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ABSTRACT

Background:

Chick embryos are mostly used as developmental model system to study
the potential effects of various drugs and their mechanism of action.
However inaccessibility of developing chick embryo in the egg has led to
partial understanding of the effects and mechanisms of various drugs.
Hence, an experiment to design and develop a culture vessel and culture
medium to support growth of chick embryos was devised.

Materials & Methods:

A trial and error method using normal and daily laboratory glassware and
naturally occurring nutrient rich food was performed. Chick embryos
were grown in various containers through which developing embryo
could be studied without having to break open through the container. The
nutrients required for the development of the embryo was provided by
daily and cheap food sources like milk, egg. The time period of the
experiment allowed six trials to be performed which brought about partial
success to the above objective of the experiment.

Results and Conclusion:

A protein rich combination of Milk whey, Albumen, Pannett-Compton
saline where whey was higher in proportion was indicative of supporting
the growing chick embryo and an improved culture vessel was designed
which helped maintain the pH and also drain away the excess medium. It
also helped restrict the position of the embryo in the vessel
Keywords: In -vitro chick embryos, culture medium for chick embryo.

Introduction

All the potential drugs that come into the market are

moist chamber. Spratt (1947)*" modified the

tested prior on various vertebrate model system. Out
of the
developmental model system used is of chick

many vertebrate model system, the

embryo. However the inaccessibility of the
developing chick embryo in the egg has led only to
the partial understanding of the various mechanisms
and effects of the potential drugs. This has led to
invention of many in vitro techniques for its
cultivation and studies. The most simple and
rudimentary technique was of pouring the entire of
the contents of the egg into a bowl and taking
against evaporation and bacterial
Waddington  (1932)”

transferred the developed blastoderm of the chick

precautions
infection. successfully
embryo to the surface of a clot of fowl plasma and
embryo-extract maintained in a watch-glass in a

technique by stiffening the clot using agar and
containing diluted egg albumen or yolk. The
embryos developed from these blastoderms are
stated to be small and slow developing. Modified
techniques like hanging drop technique was used to
culture isolated chick blastoderm outside the egg. In
this technique, the isolated blastoderm was floated
over a cover glass and attached by using a drop of
coagulated plasma and then this explant was inverted
onto a cavity glass slide containing a drop of water
and a cover glass trimmed with paraffin. Dennis New
(1955)° introduced glass retaining rings to this
technique and each were placed over the stretched
blastoderm while attached to the vitelline membrane
with only thin albumen as the culture medium. Many
techniques were developed to grow chick embryos
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outside their shells. Bruce Dunn (1974)" devised a
method for growing chick embryos in plastic slings.
Working with Boone, Ramsey and Dunn improved
shell-less embryo culture methods (Dunn and
Boone, 1976'%; Ramsey and Boone, 1972%¢). Castellot
et al. (1982)° simplified the method further by
substituting disposable hot cups for plastic tripods.
Denis New (1955)° published a method for the
culture of avian embryos that aimed to emulate the
relationship of the early blastoderm to its normal
substrate (the vitelline membrane), on which it
expands in the egg (New. 1959)'° and to use pure egg
albumen as the culture medium. The strong
bacteriostatic properties of the albumen made it
possible to dispense with strict sterile techniques.
New (1955)”suggested the use of a slightly hypotonic
saline, mildly buffered to neutrality with phosphates,
Pannett-Compton solution (Pannett and Compton,
1924)*, for explanting the embryos for culture.
However, many others have tended to use Howard-
Ringer's medium, which is an unbuffered salt
solution. The pH of the explantation medium is
probably unimportant because egg albumen is
strongly alkaline in stored eggs (as high as 9.5) while
the yolk is slightly acid (usually 6.5). Work is
continuously being done to come with a foolproof
culture vessel and culture medium to support the
growth of the embryo to develop into chicken in in
vitro conditions.
Recently Nusrat Zareen and Muhammad Yunus
Khan (2008)? have used culture containers consisted
of thin, clear, semipermeable polyethylene sheet
secured with elastic rubber bands on the mouth of a
cylindrical plastic or paper cup. Before transferring
the egg’s content into the culture container, the
polyethylene sheet was sagged down a little by gloved
fingers for comfortable accommodation of the
contents. The brim of the cup was covered with a
sterile Petri dish lid. Only cultures with the blastodisc
positioned to uppermost side of the yolk were used
in the experiments.

