, - 0.02g(for buffering

to maintain pH + 7.4)
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2) Ca - Free Locke Solution
Nacl M/6.2 - 96.4 ml
Kel M/6.2 - 3.6 ml

Glucose - 0.20 g
(non-buffered + 6,0)

3) Normal Saline - 0.9%

The solutions were boiled and after

boiling NaHCO., was added to normal Locke Solution

3
to maintain pH + 7.4 and the containers were
covered with aluminium foils to keep them in

sterilized condition.

2% solutions of agar in normal saline was
sterilized in a pressure cooker for 10 minutes and
poured into Petridishes. When cooled and set, the
agar wvas cut into rectangular pieces and stored in
normal saline in the refrigerator.When renuired,
the desired number of pieces were melted and poured
into flame sterilised watch glasses and allowed to
set for 24 hours.

3.3 Separation of germ layers of the donor embry)s

The germ layers of the donor blastoderms
were separated and grafts were prepared on the agar
bases in the watch glasses using tungsten needles
(Tindall, 1960) and und=ar a Leitz Stereoscopic

Binocular Microscope with reflected beam of light

in a dark field (Figs. 3.3a and 3.3b). The



Fig.

3.3b

Diagramatic section through the
operation dish. The main light

beam is indicated by arrows.

Separation of the Endomesodermal
layer from the ectoderm. The
figure shows a sagittal section
at the level of primitive

streak.
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instruments were sterilised after each use by

passing them through "70% ethanol, boiling water and

cold sterile water.

3.4 Technique for culturing the_grafts_in the host

embryos

The grafts were cultured according to New's

technique as described below :

In the method of New (1955) the explanted
ectoderm is placed face downwards on a piece of
vitelline membrane stretched across a glass ring
in a watch glass. The watch glasses were placed in
Petridishes on a Wad of cotton wool soéked in
sterile water to maintain humidity (Figs. 3.4a,

3.4b, 3.4c and 3.44).

3.5 Preparation and implantation of grafts

The graft pieces A, B, C and D were isolated
from the primitive streak region of the chick
embryos at Hamburger and Hamilton (1951) stages 3,

4, 5 and 6.

Three types of grafts were prepared and
implanted :

(1) Graft pieces with all the germ layers intact
at stages 3,4, 5 arnd 6. They have been
designated as EcMEn grafts,

(2) Graft pieces at stages 3, 4 and 5 without

endoderm designated as EcM grafts,
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(3) Graft pieces at stages 3, 4 and 5 without

endéderm as well as mesoderm designiated as Ec grafts.

The separation of germ layers and isolation
of grafts were carried out with tungsten needles in
catt free Locka's solution in dark field background.
The grafts were implanted below the ectoderm of the
host embryo nearing stage 4 in the antero-lateral
margin of the area pellucida as shown.in .Fig.3.5a
and 3.5b . The host blastoderm with implants were

incubated for a maximum of 24 hours.

3.6 Analysis of induction

After 24 hours of incubation the host
embryos (with the grafts) were fixed in Bouin's
fluid. The induced structures were examined
morphologically and then histologically.For
morphological analysis the embryos were stained
with borax carmine. For histological analysis the
embryos were passed through graded series of ethanol
and butanol, embedded in paraffin wax, sectioned at

'8‘pm and stailned by thes Azan methcd.

Histological structures differentiated
under the inductive influence were neural tube,
neural plate, notochord and somite. Based on ‘the

presence, absence and extent of differentiation of

v



Fig. 3.4a Explanting the chick blastoderm
for culturing on vitelline

membrane.

Fig. 3.4b Contents of watch glass after

removal from dish saline.
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Fig.

3.4d

Completed preparation. Contents
of watch glass housed in a

covered petri dish Side view.

Completed preparation from above.

Dorsal view.
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Fig.

3.5a

Operation on Host Embryo : G
indicates site of implantation.
Letters A, B, C and D indicate
the parts of the primitive
streak from where grafts were
isolated from donor embryos

stage 3 and stage 4.
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Operation on Host Embryo : G
indicates site of implantation.
Letters A, B, C and D indicate
the parts of the primitive
streak from where grafts were
isolated from donor embryas

stage 5 and stage 6.
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neural tube, neural plate, notochord and somite, a
quantitative analysis of inductinn was made.
Accovrding to this, the differentiztion of 'comp}ete'
embryonic axis is indicated by the presence of
neural tube or neural plate, notochord and somites
and embryonic is tzrmed 'incomvlete' if neural
nlate and either somites or notochord 1is induced.
The third category is when the neural plate is the

only Aaxial structure formed.

3.7 Analysis of histological changes in the

neurec¢toderm induced by the grafts of Hensen's

node at different time intervals

Two types of grafts were prepared fof each
cf stage- 4, 5 and 6.

1.Grafts of Hensen's node with all the germ
layers., The grafts have been designated as
4 EcMEn, 5 EcMEn and 6 EcMEn with the
numbers indicating the stage of the donor
embryo.

2.Grafts of Hensen's node without endcderm
designated as 4 EcM, 5 EcM and 6 EcM with
the numbers indicating the stage of the

donor embryo as above.
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The grafts were implanted below the
ectoderm (Fig. 3.7a) at the border of the area
pel ucida almost at the level of the Hensen's node
of the host eﬁbrvo nearing Hamburger and Hamilton
(1951) stage 4 and the cultures were placed back in
the incubator. The cultures having gfafts 4 EcMEn,
5 EcMEn, 4 BEcM and 5 EcM were taken out at time
intervals of every 5 minutes upto 30 minutes and
those having grafts 6 EcMER and 6 EcM at 50 minutes,
2 hours and 2 hours 30 minutes as neural induction
was not observed in pilot experiments before
50 minutes. Histological analysis has been carried

out in semithin plastic sections.

i

The host embryos were fixed in ice cold 2.5%
glutaraldehyde in 0.1M sodium Cacodylate 1 hour to
4 hours. They were washed three times in 0.1M

sodium ¢€acodylate containing 0.333 g cCacCl, for

2
1 hour 30 minutes. They were post-fixed with 1%
osmium tetroxide in phosphate buffer and washed
twice in the same buffer, They wére dehydrated in
graded ethanol followed by two changes of propylene
oxide, embedded in epoxy resins, sectioned at a

thickness of 1 pm with ultramicrotoms, model LKB

2088 and stained with toluidene blue.

Some experimental embryos were fixed in Bouin's
fluid, embedded in paraffin, sectioned at 10 Jam and

stained by the Azan method.



Implantation of the grafts of
Henson's node at different time
intervals from donor embryos
stage 4, stage 3 and stage 6.

G indicates site of implantation.
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The sections were studied under the Olympus
Research Microscove. The presence of different types
of cells were noted and their dimensions, length (L),
width (W) and nuclear diameter (ND) were measured
with a graduated ocﬁlar micrometer. Presence or
absenc= of neuroid resoonse in the host ectoderm was
recorded and indicated by a positive (+) or a

negative sign (-) respectively.

3.8 Analysis of histological changes in_the normal

neurectod=arm

Embryos at Hamburger 'and Hamilton (1951)
=tages 3, 4 b5 and 6 were excised from incubated
eggs 1in a bowl of Tyrode solution and the vitelline
membrane was sevarated. The excised embrvos were
then transferred to a Petridish, fixed and processed
for embedding in plastic as described in section 3.7.
They were then sectioned in the normal neural plate
region (Fig. 3.8a, 3.8b) at a thickness of 0.5 or
1 P in the LKB 2088 ultramicrotome and stained with

toluidene blue for histological analysis.

The sections were studied under the Olympus
Research Microscovne. The presence of different
types of cells was noted and their length (L)

width (W) and nuclear diamster (ND) were recorded.

1



Fig.

3.8a

Embryos at stage 3 and stage 4.
The 1linmes a and b indicate the

plane of sections.



Stage-4

T

FIG.3-8a



Embryos at stage 5 and stage 6.
The lines c, d and e indicate the

plane of sectiors.



Stage-6
FIG. 3:-8b
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3.9 Analysis of the ultra-structural changes in

the normal nournactroderm

(A) S8Snlutinns for Trancmissicmn Electron Micronsoone:

(1) Tyrode Saline

NACL - 8,00 4 (M/6.2)

KCL - 0.20 g (M/6.2)

cacCL, - 2.00 g (M/9.3)
MgCl,.6H,0 =~ 0.10 g

NaH, PO, . 2H,0- 0.05 g

NaHCO 4 - 1.00 g (for buffering

to maintain ~H + 7.4)

Glucose - 1.00 g
Distilled -

Water to

make 1000 ml

(2) Fixatives
{a) Glutaraldehyde 2.5% in 0.1 M Sodium
Cacodylate buffer.
(b) Osmium tatroxide 1% in 0.1 M buffer

s->lution.
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(3) Pre~aratinn of buffers
(1) Sodium Cacndylate 0.1 M+ 0.33 g. CaCl2
(b) SoAdium oshosmhate 0.2 M buffer soluticn.
S»luti~n A : Monnhasic sodium phnsphate
NaHZPO4 - 27.80 g
Distilled watzr - 1000 ml

Solution B : Dibasic sodium phosb>hate

Na,HPO . 7H,0 - 53.65 g
or
Na,HPO,. 12H,0 - 71.70 g

Distilled water - 1000 ml

The desired pH was obtained by mixing the
two soilutions in the ratio of 19 ml of Solution A
and 81 ml of Solution B and diluting it to a total

volume of 200 ml.

(4) Stains
(a) Aqueous uranyl acetate 2% ,
(b) Lead Citrate :
Lead Citrate - 0.003 ¢
Distilled Water - 1 ml

10 W NaOH - 10 pl

The in~redients are mix=ad in a small test
tube with the help of a ¢cycleo mixer for 10
minutes and then this snlutinn was centrifuged for
2 minutgs at 1000 rpm. The supernitant 1s taken for

staining.
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(5) Embedding Medium

The Dowex epoxy resin was prepared with the

following recipe :--

DER 332 - 7.0 ml
Resin
DER 732 =~ 3,0 ml )
DDSA - 5.0 ml -~ Hardhner
DMP - 0.3 ml - Accelerator

The ingrediants are mixed slowly but

thoroughly with 2 cyclo mixer (Remi).

(B) Removal of embryo

The eggs were incubated at 37.5°C (+1°C)
to get embryos at stages 4, 5 and 6. The =mbryos
wzare removed in ice cold Tyrode solution in
Petridishes, the vitelline membrane was separated
and the desired portion of the embryo was cut out.
The fixation, post fixation, washing and dehydration
was also done in ice cold condition. Finally,
dehydration in 100% ethyl alcohol and clearing was
done at room temperature (18°c - 20°C). we
obtain?d good results even if the processing

of dehydration and clearing was done at room

temperature after post-fixation and washing.

Fixation : The material was fixed in ice cold 2.5%

glutaradehyde in 0.1 M sodium cacodylate (pH + 7.4)



for 1 hour to 4 hours.

Washing : The material was washed in 0.1M sodium
cacodvlate buffer thrze times for 1 hour 30 minutes -

with three changes.

Post fixation : After washing thes material was post
fixed in 1% osmium tetroxide in ohosphate buffer for
1 hour a3nd washed in phosphate buffer with two

changes of 15 minutes each.

Dehydration : After post fixation, the material was
dehydrated with ethanol grades 30%, 50%, 60%, 70% ,
80%, 90% and 100% for 15 minutes at each step. At
absolute ethanol stage, the alcohol was chang=d

two times.

Clearing : The dehydrated material was cleared in

following mixture for about 10 minutes in each

step.
Absolute ethanol : Propylens Oxide
3 parts . 1 part
2 parts : 1 part
1 part ¢ 3 parts

Pure provylzne oxide (two changes)
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Embedding : The material was passed through
followiag mixtures for embedding in the Dowex 290Xy

resin

Propylene Oxide : Resin

3 parts : 1 »art (15 mins.)
2 warts : 2 warts (30 mins.)
1 »art : 3 vmarts (60 mins.)

Pure Embedding medium (2 hrs.)

The material was ke»t in pure embedding
medium overnight for 24h»urs. The container was keot
during infiltration on an automatic shaker with
slow speed. After infiltration, the material was
transferred to the pure embedding medium in the

oven at 60°C for volymerization.

Sectioning : The polyﬁerised blocks were trimmed
and sectioned with LKB 2088 ultramicrotome at the
desir:3 position as shown in (Fig. 3.9a, 3.9b). At
first, the semithin sections were cut with glass
knife at a thickness cf 0.5 or 1 am and stained in
toluidene blue. The desired vnortion of the sections
was selected, the blocks were further trimmed and
the ultrathin sections were cut with LKB diamond
knife. The thickness of these sections was judqged
by interference colours. Gold colour sectlons

(thickness + 6003 to 900R%) were picked up on g3rids.
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The sections were »Hicked ud on the 370 mesh
grids. Thz2 ~qrids wsre »laced blotted on filter
D3ner in 3 Petridish, ldried and then stored in the
grid box, The sections were stained in 2% in
agueous’ uranyl acetate for 5 to 10 minutes followed
by lead citrate for 2 minutes. For staining, drops
of stain were 5laced on dental wax and grids were
floated on it with the sections in contact with
the stain. The stained sectinns were then examined

with the Transmission Electron Microscove .

JEM 100@ X II.



Fig. 3.9a ' Embryo at stage 4. The line b,

indicates the plane of section.



Stage-4

F1G.3.9a



Fig. 3.9b Embryos at stage 5 and stage 64,
The lines ¢, d and e indicate the

plane of éectionﬁ



Stage-6

FIG.3.9b
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EXPERIMENTS AND RESULTS



62
EXPERIMENTS AND RESULTS

4.1 NEUPAY, INDUCTION BY DIFFERENT PARTS OF THE

PRIMITIVE STREAK OF STAGES 3, 4, 5 and 6

4.1.1 By the grafts having all germ layers

(designated as EcMEn grafts)

The primitive streak of the chick embryo at
H and H stages 3, 4, 5 and 6 was divided into four
parts A, B, C and D (Figs. 3.5a and 3.5b) and each
graft so prepared was implanted naar the
antero-lateral margin of the area pellucida below
the ectoderm of the host embryo apvoroaching stage 4.
The culture dishes were placed in the incubaitor and
the host embryos were removed and fixed after
24 hours.. The changes in the induced ectoderm were
examined morphologically, histologically and

analysed at each stage.

A total of 47 EcMEn qgrafts were implanted
into stage 4 hosts., This included 16A 15B, 11C and
5D grafts. The study of the sections of all host
blastoderms revealed that complete embryonic axis
was induced by only 1 EcMEn 'B' graft, incomplete
embryonic axis (all parts of embrynnic axis not
properly formed or some parts missing) by 9 grafts.

Only induced neural plate by 24 grafts, while
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2 grafts did not show any induction and the 11

dead (Table 4.1.1).

£
1
p!
w

remiining grafts

Stage 4 :
At stage 4, a total ~f 74 EcMEn qrafts were

im>lanted. This included 26A, 19B, 18C and 11D. The
study of the sections of all host blastoderm
revealed that complete embryonic axils was induced

by 4 EcMEn 7jrafts (Plate 4.1;iaincomplete embryonic
éxis by 19 grafts and cnly induced neural nlate by

32 grafts, 2 grafts did not show any induction while

the 17 remaining jrafts were dead (Table 4.1.1).

Stage 5 :

At stage 5, a total of 41 EcMEn grafts were-
implanted: This includgd 17a, 14B, 5¢€ and 5D grafts.
The-stgdy of gll sections rev=ialed th;t complete
empry-nic axis was induced by 4 anterior grafts
(Plates 4.1.1b~4.11f) incomplete embryonic axis by
11 grafts, an induced neural »nlate by 15 grafts

while 1 graft did not show any in-duction and the

10 remaining grafts were dead (Table 4.1.1).

Stage 6 3
At stage 6, a total of 21 EcMEn grafts were

im>lanted. This included 6A, 5B, 5C and 5D grafts.
The study of all sections revealed that complete
embryonic axis was induced by only 1 EcMEn grafts,
incomplete embryonic axis by 2 grafts and only
naural plate by 7 grafts, (Plates 4.1,1g4.l.1h) while

11 qgrafts were dead.



The analysis of the induced structures as
szen 'n the sections were complete embrvonic axis
i.e. nzural tube or neural plate, nctach~rd and
snmite. Incomplate embryonic axis indicated
oresence »f any twe of the abeove structues and on%y
neuril plate wis observed as the only induced

of induction
structure. The percentagi,of different types of

grafts A, B, C and D at different stigas are as

frllows ;-

C-mplete embryonic axis :

Graft A at stage 3 did not shew inducticen
nf z-mplete embrvonic zxis but at stage 4 the’
nercentage »f inducti-n is 11.5%; at stage 5 : 23.5%;
at stage 6 : 16.6% (Fig. 4.1A - EcMEn). Graft B, at
stage 3 : 6.6%; stage 4 : 5.2%; stage 5 : and at
stige 6 nn inducti-n of complete embryonic axis
(Fi1g. 4.1B - EcMEn). Graft C and D did not sh~w any
inducti~n of c-mplete embryonic axis from stages 3
to 6 (Figs. 4.1C - EcMEn, 4.1D -~ EcMEn).

Incomplete embry~nic axis :

Graft N showed percentage of inductinn of
incomplate embryonic axis at stage 3 : 37,5%:
stage 4.27.0%; stage 5 : 29.5% and stage 6 : 16.6%
(Fig.4.1A ~ EcMEn). Graft B at stage 3 : 13.3%;:
stage 4 : 31.5%; stage 5 : 28.5% and stage 6 :
20.0% (rig. 4.1B-EcMEn). Graft C at stage 3 : 9.0%;
stagz 4:27.6%:;stage 5 : 10.0% and stage 6 no induction

(Fig.4.1C - EcMEn). Graft D 3id nnt shnw any inducti->n
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from stage 3 to stage 6 (Fig. 4.1D - EcMEn) eRcent

1t stzan 4 which is 9%.

Neurz]l »late :

Graft A showed »ercentage of induction of
neural plate 2lone at stadge 3 : 50.0%; stage 4 :
30.7%; stage 5 : 29.5%; stage 6 : 33.3% (Fiz. 4.1A -
EcMEn). Graft B at stage 3 : 66.6%: stage 4 : 57.8%;
stage 5 : 50.0%; stage 6 : 40.0% (Fig, 4.1B - ECMEn).
Graft C at stage 3 : 54.5%:; staée 1 3 44.4%;: stage
5 : 40.0% and st2ge 6 : 40.0% (Fig. 4.1C -~ EcMEn).
Graft D at stage 3 did not show any induction but

stage 4 : 45.5%; stage 5 and stage 6 is 20.0% each.

The vercentage frequency of neural plate
induction of A, B, C and D grafts at stages 3, 4,.5

and 6 are as follows :-

Graft A at stage 3 : 87.5%; stage 4 : 69.2%:;
stage 5 : 82.5%; stage 6 : 66.5% (Fig. 4.1A - EcMEn).
Graft B at stage 3 : 86.5%; stage 4 : 94.5%» stage
5 : 78.5% and stage 6 : §0.0% (Fig. 4.1B - ECMEn).
Graft C at stage 3 : 63.5%; stage 4 : 72.0% stage
5 : 80.0% and stage 6 : 40.0% (Fig. 4.1C -~ EcMEn).
Graft D showed no induction of neural plate at stage
3, at stage 4 : 54.5% stage 5 and stage 6 is 20.0%

each.



