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Abstract: In vivo culture of chick embryo was carried out to develop an
experimental interphase between in vitro and in vivo study of embryonic
physiology. In the process, a simultaneous model of vasculogenesis and
organogenesis has been worked out, which is impossible to achieve in
mammalian system. Both early (40 hours of incubation) and late (64 & 88
hours of incubation) hours of cultures were conducted for morphological and
morphometric studies. A new combination of stains was used in place of
conventional haematoxylin and eosin in 40 hours old whole-mount of embryos.
Semithin plastic sections were etched for haematoxylin/pyronin stain in
addition to paraffin (both normal and enblock) sections. Specific stains
(histological, enzyme histochemical or immunohistochemical) were chosen
according to the specific organs/areas studied. Immunohistochemistry and
NADPH-diaphorase activity were standardized in whole-mount of embryos.
Morphometry was done using camera lucida and quantitative image analysis
system. A parallel preparation of extra embryonic whole-mounts, paraffin
and semithin plastic sections with different types of stainings provides
evidence for the scope of the simultaneous study of vas cuiogenesis. Thus the
morphological and morphometric data presented in this and the succeeding
article describe the scope and avenues for the use ofex vivo model in various
aspects of embryonic physiology, preliminary drug trials / metabolism,
radiology, teratology and toxicology.
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INTRODUCTION

With the growing load of teratotoxins,
radiations and xenotoxic substances in
environment, the risk of the effects of such
hazardous substances on animals at
embryonic stage is becoming obvious.
Inspite of the urgency to study such effects
on embryonic development and parallel drug
testing, the ethical as well as economic
aspects of the use of big laboratory animals
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early organogenesis

morphometry

are posing a hurdle. Till date the amphibian,
avian and mammalian (rat and mouse)
embryos were used especially for the
neuroembryological studies (1-3). However,
in the recent past avian embryos have been
identified to have several advantages over
amphibian embryos mainly due to the
presence of neural naive i.e. zona opaca
(4). The serious limitations of mammalian
embryo in this respect are the failure of
maintaining it outside uterus as well as less
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availability/accessibility of extraembryonic
circulation on which the growth of embryo
is fully dependent. The situation is
more complicated by the ethical issues
involving two animals at a time (mother and
litters).

Inspite of these difficulties, challenge
remains to study the effect of different
embryo-active environ men tal agents in a
system that can give a parallel picture of
organogenesis and vasculogenesis
simultaneously. Keeping this in mind and
taking th e advantage of avian extra
embryonic vasculogenesis, an ex vivo model
has been put forward on the basis
of morphologic and morphometric study.
In ovo culture of chick embryos offers an
interface between in vitro and in vivo study
of embryonic physiology, since it gives
simultaneous picture of organogenesis and
vasculogenesis. In the present article,
morphological evidence for the scopes and
avenues of the organogenesis model is
presented and discussed.

METHODS

Culture conditions

Fertilized zero-hour eggs (140-150 in
number) of white leg horn (Gallus gallus)
were procured from Satbari Government
Farm. Eggs were incubated in dark under
moist condition at 39°C ± 1°C in horizontal
egg trays designed to keep them in a plane
parallel to the longitudinal axis of the
developing embryo. Polarity was maintained
during incubation. For experimental
manipulations, subblastodermal injections
(40-50pl), windowing, post harvest
incubations as well as fine needle
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aspirations were carried out in sterile
conditions. The size, shape and the albumen
extracted at the time of windowing
depended on the type of experiment and
expected days of in ovo culture. The early
embryos were harvested at 40 hours of
incubation while the late embryos
were harvested at 64 and 88 hours. The
former was mounted flat and fixed in
formaldehyde/glutaraldehyde (4°C) solution
and the later was microdissected and fixed
in buffered formalin (4°C) after removing
the vitelline membrane.

Whole mount staining

Embryos and extraembryonic blood
vessels were stained with routine H&E
stains. A new combination of stains has
been used to achieve a differential staining
of different embryonic and extraembryonic
structures including those forming organs
(e.g. neural tube, eye and heart) and blood
vessels (BV) of zona opaca (ZO) and zona
pellucida (ZP). The tissue samples were
stained with periodic acid for 20-30 seconds
following which Schiffs reagent was added

, for 45 seconds. The tissue was then stained
in Meyer's haema toxylin, that was
developed in Scott's water following the
application of celestian blue mordent for 5
minutes. Subsequently, it was stained with
picroindigocarmine for 2-3 minutes. The
intensity of the staining at each step was
monitored microscopically and pictured
(Reichert Automatic System, Austria) after
mounting it in DPX. Paraffin sections of
early embryos were cut at transverse plane
while bigger embryos were enblocked and
cut longitudinally. In paraffin sections H&E,
PAS Pyronin NFR as well as Fontana
Masson stainings were done. Histological
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stains used were of AR grade from local
sources.