MATERIALS AND METHODS

Materials:

Embryonated eggs from Venkateshwar Hatcheries
Pannett-Compton Saline*

Materials used to setup the culture vessel- Glass
bowls, Plastic cups, Petri-plates, Sandwich wrapping
plastic foil.

Materials used for preparing the culture medium-
Pannett-Compton saline, Milk, Milk whey, Egg
Albumen’, Egg yolk.

Trial and error method was used to design the
culture vessel and culture medium.
Trial 1: Glass bowls were used to culture early chick
embryo. All the glassware, chemicals were sterilized

by autoclaving.
Medium used for explanation:

Sample 1 Pannett and Compton saline

Sample 2 Pannett and Compton saline+ Egg
Albumen

Sample 3 Pannett and Compton saline+ Egg
Albumen+ Egg Yolk

Sample 4 Pannett and Compton saline+ Egg
Albumen+ Milk

Table 1: The table shows the composition of the medium of
each sample in which the embryo was grown during trial 1.
Medium was filled in the bowls half its volume. The

24-48 hour embryo was removed from the egg and

suspended in the medium in the dialysis bag. The
dialysis bag was suspended in the bowl by means of
elastic bands. To ensure maximum sterility and
closing the system glass bowl of a greater radius was
placed inverted on top of it. The entire assembly of
the culture vessel and medium along with the
embryo was incubated in the incubator at 37.9° Cand
was observed daily for growth.

Trial 2: Modifications were made in the vessels and
medium to eliminate most of the mistakes occurred
in Round 1. Glass bowls were used to culture chick
embryo. Medium used were modified:

Sample 1 Pannett and Compton saline+ Albumen

Sample 2 Pannett and Compton saline+
whey(substituted for milk)

Sample 3 Pannett and Compton saline+ yolk

Sample 4 Pannett and Compton saline+ whey+ yolk

Table 2: The table shows the composition of the medium of
each sample in which the embryo was grown during trial 2.
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The volume of the medium was reduced to increase
air space. Instead of placing the explants inside the
dialysis bag, the bag was cut open and the embryo
was placed on it. The 24-48 hour embryo was

removed from the egg and suspended in the medium
on the dialysis bag. It was suspended in the medium
by means of a elastic band. Larger bowls which were
to be used was replaced by petri plates to avoid
inconvenience. This entire assembly was transferred
into the incubator at 37.9° C and observed daily for
keeping record of its growth. Apart from these, 0
hour embryos were cultured in bowls in the medium
composed only of saline. These samples were also
transferred to the incubator.

Figure 3: Embryo(0 hour) in saline sample.

Trial 3: Modifications were made in the culture
assembly. Glass bowls was made permanent.
Medium volume was reduced drastically (10 ml
medium was filled in the bowls)

MEDIUM | SALINE (ml) ALBUMEN (ml)

1 2.5 7.5

2 5.0 5.0

3 7.5 2.5

4 1.0 9.0

MEDIUM | ALBUMEN (ml) | SALINE (ml) | WHEY (ml)
5 1.0 2.5 7.5

6 1.0 7.5 2.5

Table 3: The table shows the composition of the medium of
each sample in which the embryo was grown during trial 3.

72 hour embryo was excised from the eggs (0, 24, 48

hour embryo weren't feasible). Use of dialysis bag
was avoided totally and the embryo was placed
directly into the medium. Petri plates were used to
close the culture bowls. This entire assembly was
transferred into the incubator at 37.9° C and
observed daily for keeping record of its daily growth.

Figure 4: Embryo (72 hours) embryo in sample 1.

Trial 4: Solidifying agent (Agar) was used to restrict
the movements of the embryo in the liquid medium.
The glass bowls were used to culture 72 hour chick
embryo. The combination of
Whey+Albumen+Saline with whey-7.5 ml and
saline-2.5 ml was used as the medium. This medium
was poured upon the solidified agar (1%). The
explant was placed on the Agar surface such that it
was in continuous contact with the medium. Petri-
plates were replaced by sandwich wrapping plastic
foil (PVC). The glass bowls were covered using this
plastic foil. This entire assembly was transferred into
the incubator at 37.9° C and observed daily for
keeping record of its growth.

Figure 5: Embryo embedded on medium solidified using agar.
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Figure 6: The sample in which petri-plates were

substituted by wrapping plastic foil.