TABLE 4.1.1

Structures induced by different types of grafts A, B, C and D of the primitive streak with all germ lavers
at stages 3, 4, 5 and 6 implanted into host embryos nearing stage 4

TYPE NO. OF [MORTALITY STRUCTURE INDUCED, X FREQUENCY
OF GRAFTS |NO. 3 COMPLETE INCOMPLETE NEU/fRAL PLATE NO INDUCTION { OF NEURAL
STAGE |GRAFTS |IMPLAN- |DEAD EMBRYONIC EMBRYONIC ONLY | PLATE
TED AXIS AXIS | INDUCTION
NO. OF % NO. OF % NO. OF || % NO. OF % i
CASES CASES CASES CASES :
A 16 2 12.5 0 0.0 6 37.5 8 50.0 0 0.0 87.5
3 B 15 2 13.5 1 6.6 2 13.3 10 66.6 0 2.0 86.5
c 11 3 27.2 0 0.0 1 9.0 6 54.5 1 9.0 63.5
D 5 4 80.0 0 0.0 0 0.0 0 0.0 1 29.0 G.0
A 26 8 30.7 3 11.5 7 27.0 8 30.7 0 0.0 69.2
B 19 1 5.2 1 5.2 6 31.5 11 57.8 0 0.0 94.5
4 C 18 4 22.2 0 5 27.6 8 44,4 1 5.6 72.0
D 11 4 36.3 0 1 9.0 5 45.5 1 9.0 54.5
A 17 3 17.6 4 23.5 5 29.5 5 29.5 0 0.0 82.5
B 14 3 21.4 0 0.0 4 28.5 7 50.0 0 78.5
3 c 5 1 20.0 o 0.0 2 4.0 2 40.0 0 0.0 80.0
D 5 3 60.0 0 0.0 0 0.0 1 20.0 1 20.0 20.0
A 6 2 33.3 1 16.6 1 16.6 2 33.3 0 0.0 66.5
B 5 2 40.0 0 0.0 1 20.0 2 40.0 0 0.0 60.0
6 C 5 3 60.0 0 0.0 0 0.0 2 40.0 0 0.0 40.0
D 5 4 80.0 0 0.0 0 0.0 1 20.0 0 0.0 20.0




Plate

4.1.1a

Photomicrograph of chick embryo
with complete embryonic axis
indicated by arrow, induced by
graft of donor embryo, Stage 4,

having all germ layers (x23).



PLATE 4.1.1a



Plate

Plate

4.1.1b

4.1.1c

Photomicragraph of a section of chick
embryo showing host neural tube and

induced structures (x100).

Abbreviations :

Hnt - Host neural tube

1 - Induced structures
nt - neural tube

-1 - somites

Photomicraograph of the above induced
structures under higher magnification
showing induced neural tube and

somltes (x400).



PLATE 4.1.1b

PLATE 4.1.1c



Plate

4.1.1d

Photomicrograph of chick embryo
with complete embryonic axis
indicated by arrow, induced by
graft of donor embryo, Stage 3,

having all germ layers (x300).



PLATE 4.1.1d



Plate

4.1.1le

Photomicrograph of chick embryo
with complete embryonic axis
indicated by arrow, induced by
graft of donor embryo, Stage 5,

having all germ layers (x300).



PLATE 4.1.1e



Plate

4.1.1f

Photomicrograph of chick embryo
with complete embryonic axis
indicated by arrow, induced by
graft of donor embryo, Stage 5,

having all germ layers (x300).



PLATE 4.1.1¢f



Plate 4.1.1g Photomicraograph of a section of chick
embryo showing host neural tube and

induced neural plate (x100).

Abbreviations :
Hnt - Host neural tube

Inp — Induced neural plate

Plate 4.1.1h Photomicrograph of the above 1induced
neural plate under higher magnification

{x400).






4.1.2 By the grafts without endoderm (designated

as EcM grafts) .

The primitive streak of the chick embryo
ot H and H stages 3, 4 and 5 was stripped free of
endoderm and it was divided into four parts A, B, C
and D (Figs. 3.5a, 3.5b). Separation of endoderm
at stage 5 and 6 was dificult when compared to
stage 4. The endoderm was separated in ca - free
Locke's solution with tungsten needles to remove
-the endoderm completely. Each graft so prepared was
implanted near the antero - lateral margin of the
area pellucida below the ectoderm of the host
embryo approaching stage 4. The culture dishes were
placed in the incubator and the host embryos were
r=amoved and fixed after 2% hours, The changes in the
induced ectoderm were examined morphologically,

histologiczally and analysed at each stage.

Stage 3 :
At stage 3, a total of 25 EcM grafts were

implanted. This included 8A, 7B, 5C and 5D grafts.
Complete embryonic axis was not induced by any graft;
incomplete embryonic axis was induced by only 2 grafts
and only neural plate by 10 grafts; while 2 grafts
did not show any induction and 2ll the remaining

11 grafts were dead (Table 4.1.2).



Stace 4 :
At stage 4, a total of 38 EcM grafts were

implanted. This included 16a, 7B, 10C and 5D grafts.
The study of all sections rev=alad that incomplete
empryonic axis was induced by 4 grafts (Plate 4.1.2a)
and neural plate by 17 grafts, while 1 graft d4did

not show induction and the remaining 16 grafts were
dead (Table 4.1.2).

Stage 5 : -

At stage 5, a total of 22 EcM grafts were
implanted. This included 7A, 5B, 5C and 5D grafts.
The study of all sections reveialed that complete
a2mbryonic axis was not induced by any graft at this
stage. Incomplete embryonic axis was induced by 3 grafts
and neural plate by 5 grafts only (Plates 4.1.2b and
4.1.2c), while 3 grafts did not show any induction.

The rem2ining 11 grafts were dead.

In the second type of experiments when the
endoderm was removad from donors at stage 3, 4 and
5, it was observed that complete embryonic axis was
not induced by any EcM grafts. Only incomplete
empbryonic axis and neural plate was induced. The
percentage of indlotion by the grafts A, B, C and

D at different stages arzs as follows :-

>

Incomplete embryonic axis :

Graft A showed 12.5% of induction of the
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incomplete embryonic axis at stage 3; stage 4 : 12.5%
apd at stige 5 : 42.7% (Fig. 4.1A -~ EcM). Graft B

at stajye 3 showel 14.3%; stiage 4 : 14.3% and no
induction at staje 5 (Fig. 4.1B - EcM). Graft C only
stagz 4 : 10% and no induction 3t stage 3 and 5, and
Jraft D did not show any inducti»on »f incom:lete

emhryonic axis at stages 3, 4 and 5 (Figs. 4.1C - EcM)

N=ural =late :

Graft A showel nercentage of inductinn of
neural plate alone, at stage 3 : 62.5%; stage 4 :
50.0% and stage 5 : 14.3% (Fig. 4.1A - EcM). Graft B,
stage 3 : 57.2%; stage 4 : 42.7% and staée 5 : 60.0%
(Fig. 4.1B - EcM). Graft C, stage 3 : 20.,0%; stage 4 :

-60.0% .and stage 5 : 20.04 (Fig. 4.1C - EcM).

The analysis of thes »ercentage frequency of
neural plate induction ~f grafts A, B, C and D at

stages 3, 4 and 5 are as follows :-

Graft A, stage 3 : 75.0%, stage 4 : 62.5%;

stage 5 : 57.0% (Fig. 4.1A < EcM). Graft B, stage 3

71.5%s stage 4 : 57.0%4 and stage 5 : 60.0%

(Fig. 4.1B - EcM). Graft C, stage 3 : 20.,0% stage 4

70.0%; stage 5 : 20.0% (Fig. 4.1C - EcM). Grpaft D

4id not show any induction at staqesl3, 4 and 5



TABLE 4.1.2

Structures incduced by different types of grafts A, B, C anc D of the primitive streak without endoderm
at stages 3, 4 and 5 implanted into host enbryos nezring stage 4.

TYPE . [NO. OF |MORIALITS STRUCTURE INC.CED, % FREQUENCY
| OF GRAFTS |NO. : COMPLETE TNCOMPLETE NEARAL PLATE N5 INDUCTIOR OF NEURAL
STAGE 'GRAFTS |IMPLAX- |DEAD | EMBEYONIC EMBRYONIC . 4 onLy ‘ PLATE
TED AXIS AXIS ' INDUCTLON
| i NO. OF % |NO. OF 7 0. OF : ‘ N0, OF T
' ; CASES CASES CASES CASES
A 8 2 25.0 0 0.0 1 12.5 5 62.5 o .0 75.0
3 3 7 2 26.5 0 0.0 1 14.3 . 57.2 o 0.0 71.5
c 5 3 60.¢C o 0.0 0 0 1 20.0 1 20.0 20.0
D 5 4 80.0 C 0.0 0 0.0 0 0.0 1 20.0 0.0
A 16 6 37.5 0 0.0 2 12.5 8 50.0 0 .0 62.5
4 B 7 3 42.8 0 0.0 1 14.3 3 42.7 0 .0 57.0
-
C 10 3 30.0 0 0.0 1 10.0 6 60.0 0 .0 70.0
D 5 4 80.0 0 0.0 0 0.0 0 0.0 ] 20.0 0.0
A 7 2 28.7 0 0.0 3 42.7 1 14.3 1 14.3 57.0
5 B 5 2 40.0 0 0.0 0 0.0 3 60 0. 0.0 60.0
c 5 3 60.0 0 0.0 0 0.0 1 20.0 1 20.0 20.0
D 5 4 80.0 0 0.0 0 0.0 0 0.0 1 20.0 0.0




Plate

4.1.2a

Photomicrograph of chick embryo
with incomplete embryonic axis
indicated by arrow, induced by
graft of donor embryo stage 4

without endoderm (x120).



PLATE4.1.2a



Plate 4.1.2b Photomicrograph of a section of
chick embryo showing host neural
tube ang induced neural plate

(x100).

Abbreviations

Hnt - Host neural tube

Inp - Induced neural plate

Plate 4.1.2c Photomicrograph of the above 1nduced
teziir AL ulake under higher magnification

(%250} .



PLATE 41.2b

- KBS Rl

PLATE 4.1.2¢
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.4.1.3 By the grafts without endoderm and mesoderm

(d2signated as Ec grafts)

The »rimitive streak of the chick embryo at
H 2nd H stage 3, 4 and 5 stripped free of the
endodarm and mesoderm was divided into four parts,
A, B, C and D (Figs. 3.5a, 3.5b) and each graft so
prepared was implanted near the antero - lateral
margin of the ar=za pellucida below the ectoderm of
the host embryo approaching stage 4. Separation of
germ layers of both endoderm and mesoderm at stage 5
was more difficult and it was performed with the
help of Cg*- free Locke's s»olution and tungsten
needles to remove the laysrs completely. The culture
dishes were placed in the incubator and the host
embrv~s ware removed and fixed after 24 hours. The
changes in the induced ectoderm were examined
morph~lngically, histologically and 2nalys=ad at each

stage.

Stage 3 :

At stage 3, a total of 31 Ec grafts were
implinted. This includ=d 12A, 9B, 5C and 5D grafts.
"The study of all sections revealed that complete
emrbyonic axis was not induced induced by any graft,
incomplete embryonic axis by 1 graft and neural plate
by 16 grafts (Plate 4.1.3a), the other 2 grafts did
not show any induction and 12 grafts were dead

(Table 4.1.3).



7()

Stage 4 :

At stage 4, a tot2l of 29 Ec grafts were
implanted. This includ?d 12a, 78, 5C and S D grafts.
The study of the sections revealed that complete
emb¥yonic axis was not induced by any graft,
incomplete embryonic axis was induced by 2 grafts
and 2nly neural vlate formaticn by 8 grafts
(Plates 4.1.3b, 4.1.3c); while 1 graft did not show
any inductinn, the remaining 18 grafts were dead
(Table 4.1.3).

Stage 5 :

At stage 5, a total »f 20 Ec grafts were
implanted. This included 5a, 5B, 5C and 5D. The study
of all sections revealed that 2 grafts induced
incomplete embryonic axis and 5 grafts induced only

neural plate, while 13 grafts were dead.

.

In the third type of experiments when the
endoderm and mesoderm was removed from donors at
stage 3, stage 4 and stage 5, it was cbserved thot
complate embryonic axis was not induced by any Ec
graft. Only incomplete embrvonic axis and neural
plate was induced. The percentage of inductiéhby4the
grafts A, B, C and D at different stages are as
follows :-~

Incomplete embryonic axis :

Graft A, showed percentage of induction of

incomplete embryonic axis at stage 3 : 8.3%:
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stage 4 : 16.0% and stage 5 : 40,0% (Fig.4.1A - Ec).
Graft B, C and D did not show any induction of
incomplete embryonic axis at stage 3, stage 4 and

stage 5 (Figs. 4.1B - Ec, 4.1C - Ec) .

Neural plate :

Graft A, showed percentage of induction of
neural plate at stage 3 : 50.0%; stage 4 : 25.0%
and stage 5 : 20.0% (Fig. 4.1A - Ec). Graft B, at
stage 3 : 66.5%; stage 4 : 42.5% and stage 5 : 40.0%
(Fig. 4.1B - Ec). Graft C, stage 3 : 80.0%; séage 4:
20.0% and stage 5 : 40.0% (Fig. 4.1C - Ec). Graft.D,
3t stage 3 and stage 5 did not show any induction
but at stage 4, the induction nf neural plate is

20.0%.

The analysis of the percentage frequency
of neural plate induction of A, B, C and D grafts

at stage 3, stage 4 and stage 5 are as follows :-

Graft A, at stage 3 : 58,.,3%; stage 4 : 41,0%
and stage 5 : 60.0% (Fig. 4.1A - Ec), Graft B,
stage 3 : 66.5%; stage 4 : 42.5%; stage 5 : 40.0%
(Fig. 4.1B -~ Ec). Graft C, stage 3 : 80.0%; -
stage 4 : 20.0% and stage 5 : 40.0% (Fig.4.1C -~ Ec).
Graft D, at stage 3 and stage S did not show any
induction, only at stage 4, induction of neural

plate was observed which is 20.0% (Table 4,1.3).



TABLE 4.1.3

Structures induced by different types of grafts A, B, C and D of the primitive streak without endoderm and

mesoderm at stages 3, 4 and 5 implanted into the host embryos nearing stage 4.

TYPE  |[NO. OF |MORTALIZY STRUCIURE INDUCED, A FREQUENCY
OF GRAFTS |NO. 7 COMPLETE TTCOMPLETE NEUFRAL PLATE NG INDUCTION OF NEURAL
STAGE |GRAFTS |IMPLAN- |DEAD EMBRYONIC | EMBRYONIC ONLY PLATE
TED AXIS | AXIS _ INDUCTION
NO. OF 7 NO. OF 7 |NO. OF 7 ‘ NO. OF 7
CASES | CASES CASES CASES
A 12 4 33.3 0 0.0 1 8.3 6 50.0 1 8.3 58.3
3 B 9 3 33.3 0 0.0 0 0.0 6 66.5 0 0.0 66.5
c 5 1. 20.0 0 0.0 0 0.0 4 80.0 B 0.0 80.0
D 5 4 80.0 0 0.0 0 0.0 0 0.0 ] 20.0 0.0
A 12 6 50.0 0 0.0 2 16.0 3 25.0 i 8.3 41.0
4 B 7 4 57.1 0 0.0 0 0.0 3 42.5 0 0.0 42.5
C 5 4 80.0 0 0.0 0 0.0 1 20.0 0 0.0 20.0
D 5 4 80.0 0 0.0 0 .0 1~ 20.0 0 0.0 20.0
A 5 2 40.0 0 0.0 2 40.0 1 20.0 0 0.0 60.0
s B 5 3 60.0 0 0.0 0 0.0 2 40.0 0 0.0 40.0
c 5 3 60.0 0 0.0 0 .0 2 40.0 0 0.0 40.0
D 5 5 100.0 0 0.0 0 .0 0 0.0 0 0.0 0.0




Plate

4.1.3a

Photomicrograph of chick embryo

with the graft without endoderm

and mesoderm of donor embryo
stage 3 causing induction of
neural plate only. Graft

indicated by an arrow (x120).



PLATE 4.1.3a



Plate 4.1.3b Photomicrograph of a section of chick
embryo showing host neural tube and

induced neural plate (x100).

Abbreviations :
Hnt — Host neural tube

Inp - Induced neural plate

Plate 4.1.3c Photomicrograph of the above induced
neural plate under higher magnification

(x250).
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PLATE 41.3c



Histograms representing percentage
of inductive capacity of various
structures induced by Graft A at
stages 3, 4, S and 6 with all germs
layers, without endoderm, and without

endoderm and mesoderm.

Abbreviations :

EcMEn - Grafts with all germ layers

EcM - Grafts without endoderm
EC - Grafts without endoderm and
mesoderm.

Structures induced :
ll - Complete embryonic axis
- Incomplete embryonic axis

E:] - Induction of neural plate only
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Fig. 4.1B Histograms representing percentage
of inductive capacity of various
structures induced by Graft B at
stages 3, 4, 5 and 6 with all germs
layers, without endoderm,and without

endoderm and mesodermn.

Abbreviations

EcMEn - Grafts with all germ layers

EcM - Grafts without endoderm
EC ~ Grafts without endocderm and
mesoderm.

Structures induced
u - Complete embryonic axis
- Incomplete embryonic axis

[:] - Induction of neural plate only
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Histograms representing percentage
of inductive capacity of various
structures induced by Graft C at
stages 3, 4, 5 and 6 with all germs
layers, without endoderm,and without

endoderm and mesoderm.

Abbreviations :

EcMEn - Grafts with all germ layers

EcM - Grafts without endoderm
EC - Brafts without endoderm and
mesoderm.

Structures induced :

- Incomplete embryonic axis

[:] - Induction of neural plate only
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Fig.

4.1D

Histograms representing percentage

of

inductive capacity of various

structures induced by Graft D at

stages 3, 4, 5 and 6 with all germs

layers,

without endoderm_ and without

?

endoderm and mesoderm.

Abbreviations :

EcMEn - Grafts with all germ layers

Structures induced :

]

Incomplete embryonic axis

Induction of neural plate only
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The thrze ty»oes of ex~eriments performed
showad that ¢ (1) In the first set >f ex»eriments,
the grafts A and B with all the germ lay=rs at
stages 3, 4, 5 and 6 induced combdlete ambryonic axis,
Inccmplete embryonic axis was induced by 4, B and C
grafts, and by D grafts only at stage 4. Neural

plate inducti-n was achieved by 211 the grafts.

{2) In the second set ~f 2xX>zriments when
endoderm was removed from the inducing grafts,
cemdlate embryonic axis was not induced by any
grafts. Inccmplate embryonic axis was induced by
A and B grafts at stages 3, 4 and 5 and by C grafts
snly at stage 4. Neural wlate induction was induced

by grafts A, B and C.

(3) In the third set »f =2xperiments when
end~derm anil mes~derm wis rem~ved frem the inducing
grafts) Complete embrynnic axis was not induced by
any qgrafts. Incomplete embryonic axis was induced
only by graft A at.stages 3, % and 5. Neural plate

was induced by A, B and C graftts, and D graft of stage 4.
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4.2 HISTOLOGICAL CH.NGES IN THE NEURECTODERM
INDUCED BY THE GRAFTS OF THE HENSEN'S NODE
Ub STAGES 4, S5 AND 6 AT DIFFERENT TIME_INTERVALS

¢.2.L By the grafts having all germ layers.

The grafcse of Hensen's node with 2ll the
germ layers designéted as 4EcMEn, SEcMEn and SEcMEn
with the number indicating the stage cof the donor
embry» w2r= implanted belcow the ectoderm (Fig.3.7a)
2t the area pellucida almost at the level of the
Hensen's ncde »>f the hoest embryo nearing H anl H
(1951) stage 4 and the cultures were returned to tha
indubatH~r. Th= host embryos together intact with the
grafts were ramovad from the incubator at different
time intervals,fixsd and processed for histclogical
analvsis. The histnlogical chang=zs in the
reacting ectoderm were observed and racorded. The
dimersicns (length, wiéth and nuclear diameter) of
the difference cell types were measursd. The
differant cell tyves were *“3ll columnar cells whose
length more than twice their breadth, cuboidal
cells which appear more or l=2ss square in shape

and their length is slightly longer than their
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width: bottle-shap2d cells which sre garrow at
their attached end and broad at the free endy
rounded cells having a round or ellintical, shape

and irregular cells are ilrregular in shipe,

A, Experiments with grafts of 4 EcMEn

The grafts 4 EcMEn were implanted in the
hosts £ar time intervals of 5, 10, 15, 20, 25 and
30 minutes, The dimensions >f length (L), width (W)
and nuclear diameter (ND) of the different types
of cells were measured and recorded in Table 4,2,1A
and Fig, 4,2.1. Diagramatic representation of the
histrlogical changes in the induced ectoderm at
different time intervals of ccntact with the grafts

shown in Fig§. 4.2.1(1) and 4.,2.1(1i1).

