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■ Abstract 
We have developed a simple shell-less chick embryo culture 
system to study glucose-induced malformations. This system 
involves the culturing of chick embryos from the second day 
to the fifth day of incubation, with associated yolk and thick 
and thin albumen outside the egg shell. The system allows 
the observation of embryonic development of chicks in a 
glass bowl. Developing embryos at 24 h, 48 h and 72 h in-
cubation, corresponding to the Hamberger Hamilton (HH) 
stages from 7 to 21, were treated with two concentrations of 
glucose (50 mM and 100 mM) for 24 h. Glucose treatment 
resulted in a mortality rate of over 70% in younger embryos. 
Furthermore, a variety of malformations such as retarded 
growth, abnormal heart development, macrosomia, exen-

cephaly, etc. were observed in older embryos, which were 
similar to those reported in mammalian embryos as a conse-
quence of diabetic pregnancy. The glucose-induced malfor-
mations were found to be concentration- and stage-depen-
dent, thus emphasizing the roles of the degree of hypergly-
cemia and the stage of embryonic development in diabetic 
growth anomalies. Here we demonstrate for the first time 
that the present system can be used (i) for experiments at 
early stages of chick embryo development and (ii) for assess-
ing the effects of acute glucose toxicity similar to those re-
ported for mammalian embryos in a hyperglycemic envi-
ronment. 
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Introduction 
 

  he degree of hyperglycemia in diabetes varies de- 
  pending on the degree of deterioration of the 

metabolic state. After a long period of metabolic de-
rangement, secondary diabetic complications, such as 
retinopathy, neuropathy, nephropathy and cardio-
myopathy may occur. A large array of animal models 
has been developed to study different aspects of diabe-
tes, such as the db/db mouse, the ob/ob mouse, the 
sand rat and the Goto Kakisaki rat. 

Previous studies to detect fetal malformations in 
subjects with diabetes have been carried out using 
mammalian models for two main reasons: (i) both em-
bryonic and adult tissues are challenged in a similar way 
by the diabetic environment and (ii) the time span for 
the induction of embryonic damage is remarkably short 
compared with the time needed for the development of 
organ complications in the diabetic individual [1]. Such 
studies have been carried out in vivo or in vitro. However, 
the use of mammalian embryos requires invasive inves-
tigations in pregnant animals that may implicate tissue 
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damage and provoke ethical considerations. Therefore, 
it would be interesting to investigate glucose-induced 
malformations by observing developing embryos with-
out invasive interventions. We focused on the devel-
opment of a system to cultivate chick embryos outside 
their egg shells. Existing techniques of shell-less chick 
embryo cultures have inherent limitations depending on 
the experimental design and the aim of the study [2-4].  
These techniques made use of Petri dishes [5], plastic 
culture tripods with plastic wraps [6], recipient avian 
eggshells [4] and transparent plastic cups with clear 
polythene films [7] permitting various degrees of sur-
vival rate. However, none of these systems have re-
ported on the successful culturing of early embryonic 
stages during active organogenesis. 

Hence, we aimed to develop a simple model of 
shell-less chick embryo culture to enable the observa-
tion of glucose-induced malformations in early stages of 
embryo development. Excessive glucose reportedly has 
a negative impact on fetal growth, including the devel-
opment of the central nervous system [8-10], macro-
somia, rotational defects, growth retardation, and em-
bryonic dysmorphogenesis [11-14]. Moreover, compli-
cations of later development and congenital malforma-
tions have been reported to be more prevalent in in-
fants of diabetic mothers than under conditions of 
normal pregnancy [13-17]. In chick embryos, hypergly-
cemia has been reported to cause abnormalities and 
mortality in early stages [18]. Our model of a shell-less 
chick embryo culture is able to ascertain effects of glu-
cose treatment on developing chick embryos at various 
stages, and to identify disturbances of growth and a va-
riety of malformations depending on the concentration 
of glucose and the stage of development. 

Materials and methods 
Fertilized RIR (Rhode Island Red strain) eggs weigh-

ing 58-60g and unfertilized eggs obtained from a local 
hatchery were washed with water and allowed to air dry. 
Fertilized eggs were incubated at 37.5°C with a relative 
humidity of 70-80% for 24 h before culturing. 

Preparation of shell-less embryo culture 
The entire embryo culture was processed under ster-

ile conditions. The assembly of our model for the shell-
less chick embryo culture consisted of a transparent 
glass bowl (8.5 cm surface diameter, a base diameter of 
4.5 cm and a depth of 5 cm) and its cover. Incubated 
eggs were allowed to cool for 25-30 min, then wiped 
with 70% alcohol under laminar flow to minimize con-
tamination from the shell surface. The eggs were kept 

in a horizontal position to assure that the embryo was 
properly positioned. 