Semithin plastic sections for light microscopy

Formalglutaraldehyde fixed tissues were.
washed in 0.2M sodium cacodylate (Potarion,
USA) buffer (pH 7.7) before osmication for
epoxy resin embedding. One micron plastic
embedded (spurr/araldite) sections on poly
L-Iysine coated slides were treated with 1:10
diluted (ethanol) saturated solutions of ripe
(one to two month) sodium ethoxide
prepared according to Lane and Europa (5).
Upon complete removal of the ethoxide
solution by ethanol (Bengal Chemica!),
section were stained in haematoxylin and
pyronin. Restoration of basophilic properti
by 1% periodic acid treatment sometimes
improved the nuc ar staining. Spurr and
araldite were procured from EM Sciences.

Whole mounts immunohistochemistry

Whole mounts of early harvested
embryos were subjected to 24 hours of post
harvest fixation in cold formalglut
araidehyde, which was removed on the day
of experiment by several washings. Tissue
was brought to Tris buffered saline (TBS)
(pH 7.4) and then to TBS with 1-2% bovine
serum albumin (BSA). Endogenous
peroxidase was blocked by 2-3% H 20 2 in
methanol for 1 hour with two changes. Ki
67 (DAKO Co., USA) was used in 1: 100
dilutions as primary antibody. Incubation
with primary antibody was carried out for
overnight at 100 C while that of the blocking
as well as secondary antibody were carried
out for 3 and 2 hours in moist 37°C
respectively. Diaminobenzedine (DAB)
(0.5 mg/ml of DAB with 0.01 % of H ° was
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used as chromogen In ABC (Vector
Laboratories, USA) kit. Either haematoxylin
or light green was used as counter stains.
BSA, poly-L-Iysine and DAB were procured
from Sigma, USA. Tris, H 20 2 , formaldehyde,
glutaraldehyde and methanol of AR grade
were purch sed from local sources.

Whole mount NADPH·diapborase staining:

Whole mount enzyme histochemistry for
NADPH-diaphorase was standardised
following Spessert and Layes with some
minor modifications (6). Forty hour old
embryos were fixed in situ and harvested
in flat mounts. A short (6-8 hours) post
harvest fixation was done before sodium
cacodylate buffer (pH 7.2) wash and
cryoprotection in 20% sucrose. Tissues were
brought to 50mM TBS (pH 7.4) followed by
incubation at 37°C for 60 minutes.
Incubation media contained 1mM ~ NADPH,
1mM NBT (nitroblue tetrazolimm) with 0.3%
Triton X-IOO in 50mM Tris buffer (pH 8.0).
The reaction was terminated by tap water
and counter stained by NFR. Mouse
striatum was used as the positive control
(7). NBT as well as ~-NADPH were omitted
from the incubation medium for negative
controls. Both a and ~-NADPH were used
to test the co-substrate specificity as nitric
oxide related NADPH-diaphorase prefers
~-NADPH. NBT, Triton-X-IOO, ~-NADPH

and a-NADPH were procured from Sigma,
USA.

Morphometry

Using camera lucida drawings (Olympus
Microscope; Camera Lucida factor 9.9),
embryonic proportions and developing
organs were measured. The different
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parameters studied were (i) body length
(ELl; (ii) relative pre-vitelline artery body
length (PreVBL); (iii) relative pre-vitelline
artery somite length (PreVSL); (iv) relative
post-vitelline artery body length (PostVBL);
(v) relative post-vitelline artery somite
length (PostVSL); (vi) heart area (RA); (vii)
head orientation index (HOI); (viii)
embryonic body curvature (EBC); (ix) Neural
tube length (NTL) and (x) neural tube index
(NTI; area of neural tubellength of neural
tube).
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Mean ± S.E.M. were used for the
computation of the data. Students' t-test was
applied to obtain significance level of the
difference between the means.