’

Contact period : 5 minutes : Even for 5 minutes

of contact the induced nortton of the ectodermal
layer showed no naurcid resonnse. The cells were
seen to have undergnne nn morohclngical change

when c-mwared t~ uninduced parts. An’average of

18 cells were praszant at the noint of contact with
the graft. The cells were bottle-shaped and cuboiial
with distinct inter-cellular spaces in between

them. Thelr length varied from 15 um to 18 pum,

width 6 um to 12 um and nuclear diamete; 3 um to

\

4.5 um,
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Contact period : 10 minutes : The geseting

ectod>rmal layer in sactions at 10 minutes of
contact appeared as a thickened neural plate. There
was an average of 20 cells at the point of contact
with the qraft in this layer. Many cells appeared
bottle-shaved or »nyramidal, some weare elonga;ed or
cuboidal, a few w=2re rounded or irregular shaped,
Intercellular space was reduced, At the point of
contact between the graft and the host ectoderm most
of the cells were closely packed with one anothar
little
with‘/ intercellular spaces. The length of these

cells varied from 12 jam to 15 pm, width G‘Pm to
8 fm and ND Z.SAPm Lo 6 ym.,

Contact period : 15 minutes : The induced neural

plate is now a thickened strip of cells. At this
stage an average of 20 cells were present. The cells
of this area at this stage appeared bottle-shaped

or cuboidal cells with very littl? intercellular
space. After 15 minutes of contact the cells appear
to have becoms more elongated, stratifieqﬂand
closely voacked with one another (Plates 4.2.113,
4.2.1b). The length of the cells varied from 9 um

to 16.0 pm, width 6 pm to 7.5 jm and their ND 1.5)xn

to 6 Hm.



Plate

4.2.1a

Photomicrograph of a section of
chick embryo showing induced
neural plate when graft of stage 4
with all germ layers wae kept in

contact for 15 minutes (x 100 ).

Abbreviations
G - Graft
Inp - Induced neural plate

Plate 4.2.1b Photomicrograph of +the above

induced neural plate under

higher magnification (x 250).
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Contact Deriod : 20 minutes : The entire r=acting

ectodermal layer as»yzared as a thickened neural
mlate with the formation of a groov=, likes neural
groove. The average number of cells »resent was 27.
The cells w:zre of various shapes and siz=s. Some
werz roundzd,bottle-shaned but mecst were cuboidal
Th=ir l=ngth varied from 7.5 pm to 15 pr, width

6 Jm and their ND 3 pm to 4.5 pm.

Contact meriod : 25 minutes : The entire reacting

ectodermnl layer 3»>eired as a thickened neural
>late. The averags numbar of cells wmrasent was 23,
Most o»f the cells were cuboidal or bottle-shamed

and they werc closely Hacked with less intercellular
shaces betwa2en thew. Their louath varied from 9 Am
to 15 pm, width 6 pm to 7 pm and their ND 3 Jm to

4 pm.

Contact neriod : 30 minutes : The reacting ectodermal

layer showed a distinct neural groove (Plates 4.2.1g,
4.2.1d). At this stage the average number of cells
sresent in the induced neural »olate was 30.Most of
the cells at the pDarticular point of contact with the
gra©t anpeared to be very much stratified with layers
of cunoidal cells intersiersed with few bottle-shaned
cells. The base »f some of the ~ells at the

oeri hery vas slightly brcocad and flatten=d and these

cells were d=zns=2ly macked with ne intercellular,



Plate

Plate

4.2.1c

4.2.1d

Photomicrograph of a section of
chick embryo showing induced
neural plate when graft of
stage 4 with all germ layers
was kept in contact for 30

minutes (x100).

Abbreviations :
G - Graft
Hnp — Host neural plate

Inp - Induced neural plate

Photomicrograph of the above
induced neural plate under

higher magnification (x250}).
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space. These different types >f cells measured
9 jm t~ 16.0 pm in length, 6 al in width and their

ND was 3 Pm'

B, EXperiments with grafts 5 EcMEn

The changes induced in the host ezmtoderm
by grafts of Hensen's nod=z of stage 5 after a time
interval of 5, 10, 15, 20, 25 and 30 minutes were
observed. The tyve of cells observed and their
dimensions has been illustrated in Table 4.2.1B
and Fig. 4.2.1.

Contact period : 5 minutes : In comparison to

uninduced peortions, the host egtoderm in contact
with the graft 5 EcMEn showed no neuroid response
aven at 5 minutes of contact. The number of cells
pres~nt in reacting =2ct~larm at this stage were 14.
It a-~neared stratified and formed a thin neural
wlate. The cz2lls were of varying shapes and sizes.
Most cells were cubnidal or bottle-shaped. The
cells were not closely oacked1but had distinct
intercellular spaces between them. The length of

v TS hom
cells ranged frcm 9_pm to 12 pm, width 6 pfyand their

ND varied from 3 Pm to 4.5/pm.

Contact period : 10 minutes : A prcminent chande

was observed 1n the host tissue after contact with

the graft tissue for this period. The host



ectodermal layer apneared as a thickened neural
plate which showed formation of a neural groove
(Plates 4.2.1e and 2.2.1f). It had 32 cells

present at the point of contact with the graft. The
cells were tightly packed without intercellular
spaces in batween them. Many cells weare
bottle-shaped or tall columnar and a few were

round or irregular in shape, Their length varied
from 6 Jum to 15 }m, width 4.5}1m to 7 }1m and their

ND was 3‘Pm.

Contact period : 15 minutes : After 15 minutes of

contact with the graft the host ectoderm showed the
induction of a structure resembling neural groove
on the right side of the host neural tube. There
was 32 cells present at the point of contact with
the graft. In this particular region most cf the
cells were bottle~shaped and tall columnar, and a
few were broad and rounded. L1irge intercellular
spaces were seen in between some irreqular shaped
cells. The length of cells varied from 10me to
16.5 Pm, width 6‘Pm to 9 am ind their ND 3 pm to

4.5 Fm.

Contact period : 20 minutes : The thickening of host

ectoderm to form a neural »nlate under the inductive

influence of the graft was prominent at



Plate

Plate

4.2.1e

4.2.11

Photomicrograph of a section of
chick embryo showing induced
neural plate when graft of
stage 5 wi£h all germ layers
was kept 1in contact for 10

minutes (x100).

Abbreviations :

G - Graft
Hnp - Host neural plate
Inp - Induced neural plate

Photomicrograph of the above

induced neural plate under

higher magnification (x400).
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20 minutes contact. 20 cells were present at the
point of contact. Some cells of the induced neural
plate were large and columnar with large
intercellular spices, in between them. Most of the
cells were cuboidal. Their length varied from 7.5 pm
to 16.5 um, width 6 um to 9 um and their ND 3 um

to 4.5 um.

Contact period : 25 minutes : The induced neural

plate is now very prominent and thickened. The
numbér of cells present at the point of contact
with the graft was 27. These cells were cuboidal,
bottle-shaped or rounded with large intercellular
spaces in between theﬁ; The length cof the cells
varied from 7.5 pum to 14 um, width 6 am to T um

and their ND 3 um to 4.5 um,

Contoct neriod : 30 minutes : The section of the

hos*+ blastoderm after contact with the graft for

30 minutes showed a clear thickened neural plate
with neural groove in the host ectoderm tn the
right side of the host neural groove, 16 cells were
present. Most of the cells were elongat=ad,
bottle-shaped and closely packed without any
intercellular spaces in between them. Their length
varied from 10.5 pm to 16.5 nm, wilth 6 pm to

7 Jjam and thelr averaqe ND was 3 .
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C. Experiments with grafts 6 ZcMEn

Since the pilot oxperximsnts performed with
srafts 6 EcMEn 21id not elicit any n:zuroil resnonse
in the host tissues till after 50 minutes of
contact. Only 1wo sxperimentd were porformel (1)
with 50 minutes of contact and (2) with 2 hoursof
contact only. Thz cellular morphology of the

rasponling ectolderm was ocserved anl the tywnes of

[

cells presasnt and thelr Jdimensicns is racordesd in
Table 4.2.1C, ) L7

Contact pericd : 50 minutes : The rewnoniing

ectoZerm <did not show any neuroild rasponsz an?i
remained 2s a thin layer of cells. Th= hcost cells
at the point of contact with the graft were loosely
attzched with one annther. The number cf cells

present in this aresa was 18. These were largel

~

broad and shnrt and a few were rounded in shavea.
Intercellular s»aces w=are secn betwsen them. The
length of these cells was seen to vary from 9’um to
15 um, width 6 am to 8 um and their ND was 3 um to

4 um.

Contact period : 2 hours : ''he responding host

ectolerm had formed 2 thickeneld neural plate with
slight depressions 2t some reqgiocns. At the point
of contact between the graft anl the host ectorlerm

the number of cells present was 25. The cells in

the inJduced ectoderm were of varying shapes. Some



TABLE 4.2.1 A

Changes in cell size during neurold response 1lnducec by grafts of the Hensen's node ©of stage 3
embryo having all germ layers at different taime interval of contact with the graft.

DIMENSIONS (M)

TIME INTERVAL (MINUTES) 5 10 15 20 25 30
TYPES OF CELLS L w ND L ® ND L W ND L % ND L W ND L W
BOTTLE-SHAPED CELL C 14 8 3 14 ,8 4 14 6 3 12 8 3 12 6 3 14 6
1 15 6 2 15 8 2.5 16 7.5 6 15 6 4 15 6 4 16 6
CUBOIDAL CELL c 8 7 4 . 9 6 4 9 7 4 12 8 . 3 9 7 4 12 8
1 10 6 2 12 8 4 12 7.5 4 9 6 3 g 7 4 5 6
TALL COLUMNAP CELLS C 18 4 3 18 4.5 3 18 4.5 3 - - - 12 6 4 16 6
7 18 6 3 15 6 6 15 6 1.5 - - - 15 6 3 9 6
ROUNDED CELLS c 12 10 3 - - - - - - 7 6 3 - - - - -
1 15 12 4.5 - _ - - - - - 7.5 6 3 - - - - -
IRREGULAR SHAPED c - - - 0 4 3 8 6 3 8 6 3 - - - - -
CELLS 1 - - - 12 6 9 6 4.5 - - - - -
TOTAL NO. OF CELLS
PRESENT IN THE HOST
o MLTE 5 1 0 : 2 .
WITH THE GRAFT
NEUROID RESPONSE (=) (+) (+) (+) (+) (+)

L - Length; W - Width; ND - Nuclear Diameter; I - Host Reacting Ectoderm; C - Host Normal Ectoderm;

(+) Presence of Neuroid response; (-) Absence of Neuroi¢ response.



TABLE 4.2.1B

Changes 1n cell size durainc neuroild response induced by grafts of the Hensen's node of s:tage g5
embryo having all cerr layers at different time 1nterval of contact with the graf:.

DIMENSIONS L ALm)
TIME INTERVAL (MINUTES) £ 10 15 20 25 30
TYPES OF CELLS L W ND L W ND L w ND L W ND L 1) ND L W ND
BOTTLE-SHAPED CELL C€ 10 5 4 12 7 3 12 6 3 13 8 3 12 ¢ 3 12 -3
I 12 6 4.5 14 7 3 16 7 3 16 8 3 la 7 4 16 7 3
CUBOIDAL CELL c 8 7 4 8 6 3 g 6 3 9 3 1.5 9 6 4.5 - - -
1 10 7 4 9 6 3 10 8 3 9 7 4 12 6 3 22 6 3
TALL COLUMNAR CELLS C 9 ¢ 4.5 14.5 6 3 16 6 3 15 9 4 12 6 3 15 6 3
I 12 &6 3 15 6 3 16.5 6 3 16.5 6 4.5 12 0 4.5 16.5 6 3
ROUNDED CELLS C 8 6 3 8 6 3 6 6 3 6 . 6 3 - - - - - -
1 9 7.3 4.5 9 6 3 6 6 4.5 7.5 6 3 7.5 6 3 10.5 6 3
IRREGULAR SHAPED o g 7 3 - - - s 6 3 - - - - - - - - -
CELLS 1 9 € 3 6 4.5 3 10.5 9 3 - - - - - - - - -
TOTAL NO. OF CELLS
PRESENT IN THE HOST
poEMMTE o >z e e . 1
WITH THE GRAFT
NEUROID RESPONSE (-) (+) (+) (+) (+) (+)
L - Length; W - Wadth; ND - Nuclear Diameter; I - Host Reacting Ectoderm; C - Host Normal Ectoderm;

(+) Presence of Neuroid response;

(-) Absence of Neuroid response.



TABLE 4.2.1C

Changes 1n cell size during neuroid response induced by grafts of the Hensen's node of stage 6

embryo having all germ layers at different time interval of contact with the graft

DIMENSIONS ( ALM)

TIME INTERVAL 50 mins. 2 hrs.

TYPES OF CELLS L W ND L W ND

BOTTLE~-SHAPED CELLS C 14 6 4 14 8 3
1 12 6 3 15 8 3

CUBOIDAL CELLS C 14 8 4 12 6 3
I 15 8 3 12 6 3

TALL COLUMNAR CELLS C 18 6 3 - - -
I - - - - - -

ROUNDED CELLS C 8 6 3 6 6 3
1 9 6 4 6 3

IRREGULAR SHAPED CELLS C 7 4 3 6 3
I 9 4.5 3 12 6 3

TOTAL NO. OF CELLS

PRESENT IN THE HOST 1 18 25

ECTODERM AT THE AREA

OF CONTACT WITH THE

GRAFT

NEUROID RESPONSE (-) (+)

L - Length; W - Width; ND - Nuclear Diameter; I - Host Reacting Ectoderm; C - Host Normal Ectoderm;

(+) Presence of Neuroid reponse; (-) Absence of Neuroid response



Changes in the length of bottle-shaped
cells in the reacting ectoderm after

varying periods of contact with EcMEn

grafts at stage 4 and stage S.

(with all germ layers intact).

O—O0 Length in the host 1induced
neurectoderm.
® -0 Length in the host normal

neurectoderm.
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Fig.

4.2.1

(1)

Diagramatic representation of the
changes 1in the reacting ectoderm
when graft was kept in contact at
different time intervals (A) for 5
minutes (B} 10 minutes (C) 15

minutes.

Abbreviations :

BSC - Bottle-shaped cells
CC - Cuboidal cells

G - Graft

RC - Rounded cells

TCC - Tall columnar cells

r - reacting ectoderm



 FIG. 4.2.1(i)



Fig.

4.2.1 (ii) Diagramatic representation of the

changes 1in the reacting ectoderm
when graft was kept in contact at
different time intervals (A) for
20 minutes (B) 25 minutes (C) 30

minutes.

Abbreviations :

BSC - Bottle—-shaped cells

CC - Cuboidal cells

G - Graft

RC - Rounded cells

TCC - Tall columnar cells

r ~ reacting ectoderm
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were cuboidal, others rrunded and few were irregular
in shan2. The cells were closely vackad with little
intercellﬁlar space. Their length varied from 9 Jm
to 15 um, width 6 pm to 8 jom and their average ND

was 3 Jam.
4,2.2. By the grafts with~ut endoderm

The grafts of Hensen's nole without
endoderm designatad as 4 ECM, 5ECM and 6 EcM with
the number indicating the stage of the donor embryo
were implanted bslow the ectoderm (Fig.3.7a) at
the aresa »nellucida almost at the level of the
Hensen's node of the host ambryo nearing H and H
(1951) stage 4 and the cultures were placed back in
the ‘'incubator at different time intervals. The host
embiyo together intact with the grafts were removed
from the incubator at different time inter&al, fixed
and processed for embedding in plastic secti~n and
sectinned for histological analysis. The
histolngical changes in the induced ectoderm were
cbserved. The dimansions of different cell types

were m=asured.

A. Exneriments with grafts 4 EcM

Following is the account of the changes

observed in the responding host after the grafts of
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Hensen's node at stage 4 without endoderm removed,
were placed in contact with competent host ectoderm
for varying periods 10, 15, 20, 25 and 30 minutes.
In »ilot experiments, no neuroid response was
observed when the contact period was observed less
than 10 minutes. The histological changes observed
and the types of cells present and their dimensions

are given in Table 4.2.2A and Fig. 4.2.2.

Contact period : 10 minutes : The host ectodermal

layer remained very thin as a single strip of cells.
The average number of cells present in this layer
at the point of contact with the graft was 6. Most
of the cells were cuboidal, some slightly broader
at their base and tapered towards the free end and
had intercellular spaces in between them. Their
Jdength varied ffo$'9 Pm to 10 Fm, width 4.5 pm to

8 pm and their average ND was 3 Jm.

Contact period : 15 minutes : The reacting host

ectoderm was now seen as a thickenad layer of
ectodermal cells. The number of cells present in
this layer wés 20, The cells were elongated and
waere arranged with some intercellular spaces in
between them (Plates 4.2.2a and 4.2.2b). The
length of the cells varied from 9 Jm to 12 e,

average width 6 Jm and their average ND 3 o



Plate

Plate

4.2.2a

4.2.2b

Photomicrograph of a section of
chick embryo showing induced
neural plate when graft of
stage 4 without endoderm was
kept in contact for 15 minutes

(x100).

Abbreviations :
G - Graft

Inp - Induced neural plate

Photomicrograph of the above
induced neural plate under

higher magnification (x400).



mm

PLATE 4222

PLATE 4.2.2b



83

Contact periocd : 20 minutes : The host ectoderm

appeared as .a thickened layer with 13 cells at the
point of contact with the graft. The cells were
large, elongated and bottle-shaped with large
intercellular spaces in betwzen them. The length

of the cells varied from 9 ol to 15 P, width 6 pm

and their ND 2.5 jm to 3 pm.

Contact pericd : 25 minutes : The host ectoderm

layer was now somewhat thickened with the formation
of slight depressicn at the point of contact with
the graft. The number of cells present at this
point in the induced ectoderm was 21. The cells
wefe densely packed without any intercellular space.
Theilr length varied from 7.5 pm to 15 pm, width

4 Pm to 9 Jam and theilr ND was 3 Pm to 4.5 .

Contact period : 30 minutes : The entire induced

neurectoderm had thickened to form a nsural »nlate.
At the ooint of contact between the graft and the
host ectoderm, 2 slight depression representing

2 neural groove was formed. The number of cells
present at this point in the iniluced actoderm was
30. The cells in this area were generally large,
and elongated, cuboidal or bottle-shaped with a
few rounded cells. Some cells were densely packed
without any intercellular space. The cells varied
in length from 6 jam to 15 pm, width 6 Pm to 8 pm

and their ND 1.5 pm to 4 Fm.
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B. Experiments with grafts 5 EcM

The graft of Hensen's node was dreparad
without endoderm at stage 5 and kept in contact
with the ectoderm of the host embryo nearina
stage 4. The host were fix=2d after 10, 15, 20, 25
and 30 minutes after the imrlantation of the graft.
There was no neuroid response when the period of
contact was less than 10 minutes. The changes in
the induced ectoderm have been observed. Different
types of cells observed and their dimensions have

been illustrated in Table 4.2.2 B and Fig. 4.2.2.

Contact period : 10 minutes : The reacting

ectoderm remain=ad as a thin strin of cells. There
was no change in the cellular morphcology of the
cells. The number of cells present in this layer
was 14. Most cell were cubcecidal and they are not
stratified. The length of the cells varizd from

9 pm te 14 Pm, width 6 pm to 10.5 pm and their

ND 3 um to 1.5 Pm.