Trial 5: Round 3 was repeated to check the thin film
formation on the chick embryo. The glass bowls were
used to culture 72 hour chick embryo. The

combination of Whey + Albumen + Saline with
whey-7.5 ml and saline-2.5 ml was used as the
medium. Petri-plates were replaced by sandwich
wrapping plastic foil (PVC). The glass bowls were
covered using this plastic foil. This entire assembly
was transferred into the incubator at 37.9° C and
observed daily for keeping record of its growth.

Figure 7: Samples for trial 5 being prepared.
Trial 6: Maintaining the pH of the medium at neutral

(7) for optimum growth of the embryo was the
objective of this round. The glass bowls was replaced

by plastic cups to culture 72 hour chick embryo. A
thin layer of sterilized sponge was used to cover up
the base of the cup. Upon the sponge, sterile
Whatman filter paper was placed. A thin layer of
solidified agar (1%) was placed on the filter paper
which was made porous using a sterile pointer. The
combination of Whey + Albumen + Saline with
whey-7.5 ml and saline-2.5 ml was used as the

medium. The medium was poured into the cup on
the solidified agar such that the movement of the
explant was restricted as well as it remained in
constant contact with the medium. The plastic cups
were covered using the plastic foil. This entire
assembly was transferred into the incubator at 37.9°
C and observed daily for keeping record of its
growth.

Figure 8: The assembly shows three distinct layer-

Lowermost sponge layer Whatmann Filter paper in the

middle Soft Agar layer on the top

RESULTS
Trial 1: Out of the four cultured embryo, two
samples showed live embryos on the second day

Sample Observation
Saline Heartbeat seen
Saline+Albumen Heartbeat seen
Saline+Albumen+Yolk No Heartbeat seen
Saline+Albumen+Milk No Heartbeat seen

Table 4: The activity of the embryo in each sample of trial 1
after 24 hours.

However both the alive embryos didn’t show any
growth morphologically. The assumptive medium
supported the embryo to stay alive but didn’t support
the growth of the embryos. Early chick embryo
didn’t survive in the medium composed of milk and
yolk. The culture vessels used were very unstable.
100% sterility wasn’t been ensured by inverted bowls.
The use of dialysis membrane for suspending the
embryo in the medium wasn’t a good option because
the transfer of the embryo into the bag wasn’t a fool
proof method without harming the embryo and it
also was tedious.
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Figure 9: Image of the embryo in the Pannett-Compton

saline sample after 24 hours.

Figure 10: Image of the embryo in the Pannett-Compton

saline and Egg albumen sample after 24 hours.

Trial 2:

7 embryos were explanted: 0-hour embryo and 24-

48hour embryo.

0-hour embryo explants

Sample | Observation (after24 | Observation (after 48
hrs) hrs)
1 Red spots observed Blood wvessels started
forming
2 Yolk sac burst -
( discarded )
3 No change observed Yolk sac burst
( discarded )

Table 5: The activity of the 0-hour embryo in each sample of
trial 2 after 24 hours

and 48 hours respectively.

Figure 11: The 0-hour embryo in sample 1

© Asian Journal of Pharmacology and Toxicology, 2016.

Figure 12: The 0-hour embryo in sample 1 after 24 hours.

Figure 13: The 0-hour embryo in sample 1 after 48

24-48 hour embryo explants

Sample

Observation

Saline+ Albumen

Heartbeat  seen+
very little increase
in size

Saline+Albumen+Whey Heartbeat  seen+
very little increase
in size

Saline+Albumen+Yolk No Heartbeat seen

Saline+Albumen+Whey+Yolk

No Heartbeat seen

Table 6: The activity of the 24-48 hour embryo in

each sample of trial

2 after 24 hours.

Figure 14: Embryo suspended in Pannett-Compton saline,
Albumen and Whey during trial 2 after 24 hours.
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The medium consisting of yolk was entirely avoided
as it doesn’t support the growth of the embryo. The
embryos didn’t survive for long after 24 hours of
culturing. The medium composing of Pannett and
Compton saline + Egg Albumen and Pannett and
Compton saline + Milk Whey supported the growth
and survival of the chick embryos only for 24 hours.
However air space reduced by introduction of petri
dishes to cover the vessel instead of inverted bowls.
The dialysis bag was cut open mid way through and
used for suspending the embryo on the medium.
Trial 3:

72-hour embryos were explanted

Sample Observation

Heartbeat seen+ No increase in size

Heartbeat seen+ No increase in size

Heartbeat seen+ No increase in size

Heartbeat seen+ No increase in size

Heartbeat seen+ Limb development was seen

QAN W

Heartbeat seen+ No increase in size

Table 7: The activity of the 72 hour embryo in each sample of
trial 3 after 24 hours.