RESULTS

Whole-mounts were prepared only for 40
hour old embryos. Older embryos (64 and
88 hours old) were used for paraffin
embedding or enblock preparations. The
semithin plastic sections were obtained from

Fig. 1 : Photomicrographs of head (A), heart (8), zona pellucida blood vessels (e), proximal neural tube (D),
zona opaca blood vessels (E) and distal neural tube (F) of 10 hours old embryo (whole mount)
stained by the new combination of stains. Eye cups and lens pit 0, cardiac looping (re), zona
pellucida to zona opaca transitional area (+), somites (p), endodermal cells (E; arrow) neural tube (D;
arrow), notochord (F; arrow) and tail bud (F; open arrow) are the distinguishing features of the embryo
[10x6.3] .
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microdissected 40 hour old embryos. The
new combination of PAS, haematoxylin and
picroindigocarmine stained various
embryonic and extraembryonic structures
differentially. Fig. 1 shows the major
embryonic and vascular organs/areas in
whole-mounts~ The salient features of the
embryo at this hour of development were
CO it is "comma" shaped; (ii) optic cups (e)

and ear pIacodes (not shown in figure) are
formed (iii) closed circulation through heart
(0) is established (iv) early somites
formation (D) is complete (v) neural tube
closure is complete and (vi) extraembryonic
20 and ZP exhibit distinctive endodermal
cells and BV patterns.

Organogenesis

At the early stages of development,
major organs formed are the heart, eye and
neural tube. The embryo also contains a
number of somites notochord as well as tail
bud. Table I shows the body length (BL)
of the embryos at the 40th hour of
culture. The embryonic body length is
perpendicularly traversed by a pair of
vascular trucks (vitelline artery) at the level
of 6th to 8th somites (when counted from
tail-bud end). Vitelline artery eventually
divides the BL into pre (from heart to
artery) and post (from artery to tail bud)
vitelline artery body lengths as shown in
Table I. Relative pre/post vitelline artery
BL were obtained by dividing the
corresponding lengths by BL. The
morphometric' measurement also includes
the head orientation index (HOI) and
embryonic body curvature (EBC). The
former is a ratio of heart to head lengths
and heart to eye (lens pit) lengths while
the latter is HOIlBL X 100.
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Ocular structure

The eye cups are one of the earliest
formed structures in the chick embryo. At
40th hour, the early lens pits and retinal
cups can be identified by the PAS positivity
in whole-mounts (Fig. 1A). The growth is
bilaterally uniform (can be seen by the
altered microscopic focus in whole-mounts).
In bigger embryos, formation of lens (Fig.
2H) and its capsule (Fig. 21) can be seen in
paraffin sections with H&E stain. Neural
retina is also formed at this stage. Although
different retinal layers are not well marked
in paraffin sections, retinal pigment
epithelium is clearly identified as black line
of dotted granules by Fotana Masson stain
(Fig. 2E, arrow).

Heart formation:

One of the hallmarks of embryonic
development is the initial formation of heart
and embryonic circulation. In whole-mounts
auriculo-ventricular looping is observed
(Fig. IB). In paraffin sections of bigger
embryos (Fig. 2B) however, the myocardium
and endocardial lining are identifiable.
Auricular and ventricular chambers are
formed. Presumptive rudiments of valves
(Fig. 2B, arrow) and even blood islands for
future coronary vessels (Fig 2B, open arrow)
are also observed. Fig 2B also shows
embryonic liver and forming hepatic cords.
Area of heart at 40th hour of <;levelopment
is given in Table 1.

Neural tube and notochord:

At 40 hours, the early notochord (Fig.
IF, arrow) is formed. The neural tube
(posterior) is completely closed (Fig. ID and
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Fig. 2 : Photomicrographs of whole mounts (A, e, Fl, paraffin (E, D, E, H, 1) and semi thin plastic sections (G)
of 40 hours (A, e, D, F, G) and older (E, E, Fl, I) embryos stained using H only (B, H, 1), PAS&H (0),

Fontana Masson eEl, pyronin & H (G), Ki 67 monoclonal antibody (C) and NADPH - diaphorase staining
reagents (A, F). PhotogI' phs A [6. 3x6.31 and F [25x6.3] show NADPH-diaphorase activity in
proximal neural tube and somites respectively; similarly B i6.3x6.3J : L.S. of heart (arrow at presumptive
valve and open arrow at coronary blood islands) and liver; e [6.3x6.3J : neural tube (inset [4x 10] shows
tail bud); D [lOx6.31 : T.S. of embryo (arrow at neural tube and open arrow at notochord, inset shows
in ova embryo) ; E 120x10J: L.S. of retin~l (arrow at RPE); G 120x10j·tail bud; H 120)(10) and I [25)(6.31
show L.S. of lens.