Contact neriod : 15 minutes : At 15 minutes of

contact with the graft, the cells of the reacting
host ectodermal layer acquire various shapes. Most
cells were elongated, columnar and densely »acked.
The number of cells present was 13. Their length

varied from 9 jm to 15 pm, width 6 um to & pm and

their ND 1.5 Fm to 4.0 Pm.
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Contact Deriod : 20 minutes : The entire in-iuced

neuxchoNJrﬁal lay=2r opeared to be thickened and

. had 30 cells. The cells were =longated but slightly
smaller in size anl closely packed without any
intercellular spaces. The length of the cells
varied from 9 Pm to 15 o, width 6 pm to 8 Pm and

their ND 1.5/um to 3.0 Pm.

Contact period : 25 minutes : At 25 minutes of

contact with the graft, the reacting host
ectodermal layer forme:qd a thickened neural vlate,
The numbar of cells was 28. Thea c=211ls were mostly
columnar and closecly packed without intercellular
space. Mormhologically, the cells at ths region of
tha formation of a groove wer= flat and broad. The
length of the cells varied from 7.5 Pm to 15 Pm,
their width was 6 pn to 8 pm and ND varied from

3 Pm to 4.5 um.
|

Contact period : 30 minutes : A+ this »eriod

of contact with the graft the entire reacting
ectoldermal layer was seen 3s a thickened neural
plate (Plates 4.2.2¢c anl 4.2.2d). The number of
cells present in it was 30. The cells were slightly
larger in size and elongated. Ths bases of some of
the cells were broadl, Many irregular shaped cells
were also observed. Thz entire induced tissue was
ranged

stratified. The length of cells /from 9 Jam to 18 s

width 6 Pm to 7 pm and ND 1.5 Pm to 4 Fm.



Plate

Plate

4.2.2c

4.2.2d

Photomicrograph of a section of
chick embryo showing induced
neural plate when graft of
stage S5 without endoderm was
kept in contact for 30 minutes

{x100).

Abbreviations :
G - Graft
Hnp - Host neural plate

Inp - Induced neural plate

Photomicrograph of the above
induced neural plate wunder

higher magnification (x230).
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C. Experim=nts with graft

6

o

cM

Since nHilot axderimznts with grafts of
Hensen's node without eniloderm at stage 6 showed
very feeble neuroid r=cspons2 even after 2 hours of
contact, »resent exveriment was conductad with
2hours and 2 hours 37 minutes contact only. The
cellular morvohceclogy of the reacting ectoderm was
cbservel and the tyves of cells osresent along with

their dimansisns 3are given in Table 4.2.2C

Contact _period - 2 hours : The sactions of the

reacting 2ctnierm at this stage showed that it was
comparatively thickenel th3in uninduced ectoderm and
1t hai 10 number of cells »Dresent at the point of
concact "'with the graft. The cells were mainly
columnar inl = few were bottle-shased. The cells

had = broad base and wers pointed Qt the other end.
At certain regions the cells apjeared to’be ,
stratified. The length of the c=1ls varied from
10 Fm to 13 Pm, width 6 Pm to 9 Pm and their ND
1.5}m1to 4£3Pm.

Contact period . 2 hours 30 minutes : The reacting

host actoderm h2d formed 3 thickened neural onlate
with 17 cells at the point of contact with the
graft. The cells were mainly =zl-ongiated 2nd columnar
with very few rnunded cells. They were closely

packad without 2ny intercellular s»acs. The length
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of the cells varied from 9 /um to 15 JAm, width 6 }Jm

to 8.0 fjm and their ND 3 }Jm to 4.5 pSie
{



TABLE 4.2.2A

Cnanges 1~ cell size during neuroid response indduced by grafts of the Hencsen's node of
stage 4 e~bryo without endoderm at different time intervel of contact with the graft.

DIMENSIONS (/ﬁéqn)
15

TIME INTERVAL (MINUTES) 10 20 25 30

TYPE OF CELLS L W ND L ¥ ND L W __ ND L W ND L W ND

BOTTLE-SHAPED CI_LS c 10 9 3 10 6 3 6 3 13 8 4 14 6 3
1 10 6 3 12 6 3 6 3 15 7 4 15 8 4

CUBOIDAL CELLS C 10 & 4 10 7 4 6 4 10 8 3 10 8 4
1 1¢ & 3 11 6 3 1 6 3 12 & 4.5 12 8 4

TALL COLUMNAR CEILiLS c 9 6 3 12 6 4,5 5 9 4.5 12 6 4.5 12 6 3
I 9 4.5 3 12 6 3 15 6 2.5 12 g 3 12 6 3

ROUNDED CELLS C 6 € 3 6 6 3 6 6 3 6 4 3 7 €& 3
I 9 5 3 9 6 3 9 6 2 7.5 4 3 7.5 6 3

IRREGULXR SHAPED CELLS C - - - ~ - - - - - - - - 6 4 3
I - - - - - - - - - - - - 6 3 1.5

TOTAL ND. OF CELLS PRESENT

IN THE HOST ECTODERM AT THE I 6 20 13 21 30

AREA OF CONTACT WITH THE

GRAFT

NEUROID RESPONSE (=) (+) (+) (+) (+)

L - Length; W-Width; ND ~ Nuclear Diameter; I - Host Reacting Ectodexm; C - Host Normal Ectoderm;

(+) Presence of neuroid response; (-) Absence of neuroid response.



TABLE 4.2.28

Changes 1n cell size during neuroid response indduced by grafts of the Hensen's node of
embryo without endoderm at different time :-nterval of contact with the graft.

stage g
DIMENSIONS [ Alm)

TINE INTERVAL (MINUIES, 10 15 20 25 3¢
TYPE OF CELLS L w_ ®~o I _Ww_ WD L w KD 1 ®w KD L W __ND
BOTTLE-SHRPEL CELLS c 14 6 314 8 3 16 6 3 14 7 4 13 & 3

1 14 6 3 15 0§ 4 1s 8 3 13 6 3 16 € 3
CUBZIDAL CELLS c 10 6 310 703 9 6 3 12 8 3 12 & 3

I 10 8 3 12 8 3 12 8 3 1z 8 4.515 7 4
TALL COLUMNAF CELLS C 10 9 $ 10 6 3 129 3 1z ¢  4.515 & 3

1 10.5 ¢ 4.5 13.5 6 3 9 6 3 13 6 3 18 6 1.5
ROUNDED CELLS c 10 9 3 8 6 3 g8 6 3 T 6 3 6 € 3

1 12 10.5 3 9 6 1.5 9 6 1.5 7.5 6 3 9 6 3
IRREGULAR SHAPED CELLS c 8 6 3 - - - - - - - - - - - -

I 9 6 3 - - - - - - - - - - - -
TOTAL NO. OF CELLS PRESENT
ARE?. OF CONTACT WITH THE 14 13 30 28 30
GRAFT
NEUROID RESPONSE (=) (+) (+) (+) (+)

L - Length; W-Width; ND - Nuclear Diameter; 1 - Host Reacting Ectoderm; C - Host Normal Ectoderm;

(+) Presence of neuroid response; (-) Absence of neuroid response.
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Changes in the length of bottle-shaped
cells 1in the reacting ectoderm after
varying periods of contact with EcM
grafts at stage 4 and stage 5.

(without endoderm).

O0—0O Length in the host induced
neurectoderm.
®-8 Length in the host normal

neurectoderm.
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4,3 HISTOLOGICAL CHANGES IN THE NORMAL NEURECTODERM

AT STAGES 3, 4, 5 and 6

In the present investigation, embryos at
stages 3, 4, 5 and 6 were takeﬁ, fixed and processed
for embedding in evoxy resins and then sectioned
in the normal neurectoderm region (Figs. 3.8a, 3.8b)
for histological analysis of thin and semithin
sections. The histological sections of the
neurectoderm of the chick embryo at stages 3, 4, 5
and 6 have been studied in order to follow the
histological changes that occur as development
proceeds from stage 3 to 6. An assessment of such
changes was made by measuring the dimensions of
various types of cells, that is, length (L), width (W),
nuclear diameter (ND) of 2 to 5 cells in each c¢ell
type (Table 4.3 and Fig.4.3).

The various types of cells present were tall
columnar cells, cuboidal cells, bottle-shaped cells,
rounded cells and irregular - shaped cells. The tall
columnar cells are those whose length is more than
twice their width, cubhoidal cells appear more or
less square in shape and their length is only
slightly longer than their width. -Reumded .21 cells
are round or elintical in shape. Irregular cells are,
as their name suggests, irreqular in shape.

éistology of neurectoderm at stage 3 : In histological

sections the neurectodzsrm is revezaled as a thin strip

composed of different types of cells with large
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intercellular spaces between them (Plat=ss 4,3a,
4.3b). Th= cells were of varied shapes and sizes
bottle - shaned, tall cclumnar, cuboidal cells, a
few were rounld or irregular in shapne. The

dimensions are r=corded in Table 4.3.

Histology of neurectoderm at stage 4 : Histolongical

sections compared with staje 3, the neurectcderm
now shows a slight increase in the degree of
stratification, thrugh the cellular ccocmmositinn
showad no change and the intercellular svaces
remained largé (Plates 4.3c, 4.3d). The cells
owresent were mostly tall columnar, irregular-shawed
cells, bottle-shaned cells, cuboidal cells and

few rounded cells (Table 4.3)

Histolo vy of neurectoderm at stage 5 : The whole

nauractcAd=rmal layer aoweared as a thickened
strin of cells. Compared with stage 4, the cells
were closely packed with less intercellular space
(Plate. 4.3e) and most of the cells were
bnttle -~ shavwed or tall columnar cells with few

cubnidal and rcunded cells (Table 4.3)

A}

Histclogy of neurectoderm at stage 6 : The

neurectoderm at this stage appeared as a stratified
strin of cells. The cells were closely Dacked with
less intercellular s»aces and ao»neared mainly to be

tall columnar cells with a few cuboidal cells
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(Plate 4.3§). The cells at the neural fold region
ayeared stratified with preseace of intercellular
spaces between them (Plate 4.38). The dimsnsicns

~

of these cells are recorded in Table 4.3.

Remarks :

A comnirative study of secticns of
neuractoderm 1t stages 3, 4, 5 and 6 reveals the
following changes :

(1) Thne sections ~f neurectoderm at
stages 3 and 4 a~»earad similar, without much
difference and with large intercellular s»aces.

(2) At stages 5 and 6 these cells
apypearad to have bzcomes 2lnngated and they form
accordingly @ thickened strin of cells arranged
to o.e another with less intercellular s»aces.
The neurectodermal layer aporears stratified, only
in the neural fold region it showead »resence of
intercellular spaces.

(3) The tall columnar cells increased in
length continuously as the embryo developed from
stage 3 to stage 6. Of all the cell tywes, the
tall c¢nlumnar cells showed the greaatest increase in
lenjth. Starting from an initial length of 14 um
at stage 3 thev reachel 22 um at stage 6. The
bottle-shaved cells show some changes in their
lenvth. The average length of 12 pm at stage 3

remained unchangasd at stage 4, rzached 16 um at
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stage 5 but showed n» further increase at stage 6.
Rounded cells at stage 3 they measured 6 pm, at
stage 4, 7 jam; at stage 5, 9 jn and stage 6, 10 jm.
The cubcidal cells showed variations in average
length. At stages 3 and 4 these cells measured 10 um
which increased to 11 pm at stage 5 but at stage 6
the average length was again 10 pm as illustrated

in Table 4.3 and Fig. 4.3.



TABLE 4.3
Different cell types present in the normal neurectoderm and their dimensions
at stages 3, 4, S5 and 6

TYPES OF | STAGE 3 STAGE 4 STAGE 5 STAGE 6
CELLS __pimMensIons (Am) DIMENSIONS (M M) pIMENSTONS{m M) prmensTons (MM )
AVERAGE AVERAGE AVERAGE AVERAGE
L _Ww_ND | L w ND|L w_ Np|L W ND|L W ND|L W ND |L W ND |L W _ND
TALL 14 7 3 19 6 5 20 8 4 22 8 4
COLUMNAR 13 6 2 21 4 3 20 8 4 23 9 5
CELLS 15 7 4 14 6 3 20 5 4 20 5 4 207 4 20 8 4 21 7 3 22 8 4
14 5 3 20 5 4 219 5 22 8 4
14 5 3 20 5 4 19 8 3 22 8 4
BOTTLE- 12 6 4 12 s 3 16 7 4 16 6 4
SHAPED 13 7 3 12 6 3 16 6 3 16 7 4
CELLS 11 5 2 12 6 3 12 5 3 12 5 3 155 2 16 6 3 17 7 4 16 6 4
12 7 3 12 5 3 17 7 3 15 5 4
12 5 3 12 4 3 16 5 3 16 5 4
CUBOIDAL 10 5 4 10 8 4 11 8 3 10 8 4
CELLS 10 5 4 10 8 4 11 8 3 10 8 4
10 5 4 10 s 4 11 9 5 10 8 4 107 2 11 8 311 9 4 10 8 4
9 4 3 9 7 3 129 4 9 7 5
11 6 5 10 8 4 12 8 3 10 8 3
ROUNDED 6 6 3 7 5 2 99 4 10 6 3
CELLS 6 6 3 66 3 72 5 2 T 5 2 g4 4 % 3 47 3 10683
TRREGULAR 9 6 54 3 56 3 =
SHAPED 9 6 2 95 4 3 24 3 g6 3 & 63 - -

CELLS




Fig.

Changes in the length of different
types of cells in the narmal
neurectoderm of stage 3, stage 4,

stage 5 and stage 6 embryos.

Abbreviations :
BSC - Bottle-shaped cells
CC - Cuboidal cells

TCC - Tall columnar cells
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Plate

Plate

4.3a

4.3b

Photomicrograph of a section of
chick embryo at stage 3
sectioned in the normal
neurectoderm showing presence

of different cell types (x250}).

Abbreviatians :

BSC - Bottle-shaped cells

C€ - Cuboidal cells

1S - Intercellular spaces
ISC - Irregular shaped cells
RC - Rounded cells

TCC - Tall columnar cells

Photomicrograph of a section of
chick embryo at stage 3
sectioned in the normal
neurectoderm showing presence of

different cell types (x400).
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Plate

Plate

4.3c

4,3d

Photomicrograph of a section of
chick embryo at stage 4
sectioned in the normal
neurectoderm showing presence

of different cell types (x400).

Abbreviations :

BSC - Bottle—-shaped cells

£C - Cuboidal cells

IS - Intercellular spaces
1SC - Irregular shaped cells
RC - Rounded cells

TCC - Tall columnar cells

Photomicrograph of a section of
chick embryo at stage 4
sectioned in the normal
neurectoderm showing presence of

different cell types (x400).
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Plate

4, 3e

Photomicrograph of a section of
chick embryo at stage S
sectioned in the normal
neurectoderm showing presence of

different cell types (x 250).

Abbreviations :

BSc - Bottle-shaped cells
CC - Cuboidal cells

RC - Rounded cells

TCC - Tall columnar cells
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Plate 4.3

Plate 4.3c

Photomicraograph of a sectiaon of
chick embryo at stage &
sec tioned n the normal
neurectoderm showling presence

of different cell types (x400).

Abbreviations

BSC - Bottle-shaped cells

CC -~ Cuboidal cells

RC - Rounded cells

TCC -<«lall columnar cells
1SC - lrregular shaped cells

Photomicrograph of a section of
chick embryo at stage 6
sectioned 1n the neural fold
showing presence of different

cell types (x400).
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4.4 ULTRA-STRUCTURAL CHANGES IN THE NORMAL

NEURECTODERM AT STAGES_4, 5 _AND 6

The embryos at H and H (1951) stages 4, 5
and 6 were removed in Tyrode ‘solution, the vitelline
menbrane was separated and the desired portion of
the embryo was cut out. The embryos were fixed and
processed for embedding in plastic for Transmission
Electron Microscopy. The blocks were trimmed and
sectioned at the desired position (Figs. 3.9a, 3.9b).
The thickness of these sections was judged by
interference colours. Gold colour sections (thickness
+ 600 8 to 900 R) were picked up on 300 mesh grids.
The sections were stained in 2% aqueous uranyl
acetate for 5 to 10 minutes followed by lead citrate

for 2 mminutes. The sections were then examined with

the TEM, JEM 100C X II.

In the present investigation, sections of
the normal neurectoderm of the chick embryo at
stages 4, 5 and 6 ware studied. The photomicrographs
of the sections show the changes in the arrangement

and presence of different types of cells observed at

these stages.

Stage 4 : At stage 4, the study of the sections of
the normal neural ectoderm at 1000 X magnification

(llate 4.4a) reveals that it consists of two types



Plate

4.4a

Transmission Electron Microscope
Photomicrograph of a section of
chick embryo in the normal
neurectoderm at stage 4 (x 1000)
showing the two types of cells
(1) elongated TCC (2) irreqular

shaped cells.

Abbreviations :
ISc - Irregular shaped cells
TCC - Tall columnar cells

s

- Yolk granules



PLATE 4.4a
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of cells : (1) deeply ataining elongated cells
(2) liahtlv staining irregular shaped mesenchymal
cells each with a number of pseudoved - like

processes.

The deeply staining cells are those whichk
arranged or aligned later themselves to form the
neural plate. They are firmly attached to the dorsal
or upper surface of the neurectoderm and interspersed
with irreqularly. shaped mesenchymal cells in the
groups of three or four ectodermal cells. Towards
the ventral or lower surface of the n2urectoderm
the cells are sparse and are loosely distributed
on a ground matrix. The number of mesenchymal cells
in the venttal or lower surface is larger. The
elongdted ectodermal cellS appear to zlongate from
the dorsal or upwer surface towards the ventral
basal lamina. The elongated ectodermal cells have
large prominent nuclei. The cytoplasm is densely
packed with mitochondria, ribosomes, rough and
smooth endoplasmic reticulum, lipid droplets and
yodbk granul=s. The presence of thase organelles’are
clearly seen at 2700 x and 4000 x magnification

Plate 4.4b, 4.4c, 4.44d) respectively.

The propeetive normal neurectodermal cells
appear to be stretching from the dorsal or upper

surface towards the ventral basal lamina with the



Plate

4.4b

TEM Photomicrograph of & section
of chick embryo showing two types
of cells, bottle-shaped cells and

cuboidal cells (x 2700).

Abbreviations
BSC - Bottle-shaped cells
CC - Cuboidal cells

|

m mitochondria

n - nucleus
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Plate 4.4c

Plate 4.4d

TEM Photomicrograph of a section
of chick embryo showing presence
of different types of cell

organelles (x 4000).

Abbreviations

G - Golgi

m - mitochondria
n - nucleus

y - Yolk granules

TEM Photomicrograph of a section
of chick embryo‘ in the normal

neurectoderm at stage 4 (x 4000).



PLATE 4.4¢

PLATE 4.4d
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nucleus in the middle. Though mitochondria and yolk
granul=ss showed dense concentration on the cytoplasm,
both towards the vantral or lower portion and dorsal
or upp2r poEtion of the cz2lls, their concentration
is howaver mors in the ventral or lower lesading

end. The neighbouring ectodermal celis are attached
to each other by demosomes and gap junctions, their
upper part are more cloaely packed with the
neighbouring cells than the lower parts. At certain

places (Plate 4.4a) the yolk granules are surrounded

by groups of lysosomes.

At 4000 X and 2000 X magnificatton
Flates 4.4ey. 4.4f) it 1s clearly seen that the
mitochondria and lipid droplets occur abundantly

throughout the length of the elongated cells.

At stage 4, yolk granules and 1ipid droplets
are present in high concentration along with
mitochondria in the elongated cells both at .the
dorsal or upper and ventral or lower portions
(Plate 4.4g). However, they appear to exhibit a
sort of streaming movement. In these cells
((Plate 4,4gﬁ whose leading ventral or lower portilons
are firmly attached with the ventral basal lamina

the distvibution of the 1lipid drovnlets is diffused.

In certain cells phagocytic lysosomal

vesicles are visible e.g. surrounding the linid



Plate 4.4e

Plate 4.4f

TEM Photomicrograph of a section
of chick embryo showing presence
of mitochondria and yolk granules

in the elongated cell (x 4000).

Abbreviations

m - mitochondria
n - nucleus

R - Ribosomes

vy - Yolk granules

TEM Photomicrograph of a section
of c¢chick embryo in the normal

neurectoderm at stage 4 (x 2000).