Figure 15: Embryo in sample 5 when transferred into the

medium from the egg during trial 3

Figure 16: Embryo in sample 5 after 24 hours during trial

3 showing limb development

All the media supported the survival of the embryo.
Minimal increase in size of the embryos was noticed
however no appreciable increase in the size of the

embryo was seen. However the medium composed
of maximum volume of whey showed limb
development after 24 hours of culturing. No embryo
survived after 24 hours of incubation. Reason maybe
lack of air supply. No dialysis bags were used in this
round. This makes it cost efficient.

Trial 4:

Embryos were found dead after 24 hours of
incubation. The layer was visibly thick enough to
cover up the entire embryo. Gaseous exchange must
have been hampered. Medium spoilage was detected.

Figure 17:Sample when explanted

Figure 18: Sample showing thin layer formation after 24

hours. Embryo can't be observed properly due to the film
formed on top of it.
Trial 5:
Embryo when grown on liquid medium (without
solidifying agent) showed the thin layer formation.
However as compared to Round 4 this film was very
insignificant.
Embryos didn’t survive for 24 hours. Embryo
without the circulatory system and the supporting
membranes showed perfect film floating on the
medium while embryo with the circulatory system
and membranes showed films which couldn’t be
distinguished from the membranes of the embryo.
The pH of the medium was checked to know the
effects of the film so formed. pH had dropped from
7 to 2. This film was mostly due to the spoiling of
milk at high temperature. Air supply and film
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formation remained a major problem in the

culturing of the embryo.

Figure 19: Sample showing the film formation after 24

hours.

Figure 20: The film can be seen distinctly in this image after

the extra-embryonic membranes are removed from the
sample.

Trial 6:

Film formation was eliminated as the medium
drained into the lower surface. pH remained
constant at neutral ( 7 ). However the embryo didn’t
survive. Air supply still remains a problem.

Figure 21: Figure showing the medium maintained at pH-7

after 24 hours.

DISCUSSIONS

Trial 1:

Age of embryo: 24 hour old embryos were used.
However those embryos proved very delicate for
handling. The transfer of such embryos in the
dialysis bag proved a great challenge.
Medium: Albumen and Saline provided a support
medium for the survival of the embryo but didn’t
provide enough nutrients for its growth. Milk didn’t
work as a medium because of its high fat content and
its property of getting spoiled after keeping at such
high temperature for very long period of time. It was
considered that milk be substituted by whey
(contains only milk proteins). Yolk started getting
thicker on being removed from the yolk sac and
mixed with the saline. However because it is the
natural component of the egg, yolk was again
considered as an option as a protein source in the
medium for the next round.

Culture vessel: Inverted bowls proved to be very
tedious in transporting the system from place to
place and it failed to maintain 100% sterility. Even
placing the embryo inside the dialysis bag was very
tedious and often ended in dead embryos getting
inside the bag. Also the bag proved to be a very small
place for the developing embryo. Volume of the
medium was decided to be reduced to increase air
space for the growing embryo.

Changes to be brought about for Round 2:
Substitution of milk by whey as protein source in the
medium.

Substitution of inverted bowls by petri dishes to
enclose the system.

Cutting open the membrane mid way through and
placing the embryo on it suspended in the medium.
Volume of the medium was decided to be reduced to
increase air space for the growing embryo.
Trial 2:

Age of embryo: 0 hour embryos were used. they
showed very slow development. Primitive streak
wasn’t formed even after 48 hours of culturing. 24-
48 hour old embryos were also sampled. However
these too were very delicate to handle.

Medium: Albumen and Whey proved to be excellent
protein sources for the developing chick embryo.
However development was seen in 0- hour chick
embryo without any supporting medium in the bowl.
The development was however very slow and the
primitive streak couldn’t be observed even after 48
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days. Only initiation of blood vessels was seen. Yolk
proved to be a wrong choice of protein source in the
medium. Hence yolk was entirely removed from
being the protein source in the medium.