Thin albumen from unfertilized eggs was poured 
into a sterile bowl. This albumen acted as a shock-
absorber, provided a cushion for the culture and it lim-
ited desiccation. The fertilized eggs were then cracked 
from above with the help of a scalpel approximately 3-
3.5 cm from the narrow end and the contents of the 
eggs were gently released over the albumen cushion in 
the bowl. It was found that the chance of embryo sur-
vival was greater if the eggs’ contents were transferred 
without damaging the embryo or the yolk, and if the 
embryo was kept in an upright position. 

Each bowl was then covered with a lid, and cultures 
were incubated at 37.5°C and 80% humidity. The chick 
embryos aged 24 h (approximate HH stages 7-9), 48 h 
(HH stages 12-14) and 72 h of incubation (HH stages 
19-21) were used for the experiments following Ham-
berger Hamilton staging [19]. 

Treatment with glucose 
Shell-less chick embryos at the selected stages of de-

velopment were treated with either 50 µl glucose of 30 
mM, 50 mM [20] or 100 mM concentrations prepared 
in 0.9% saline. Control embryos were treated with 50 µl 
of 0.9% saline only. The osmolarity of the glucose solu-
tions was assessed using a Micro Osmometer (Precision 
Systems, USA) and corrected by the addition of distilled 
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Figure 1. Developing chick embryos in shell-less cul-
ture. 1A: 1 day, B: 5 days, C: 10 days and D: 15 days after 
culturing. 
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water following the protocol described by Torchinsky et 
al. [21]. The solutions were added from a distance of 
approximately 1.5 cm above the blastodisc and embryos 
were then incubated for 24 h. Particular care was taken 
to transfer the cultures into the incubator within 3-4 
min of treatment. 

Evaluation of embryonic mortality and morbidity 
Embryos were observed after 24 h exposure to glu-

cose treatment. A ring of Whattman paper no.2 was 
disposed around the blastodisc. The vitelline membrane 
was cut around the ring, and the ring – along with the 
embryonic disc – was placed into a Petri dish contain-
ing 0.9% saline. The yolk adhering to the embryonic 
disc was washed with 0.9% saline and the embryo was 
examined under the stereobinocular microscope. Only 
live embryos with an evident heartbeat were examined 
to assess the stage of development and any develop-
mental malformations. Less developed embryos and 
those with abnormalities were regarded as malformed. 
Embryos were then fixed with acid-ethanol fixative 
(acetic acid: absolute alcohol 1:3) and stored in 70% 
ethanol for detailed investigations. 

Results 
The survival rate of the embryos varied according to 

the duration of the culture period. After the first 3 days 
following culture, 140-142 of the 150 embryos exhib-
ited normal development (94% survival rate). By days 5 
to 12 following culture, development was continued in 
85-90 of 140-142 surviving embryos (60% survival 
rate). Approximately 35% of the cultures had to be dis-
carded by day 12 for a variety of reasons, such as leak-

age of the yolk, 
adherence of the 
embryo to the 
glass surface of 
the bowl and ar-
rested growth. 
Those embryos 
whose membranes 
were spreading 
smoothly over the 
yolk albumen sur-
face (5%) survived 
until 17 days of 
development and 
subsequently died. 
The movement of 
the limbs, eyes, 
beak etc. could be 
observed clearly 

(Figure 1). 
The osmolarity of the 50 mM and 100 mM glucose 

Table 1. Stages of incubation and malformations of the embryos exposed to 50 mM and 100 mM glucose 
 

 

 Duration of incubation                       50 mM glucose                                      100 mM glucose 
 

 before treatment (stage)     % mortality            Malformations         % mortality                 Malformations  

 

 

 24 h 
 (HH 7,8,9) 

70 
 

Retarded growth, ab-
normal somites and neu-

ral tube development 

90 Retarded growth, exencephaly 
and abnormal somites 

 

 48 h 
 (HH 12,13,14) 

 

50 
 

Embryonic dysmorpho-
genesis 

 
 

70 Retarded growth, abnormal he-
art, blood vessels, neural tube, 

somites and flexion 
 

 72 h 
 (HH 19,20,21) 

10 
 
 

 

Retarded growth in 80% 
of embryos and macro-
somia in 20% of em-

bryos 

 
 