PLATE 4.4f



Plate 4.4g TEM Photomicrograph showing a tall

columnar cell (x 4000).

Abbreviations :

m - mitochondria
N - nucleus
- R - Ribosomes

Y - Yolk granules
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dronlets or yolk granules (Plate ¢.4a). This

indicates scom= on gcing digestive processes in the

4

cells. Occurrence of cell death is likely during

2arly differzntiation of neural plate.

St2ge 5 : At stage 5, the cells are seen at 1400 X
magnification to be nicely allgned and densely
packed throughout the thickness of the neurectoderm.
Their dengity increases 1n the dorsal or upper

portion of the neurectodsrm (Plate 4.4h, 4.441)

The lightly staining mesenchymal cells are
very few in the dorsal or uovper portion of the
neuractoderm but they occur mcre frequently in its
ventral or lower portion. All cytoplasmic organelles,
mitochondria, ribosomes, rough and smooth (ER)
endoplasmic reticulﬁh, gnrlfgi,lipid droplets, yolk
granules are clearly seen at a magnification 2000 X
in the dorsal or upper aspect and at 5000 X is the
ventral or lowar vortion (Plates 4,47, 4.4X)
Concentration of mitochondria and yolk granules
are sean bcth 3t dorsal or upper and ventral or
lower vortions of the neurectodermal cells. These
cells are ~bserved at 5000 X to be firmly attached

to the ventral basal lamina (Plate 4.4k ),

At stage 5, the cells are elongated as well
as being commacted with adjacent cells. The degfee

of compaction appears to be much higher in the



Plate 4.4h TEM Photomicrograph of a section
of chick embryo in the normal

neurectoderm at stage 5 (x 1400).

Abbreviations
m - mitochondria
n -~ nucleus

TCC~ Tall columnar cells

vy -~ Yolk granules

Plate 4.41i TEM Photomicrograph of a section
of chick embryo 1in the normal

neurectoderm at stage 5 (x 1400).
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PLATE 4.4i



Plate 4.4;

TEM Photomicrograph of a section of
chick embryo in the normal
néurectoderm at stage 5 showing the
elongated TCC and densely packed

cells (x 2000).

Abbreviations :
m - mitochondria
TCC - Tall columnar cells

Y - Yolk granules
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Plate 4.4k

TEM Photomicrograph of a section of
chick embryo showing attachment of
the cells to the basal lamina

{x 5000).

Abbreviations :
BL - Basal lamina

TCC - Tall columnar cells
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dorsal or ﬁpper nortion ( Plate}4.4j7‘ of the

naural plate than in its ventral or lower portion

( plate 4.4k). Here in the dorsal or unner compacted
sortions of the cells high density of 1lioid

drcnlets and yolk granules is s=zen but the
mitochondria however are not »resent in equal
abundance. At the ventral or lower parts of the
cells, the density of mitochondria is higher than

that of lipid droplets or yolk granules.

At 4000 X magnification (Bate 4.41) ' the
cuboidal cells showed 2 large prominent nucleus.
Adjaceant tn the nucleus are large yolk granules

and many mitochondria, golgi and ribosomes.

In ., Plate 4.4m shows a tyvical bottle-shajed
cell which are firmly attached to the dorsal or
upoer surface of the neurectoderm. The calls are
closely nacked with their neighbouring cells.
Mitochondrta occur abundantly throughout the whole
cell. Other organelles such as ribosomes, golgi
and endonlasmic reticulum are scattered throughout
the length of the cell. Adjacent to these

bottle-shaved c=21ls there are many large ?olk cells.

Plate 4.4n Shows a tall columnar cell
firmly attached to the basal lamina. It 1is also
shows that the cells are closely apposed to

neighbouring c¢ells throughout their length, Many



Plate 4.41

Plate

4.4m

TEM Photomicrograph of a section

of chick embryo showing cuboidal
cell and presence of different
cell organelles and large yolk

granule (x 4000).

Abbreviations

BSC - Bottle-shaped cells

CC - Cuboidal cells

G - Golgi

m - mitochondria

n - nucleus

RER - Rough endophlasmic
reticulum

y - Yolk granules

TEM Photomicrograph of a section
of chick embryo gshowing a
bottle-shaped cell and presence of

different cell organelles (x 5000).
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Plate 4.4n TEM Photomicrograph of a section of
chick embryo showing a tall

columnar cell (x 5000).

Abbreviations :
G - Golgi
m - mitochondria

TCC - Tall columnar cells
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cell organelles such as golgl bondies endoplasmic
reticulum and mitnchonlria are seen c~ncentrated

towards the posterior eide.

At stage 5 a2 faw cuboidal cells were present
am~ng the densely comvacted columnar cells in the
neural nlate region. Plate 4.40° ~ shows one such
cell at 5000 X magnification. In this cell, distinct
cell organslles such as golgi, ribosomes, rough
endopnlasmic reticulum and mitochondria are observead.
Compared with the tall columnar cells mitochondria

pPresent are less in number,

At 2000 X magnification (Plate 4.4p) the cells
are seen to be densely packed and the yolk granubdes
are highly concentrated both‘at the upper and lower

portions of the cells.

Stage 6 : The study of ultrathin sectinns of the
neurectoderm at stage 6 at 1400 X magnification
(Plate 4.4q) rev=als that cells are distinctly
elongated and attached to dorsal.or upner portion
»f the neurectoderm. They are densely packed with
little intercellular space and ground material,The
mesenchymal cells are rarély present. The cells
ire closely apoaseé t~ the neighbouring cells
generally ovar a large part of their length.

Plate 4.4r at 1400 X shows the ultrathin, sections



Plate 4.40

Plate 4.4p

TEM Photomicrograph of a section
of chick embryo showing cuboidal
cell and presence of different
cell organelles and large yolk

granule (x 5000).

Abbreviations :

G - Golgi

m - mitochondria
R - Ribosomes

RER- Rough endophlasmic reticulum

y - Yolk granules

TEM Photomicrograph of a section
of chick embryo in the normal

neurectoderm at stage 5 (x 2000).
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Plate 4.4g

Plate

4. 4r

TEM Photomicrograph of a section
of chick embrvo in the normal

neurectoderm at stage 6 (x 1400).

Abbreviations
TCC - Tall columnar cells
y - Yolk granules

TEM Photomicrograph of a section
of chick embryo in the neural fold

region at stage 6 (x 1400).
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at the neural fcld region with presence of some
intercemlular spaces. A study of individual cells
at a magnification of 5000 x (Plate 4.4s)

rev=als the concentration of yolk granules and some
mitochondria at the lower portion of the cell and
many mitochondria are present in the neighbouring

cell.

At 5000 X magnification (Plate 4.4t ) shows
the structure of a tall columnar cell and
comparatively abundancza of lipid droplets,
mitobchondria, golgi, endoplasmic reticulum and

ribosomes in the de2»ly staining cells.

At st~ge 6, the upper portinn of the cells
are seen to pe well compacted in the neural pilate
but their lower portions are separated by
intercellular spaces. The cells are elongated but
are momor less symmetrical., The nucleil of most
cells are c=ntrally located. The lipid droplets,
yolk granules and mitnchondria are observed to
present in both the upver and lower portions of
these cells. At higher magnification of 10,000 X
and 20,000 X (Plates 4.4u, 4.4v) respectively the
endoplasmic reticulum, golgi and the mitochondria

are also clearly seen.



Plate 4.4s TEM Photomicrograph of a section
of chick embryo showing a tall

columnar cell (x 5000).

Abbreviations

G - Golgi

m - mitochondria

TCC - Tall columnar cells
Yy - Yolk granules

Plate 4.4% TEM Photomicrograph of a section
of chick embryo sﬁowing a tali’
columnar cell and presence of
different cell organellee and yolk

granules (x 5000).
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Plate 4.4u

Plate 4.4v

TEM Photomicrograph of a section
of chick embryo showing part of
a structure of a tall columnar
cell and presence of different

cell organelles (x 10,000).

Abbreviations :

6 - Golgi

m - mitochondria
y - Yolk granules

TEM Photomicrograph of a section

of chick embryo showing part of
a structure of a tall columnar
cell and presence of different

cell organelles (x 20,000).
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DISCUSSION

5.1 Neural induction

Neural induction 1s an important event
during early embryonic development. Embryonic
induction is défined as an interaction between one
inducing tissue and another responding tissue, as
a result of which the responding tissue undergoes
a change in its pathway of differentiation.
Embryonic‘induction is a remarkable phenomena which
initiates the differentiation of cells leading to
the organisation of cells into tissues and organs.
It is believed that during induction certain
messages are transferred from the inducing to the
responding tissue. This acts as the causative agesnt

bringing about the differentiation of cells of the

responding tissue.

The phenomenon of neural induction brings
about the transformation of ectoderm lying over the
developing notechnrd into neural plate during
gastrulation. This was first demonstrated by
Spemann (1918) in an amphibian eébryog in the course
of his investigation on the role of dorsal 1lip of
blastopore as the Organizer. Through the dorsal
lip of blastopore the cells from the surface of

amphibian blastula start moving int~ the interior



N\

100

of ths amphibian embry». By th= time thes blastopnre
is completzly formed, thz presumotiva nqgtochnrdal
material is arrang=d lencthwise mid - dorsally -n

the ro>f of the archenteron and neural plate has been
formed over the notochordal material in the mid -
dorsal region. 4 number of workcors (see for review
Spemann, 1938; Nisukopp, 1952 among others) have
demonstrated that the ectoderm above the presumptive
notnchord 1s transformed into neural plate ﬁgaer its
inductive influence. Spemann and Mang»ld (1924) showed
that when dorsal lip »f blastrpore is implanted into
the blastocoel nf another gastrula of the.same age,
it induces the formatimn of 2 s=condary embryopnic
axis. The inducti~n ~f neural plate b? the underlying
roof 0f the archenternn i5 an important event at

this stage.

The phenomena of neural inducti-n in chick
embryo> was first demonstrated by Waddington (1932,
1933). Waddingto-n (1932) dem-nstated that Hensen's
node of the primitive str=ak »f the chick embryn
acts as an 'Organiser! similar to that in the
amphibians. When implanted belnw the epiblast ~f
another primitive streak stage embryn, the Hensen's
no>de induced a secaﬁdary embry-nic axis. In 1933, he
mublished the result of his further experimants and

argued that the underlying chnrdal mesoderm anpeared
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to have the capacity to induce the formatinn »f
neural plate in the host ectoderm. The mesoderm
which caused the induction of neural »late, was
actually composed of »nrechordal 2and chogédal
matarial has been conclusively confirmed by

subsequent workers (see f-r review Hara, 1978).

Further, exverimental works cn amphibian
embrvns (see for review Nieukoop, 1973) and chick
(see for review Hara, 1978; Khare and Choudhury,1985)
provide us with an insight that thes first stimulus
fo>r neural inducti-~n 2manates fr-m =mbryentc rendrderm.
This is followed by the stimulus from the »rechordal
and chordal meso>cderm. In the chick embryo many
workers (such as Waldington, 1952, 1933; Spratt and
Haas, 1960 a,b; Vakast, 1964, 19653 Eyal-Giladi and
Wolk, 1979, 1981) have shown that the embryonic
endoderm had a definite role in the inductinn of the
neural plate. Gallera (1971) writes that "The stimulus
for the neural induction, then, woull originate in
the presumptive embryonic endoblast, and it is
reinforced later by the inductive stimulus from the
chorda mesoblast. In any event, once invaginated, the
embryonic endoblast lose their inducing cavacity"

(Gallera and Nicolet, 1969).
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Compatence of the resp-nding system

Cormnetence is a term Jlafined as the
nhysinlogical state of the tissue which permits it
tn react in the mor-hogenctically soecific way to
determinative stimuli, »r, more in keening with the
mnlecular bicl~gical outleok, "a term which sums thes
ability of the enzyme e mplement »f the embryonic
cell tn adant to a particular ratin of metabolites."
Whatover it may be, competencs is always ralated t»
marticular stimuli 3and Darticular enrresponding
resonnse. With regard to »>rimary induction, therefnre
we may spPeak of neural Jdifferzntiati-n as 3 »Hrimary

comdetence of the ectonderm.

In chick embry~ several workers such as
Woodside (1937) attemmted to investigate the »art
Played by the respending systam and alsn the
developmental age cf the host ~n the rasponding
tissues in the presence ~»f 1inducing tissues. He used
Fell and Robinson (1929) watch glass technique tc
culture the grafts. He perf-rmed exderiments on
embryos ranging from the first =2o-earance 2f shnrt
broad primitive streak to the 5 somite stages. He
nverformed thrae sets of expariments according to the
age >f the host from 16 - 19 hnurs »f incubation.

He demnnstrated that comnetence of ectoderm to react

t> inducing action of the araft is best at miAdle
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to full »rimitive streak stage. It declines fr-m full
Srimitive streck stage to head orocess stage. In early
exoeriments of the »resent investigation, the author
also neted that the ectoderm cf the host resnnnded
best t» the grafts of the »rimitive streak slightly
before full primitive stage, and 21s such hosts of

this stage only were used for the axperiments in thg

~

present investigation.

5.2 Inducing cavnacity of different narts of the

primitive streak at stages 3, 4, 5 and 6

stagewise analysis
Waddington and his collaboratnrs during

(1930-1940) nctably, Abercrombie, Taylor and SchmiAdt

already discussed and)gem?nstrateﬂ that the anterior
///;ert of the hrimitiveﬂwas canable »>f inducing neural

structure in the competent ectoderm from both

Dellucid and onagque areas. The inducing capacity of

the definitive primitive streak has also beaen

systematically analysed by some other notable workers

such as Mulherkar (1958) and later reinvestigated

by Gallera (1964). All these workers concentrated

mainly on the definitive streak stage excent

vakaet (1964) and Gallera and Nic-let (1969), who

also work on nre-streak stajge (stage 3). As these

workers have described the change in the inducing

capacity of the Hensen's node from stage to stage,
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the experiments in the psresent investiatinn were
conducted to re-examine the neural inducing
canacities of different pagts of the primitive

streak grafts A, B, C and D (Figs. 3.5a, 3,5b) at

fHur develoomental stages namely stage 3, stage 4,
stagye 5 and stage 6. The grafts were prenared with

(1) all germ layers at stages 3, 4, 5 and 6 (2)without

endnderm at stages 3, 4 and 5 (3) without endoderm

and mesoderm at staves 3, 4 and 5.

These thr=e experiments were designed to
test the inductive behaviour »f the thrzs gemrm
layers when they were »resent tngether as well as
when they were sejarated. The exneriments have been
2rovided following dynamic piéture of the inducing
capacity ,of the different parts of the »rimitive (
streak.

5.2.1 By the grafts having all germ layers

In the present investigation, the nesural
inducing capacity of the Hensen's node as well as
vosterior parts of the primitive streak has been
examined at pre-streak stage (H and H stage 3):
definitive »rimitive streak (H and H stage 4); head
orocess stage (H and H stage 5) and head fold stage
(H and H stade 6). In the first series of

experimznts of the 183 grafts imolanted, 49 died
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(Table 4.1.1) at stages 3, 4,5 and 6; The study of
the sections revealed that the structures
differentiated were 'Complete’ embryonic.axis
which had all the thrze combonents namely, neural
tube or neural plate, notnchord and somites.
'Tncomolete! embryonic axis had either the somitzs
or notochord in addition to the neural onlate. In
some instances neural plate is the only induced

axial structure.

Complete embryonic axis was induced by only
A and B grafts (Figs. 4.1A - EcMEn) while C and D
grafts did not show any inluction (Figs. 4.1C =~
EcMEn, 4.1D - EcMEn). Graft A nf stage 4 (Figs:4.1A
- ECMEn) shows that it can induce the comdlete
embrynnic axis and thz induciny canacity is greater
while reaching stage 5 and again shows a decline

at stage 6.

Induction of incomvlete embryonic axis was

nbserved by A, B, C grafts oﬁly D grafts did not
. ) ) except at

show any induction of incomplete embryonic axii/stageé
(Figs. 4.1A - EcMEn, 4.1B - EcMEn, 4.1C - EcMEn
and 4.1D -~ BcMEn). The grafts A, B, C at stages 3,
4, 5 anl 6 showed that induction starts at stagé 3,
increases at stage 4 and stage 5 and showed a

Jdecline at stage 6. Excent graft C at stage 6

(Fig. 4.1C - EcMEn) did nnt shnw any induction of
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incomplete embryonic axis, this may be due to high
mortality rate (60%) »f the grafts implanted

(Table 4.1.1).

Induction of neural plate alone was achiesved
by 211 the gjrafts A, B, C anl D anl as in other
instances ohserved as =arly as stage 3 and decline
at stage 6 (Figs. 4.1A - EcMEn, 4.1B - EcCMEn,
4,1C - EcMEn and 4.1D - EcMEn). The figures showed
that all the grafts have the cawnacity’ to induce
the neural plate and the frequency of nesural

induction declined at. stage 6.

The above finding shows 2 dynamic »icture in
the induciny camacity of the »rimitive streak with
all germ layeys present. The »rimitive streak of
donors at stage 3, 4, 5 and 6 have 2 comparable
cavacity to induce neural »late formation. But
induction of a comnlete =2mhry-nic axis or incomml=te
ambryosnic axis was induced only by A 3and B grafts.
Incomplete embryonic axis was induced only by A, B,
C grafts While; graft D did not have the capacity to
) except at stage 4,
form axial structures other than the neural plate),
The anterior »ortion have greater inducing cavpacity
than the vosterior region. This works also sundorts

the earlier findings that anterior half of the

mrimitive streak has clear neural inducing canacity.
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Wa“dingyton, Abercrombie, Tavlor and Sehmidt
(1930-1940) have demonstrated that anterior »nart of
the primitive streak is cawnable of inJducing neural
structure in the combetent ectoderm. Mulherkar (1958)
Gallera (1964) and Vakaet (1964) confirmed these
findings 2nd demnnstrated that these canacities wére
restricted t» middle half »f the »rimitive streak.
While the present author suports the findiﬁg that
anterlior half has clear neural inducing cavacity
this investigyati»-n indicates that the nosterior half

is n~t devoid of such cajacity.

While revi=wing the earlier contributions on
orimary inducti»n, Gallera (1971) pcinted out that
n=2ural inducing capacity of the anterior »nart of the
orimitive streak is much reduced at stage 6. In the
vresent investigation, graft A comprising Hensen's
node from the anterior part »f the orimitive streak
with all germ layers (Fig. 4.1A - EcMEn) showed that
percentage frequency of neural w»late induction
showed a comvaratively high inducing cawnacity which
was 87.5% at staje 3 and Jdecline at stage 6 to

66.6%.

5.2.2 By the grafts without endoderm

In the second set of exvperiments the donors

were taken at stage 3, 4 and 5. In the »nresent
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investijati»n it shows that complete embry-nic axis
was not induced by any grafts after removal of
éndoderm only. Incomvlete embryonic axis was induced
~nly by A and B grafts of stage 3; A, B and C grafts
nf stage 4' and A graft of stage 5 (Figs. 4.l1A - EcM,
4.1B -~ EcM, 4.1C - EcM).Graft A at stage 3 and 4
showed the same level »f induction and the capacity
which increase 42.7% at stage 5 (Fig. 4.1A ~ EcM).
This shows that the abillty t» induce other axial
structures beside neural plate starts as early as
stajge 3 and increases at stage 5. Graft B shower
same lavel »f induction 14.3% at staje 3 and stage 4
but no inducti-n at stage 5, thils may be due to hijh
mortality rate (Fis. 4.1B - EcM and Table 4.1.2).
While C graft showed inductinn 2nly at stage 4
(Fig.4.1C -~ EcM). From the above picture it shows
that inducticn cf other axial structure aoart from
neural plate is restricted largzely to grafts having

all the three germ layers,

Neural nlate was induc=d by A, B 2nd C
grafts only (Figs. 4.1A ~ EcM, 4.1B - EcM and
4,1C = EcM). In this investigation it shnws that
the inductlon of neural »>late »ccurs even as early
as stage 3 and then there is a gradual decline as
develobdmant proceeds futrbher. The Dercentage

frequency of neural plate inducti-on showed a similar
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trend as in the first set of experiments where
greater inductinn was »bserved at early stages and
again there is a3 decline in inductive canacity.
After remcval of endrderm, induction of other axial
structures besides the n=ural plate is re=duced.
This suggests that the endcderm might enhance the
induction of these structures in the competent
ect~derm. Several authcrs have studied the inductive
action cof the early hypoblast on the epiblast in
the chick blastoderm (Waddington, 1932, 1933;
Spratt and Haas, 1960 a,b: Eyai-Giladi and Wnlk,
1970; Azar and Eyal-Giladi, 1979, 1981). But all
these experiments revealed mainly on the role of
the hypoblast in the morphogenesis of the epiblast.
Howeaver, they sugiest strong inducing action »f

hypoblast.