Culture Vessel: Modifications made to the culture
vessels in Round 1 led to the elimination of many
disadvantages. However air space still proved to be
an issue. Use of dialysis bag seemed to be a tedious
and expensive affair.

Changes to be brought about for Round 3:

Albumen and Whey volume requirements have to be
investigated upon.

Use of dialysis bag was entirely avoided.

Using only 10 ml medium to increase the air space.
Trial 3:

Age of embryo: 72-hour old embryos were used.
Advantages of these over 0, 24, 48 hour old embryos
are that they can be suspended in the medium (10
ml) owing to its large size. No dialysis bag was
required to provide support or suspend it on the
medium.

Medium: Volume of the medium was 10 ml. This
proved useful as it increased the air space and even
the embryos could remain suspended in the medium.
The combination of Whey+Albumen+Saline where
whey was higher in proportion proved very
conducive to the fast development of the embryo
(limb development was seen).

Culture vessel: Petri dish should be substituted with
something which allows continuous air supply so
that the development of embryo cannot be hindered.
Changes to be brought about for Round 4:

Finding a suitable substitute for petri dish.
Checking the shelf life of Albumen and Whey in
combination.

Culturing more embryos in the above medium to
prove its validity.

Trial 4:

Age of embryo: 72-hour old embryos were used.
Medium: The
Whey+Albumen+Saline where whey was higher in

combination of

volume was used for development of the embryo.

Culture Vessel: Petri dishes was substituted by
(PVC) in
consideration to bring about changes which favour

Sandwich  wrapping plastic foil

air exchange.

Solidifying Agent: 1% Agar ( soft agar ) was used as
solidifying agent. This proved useful to restrict
unwanted movements in the position of the embryo.

Also it brought into light a serious issue of medium
spoilage by film formation.

Round 3 was decided to be done again with the same
vessel and medium to study media spoilage

Trial 5:

Age of embryo: 72-hour old embryos were used.
Medium: The
Whey+Albumen+Saline where whey was higher in

combination of

volume was used for development of the embryo.
Medium spoilage was observed. Due to human error
it was unnoticed in the preceding trials. The effect of
the spoilage was thin cloudy layer formation over the
cultured embryo. This caused restricted gaseous
exchange. Also a drastic pH drop was observed
which could affect the growing embryo.

Culture Vessel: The use of glass bowls continued as
culture vessels

Trial 6:

Age of embryo: 72-hour old embryos were used.
Medium: The
Whey+Albumen+Saline where whey was higher in

combination of

volume was used for development of the embryo.
Culture Vessel:Glass bowls were replaced by Plastic
cups in which arrangement of the sponge, filter paper
and agar will be easier than glass.

In the plastic cup the medium was poured over the
embryo which was embedded on the soft agar slab.
The medium washed over the embryo supplying it
with nutrients, then drained into the sponge through
the filter paper. This avoids the problem of film
forming as well as pH drop in the layer of medium in
contact with the embryo.

Modifications to be included: Continuous air supply
(Proper gaseous exchange) and continuous nutrient
supply.

The experiment was designed to explant the embryo
and allow maximum embryonic development. New
explanted blastoderms (definitive primitive streak or
head-process stages) and incubated them until
embryonic  development ceased. Maximum
development shown by them was reaching the 10-
somite stage and the ceasing development and
growth®. Stern experimented on similar lines and
recorded every 12 hours the stage of development
attained. Using three different techniques to culture
the embryo, the results observed were also different.
But the maximum time the embryo showed
development outside the egg was for 48 hours and

showing maximum development of stage 16°. Nusrat
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Zareen and Muhammad Yunus Khan repeated
successful culturing, tracing the developmental
process of the embryo upto the 15th day of
embryonic life at least after which the survivability
period varied in different embryo cultures. The most
advanced age reached in this project was day 19 of
the embryonic life, which in researchers’
understanding is the latest developmental stage in
shell less environment described as yet in which the
entire egg contents was poured into the vessel
without explanting the blastoderm or the embryo®.
The experiment performed by the trial and error
method was successful in maintaining the embryo
for 48 hours allowing embryonic development by
explanting the embryo in a medium designed for its
growth as compared to just pouring the contents of
the egg into saline.

CONCLUSION

Embryo survived in in vitro conditions but rarely
showed any development.

A nutrient medium (protein rich feed) was designed
and optimized which helped the embryo survive.
The combination of Whey+Albumen+Saline where
whey was higher in proportion constituted the
medium (Whey-7.5 ml, Saline-2.5 ml, Albumen-1.0
ml).