15 
 

Retarded growth in 70% em-
bryos, macrosomia in 20% em-

bryos, dysmorphogenesis, e-
xcencephaly, abnormal flexion, 
torsion and heart development 

in 1-2% of the embryos 
 

Legend: Embryos were incubated for different time intervals to obtain embryos at various developmental stages and then were 
treated with glucose (50 and 100 mM) for 24, 48 and 72 h. Embryos were then evaluated for their mortality and morbidity un-
der a stereobinocular microscope. Each group included approximately 30-50 embryos. 
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Figure 2. Effects of glucose on developing chick em-
bryos (HH 7-9). A: Untreated control embryo. B: Embryo 
treated with 0.9% saline exhibiting normal development. C: 
Embryo treated with 50 mM glucose. Abnormal develop-
ment of neural tube and somites are prominent. D: Embryo 
treated with 100 mM glucose exhibiting exencephaly i.e. 
inhibition of neural tube closure. 
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solutions prepared by the addition of D-glucose to the 
0.9% saline was observed to be 331 ± 6 mOsmoles/l 
and 386 ± 8, respectively. We adjusted the osmolarity of 
glucose solutions by adding distilled water [21] to match 
the plasma osmolarity of the chick, i.e. 280 mOsmoles/l 
[22]. Consequently, isosmotic glucose solutions were 
applied to the embryos. Embryos treated with 30 mM 
glucose neither exhibited any mortality nor any visible 
abnormalities. However, glucose treatment of 50 mM 
and 100 mM to the embryos cultured for 24 h (ap-
proximate HH stages 7-9) resulted in 70% and 90% 
mortality, respectively. The surviving embryos showed 
abnormal development of the neural tube, somites, re-
tarded growth and exencephaly (Figure 2 and Table 1). 
Similar treatment of the chick embryos cultured for 48 
h (approximate HH stages 12-14) resulted in 50% and 
70% mortality, respectively. A variety of malformations, 
such as retarded growth, embryonic dysmorphogenesis, 
exencephaly, an enlarged heart and blood vessels and 
abnormal somites were observed in the surviving em-

bryos (Figure 3 and Table 1). Chick embryos cultured 
for 72 h (approximate HH stages 18-20) and treated in 
a similar manner resulted in 10% and 15% mortality, 
respectively. Surviving embryos mainly showed retarded 
growth, abnormal flexures, torsions, macrosomia and 
abnormal limbs and tail development (Figure 4 and Ta-
ble 1). Thus, it can be seen from the results that similar 
glucose treatment affects the embryonic development 
differentially depending upon the age of the embryo, 
exhibiting higher mortality in younger embryos and 
higher morbidity in older embryos. 

Discussion 
In the present investigation, we have developed a 

model of a shell-less chick embryo culture and evalu-
ated its potential for detecting glucose-induced malfor-
mations. Since the existing techniques of shell-less chick 
embryo cultures do not permit observations of early 
stages of active organogenesis, we developed a simple 
method to serve this purpose. Our technique is benefi-
cial compared to the previously developed techniques 
as it does not require any sophisticated equipment, me-
dia or sera [2-4]. It is inexpensive in terms of instru-
mentation and incubator space [5-7]. It permits studies 
in the early stages of development, allowing immediate 
observations of a large number of embryos at the same 
time. It has the advantage of providing easy access to 
the embryo and extra-embryonic membranes for the 
observation of morphogenesis and growth as well as for 
the application of different agents under study and in-
oculation of viruses in specific extra-embryonic mem-
branes, such as the yolk sac, amnion and chorioallantoic 
membrane (Figure 1C). Previously developed shell-less 
culture systems made use of late-stage embryos, leading 
to a limited embryonic survival rate. This has proved to 
be a severe limitation for their use for experiments at 
early embryo stages [2]. The systems were expensive in 
terms of the laboratory ware and incubator space as 
well as the high level of skill and practice required. This 
has prevented their introduction at graduate and under-
graduate levels. Against this background, our model 
could be used not only for research purposes but could 
also easily be introduced in school, college and univer-
sity curricula for the teaching of embryology. Although 
our primary purpose was to study glucose-induced mal-
formations we have used this model for a variety of 
other studies because of the high survival rate of the 
embryos even after the first week. For example, we 
have studied the onset and progression of angiogenesis 
and anti-angiogenesis by applying known and unknown 
angiogenic factors on chorioallantoic membrane using 
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Figure 3. Effects of glucose on chick embryos (HH 12-
14). A: Untreated control embryo. B: Embryo treated with 
0.9% saline indicating normal development. C: Embryo 
treated with 50 mM glucose exhibiting embryonic dys-
morphogenesis. D: Embryo treated with 100 mM glucose 
exhibiting abnormal development of brain and heart. 
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this model (data not shown). Thus our model may serve 
as an in-vitro model suitable for the fields of develop-
mental biology, toxicology, teratology, virology and al-
most all aspects of biomedical research. 