Other workerg, Azar and Ey1:l-Giladi (1981)
have studied the interaction of epiblast and hyooblast
t~ induce the formation of primitive streak and
embrvonic axis. This present investigation also shrws
that in the.absence of endoderm, the formation of
a c~mplete embryonic axis does not cccur. Graft D
showed a very high'mortality and it was ‘not possible
to have enough number of successful cases in order to

draw meaningful conclusions.
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5.2.3 By the grafts withosut endoderm and mesoderm

In the third set cf ex»eriments when bcth
endnderm and mes~derm was removed from donor embryos
at stages 3, 1 and 5, the results were similar to
thnse nbtain=21 in the second set »f experiments

\

described abovs. No» inducti-n ~f complete 2mbrvonic

axis occured in any °f the grafts.

Incomnl=ate embry-nic axis was induced »nly
by A graft of stages 3, 4 and 5 (Fig. 4.1A - Ec)
while B, C ind D graft did not shonw any inductiocn.
This shows that ~nly anterinr part of primitive stre=ak
has the greater inducing capacity even when these two
other layers are removed. Again, the inducing
cavacity is observed even as early as stage 3 and 4
increases at stage 5. Similarly, the grafts without
the endoderm (Fig. 4.1A - EcM) alse shows an increase
at stage 5. Here it is suggested that the mesoderm
might have the capacity to induce axial structures
in the c-mpetent ectoderm; B, C and D grafts did not
show induction of any axial structure other than

neural plate.

Neural »lats is incuc=4 by qrafts 5, B an? C
(Fiys. 4.1A - Ec, 4.1B - Ec, 4.1C - Ec). High
mortality cccurred in D graft exoeriments and

theref~sre no meaningful conclusinns could be drawn.
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Inductinn of neural »late is observel as zarly as
stage 3 and continues at increased frequency but

declines as Jdeveloment proceeis.

In this investigatio-n it is observerd that
after the remnval of two germ layers the ectoderm
1s carable >f inducingy only n=2ural »late, it is
therefcre suggested that the infeormation necessary
to bring ahout neural induction is already »resent in
the donor actoderm. In the thifd sst <f ex»Heriments

st siiey

like the seCOpl set of experiments it* was found n»o
formation of com»slete embryonic axis; incom»lete
embryonic axis was induced only by graft A at stages
3, 4 and 5. Only neural plate was induced by A, B and
C grafts and inlucti-n of other axial structures are
greatly reduced which suggest that the presence of

endoderm enhance to bring about induction of other

axial structures in the competant endcderm.

5.3 Histological changes in the neurectoderm induced

by the grafts of Hensen's node of stages 4, 5 and 6:

staje wise analysis

Instructive investigations in this field have
been carried out by Gallera (1964, 1965, 1966). His
exeriments consisted of exdlanting nriented grafts
of a standard siee taken from the anterior part of

srimitive streak and then implanting ompin area -
—
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p8llucida and ancther in area cpaca. To obtain this
information Gallera (1965) implanted grafts of
Hensen's nod= on the comoetent ectoblast in the area
ppaca and assur=ad a direct contact between them. At
various intervals, grafts were dstached from the
ectoblast and host hlastoderms were allcwed to grow
in corder to assess the ty»e of inductive reswmonse
Jiven by the esctoblast. Under these conditions 6
hours »f contact between the inductor and the
actoblast was found necessary to obtain the inductinn
of a w2ll thickened n=uroidal »late. Liongyer contact
was required for the differentiation of cerebral
structures, Ty»ical neural induction was ~btained

after a contact nf 8Y2 hours or longer.

Udel

Leiknla and MaCallion (1967) using alcchnl
killed chick liver as the inductor. They found a
neurosid res»monse after 4 hours »f contact and a

tynical neural induction after 6 hours.

In the present investigatinon the host
ambry»n together intagg\with the grafts were removed
from the incubator at different time intervals,
fixed and »nrocessed for histolngical analysis.

Neural inducti~-n by the grafts of Hensen's node at

stages 4, 5 and 6 has been investigataed at different
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time intervals with two tyses of grafts :-

(1) Grafts of Hensen's node with. all the germ layers
of stage 4, stage 5 and stage 6.
(2) Grafts of Hensen's node without the endoderm ~f

staye 4, staze 5 and stage 6.

5.3.1 By the arafts nf Hensen's node having all germ

layers

In the first set ~f exneriments, the grafts
of Hensen's node at stage 4 caused distinct and
gradual changes in the histo-morohology of the cells
at time interval »f 5, 10, 15, 20, 25 and 30 minutes.
The cells beccme slightly =2longated with
interceullular shaces between them at 10 minutes
of centact and at 15 minutes of contact they were
»rominently elongated and stratified with very
little intercellular swaces in between them. At
30 mirutes ' of contact the reacting ectoderm showed
formation of neural plate (Plates 4.2.1c, 4.2.1d).
In short time interval of contact appearance of
intercellular spaces between the cells were
observed but with increase time interval of contact
the ectocdermal layer aﬁpeared to become thickened,
stratified, cells were tightly closed toqgether
without any intercellular spaces (Figs. 4.2.1(1),

4.2.1(i1).
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At staye 5, these grafts inlucel
comparatively shar~ an?! more prominent changjes in
the reictiny ectolerm at different time intervals of
5, 10, 15, 20, 25 and 30 minutes. At 10 minutes of
contact there was -listinct change resulting int> the
formation of neural olate as well as neural gronve
(Plates 4,2.14 and 4.2.le) with few intercellular

sDaces in between the neuralised cells.

At stange 6, these jrafts shnwed nn change
in the reacting ectnlerm even for a contact »f
50 minutes. Pefinitivae nsurnil resoonse was seen pnly

at 2 hnurs »f contact.

Histologzically, the neural »late induced by
grafts »f staje 4 as well as stage 5 and stage ©
sho>w similar changes, the cells show a tendency to
become elongated,b>ttle-shavned cells show an )
increase in length with increase time interval of
contact (Fig. 4.2.1) anl slowly the intercellular
spaces present between the cells disaprear and the

whole ectodermal layer asveareld to be stratified

and resemblingy a ns>rmal neural plate,

The experiments though designed, to examine
the hist»oln~gical chann2s in the reacting ectoderm
at different time intervals of contact with the

jrafts ~f Hensen's node with all germ layers intact,
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reveal that the inducing effect has been manifested
as early as at 10 minutes of contact. The fully
formed neural plate was seen only at 30 minutes of

contact.

It is also not possiblzs here to comment on
the differ=nce batween present observations and
observations made by Gallera (1965, 1970), because
he also put the graft in contact and then femoved it

and allowed the reacted host embryo to develop.

5.3.2 By the grafts of Hensen's node without

endoderm
In the second set of experiments the grafts
of Hensen's node stripped free of its endoderm at
stages 4, 5 and 6 and kept in contact at different
time intervals of 10, 15, 20, 25 and 30 minutes and
at stage 6 ‘for 2 hours and 2 hours 30 minutes

revealed the following picture.

The grafts at stage 4 caused a slow and weak
response. Even at 15 minutes of contact the cells
show a tendency to elongate and presence of some
intercellular spaces in.between them. But only at
30 minutes of contact the reacting ectodermal layer
was soma2what thickened and closely packed without

intercellular svaces and it appeared as a thickened

neural plate.
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The grafts at stage 5 showed similar weak
responcs, A r28ponc2 wWas seen \at\ 15 minutes of
contact, when ectodermal layer cells become
elongated and densely packad. But at 20 minutes thes
whole :ectodermal layer appeared to be thickened. It
wis more prominent at 30 minutgs of contact

(Plates 4.2.2c, 4.2.24).

The grafts at stage 6 showed a weak response
at 2 hours of contact, only at 2 hours 30 minutes
of contact with the graft, the study of the sections
revealed that the reacting ectoderm formed a
thickened neural plate. The czlls show a tendency
to 2longate and they were closely packad without any
intercellular spaces where it showed formation of

a thickened neural plate.

In our experiments when endoderm was removed
from the graft of H-nsen's node, 1t showed 2 slow
and weak response in the reacting ectoderm. It may
however be noted that the grafts of Hansen's node
without the endoderm caused induction of thickening
of reacting ectoderm at 15 minutes of contact
similar to the grafts of stage 4 which had all
germ layers, The grafts of Hensen's node at stage 5
blastoderm bring about transformation of reacting

ectoderm into neural vlate at 20 minutes of contact

.
S . .- -
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almost Jdouble thz time than those grafts of stage 5
wnicn ha' 211 gcrm lavers intact which caused chinges
in the reacting actoderm cnly at 10 minutes of
contact 2nd thoss cf stage 6 grafts witnout endodzrm
briné about chzngzs at 2 hours 30 minut~s of contact
whiie 3tage 6 grafts with all germ layers initistad
~his process at 2 hours of con*tact. The result
indicate that presence of endoderm in the first

scries of experiments Jdi3 have some influence on the

vheanomenza »f iniuction.

In the presant investigation 2 comparative
anilysis has been made whether there is any
difference in the timing of induction under
experimental condition by grafts of the Hensen's
node at stage 4, stage 5 and stige 6. We did note
a distinct difference when the graft was isolated
at stage 4, the clear histological change in the
responding actoderm was scen 2t 15 minutes of

stage 5,
contact but when the graft was isolated at/) it
brought about a clear histological change in the
cells of the resoonding =2ctoderm at 10 minutes of
contact. By stags A the inducing power of the
Hensen's ncde was hipghly reduced as it did not
cause any induction up to 50 minutes of contact.

The result is indicated th2t at stage 5 the Hensen's

node hal cells which h3d batter inducing capacity
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than at stage 4 cer stage 6. The cells which are
migrataing through the Hznsen's node downwards are

mainly the cells of chorda-mesoderm and endoderm.

5.4 Histeological changes in the normal

neurectoderm 3t stages 3, 4, 5 and 6

In the present investigation, sections of
the nzurectoderm of the chick embryo at stages 3, 4,
5 3nd 6 have been studied. At stage 3 the sections
of the neurectclermal layer reveal that it is a
thin strip of cells composed of different types of
cells with large interczllular spaces betwesen them.
The cells are mainly of the cuboilal ty»e some
bottle-shaped, tall columnar, attachel and . forming a
thin <pithelial shzet of cells, where both the
prospective neural plate and ectodermal cells could

not be Jdistinguished from each other.

The study cf sections of the neurectoliermal
layer of stage 4 reveals that it is similar to
stage 3 except that the ectodermal layer is slightly
stratified. Ig;is composed of lifferent types of
cells with large intercellular spaces between them
as in stage 3. Cells were bottle-shaped, tall
columnar and cuboidal cells and irregular-~shaped

cells.

At stage 5, the entire n>urectolermal
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layer appears as a thickened strip of cells which
are closaly dackel with little inter-cellular svaces
in between them. C2lls were mostly bottle-shiped and

+111 columnar.

At stage' 6, the neural plate appears as 3
thickenel strip of cells that closely »nacked with
little intercellular spaces betwesen them. However,
the neurectoderm a3t the neural fold region is
stratifiel with Jlistinct intercellular spaces
between cells. Czlls were mostly bottle-shaved, tall
columnar and cuboidal. The cells of the nesural plate
become elongated »Hreparatory to migration while
cells in the mi‘llle regicn remain cuboilal shape.

As the cells become elongated or bottle-shaned
changes occur 2t their cell surfaces. The cells lose
their epithelial arrangemant anl the sectilons of

this layer reveal it to have become stratifie=3.

As could be inferred from the foregoing
observations it is clear that the changes observed
in the normal neurcctoderm of stages 3, 4, 5 and 6
revealed conspicuous difference with increasing
development. The presumptive neural plate appear as
a thin strip of epithelial layer even as early as
stage 3. An epithelium is usually defined as a
she=t of cells that lines a body cavity or covers

the surface of the body (Hay, 1968; Trinkaus, 1976)
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and it also possesges, & basal lamina at oune side
and a frce apical edge at the other. There is high
mitotic rate in the presumotive neural plate region
at Stage‘4 than in the more latesrally situated
ectoderm (Emanuelsson, 1961). This may be the reason
that the presumptive neural pdate at stage 4 appear
most stratified than at stage 3. Similarly, at

stage 5 and stage 6, cells are densely packed with
less inter-cellular spaces this may be &lso due to
the high rate of cell diyisién duringr elongation of

the head process.

5.5 Comparative histological changes of normal and

induced neurectoderm

A c&mparative analysis of the histological
changes in the normzl neurectoderm at stages 3, 4,
5 and 6 with those of the ﬁeurectoderm induced by
grafts of Hensen's node of stages 4, 5 and 6 reveals

a following picturs=.

In the normal neurectoderm the prominent

characteristics are :-

1. The sections of neurectodzarm at stage 3 is a thin
strip of cells with large intercellular spaces
between them. Cells are mainly cuboidal in appearance.
2. At stage 4, the cells begin to appear stratified
and distinct intercellular spaces occur betwesn cells.

Tall columnar and irregular shaped cells are present.
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and 6
3. At stage S,/ ‘cells are closely packed with very

little interc=llu.ar space batwezn them: Most of

the cells are now bottle-shaped and tall columnnar.
Av 3tage 6 im the nsural fold region the cells are
strotified, as in stage 4, with some intercellular

spoces.

A comparative analysis of the induction of
neurectoderm at stages 4, 5 and 6 revealed that the
grafts of Hensen's node at stage 4 with all germ
lavers intact caused neuralisation of host ectnderm
evidenced by distinct and gradual changes in its

histology.

In the neurectoderm induced by the grafts
of Herssan's node with all germ layer intact the

folliowing changes were observed :-

After 15 minutes of contact with the graft
of Her.3en's node at stage 4 the cells of host tissue
becomz prominently -2longated and stratified with
little intercellular spaces between them. After
30 minutes of contact a vrominently thickened neural
plate with a neural groove is formed in the host
tissue. At stage 5, the changes were distinct and
prominent in the reacting ectoderm. Even at
10 minutes contact with the graft, there is a

distinct change in the r=2acting ectoderm which appeared
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1ike a thickened nsural plate, Aftar 39 minutes of
contact with tha graft, a thickened n=ural plate is
formed ‘and  the - cellé are tightly packed
without any intercelluiar spaces between them.
Mostly bottle-shaped and tall columnar c=lls are
present and they have an elongatel nucleus. At

stage 6, very little change is observed in the
competent reacting ectoderm. Even such small changes
are slow in occurring. At stage 6, a longer time is
taken for a2 nsuroid rasponsz to occur in the
reacting ectoderm. No change is observed at 50 minutes
contact. A thickenad neurectodermal layer anoRars
only after 2 hours of contact. Tha cells in the
induced =c*oderm are bf a variety of shapes some are
cuboidal, rounded or irregular in shape Lut most
cells are elongated and bottle-shaped. These cells
are closely packed with very little intercellular.

spaces in between them.

In the neurectoderm induced by the grafts
of Hensen's node without the endoderm, the following

changes were observed :

Grafts of Hensen's node without the endoderm,
at stage 4 evoked a slow and weak response in the
host tissue. Even after 15 minutes of contact the
host ectoderm appeared merely as a thickened

ectoderm, wherg cells tend to be =2longated and with
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large intercellular spaces. It is only after 30
minutas of contact that the entire host ectodesrmal
layer is induced to form a neural plate. The cells
tend to eslongate and densely packad. Graft taken at
stage 5, induceld only 2 weak response even at 20
minutes of contact with the host ectoderm. Cells
ware densely packed and elongated. The induced
ectoderm appeared to consist of different types of
cells, The hnost ectoderm layer appesared to form a
thickened neural plate only at a 30 minutes contact
with the graft. At stage 6, a longer time of
contact was raguired to bring about nesuroid
response in the host tissue. Only 2t 2 hours 30
minutes of contact did the hnst cells becoma
elongated to form neural tissues After 2 hours of
ceontact only a feeble neuroid response was elicited
and the host ectoderm app=arad as thickened
ectod.rm with 1less. . intarcellular spaces between

the cells.

After removal of endoderm from Hensen's
node at the abo®me mentloned stages it is seen that
it takes a longer time of contact with the inductor
to bring about a neuroid response in the reacting

actoderm.

As could be inferred from the foregceing

observations it is clecar that the changes observed
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in the induced neurectoderm are similar to those

sean in the normal n=surectodarm.

Studiss by Rosilo and Leikoka (1976) un
_neural induction by previously induced in avian
embryos in vitro established that negﬁéalised cells
were usually easily recogniszd by their elongated
nuclei. In the present study of the cells composing
the induced neural plate, bottle-shaped and columnar,
cells had elongated nuclei. The cells appear to
elongate and columnar in shaped in the reacting
ectoderm. Similarly, (Spratt, 1946) revealed that
the cells of the neural plate even are more cdlumnar

than the surrounding prospective epidermal cells.

5.6 Ultrastructural changes in the normal

neurectoderm

In the present investigation, ultrathin
sections of the normal neurectoderm of the chick
empbryo at stages 4, 5 and 6 were studied in order
to follow the changes in the arrangement and

presence of different types of cells.

At stage 4, the neurectoderm is composed of
two types of cells, namely, elongated and amoeboid
cells, whereas at stage 5, the cells are densely
packed throughout the thickness of the neurectoderm
and with very few lightly staining mesenchymai

e et
cells in the dorsal and ventral portions of the
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neurectncerm. At stage 6 the competent cells aodp2ar
to be wery much elnngated and m;sencbymal cells are
absent. The elongatad czlls have large prcominent
nuclei and the cytoplasm is dense with ribosomes,
rough and smooth endonlasmic reticulum, lipid droplets
and volk granules. Neigbbouging ectodermal cells
are attached to each other by demosomes and gap
junctions. In particular, gap junctions have been
demonstrated from stage 4 by Revel et al (1973), who
carried out a freeze etch study, It is generally
accepted that gap junctions are the sites 6&f
electrical activity and might thereforz serve to

keep the cells in communication.

At stage 4, in certain cells lysosomal
vesicles are seen surrounding lipid droplets,
indicating some sort of on going metabolic processes
in che czils. As there is higher mitotic rate in
the presumptive neural plate region than in the
more laterally situated ecto@erm at stage 4
(Emanuelsson, 1961) and theréz?lso larger amount of
debris in the neural plate reglon than laterally
(Banaroft and Bellairs, 1974), this is also likely
to indicate a reglon in which many cells have
rzcently undergone mitosis. At stages 4, stage 5 and
stage 6 yolk granules along with mitochondria are

abundantly present in the elongated cells. The
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r2ason sczems to bs that in elmangating c=11ls more
enargy is raquired for thair elongation and

morohogenasis but once theair shapz is establishad
+he function of these ornanelles is also r=duced

to some extant. Laraga 2mount or hign density of

N

yolk granules szem to have storad raw material for
»roviding endrgy during the elongation and

mornhoyenesis of these n=urectodermal c=21lls.