An improved culture vessel was designed which
helped maintain the pH and also drain away the
excess medium. It also helped restrict the position of
the embryo in the vessel.

ACKNOWLEDGMENT

We are thankful to Dr. R.G. Pardeshi, Principal,
Fergusson College for providing us infrastructural
facilities. We express our sincere gratitude to Dr.
Mrs. Joshi, Head,
Biotechnology for giving us access to the laboratory

Sonali Department  of
and providing us with the necessary amenities and
encouragement about the experiment. We also thank
Venkateshwar Hatcheries, Pune for providing us
with the embryonated eggs. We would specially
thank our lab assistant Mr. Kailas Athawale for
providing us the various lab equipments on time and
all my friends for all their support and suggestions
for helping us complete our journey.

REFERENCES

10.

11.

12.

13.

14.

15.

16.

A. Cevik Tufan, Ilgaz Akdogan, et al. (2004). Shell-less
culture of the chick embryo as a model system in the
study of developmental neurobiology. Neuroanatomy
(2004) Volume 3 / Pages 8-11

Alfredo Castro-Quezada, et al.(1972) Experimental
study of the formation of the bulboventricular loop in
the chick.J. Embryol. exp. Morph. Vol. 27, 3, pp. 623-
63

Auerbach R, Kubai L, Knighton D, Folkman J. (1974)
A simple procedure for the long-term cultivation of
chicken embryos. Dev Biol.,, 41:391-394. [PubMed:
4452416]

Babiker E.M. and Baggott G. K. (2009). The Effect of
Preincubation Period and Culture Medium on Early
Development of Isolated Blastoderm of Japanese
Quail. Journal of Genetic
Biotechnology, 7(1): 29-34
Boone, M. A. (1963). A method of growing chick
embryos in vitro. Poultry Science, 42:916-921.
Castellot, J. J., Jr, M. T. Karnovsky, and B. M.
(1982)
stimulation of neo-vascularization and endothelial cell

Engineering and

Spiegelman Differentiation-dependent
chemotaxis by 3-T-3-adipocytes. Proceedings of the
National Academy of Sciences, 79:5597-5601.
Claudio D. Stern and Debora O. Mackenzie (1983).
Sodium transport and the control of epiblast polarity
in the early chick embryo. J. Embryol. exp. Morph. 77,
73-98

Claudio D. Stern and Rosemary Bachvarova (1997).
Early Chick Embryos In Vitro. Int. J. Dev. Biol. 41:
379-387

D.AT New (1955) A New Technique for the
Cultivation of the Chick Embryo in vitro. [J. Embryol.
exp. Morph. Vol. 3, Part 4, pp. 320-31.

D.AT. New (1956).
blastodermic fluid in hen's eggs. J.
exp.Morph. 4, 221-227

Datar S, Bhonde RR. (2005) .Shell-less chick embryo
culture as an alternative in vitro model to investigate
glucose-induced malformations in mammalian
embryo. Rev Diabet Stud. 2:221-227.[PubMed:
17491698
Domenico Ribatti

of sub-
Embryol.

The formation

(2010). The Chick Embryo
Chorjoallantoic Membrane as an In VivoAssay to
Study Antiangiogenesis, Pharmaceuticals, 3, 482-513
Dunn, B. E. (1974) Technique for shell-less culture of
the 72-hour avian embryo. Poultry Science, 53:409-
412.

Dunn, B. E,, and M. A. Boone. (1976) Growth of the
chick embryo in vitro. Poultry Science, 55:1967-1981.
Flamme 1. (1987) Prolonged and simplified in vitro
culture of explanted chick embryos. Anat Embryol
(Berl) 176 (1):45-52. [PubMed: 3605649]

Endo Yukinor i(2012). Chick Embryo Culture and
Electroporation. National Institute of Health, Curr
Protoc Cell Biol. CHAPTER: Unit19.15

© Asian Journal of Pharmacology and Toxicology, 2016. 20



Abraham B. Mathew and Shampa Chakraborti.: Asian Journal of Pharmacology and Toxicology, 04(13), 2016, 12-21.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Hamburger V, Hamilton HL (1951). A series of
normal stages in the development of the chick embryo.
J.Morphol., 88:49-92.