IF). Since in whole-mounts neural tube and
notochord lie on each other, both are viewed
in two different foci.The notochord appears
as a solid rod of highly PAS positive zone
(Fig. IF, arrow) while neur 1 tube looks like
a thicker tube with an unevenly tapering
hollow inside (Fig. ID, arrow) whose inner
margin is comparatively more PAS positive.
Fig. 2D inset focused notochord in in DUO

embryo photographed (dark field) in stereo
microscope. Fig. 2D shows paraffin sections
of the proximal neural tube (arrow) and
notochord (open arrow) embedded in
mesenchyme. In Fig. 2C, closed posterior
neural tube as well as distal somites are
seen to have high Ki 67 positivity. In

contrast, Fig. 2A differentiates between
posterior neural pore (which i negative for
NADPH-diaphorase activity) from the
comparatively proximal neural tube and its
adj acen t s omi tes (w hi ch is diaphorase
positive). Table I shows the neural tube
length (NTL) in relation to HOI and
EBC.Neural tube index (NT!) was
determined by quantitative graphic
representation (photographic image
analysis) and was found to be 37.3 pm.

Tail bud

As the neural tube closes at the distal
end of the embryo, the tail-bud becomes
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TABLE I : Quantification of Embryonic regions from animals harvested at forty-hours of in ovo culture.

EMBRYO

Items

Body Length (BL)

Description

[AEI

Values
Mean ± S.E.M.

5.75 mm±O.135 (26)

Relative Previtelline ICD\AEI O.3326±O.008 (26)
Artery body length

Relative Previtelline [CD\SOMITESJ 129.2 pm±7.25 (26)
Artery somite length

Relative postivitelline [DE \AEJ 0.3176 ±0.007 (26)
Arttery Body length

Relative postivitelline [CD\SOMITESJ 265.0 ).lm±12.0 (26)
Arttery somite length

Heart Area [Heart Lengthx 0.5058mm2 ±0.54 (26)
(HA) Breadth]

Head orientation [AC\BCl 1.876±0.06 (26)
index (HOl)

Embryonic body [HOI\BL 34.816 mm-1 ±2.0 (26)
Curvature (EBC) x 1001

Neural Tube [ab+bc+cd] 5.75 mm±0.315 (26)
Length (NTL)

prominent. Figure IF (open arrow) shows
the PAS positive tail bud at the tip of the
closed posterior neuropore. Haematoxylin/
pyronin stained semi thin plastic section
of tail-bud (Fig. 2G) shows a loosely
packed network of well-integrated
cells (neuroepithelial?) which are
micro anatomically identified from the
adjacent embryonic tissue. Interestingly
this area is also found highly positive for
the expression of proliferative protein Ki 67
(Fig. 2C inset). In addition, NADPH
diaphorase activity is also high in this
region (Fig. 2A).

Somites

Proximal and distal somites are seen in
Figures ID and IF. The size and integrity
of somites vary according to its relative

position in the body. In whole-mounts (Fig.
ID) the somites are seen not uniformly
stained by PAS (with a darker peripheral
and lighter central regions). Interestingly
this lighter zone is highly positive for Ki 67
expression. (Compare Fig. 20). On the other
hand in distal somites, the NADPH
diaphorase activity is patchy and less
differentiated (Fig. 2A). In relatively
proximal somites the diaphorase activity is
found to be conspicuously demarcating the
somite boundaries (Fig. 2F). Table I shows
that the PreVSL is significantly less than
the PostVSL (P<O.05).

DISCUSSION

The article describes different aspects of
organogenesis in ex vivo model of chick
embryo. Considering the technical, ethical
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and economical difficulties of handling
mammalian embryo (in utero), the model
can be applied to the bulk drug-screening
and the initial phases of high throughput
drug-trials. Thus the model finds its place
in the initial short listing of drugs, which
subsequently should be confirmed in
mammalian system.