5.7 Embryonic Endoderm-Crigin and Formation

Earlier workers (Kionka, 1894; Wetzel, 1939;
Marbach, 1935, Hunt,1937, Pasteels, 1937: Peter,
1938; Jacceoson, 1938) belicved that tha hypoblast
arises =ither by separation or by polyinvagination
of the epiblast and later gives rise to the
endodaerm of the embryoe. But Spratt and Haas 1960 a,
1965 and Vakaet, 1982, 2967 and Vakaset and Mareel
19¢4, Modak,1963, 1965, 1966, Resenguist 1966,
Nicolet ,1965, 1967 have conclusively demonstrated
that the embryonic zndoderm arises from the base
of Henszn's node 2t stagec 3, 4 and 3. The original
hypoblast, also callad primary hyvoblast,is pushed
anteri~rly in the gzrminzal crescent ar=za. The now
secondiry hynoblast 1arising from the bass of
Hensen's node gives risce to zndoderm of the embryo.

Vakaet (1970) called the primary hypoblast,
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endophyll and the secondary hypoblast, as sickle
hypoblast. Welk and Eyal - Giladi (1977) by
immunaflucrescencas techniqua and Wakely and England
(1978) by SEM have further confirmed and

elaborated th2 mannasr in whitch this layer arises.

Comparative analysis of the inducing
capacity of the two types of grafts of the Hensen's
node with all g=rm lay=rs and without endonderm at
diffarent timz intsrvals in the present
investigaticn reveals that ther=z was not much
difference in the timing of neural induction by
grafts of stage 4 blastoderms there was distinct
difference in the time of "induction caused by
stage 5 and stage 6 grafts. The grafts at stage 5
from which endoderm had been removed took almost
double the time 20 minutes to induce the formation
of a neural plate in the competent responding
sctoderm than those whicn had all germ layers intact.
The stage 6 grafts with all germ layers intact
took 2 hours to elicit neural induction in the host
tissue whereas stage 6 grafts with~ut endolerm do
not cause any induction in less than 2 hours of

contact with the graft.

The explanation for these results seem to
be the following :-

(1) At stage Y, the Hensen's node still has
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prospactive ambry~nic endoderm and Chordal mesoderm
cells in it. Thus the twn types »f grafts with 1ll
azrm layers 3and qgrafts without endoderm Jid nat show

much difference in the inilucti-n time.

b

(2) At st-hne 5, the chordzl mescdzrm has zmigraced
0

~ut anteriorlv from the Hensen's node tro give rise
S the head ornczsses and many endoderm cells have
also amigratel at the baise »f the Hensen's nnde

tn give rise to embryonic endcderm, this may be th=
r=ason why the grifts with 2all germ layers intact

caused inlucti-n at a faster rate as so~n after 10

minutes of c¢ontact then thhse which 414 not have

enloderm seen after 20 minutes »f contact.

At stage 6, all endoderm cells are knnwn to
have e.iddgrated at the base of the Hensen's node this
seem to be the reason for Jdelayed acti-n where nn
induction was s=zen even at 50 minutes of contact by
the grafts with all germ layers intact. When endolerm
was removed from such grafts their inducing capacity
was observed t» be greatly diminished with induction

nccurring at 2 hours 30 minutes of contact.

The role of chordal mesoderm is already well
understood the role nf embryonic endoderm in neural
inducti>n has also been expliined by some workars
(Waddington, 1932, 1933; Spratt and Haas 1960 a, b3

Vakaet 1964, 1965, Eyal-Giladi and W»lk 1979, 1981)
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who have establiéiei that embrycnic endoderm has a

dafinite role in th-o inlucti-n of the neural plate.

In chick empryo (see for review Hara, 1978;
¥hare and Choudhury, 1985) provided us with the
insight that the stimulus for neural induc¢tion
emanates from embryonic endoderm’ . The stimulus
from the prechordal and chnrdal mesoderm is given
out 2t second stages. Gallera (1971) writes that"the,
first stimulus for the neural inducticn,then, would
originate in the presumptive embryonic endoblast,
and it is re-inforced later by the inductive
stimulus from the chorda-mesoblast. In any event, once
invaginated, khe embrydhic enldoblast lose their

"
inducing capacity (Gallera and Nicolet, 1969).

5.8 Role of endoderm in neural induction

In the present investigations it was observed
that after removal of endoderm from the inducing
graft at stage 3, 4 and 5 the inducing capacity to
form other axial structure is reduced except the
nesural plate. This suggést that the endoderm might
enhance the induction 2f these axial structures in
the competent ectoderm. The role of the primary
hynsoblast in prosencephalie induction before the
laying down of pre-Bhordal mesoderm has also been

reported (Vakaet, 1964, 1965; Gallera, 1971 and

Eyal-Giladi, 1971) and morohcgenetic changes during
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neural inducticon have been better investigated with
the help of SEM, TEM anl transfilter technidques
(for reference see Gallera, 1968; England, 1973:
Eyal-Giladi, 1975; Raslle and Leikola, 1976:

England and Cowper, 1976).

Tha inducing role of hypoblast was
discovered by Waddington as early as 1933. He shawed
that if it is excised and rotated by 180°, the
orientation of the develoving primitive streak is

also changed. Similarly, the »rimary hyocblast was

found to be cadable »f inducing a primitive streak

in the ccomvetent e»iblast when sewarated from it

by a millioore filter (Eyal-Giladi and Wolk, 1970).
The hyp~blast was also found to supdort and stabilise
the primitive streak during the initial steps of its
formation (BEyal-Giladi, 1970; Azar and Eyal-Giladi,
1979). Recently, Azar and Eyal-Giladi (1981)
investigated the interaction of epiblast and hypoblast
in the formati-n of the primitive streak and embryonic
axis and explained the dynamics of the inductiveness

of the Hipoblast and the com»yetence of the epiblast.
¢ .
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SUMMARY

This work includes an analytical investigations on the

neural inducing capacity of the primitive streak of the chick
embryo with and without endoderm at ( Hamburger and Hamilton, 1951 )
stages 3, 4, 5 and 6, The changes in the neursctodemn induced by
grafts of Hensen's node of stages 4, 5 and 6 at _ different time
intervals were observed, The histological and the wltra - structural
changes in the normal ncurcctodem of the chick embryo were carried
out respectively at stages 3, 4, 5 and 6 and stages 4, 5 and 6.

(1) In the fiisb pert of the investigation, the host
and donor blastoderms were incubgted f{or the desired period nf timo
at 37.5°C (£ 1% ) and the tecmidue of Now (1955) was followed
for cdlturing thoe grafts for 24 howre. The graft picecs were takon
from the anterior to the posterior portion of the primitive streak
dosignated as A, B, C and D and, they vere isolated from the

primitive stre-k region of the blastoderm at stages 3, 4, 5 and 6
(Figs., 3.5a, 3.5b). Threo types of grafts worc preparcd and implanteds
(a) Grafts picces with all germ layers intact at
stages 3, 4, 5 and 6 dosignaled as EcMBEn grafis.
(b) Graft picces without the cndoderm at stages 3, 4
and 5 designated as EdM grafts,

(c) Graft picces wilnoub cndoderm and mesoderm at

stages 3, 4 and 5 designated as Ec grafts,
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Dach graft so preparcd wes implanted below the cctodemm
of the host cembryo nearing stagc 4 1n the antero - lateral margin
of the arca pellucida (Figs. 3.5a, 3.5b). The host and graft were
culturcd in vitro for a maximum of 24 hours, after that they were
fixcd aI:Id processed for morphological and histological analysis.,
The structures differentiated were categorised as 'Complete!
cmbryonic axis when all three axial structurcs namely, neural tube,

notochord and somites were prescent; 'Incomplete! cmbryonic axis when
only two axial structurcs, namely, ncural platc and cither notochord
or somites yere present; and 1astances yherc only the ncural plate

is formed.

The following is a summary of morphological and
histological analysis 3

(a) In the first sot of cxperiments a total of 183
grafts werc implanted of which 48 (25%) died, Completc cmbryonic
axis was induccd only by A and B g¥afts, the anterior portion of
the primitive streak; whilc C and D grafts did not show any induction,

Incomplcte cmbryonic axis was induced by A, B and C grafts .

(Figs. 4.1A - EQMEn, 4.B - EQMEn, 4.1¢ - EcMEn). D grafts did not
show any induction from siagc 3 to 6 cxcopt at stage 4. This shows
that anterior portion of primitive streek have grcator inducing

power than the posterior rogion. This supports the carlicr findings
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8f Waddington, Abercrombic, Taylor and Sclmidth (1930-1940),
Mulherkar (1958), Gallora (19%4) ond Vakeot (1964). Neural plate
induction was achicved by all grafts at stages 3, 4, 5 and 6. The
proesent york indicates that posterior holf is not devoid of inducing
capacity since at least o neurgl plate as induced by posterior
portion in somc cascs,

(b) In the sccond set of experincnts yhen cndoderm
was removed from the primitive streak, a total of 9% grafts of
Stages 3, 4 and 5 were laplouted of shich 42 (44%) dicd. Complcte
cmbryonic axis was not induced by any of the grafts. Incomplcte
cmbryonic axis was induccd by A arnd D grafts, end by € graft only
at stage 4, € grafts of stagcs 3,md 5 end D graft of all tho throo

stages did not show any induction. Neural pletc was always induccd
by A¢ B,C grafts bubt not by D grafts, This shows that in the
abscnce of endoderm, the formgtion of complcte cmbryonic axis docs
not occur, thercby indicating that the presence of ondoderm might
be essential for the induction of other axial structures other than
the neural platc,

(¢) 1n the thaird sct of cxperimeats vhen the primitive

streak was stripped free of the endodem and mesodern a total of
80 grafts of stages 3, 4 nad 5 worc implanted of which 32 (49%)
dicd, Complcte cmbryonic axis wus not induccd by any of the grafts,

Incompleto erbryonic axis gas incuced only by graft A

at stages 3, 4 and 5. This shows that in %the ~bscnecc of both endodem and



134

nesodemm,only the anterior part of priuitive streak has the greator
inducing capacity of all the graft typcs. However , ncural platc was
induced by A, B, C grafts and by D graft at stoge 4. This shows that
cxcept anterior graft A, other grafts arc capable of inducing only
the neural plate,

(2) In the sccond part of the investigation, grafts
of only Henson's node of styes 4, 5 and 6 at different time
intervals werc implanted below the cctederm of the host cmbryo
nearing stage 4 (Fig. 3.72). The host cmbryo together with the
graft werc incubated for different pericds of time after which
they were fixed and processcd to study the hastological changes in

the induced ncurcctodora over timc, Tyo types of grafts were
prepercd and implanted @

(a) Grafts of Henson'!s node of stages Ly 5 nd 6 with
all the germ layers, designated as 4 EcMin, 5 EQMEn and € EcMEn, At
Stages 4 and 5, grafts were mplanted for periods ranging from 5 to

30 minutes while stage 6 grafts werc left in contact for 50 minutes and
2 houwrs.

(b) Grafts of Herson's node of stoges 4, 5 and 6
without endodomm, designated as 4 BAf, 5 Bdl end 6 EcdM. At stages 4
and 5, grafts were left in contact for periods ronging from 10 ‘o
30 minuwtes and at stage 6, grafts were loft an conbact for 2 hours

md also for 2 hours 30 minutes,
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In the present investigation, comparative analysis
“—

was made to study the effect of diffcerence in the timing of induction
wder cxperimental condition by grafts of Honscn's node at stage Ly
5 and 6 with 211 the gem layers end without ondodemm|

(®) A distinct diffcerence was noted with stage 4

grafts, a thickened ncural platc in the responding cctoderm was soan
cat 15 minutes but at stage 5, a clear histological change wes
obscrved at 10 minutes of contact. Fully formed neural plate was
seen at 30 minutes of contact, While at stege 6, the inducing power
of Hensen's node was nuch reduced and no induction occured cven gt

50 minutes of contact. These vesults indicate that at stage 5, the

Hensen's node has greater inducin_ copacity than at stage 4 and 6.

($ ) When cndodem is ramoved from the grafts, they
could cvoke only a slow and weak respansc. There was not nuch
differcnce in the tinuing of ncural induction ab stage 4 but at
stage 5, it took twice as long for the fometion of a thickened
neural plate., At stage 6, therc was a wcak responsc in the
responding tissuc cven at 2 hours of contact. Thus, it is clear

that at stege 4, Hensen's node has prospective embryonic endoderm
and chordal mesoderm cells. 4t stage 5, chordal mesoderm cells

have emigrated anteriorly from Henmsen's node to give rise to
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ok~
head procoss? the cndodermm cclls have cmigrated to the basc of

Hensen's node to give rise to cubryonic cndodemm, this may be the
rcason why the grafts with all gem: layers intact caused induction

in the rcacting cctoderm faster than thosc without endodemm. At
stage 6, all endodemp cells have omigrated to the basc of the
Hensen's node. Instructive imvesligations in this ficld has been
carried out by Gallera (1964, 1955, 1966). The cxperiments perfomed
showed that at stages 4 ana 5, fully formed neural platc was seen

at 30 minutes of contact.

(3) In the third part of the investigation,
histological chonges in the nomal ncurcctodem at stages 3, 4 and

B have been studied. The cmbryos werc cxcised, fixed, processed
and cmbedded in cpoxy resin and scctioned in the normal neurcctodem
for histological analysis (Figs. 3.8a, 3.8). An asscssmont of
histological changes was medo by recording the differant cclls

types presont and their diumensions, The scctions of neurcctodem

at stage 3 appeared as a thin strip o2 cells composcd of diffcrent

cell types with intercellular spaces, At stage 4, the neurectodemm
showed a slight incrcase in the degrec of stratification with
intercellular spaces betwoen the different ccll types, At stoge 5,
the entire layer appeared as a thickencd strip with less inter -

cellular spaces, cells were botbtle -~ shaped, tall columar,
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cuboidal and some rownded cells. Sinilorly, at stege 6 the

neurcctodern appeared thickened with cclls cluscly packed cxcept
in a section at ncural fold region where souc intercellular
Spaces appeared, The different cell types alsc show an increasc

in their length as developuent procceds.

(4) I the fourth part of the investigation,
the ultra - structural changes of the nomal niurcctoderm at
stages 4, 5 and 6 werc studicd (Figs, 3.9a, 3.9b). The crnbryos werc

excised and processcd for TEM, thin scclions werc obscrved

( thickness 600 R to 9002 ). At stage 4, the scctions revealed
that nomal ncurcctodem consists of two types of cells

(a) clongated and deeply stomnming colls anr (b) irregular shaped
and lightly staining cells, nescnchymal in charccter with a number
of pscudopod - like processcs. The deeply staining cclls were
firnly attached to the wper or forsal surfecc of the ncurcctodern
and had prominent nucleus, and a Zensc concentration of yolk
granules and mitochondria. 4t stage 5, the cells arc nicely

alirned, clongated and densely packed throurhcout the thiclkness of
the ncurcctodem. The mesenchynal cells present in the upper or
dorsal surface of the ncurcctodern arc very few in number,
Sinilarly, at stage 6 the colls were distinctly clongated end

densely packed, closcly apposcd to neighbouring cectoCemal colls,
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Mesonchynal cclls were rarcly scon.

Obscrvation of decnsc concentrstion of yolk
granules  anc mitochondria in clongatel cclls moy be on accowmt
of the greater cnergy requircl for worphogencsis. Once their
shapes is cstablished, thce function of these organclles is also
reduced to some extent, The larse anownt of lipid {roplebs or

yolk granules scen, store raw natericl for provicding cncrgy during

the clongation and norphogenesis of these ncurcctodleraal cells,



REFERENCES



139

REFERENCES

Abercrombies, M. 1937. The behaviour of epiblast grafts
baneath the primitive streak of the chick. J.
exp. Biol. 14 : 302-318.

1950. The effects of antero-posteri>r
revarsals of lengths of the orimitive streak in
the chick. Pnil. Trans. R. Soc. Ser B234 :
317-338,

Agzar, Y. and Eyal-Giladi, H. 1979. Marginal zone cells
the primitive streak inducing component Qf the
primary hypoblast in the chick. J. Embryol. exp.
Moroh., 52 : 79-88.

1981. Interaction of epiblast and

hypoblast in the formati~n of the primitive
streak and the embryonic axis in chick, as
revzaled by hypoblast-rotatinn experiments. J.
Embryol. exp. Mnrph. 61 : 133-144,

1983. The retentinn of primary hypeblastic

cells underneath the developing primitive streak
allows for their pr-~longed inductive influence
J. Embrycl. eaxp. Morph. 77 : 143-151.

Balinsky, B.I. 1976, An Introducti~n to Embryology
(5th editi»n). Saund=rs, Philadelphia,

Bancroft, M. and B=2llairs, R. 1974. The »nnset of
differentiation in the epiblast of the chick
blastoderm (SEM and TEM). Cell. Tiss. Res.

155 : 399-418.

1975, Differentiation of the neural plate

and nsural tube in the ynoung chick embryo. Anat

Embryol, 147 : 309-335.



140

Bellairs, R. 1971. Developmental Processes in Higher
Vertebrates. Logos. London.

1986. The primitive streak. Anat. Embryol

174 : 1-14.

Bellair, R., Curtis, A.S.G. and Sanders, E.J. 1978,
Cell adhesiveness and embryonic differentiation.
J. Embryol. exp. Morph, 46 : 207-213.

Bellairs, R., Sander, E.J. and Portch, P.A. 1978.

In vitro studies on the development of neural
and ectodermal cells from young chick embryocs.
Zo~n 6 : 39-50,

Berril, N.J. 1974, Developmentnl Bislngy. Tata Mc.
Graw Hill Publishing Company.

Brachet, J. 1967. Behaviour =f nucleic 3acids during

early development. Comprehewive Binchemistry
28 : 23—54;

Brown, NM.G., Hamburger, V. and Schmidt, F.0. 1941.
Density studies on amphibian embryos with
special reference to the mechanism of organiser
action. J. exp. Zocl. 88 : 353-372.

Butros, J. 1960. Induction by deoxyribonucleic acidf
of axial structures ‘in post nndal fragments
of chick blastoderm. J. exp. Zool. 143
259-282.

Choddhury, S. and Khare, M.K. 1978. Differentiation
tendencies of eye potency field &ﬁgggﬁck

/
(Gallus domesticus) embryo. Ind. J. Exp. Biol.

16 : 555-557.



141

Constantinides, P. 1974. Functional Electronic
Histo>logy. Elsevier Scientific Publishing
Company.

*Curtis, A.S.G. 1967. The c=211 surface : Its mnlecular
role in morphcgenesis, London. Logos press.

Divan, B.A. 1966. A study of the =2ffects >f colchicin=
on—the orocaess of mornhogenesis and induction
in chick embrvos. J. Embryol. exp. Moroh.

16 : 245-258,

Duprat, A.M., Kin, P., Gualandris, L., Foulruier, F.,
and Marty, J. 1985. Neural induction :
embryernic d=termination elicits full
expression cf specific neurnnal traits. J.
Embryol. exp. Mcroh. 89(suppl) : 167-183.

Ede, D.A. and Agarbak, G.S, 1968. Cell adhesion and
movzament in relation to the devaloping limb
pattarn in normal and taikﬂdi mutant chick
embryos. J. Embryol. exp. Morph. 20 : 81-100.

Emanuelss»on, H. 1961. Mit~stic activity in chick

)

ambrves at the primitive stresak stage. Acta.

Physiol. Shagd. 52 ¢ 211-233.

Englzand, M.A. 1§73. The occurrence »f a band of nuclei
in primary neural induction in the chick
embryos, Experientia 29 : 1267,

1974, Cyt-plasmic changes in primary

neural inducti-n. Experientia 30 : 808-809,



142

England, M.A. 1981. Application of the Scanning
El=ctron Micronscope t» the analysis of
morphngenatic events. Johurnal cof Microscnpy.
vol., 123, Pt-2, pp 133-146.

England, M,A. and Crwper, S.V. 1975. Primary neural
inducti-n as studied by Scanning clectron

-

microscopy. Experientia 31 : 1449-1451,

1976, A transmissinn and scanning

i

——— -~

electrnn microscove study of primary neural
inducti-n. Experientia 32 : 1578-1580.
England, M.A. and Wakely, J. 1977. Scanning electr-n
micrcescope of the mazsoderm layer in chick
zmbry>ss. 3Anat. Embryol. 150 : 291-300.

1978. End~derm regen=ration in the

chick embry~ studi=d by SEM An3it. Embrynl.
154 : 55-66.