James Spurlin III and Peter Lwigale (2013). A
Technique to Increase Accessibility to Late-stage
Chick Embryos for In Ovo Manipulations. National
Institute of Health, Dev Dyn. 242(2): 148-154.

Karen Rowlett and K. Simkiss (1989). Respiratory
Gases and Acid-Base Balance in Shell-Less Avian
Embryos. J. exp. Biol. 143, 529-536

M. S. Lakshmi (1962) The Effect of
Chloroacetophenone on Chick Embryos Cultured in
vitro. J. Embryol Exp Morphol Vol. 10, Part 3, pp. 373-
82.

Michelle Warren, et al (2009). Chick embryo
proliferation studies using EdU labeling. National
Institute of Health,Dev Dyn. 2009 April; 238(4): 944-
949.

Nissrine El-Ghali, et al (2010).New Methods for
Chicken Embryo Manipulations. National Institute of
Health, Microsc Res Tech. 73(1): 58-66.

Nusrat Zareen, Muhammad Yunus Khan (2008) A
Shell-Less Chick Embryo Culturing Technique,
Reproduced Successfully Under Local Circumstances.
Journal of The College of Physicians and Surgeons
Pakistan 2008, Vol. 18 (9): 595-596

Octavian Voiculescu et al.(2008). Spatially And
Temporally Controlled Electroporation Of Early
Chick Embryos. Nature Protocols, Vol.3, No.3, 419-
426.

Pannett, C. A. & Compton, A. (1924). The cultivation
of tissues in saline embryonic juice. Lancet 206, 381-
384.

Ramsey, J. B., Jr., and M. A. Boone (1972) Incubator
for growing chick embryos in vitro and in ova. Poultry
Science, 51:707-709.

Roberto Narbaitzl and Pierre P. Tellier (1974). The
differentiation of the chick chorionic epithelium: an
experimental study. J. Embryol. exp. Morph. Vol. 32,
2, pp. 365-374

Savita Datar and Ramesh R. Bhonde(2005). Shell-less
chick embryo culture as an alternative in vitro model
to investigate glucose-induced malformations in
mammalian embryos. The Review of Diabetic Studies
Vol. 2,No. 4, 221-227

Sawyer, R. H. 1979. Modification of chick in shell-less
culture procedure. Biology Department,U. of South

Carolina, Columbia, South Carolina. (Personal
Communication).
Seabra R, Bhogal N (2010) In vivo research using early
life stage models. In Vivo 24: 457-462.
PMID:20668311

Spratt, N. T. (1947). Development in vitro of the early
chick blastoderm explanted on yolk and albumen
extract saline-agar substrata. J. exp. Zool. 106, 345-66.
Stern CD, Bachvarova R (1997). Early chick embryos
in vitro. Int J Dev Biol, 41(2):379-87.

[PubMed:9184348]

35.

36.

37.

38.

39.

Streit A. (2008) EC culture: a method to culture early
chick embryos. Methods Mol Biol ,461:255-
64.[PubMed: 19030802]

Susan C. Chapman (2001). Improved Method for
Chick Whole-Embryo Culture Using a Filter Paper
Carrier. Developmental Dynamics 220:284-289

Timo Schomann, et al (2013). Improved Method for
Ex Ovo-Cultivation of Developing Chicken Embryos
for Human Stem Cell Xenografts. Stem Cells
International Volume 2013, Article ID 960958.

W. C. Gunther (1963).0xygen Uptake in Heat-
Stressed Chick Embryos. Proceedings of Indiana
Academy of Science.

Waddington, C. H. (1932). Experiments on the
development of chick and duck embryos cultivated in
vitro. Phil. Trans. Roy. Soc. Lond. B. 221, 179-230
Wenjing Huang (2015). Egg-In-Cube: Design and
Fabrication of a Novel Artificial Eggshell with
Functionalized Surface. Plos One
Journal.Pone.0118624

Yalcin HC, Shekhar A, Rane A A, Butcher J T (2010)
An ex-ovo chicken embryo culture system suitable for
imaging and microsurgery applications. ] Vis Exp 44:
e2154.

Cite this article as:

Abraham B. Mathew and Shampa Chakraborti. Designing And
Defining a Culture Medium for Growing Shell-Less Chick
Embryo in vitro. Asian Journal of Pharmacology and
Toxicology, 04(13), 2016, 12-21.

© Asian Journal of Pharmacology and Toxicology, 2016. 21