In the culture conditions, different
experimental manipulations were
standardized which can be used in future
studies. These include (i) windowing (ii)
subblastodermal injection as well as fine
needle aspiration and (iii) post harvest in
vitro incubation (for the cellular uptake and
incorporation of chemicals by the embryo).
During windowing some amount of albumen
is removed and eggs were kept "unturned"
(8). Studies on the effects of turning on
the embryonic growth show that physiology
of embryos in "unturned" eggs is better
modeled by the eggs which are deprived of
albumen (9). Since the critical period of
turning is between 3 and 7 days of
incubation and none of the cultures was
continued till 4th day, our experiments
were not affected (10). Subblastodermal
injections (upto 50p.!) could be standardized
when injected at and after 17th hour of
incubation, whill: aspiration could be
standardized only after 40 hours. The post
harvest (40 hours) in vitro incubation in
DMEM was standardized (upto 60 minutes)
in which cardiac beating was considered as
the index.

Age of the embryos is designated
generally by the hours of development as
well as the number of somites. The 40th
hour corresponds to the stage 12 (11). We
determined that at 40th hour, the number
of somites vary from 25 to 30. Table I shows
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the BL of embryos as 5.75mm, that is
comparable to 7mm long embryos at 48
hours at stage 15 with 28 pairs of somites
(12). Variation in BL was mostly due to
initial size of the egg and fertilization spot.
NTL was equal to BL since at the stage,
there is a complete differentiation of
neuraxis and closure of both anterior as well
as posterior neuropores. Hence, neuraxis
was differentiated to the entire BL of
the embryo. In higher vertebrates, the
embryonic development is characterized by
local body flexures that arise in cranio
caudal sequence i.e. cranial flexures
(forebrain and midbrain) and cervical
flexures (hindbrain and neural tube) (13).
In order to quantify these curvatures, the
HOI and EBC were calculated. At 40 hours
or more the heart and eye formation is found
to be appropriate for microdissection. Since
the head cu rv a ture depends on the
development of heart and the cardiac
mesoderm exerts stimulatory effects on lens
formation, we have taken into account the
linear ratio of head (A: anterior end of
head), eye (B: lens pit), and heart (C: distal
end of heart) for the calculation of HOI (14,
15). Considering the total embryonic body
flexures (cranial and cervical) and the
mechanical interrelationship that exists
between the EBC and normal development
of heart in the chick, EBC is obtained as a
percentage ratio of HOI (which includes
heart and head position) as well as BL
which is same as NTL (16).

Because of the high content of
glycoprotein and its different conjugates in
embryo and NT in particular, NT notochord
and somi tes appear differentially PAS
positive in the whole-mount staining (17).
During 40 hours of incubation, these three
develop at different pace and level as
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evident from viewing them in different foci
in whole-mounts. Similarly, in paraffin
section , the structure of both the NT and
forming brain (in transverse section) vary
according to the level (anterior to posterior)
of embryo through which the section was
cut at a particular stage of development.

Immunohistochemistry was done on
whole mount of embryos with both
embryonic and extraembryonic regions of
varying thickness. During standardization, it
was found that due to high levels of
inherent endogenous peroxidase activity,
routinely used 0.3% of H 0 failed to inhibit

2 2
the peroxidase, which resulted in high
background stains. Hence, 2-3% H 0 was

2 2
standardized. The choice between 2% and
3~ of H

2
0 2 depended on the size of the extra

embryonic tissues(as it is the main source
of the enzyme). Since there is a good
association between Ki67 immunoreactivity
and mitosis, we studied Ki 67 expression
in 40 hours whole mounts (18). Ki 67
antisera is monoclonal. It was used in chick
because phylogenetically the epitopes are
well preserved (19). It contains very highly
conserved regions of approximately 62 base
pairs (20). In addition, during the
standardization and experiments, both
positive and negative controls were run
parallel (21). Negative controls were run
using buffer in place of the primary antibody
in positive control slides and the test
samples.

Model of Embryogenesis: Organogenesis 313

The NADPH-diaphorase activity was
studied to compare the state of
differentiation in different embryonic areas.
In our study, areas like tail-bud and parts
of NT stain positive for both Ki67 and
diaphorase. In contrast, intersomite spaces
are negative for Ki 67 and highly positive
(demarcating the somite area) for
diaphorase. The somites show differential
staining (see results). The difference in
staining pattern between somite/intersomite
area and NT indicates their differences in
origin (mesoderm and ectoderm) as well as
their state of proliferation/differentiation at
that point of development. In fact, the early
somites (from heart to the previtelline
artery) are more in number than post
vitelline artery somites (distal somites).
That is why, although the relative pre and
post vitelline artery BL are not significantly
different, relative pre vitelline artery somite
length is significantly less (P< 0.05) than
post vitelline artery somite length. Such a
cranio-caudal growth follows the
characteristic development pattern of the
higher vertebrates.
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