Glucose has been reported to be a teratogen for 
young vertebrate embryos [8, 23, 24]. However, there 
have been few studies on glucose-induced malforma-
tions observed at different stages of development using 
the chick embryo as a model. Our results demonstrate 
that glucose treatment has a lethal effect in the early 
stages of embryogenesis, which is concentration- and 
age-dependent. Thus, younger embryos are more fre-
quently and more severely affected than older embryos, 
and a higher concentration of glucose led to a greater 
incidence of exencephaly at the ages tested. We com-
pared the malformations obtained due to hyperglycemia 
alone against  those obtained due to the com-bined ef-
fects of hyperglycemia and hyperosmolarity and did not 
find any significant difference. Therefore, the present 
study incorporates the data representing the combined 

effect of hyperglycemia and hyperosmolarity. These re-
sults are comparable to those reported for in vivo studies 
with induced diabetes in mice [25] and in vitro studies on 
mouse and rat embryos [9, 26]. 

We were also able to observe that the number of 
malformed embryos decreased when hyperglycemia was 
induced only at later stages of the embryonic develop-
ment (HH 19 to HH 21). The ultimate fate of the em-
bryos affected at these early stages is difficult to deter-
mine since cultures were maintained for only 24 h. 
However, the observed embryonic dysmorphogenesis 
and retarded growth in combination with CNS malfor-
mations suggest that these embryos may not have sur-
vived had they been similarly affected in vivo. Moreover, 
a large number of stillbirths occurred amongst the fe-
tuses of diabetic mothers and this may also be related to 
early severe defects which are life-threatening [24]. Our 
observations indicate that hyperglycemia-induced mal-
formations that appear after the closure of the neural 
tube (approximate HH stages 19-21) are not fatal. An 
example for these malformations is macrosomia, which 
is comparable to the incidence of large babies born by 
diabetic mothers [27]. 

In the present investigation, we have shown for the 
first time that hyperglycemic malformations in mam-
malian embryos can be demonstrated and examined in 
the developing chick embryo. Nevertheless, it is diffi-
cult to transfer the results obtained here using chick 
embryos in shell-less culture systems directly to the 
human fetus considering the metabolism, excretion and 
biochemical mechanisms of glucose utilization during 
embryonic life. However, it is interesting to note that 
similar results have been reported for the human fetus. 
The hyperglycemic state has been shown to be associ-
ated with increased risk for embryonic dysmorphogene-
sis [28]. Increased incidence of malformations in the 
offspring of diabetic mothers with elevated HbA1c lev-
els during early human pregnancy [29] and similar ob-
servations in rodent diabetic pregnancies [30-32] sup-
port these findings. Furthermore, since the time re-
quired for the induction of malformations is very short 
(24 h) in chick embryos as compared to mammalian 
embryos, e.g. 10-12 days for mouse embryos [33] and 2-
5 weeks in human embryos [34], the system is time-
efficient. Since the use of chick embryos in stages of up 
to 10 days of incubation does not evoke severe ethical 
issues [35] its usage for the study of glucose-induced 
malformations during embryonic development would 
be an appropriate alternative to other animal experi-
ments. 

To assess and compare the effects of gestational 
diabetes on the embryos of different species, one must 
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Figure 4. Effects of glucose on chick embryos (HH 18-
20). A: Untreated control embryo. B: Embryo treated with 
0.9% saline developed normally. C: Embryo treated with 50 
mM glucose showing macrosomia. D: Embryo treated with 
100 mM glucose. Abnormal flexion and torsion are promi-
nent. 
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consider the different periods in developmental stages. 
In this regard, a 21-day incubation period of the chick is 
comparable to the 21-day gestation period of mice. The 
first 4-5 days of incubation in chicks correspond to 2-5 
weeks of post-conceptional age in human embryos [36] 
and 12-15 days of rodent pregnancy [37]. The shell-less 
culture system for chick embryos reported here, there-
fore, may also be used to help improve understanding 
of the pathophysiology of gestational diabetes, although 
the technique has limitations as it is an ex-ovo system. 
Admittedly, gestational diabetes is a multifactorial proc-
ess where the diabetic state is associated with several 
other parameters, such as pregnancy hormones, ketosis 
etc. Hence, the present shell-less culture system may 

only partly simulate the conditions of gestational diabe-
tes. 

In summary, it can be argued from the present re-
sults that the shell-less chick embryo culture system de-
scribed offers great potential for various aspects of re-
search into embryogenesis and glucose-induced mal-
formations. 
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