Eyal-Gi11ladi, H. 1970, Differentiati-n potencies of the
young chick blastcierm as revealed by different
manipulatinns. II. Localized ddmage anl hypnblast
removil experiments. J. Embry~l. exp. Mnrph.
23(3) ¢ 739-749.
ad Kohay, & 1976. From cleavage to primitive straak
formatinn : A complementary n~rmal table and a
naw lo~k 2t the first stages of the develcpment
of the chick. 1. General mnrph-lngy. Devl. Biol.

49 : 321-337.



143

Eval-Giladi, H. and Wolk, M. 1970. The Inpducing

Capacities of the primary hypoblast as
_ rev--aled by Transfilter Inducti»n Studies.
Wilhelm Roux's Archiv. 165 : 226-241,

Eyal-Giladi, H. and et al 1975. Protein synthesis in
the eoviblast varsus hypcblast during the
critical stagés of induction and growth =f
the definitive primitive streak in the chick
embryo. Devl. Binl. 45 : 358-365.

Eyval-Giladi, H. and Kochav, S. 1976. From cleavage
to primitive streak formation : A complementary
normal table and a new leook at the first stags
2f the development ~f the chick. I. General
mcrohology. D=2vl. Biol. 49 : 321-337.

*Fell, H.B. and Robinson, R. 1929. The grcwth,
devalopmznt and phosphatasactivity of
empbry~nic 2vian fem~wa and limb buds cultivated
in vitro Biocchem. Jour. 23 : 767-784.

*Flickinger, R.A. 1961, Formation, biochemical

/ composition and utilization of amphibian egg
volk. In Symposium on germ c=2lls and
Development, Ed. S. Ranzi. Instut. Intern.
d'Embry~l. and Fondazione. A. Baselll,
Milano, pp. 29-48.

Gallera, J. 19641, Exisi-n et transplantation des
differentes regions de la ligne primitive
chez le pculet. Bull. de 1'Assoc., d'An2at.

49 : 632-639.



144

Gallera, J. 1966, Le pouvoir inducteur de la chorde et
du masoblaste parach~rdal che;igizeaux ‘en
function du focteur !'temps', Acta. Acta.

63 : 388-397.

1968. Induction nesurale chez les olseaux

Raoport temporal entre la neuralation du :

blastodarmahote et l'appararition de l'ebauche

neurile incduite par un fragment de la ligne

primitive, Rev. Suisse Zool. 75 : 227-234.
Gallera, J. 1970, L'action de 1l'actincmycine D sur le

oouveir inducteur du noeud de Hensen et da

de leddlasTe
tompatence neurogﬁne/de poulet. J. EmbrydL exp.

Morph. 23 : 473-489.

1971. Primary induction in Birds. Adv.

Morphogen. 9 : 149-180,

Gallera, J. and Nic»nlet, G. 1969, Le pouvoir inducteur

8 de l'endnblastepre'fggmptif contenu dans 1a
ligne primitive geune de poulet. J. Embryol.
exp. Morph. 21 : 105-118.

Grunz, H. 1985. Information transfer during embryonic
inductinn in amphibians. J.Embryol. exp. Mornh.
89 (supnl) 349-364.

Grunz, H. and Tacks, L. 1986. The inducing capacity
of the presumntive endodarm of Xenopus laevis

studied by transfilter exveriments. Wilhelm

Roux. Arch. Dev., Binl. 195 : 467-473.



1405

Gurdon, J.B. 1987, Embryonic inductinn - mnalecular
nrospacts. Development. 99 : 285-306.

Hamnburger, V. and Hamilt»-n, H.L. 1951. A series of
n~rmal stages in the develoobmant of the chick
embryo. J. Moroh. 88 : 19-92.

Hamilton, H.L. 1952, ﬁillie's Developmant of.:chick.
Henry Hell, New York.

Hara, K. 1961, Regional neural differentiati»n
induced by prechordal and presumotive chordal
mesoderm in the chick embryn. Ph.D. thesis.
University of Utrecht.

Hara, K. 1978. "Spemann's organizer in Birds" in
organizer - A milestone of half cantury from
Spemann' edited by O. Nakumara and S. Toivonen,
Elsevier/North Holland, Amster~am. pp 221-265.

Hayat, M.A. 1970. Principles and T=chniques of
Elzctron Micrnscopy. Binlogical Avpplicaticns
Vol.I. Van. Nastrand Reinhold Company.

Hay, E.D. 1968. Organization and fine structure of
epithelium an3 mesenchymal interactions. In
Flischmajor R. Billengham, R B (eds) Williams
and Wilkins, Baltimore, pp 31-55,

Humason, G.L. 1979. Animal Tissue technddues W.H.

Freeman and Company.



146

Hunt, T. 1937. The developmental of the gut and its
derivatives from thz me2sectoderm »>f the early
chick blastcderm. Anat. Rec. &8 : 349-370.

*His, W, 1874. Unsere Koesrperform und das physiologischz
Problem ihrer Entstehung. F.C.W. Vogel
Leipnzig.

Ishiziya-Oka, A, 1983, Electr>n microscepnical study
of cell differentiatinn potency in the chick
embryonic endoderm cultured in vitro. Wilhelm
Roux's Arch. Dev. Biol. 192(3/4) : 171-178.

J3icobson, W. 19383, The early developm=ant of avian
embryo., I. Endoderm formation, J. Morph.

62 : 415-444,

Joffe, L.F. 2nd Stern, C.D. 1982. Strong electrical
currents lzave the primitive streak nf the
chick embrvos. Nature 206 : 569-571.

Johns 'n, K.E. 1970, Tha rnle of changes in cell contact
b=haviour in ampnhibian gistrulati-n. J, exn.
Zocl. 175 : 391-428.

Khare, M.K. and Choulhury, S. 1985. Establishment of
the neural lifferentiation pattern in the
prosvective pr-osencaodhalic ectoderm ~f the

chick embryo (Gallus d-mesticus). Develop.

Growth and Differ. 27(1) : 83-93.
*Kinnka, H. 1894, Die Furchung Jdes Huhnerezsies Anat.

Hefte 3 : 391-~445,



147

Krchav, S., Ginsbury, M. and Eyal-Giladi, H. 1980.
From cl=avage to »rimitive streak formation
A complementary normal table and’ a new lonk
at the first stages of the development of the
chick. II Microsc»ooic 2anatemy and cell
nodulation dynamics, Devl., Bicl 79 : 296-308.

Litke, L. 1978. Development and hynoblast formation
In early chick, embryns as observed by
scanning electron micrrscony. J. Submicrose
Cytol 10(1) : 1-14,

Mitrani, E. and Eyal-Giladi, H. 1981. Hy»oblastic
cells¢am,.form a disk inducing an embryonic
axis in chick ewiblast. Nature. 289(5800) :
800-802.

1984. Differentiation of Jdissociated

Reconstituted Ewvniblast of the chick under the
influence of a normal hywoblast. Differenti-ti-n
26(2) : 107-111,

Mitrani, E. 3qd Farbernv, A. 1982, Fibronectin
exnression during the wfocesses leading to

axis formation in the chick embryo., Devl.

Biol. 91 : 197-201.

Mitrani, E., Shimoni, Y., and Eyal-Giladi, H. 1983.
Nature of the hypoblastic influence on the
chick embryo epiblast., J. Embryol. exp.

Moroh., 75 : 21-30.

Mitrani, E, 1984, Mitosis in the formation and function & the
primary hypoblast of the chick. Wilhelm Roux's Arch - \

Dev. Biol 193(6) : 402-405.



148

®Marbach, H. 1935. Beobachtungen an der KeimSchsbel

bz des Huhnchens vor dem Er-Scheinen des
Primitivs€reinfens. Z. Anat. Enkseesch

104 : 635-652.

Mulherkar, L. 1958. Iniucti~n by reqgions lateral to

the streak in the chick embryo. J. Embryol.

_exo. Morph. 6 : 1-14.

*Modak, S.P. 1963. L'=zndnblaste se forme -t - iLpar

invagination a travers la ligne primitive

dan s l'=2mbryon de poulet? International

Congress Sefies Nn.70 : Exceypta Medica
London.

Foundation, Amsterdam,/pn 122-124.

1965. Sur 1l'origine delhynoblaste chez

les oiseaux, Exwerientia 21 : 273-274.

1966, Analyse experimentale de l'origine

Naw,

de l'enlioblaste’ embryonnaire chez les oi-

Seaux. Rev Suisses Zool., 73 : 877-908.

D.A.T. 1966. The Culture of Vertebrate Embryos

Lojos Press, Academic Press. London.

Nicolet, G, 19653~ Etude autoradiographique de la

destination des cellules invaginees au
niveau du noeud Je Hensen de la liqgne -
p»rimitive achevze de l'embryon de poulet,
Acta. Emb. Morph. 8 : 213-220,

19655, Actioh du chlorure de lithuim

sur la morphogenaese du jeune embryon de

poulet., Acta. Emb. Morph. 8 : 32-85.



149

Nicolet, G. 1967. La chronnlogie d'invagination chez
le moulet : Etude a l'aide de la thymidine
tritiee. Excerientia 23 : 576.

1970. Analyse autcoradiojranhinue de 1la

localisation des differentes eb-uches
presOmative dans la ligne primitive de
l'embryon de poulet. J. Embryol. exp. Morph,

23 : 79-108.

1971. Ayian Gastrulation. Adu

Motrmhogenesis 9 ¢ 231-262.

Nieuwkboo, P,D. =t al, 1952, Activation and
organisatioﬁ of the central nervous systems
in amnhibians. I. Induction and Agtivation.
II., Differentiation and organisation.

IIT. Synthesis of 3 new working hywothesis.
J. ex». Zool. 120 ¢ 1-108.

1973. The organisation centre of the

amphibian embryo its origin spatial
orginisatinn and mormhogenetic action, Adv.
Morphogen 10 : 1-37, ’

Patten, B.M., 1971. Early Embrynlogy of the chick
(5th Edition), Tata McGraw Hill Publishing
Comoany.

QPasteels, J. 1937. Etudes Sur la gastrulation des
vertebreas meroblastiques. III. Oiseaux,
IV. Conclusions generales. Arch. Biol.

Paris 48 : 381-488.



* pastarnak,L:and McCallion, D.J. 1962. Heterogenous
inductions .in the chick embryo. Canad, J.
Zool. 40 : 585-591.

P=nner, P.I. and Brick, I. 1984. Ncetylcholistenerase
and nolyingression in the ewiblast of the
primitive streak chick embryo. Roux's Arch.
Dev. Biol, 193 : 234-=241.

*Peter, K. 1938. Die Entwicklung des ento derms
being Huhnchen 2. Mikrosk-anat. Fresch.

43 : 362-415.

Rao, B.R. 1968. The a»nearance and extension of
neural differentiation tendencies in the
neurectoderm of the early chick embryo, Roux'
Arch. EntwMech. org. 160 : 187-236.

Rasilo, M.L. and Leikola, a. 1976. Neural inductiosn
by vrevi-usly induced eviblast in avian embryo
in vitro. Differentiation 5 : 1-7.

*Rauber, A. 1876. Primitive rinne and Urmund. Moroh.
Jhr » 2 : 550,

Rawles, M.E., 1936, A stuldy in the localizaticn of
organ-forming areas in the chick blastoderm of
the head process stage.J. ex>., Zool. 72 :
271-315.

1943, The heart forming areas of the

early chick blastoderm. Physiol. Zool. 16 :

22-42,



Romanoff, A.L. 1960. ®he Ayian Embryo. Macmillan,
New York.

Rosenquist, G.C. 1966. A radicautograonhic study of
labedled grafts in the chick blastoderm :
develomment frorm primitive streak stages, to
stage 12. Contr. Embryecl. Carneg. Instn,

38 : 71-110.

1972. Endoderm movements in the chick

embryo between the early short streak and
head process stages. J. ex». Zool. 180 :
95-104.

Rugh, R. 1962. Experimental Embryology (3rd Edition)
Burgess Publishing Company. Minneonolis
15, Minnesnta.

Rudnick, D. 1932, Thyrcid forming »motencies of the
early chick blastoderm., J. exp. ."Zool.
62 : 287-313,

Sanders, E.J.,.Bellairs, R. and Portch, P.A. 1978.

In vivo and in vitro studies on the hyvoblast

and definitive endoblast of " Avian embryos.
J. Embryoyol. ex>. Mor>h, 46 : 187-205,
Shertbet, G.V. 1963. Studies on transplantations of
amphibian anterior »Dituiltary into chick
embryo. Analysis of induction capacity by
differential solubility and precipitation

method J. Embryol.exp. Morph. 11 : 227-253,



Sherbet, G.V. and Mulherkar, L. 1963. The
morphogenetic action of follicle stimulating
hormone on post nodal fragments of early
chick blastoderm. Arch. EntwMech. Org.

154 : 506-512,

1965. A study of the inductive

capacity of post nodal-primitive streak
pieces after treatment with follicle
stimulating hormone. Arch. EntwMech. Org.
155 : 701-708.

Smith, J.C., Dale, L. and Slack, J.M.W. 1985. Celllineage
labels and region specific markers in the

analysis of inductive interactions. J.

Embryol. exp. Morph. 89 (Suv»Hl) : 317-331.

Solursh, M. and Revel, J.P. 1978. A Scanning
electron microscope study of cell shape and
cell appendages in the primitive streak
region of the rat and chick embryo.

Differentiation 11 : 185-190.

Spemann, H. 1918. Uber die Determination der
ersten Or~ananlagen des Amphibien-embryos.
Roux : Entw:Mech. Org. 43 : 448-55§.

Spemann, H. and Mangold, H. 1924. Ueber Iﬁduction
von Embryonslanlagen durch Implantation
artfremder ©rganisatoren. Roux' Arch.

EntwMech. Org. 100 : 599-638.



1a3

Spratt, N.T. Jr. 1952. Localization of the prospective
neural plate in the early chick blastoderm.
J. exp. Zool. 120 : 109-130.

Spratt, N.T. and Haas, H. 1960a. Morphogenetic
movements in the lower surface of the
unincubated and early chick blastoderm. J.
exp. Zool. 144 : 139-157,

1960b. Importance of morphogenetic

movemants in the lower surface of the young
chick blastoderm. J. exp. Zool. 144 : 257-276.
Steinberg, M.S. 1970. Does differential adhesion
govern self assembly processes in histogenesis?
Equilibrium configurations and the emergence

of a hierarchy among vpopulations of embryonic
cells. J. exD. Z2ool. 173 : 395-434

Trédemann, H. 1967a. Inducers and inhibitors of
embryonic differentiation : their chemical
nature and mechanism of action. In
Morphological and Biochemical Aspects of
Cytodifferentiation, Eds. E. Hagen, W.
Wechsler, and'P. Zilliken. S. Karger, Basel,
pp.8-21.

1967b. Biochemical aspects of primary

induction and determination. In the
Biochemistry of Animal Develooment, 2. Ed.
R. Weber. Academic Press, New York and

London, pp.4-55.



154

Tindall, A.R. 1960. Tungsten needles for

microdissection stain. Technol. 35 : 105-106.

Toivonen, S. 1967. Mechanisms of primary embryonic
induction. In Morphological and Biochemical
Aspects of Cytodifferentiation, Eds. E. Hagen,
W. Wechsler and P. Zilliken. S. Karger,
Basel, pp 1-7.

Toivonan, S. and Wartiovaara, J. 1976. Mechanisms of
cell interaction during Primary Embryonic
Induction studied in transfilter experim=nts.
Differentiation 5 : 61-«66.

*Townes, P.L. and Holtfreter, J. 1955. Directed
movements and selective adhesion of embryonic
amphibian cells. J. exp. Zool. 128 : 53-120.

Trinkaus, J.P. 1984, Cells into organs (@nd edition).
Prentice Hall. Inc. NJ,

Vakaet, L. 1962. Some new data concerning the
formation of the definitive endoblast in the
chick embryo. J. Embryol. exp. Morph.

10 ¢ 38-57.

vVakaet, L. 1964. Diversite fonctionelle de la ligne
primitive du blastoderme de poulet. C.R.

Soc. Biol. 158 : 1964-1966.

1965. Resultats de la greffe de noeuds

da Hensen dage different sur le blastoderme

de vpoulet. C.R. Soc. Biol., 159 : 232-233,



155

Vakaet, L. 1967. Contribution a l'etude de la
pregastrulation et de la gastrulation de
1! embgyon de poulet en culture in vitro.
Mem. Acad. Roy. Med. Biol. 5 : 235-237.

1970. Cinephoto micrographic

investigations/;of gastrulation in the chick
blastoderm. Archs. Biol (Liege) 81 : 387-426.

Vakaet, L., and Mareel, M. 1964. Queles precisions
sur la regeneration de l'endoblaste du
blastoderm de poulet. C.R. Soc, Biol., Paris.
158 : 902-903.

Vanrnelen, CH.Vernlankzsn, P. and Vakaet, L.C.A.
1982. The effects of partial hypoblast removal
on the cell morphology of the epiblast in the
chick blastoderm. J. Embryol. exp. Morph.

70 : 189-196.

Veini, M. and Hara, K. 1975. Changes in the
differentiation tendencies of the hypoblast
free Hensen's node during gastrulation in the
chick embryo. Roux's Archives 177 : 89-100,

Viswanath, J.R., Leikola, A. and Rostedt, I. 1968,
Induction by killed Hensen's node in the

chick embryo ectoderm. Annales Zool. Fennice
5 ¢« 384-388,
waddington, C.H. 1930, Developmental mechanics of

chick and duck empryos. Nature 125

924-925.



136

Waddington, C.H. 1932, Experiments on the develooment
of chick and duck 'embryos, cultivated in vitro

Phil. Trans. B 221 : 179-230.

1933. Induction by the primitive
streak and its derivatives in the chick. J.

exp. Biol. 10 : 38-46.

1952. The Epigenetics of Birds

Cambridge University Press.
Waddington, C.H. and Schmidt, G.A. 1933, Induction
by hetero plastic grafts of the primitive

streak in birds. Roux' Arch. EnbiMech. Org.
128 3 522-563.

Waddington, C.H. and Taylor, J. 1937.

ectedeym
of presumotive/to mesoderm in the chick. J. exp.

Conversion

Biol. 14 : 335-339,
Wakely, J. and England, M.A. 1977. Scanning glectron

Microscopy of the chick embryo »rimitive streak.

Differentiation, 7 : 181-186,.

19079. The chick embryo late primitive

streak and he2d v»rocess studied by scanning
electron microscony. J. Anat. 129(3).
Pn 615-622.

Weinberger, C. and Brick,r.1mPrimary hypoblast
development in the chick 1. Scanning electron
microscony of normal developmant. Wilhelm

Roux's Arch. Dev. Biol 191(2) : 119-126.



197

*Wetzel, R. 1929. Untersuchungen am Huhnchen, Die

Entwicklung des keims Wahrenld der ersten

Roux Arch. EntwMech. Org.

beiden Bruttage.

119 ¢ 188-321.

Wolk, M. 2nd Eyal-Gilzdi, H. 1977. The dynamics of

antiqenic changes in the e»niblast and hyvoblast

of the chick during the »rocess of hypoblast,

wrimitiv: streak and head srocess formation

as revealed by immuno-fluorescence. Devl.

Biol. 55 : 33-45,

Woodside, G.L. 1937, The influence ~f hnst age on

induction in the chick blastoderm. J. exn.

Zool. 75(2) : 2572-281.
1967. Factors of embryonic inducti-n

comprehensive Biochemistry. 28 : 113-143,

Yamada, T.

H. 1982, 5-Bromodeoxyuridine

Zagris, N. and Eyal-Giladi,

Inhibition ¢of the e)iblast competence for
primitive streak formation in the young chick

blastoderm., Dev. Biol. 921 : 208-214.

WEHY Lid
Q.ﬁ:: % , (7 ‘/lm‘M
Géxﬁ ¥ <,
Dase .7 ) _iﬂ
*Not seen in original. € Clase ¥y o roseam
s*mb Hed'ding By ... cosvassem
‘!-woy s edioe e WD

ViaucciNEd WY sl



