
INTRODUCTION
Glucose, also known as D glucose or dextrose, acts as
a fuel which powers the cellular machinery. Prenatal
exposure to increased level of glucose has long lasting
consequences for the offsprings of diabetic mothers,1 as
chronic and persistent elevated levels of glucose in
blood (hyperglycemia) is a feature of diabetes mellitus.2

The teratogenic potential of hyperglycemia is well
documented by research done on experimental
animals.3,4 The dysmorphogenic effects seen in
laboratory animals are mainly in the tissues and the
organs derived from the neural crest cells. Elevated
levels of glucose inhibit the survival of cranial neural
crest cells (NCC) which established it as a target for
teratogenic actions of glucose.5 Epidemiological studies
have demonstrated abnormal development of neural
crest-derived structures in children born to diabetic
mothers.6

The role of NCC in ocular development has been
studied by making quail-chick chimera. The periocular
mesenchyme (POM) receives contribution from NCC
and these cells contribute to the development of the
sclera (cartilaginous and bony).7 Distinct transcription
factors are required for the determination, development
and maintenance of POM. The transforming growth
factor-beta (TGF-β) is present in POM.8 It regulates an
important transcription factor pituitary homeobox 2
(Pitx2) also present in POM. The TGF-β dependant
expression of Pitx2 is required for NCC to adapt scleral
fate.9 The chick sclera has a hyaline cartilage layer and
a fibrous layer along with a ring of scleral ossicles which
are overlapping plates of membrane bone, 14 to 16 in
number, encircling the cornea.10

The teratogenic mechanism involved in glucose toxicity
is found to be oxidative stress.12 NCC is a particularly
vulnerable cell population to oxidative stress. A reason
for this is that they do not have super oxide dismutase
(SOD) and catalase enzymes, which scavenge free
radicals.11

As excess glucose causes deranged development of the
structures derived from NCC, it is likely to have an effect
on the development of the chick sclera. The purpose of
this study was to evaluate the effects of elevated
glucose on the developing sclera in the chick embryo.
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ABSTRACT
Objective: To determine the effect of glucose administration on the development of sclera in the chick embryo Gallus
domesticus.
Study Design: Experimental study.
Place and Duration of Study: Anatomy Department, CPSP Regional Centre, Islamabad, from January 2013 to January
2014.
Methodology: The study was carried out in two main groups, control A and experimental B, which were subdivided into
three subgroups comprising 30 eggs each. The group A was injected with normal saline (0.3 ml) in the egg albumen.
The group B was injected with 0.3 ml of 5% w/v solution of glucose equivalent to 15 mg of glucose. Subgroups A1 and B1
were opened on day 10 of incubation. Subgroups A2 and B2 were sacrificed on day 12 of incubation. Eggs from subgroups
A3 and B3 were opened on day 15 of incubation. Experimental subgroups were compared with matched control
subgroups and quantitative data was analysed statistically.
Results: Administration of glucose resulted in changes in thickness of sclera. The mean thickness (µm) of sclera at day
10 of incubation was 43.54 ±2.45 in control subgroup and 43.03 ±5.86 in the experimental subgroup (p=0.673). The mean
thickness (µm) of sclera at day 15 of incubation 77.48 ±8.32 in control subgroup and 73.99 ±8.62 in experimental subgroup
(p=0.145). The mean number of chondrocytes/unit area of hyaline cartilage of sclera in day 10 was 17.40 ±1.44 control
subgroup and 14.57 ±1.87 in the experimental subgroup (p < 0.001). The mean number of chondrocytes/unit area of
hyaline cartilage of sclera on day 15 was 10.02 ±0.86 in the control subgroup and 9.54 ±0.59 in the experimental subgroup
(p=0.025). There was disrupted ossicular formation indicating adverse effects on the development of bony sclera as well.
Conclusion: Administration of glucose caused alteration in the histology of sclera in developing chick embryos.
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METHODOLOGY
This experimental study was carried out at the
Department of Anatomy, College of Physicians and
Surgeons Pakistan (CPSP), Regional Centre,
Islamabad, from January 2013 to January 2014. The
study was carried out in two main groups, each
comprising 90 eggs. Group A was the control group and
group B was the experimental group. Group A was
subdivided into three subgroups, A1, A2 and A3, each
comprising 30 eggs. This control group was injected with
normal saline (0.3 ml) in egg albumen.

Similarly, group B was subdivided into three subgroups
B1, B2 and B3, each comprising 30 eggs. This group
was injected with 0.3 ml of 5% w/v solution of glucose
(5% dextrose injection) equivalent to 15 mg of glucose
into albumen of the egg. Both groups were injected just
before incubation. Un-incubated egg of day 0 was wiped
with a sterile cotton wool pad moistened with 70%
ethanol. Each egg was held vertically with blunt pole
upwards for 5 minutes so that the blastoderm floated up,
and a hole was drilled into its upper blunt pole where the
air sac was located. Another hole was drilled at a point
about a fingerbreadth above the lower pole with a thumb
pin. Only the shell was punctured. Next, the shell
membrane of the upper pole was pierced with an empty
insulin syringe with needle size of 30 gauges x 8 mm.
This was done to release air from the air sac. Lastly, an
insulin syringe containing the glucose or saline was used
to inject the contents into the albumen through the lower
hole after complete insertion of its needle. This 5%
solution is isotonic and this was to prevent any
teratogenic effects that may result from change in the
osmolarity.

Eggs from the subgroup A1 and B1 were opened on day
10 of incubation. Eggs from the subgroup A2 and B2
were opened on day 12 of incubation to see all scleral
ossicles,12 and eggs of the subgroup A3 and B3 were
opened on day 15 of incubation to see the teratogenic
impact in the chick eye.13

The eggs were placed in the incubator (Memmert
Electric Company). The day on which eggs were placed
in the incubator was taken as day 0. Eggs were rotated
1/2 turn twice daily.14 Incubation was under careful and
standard monitoring. The temperature was maintained
at 38 ±0.50C, the relative humidity kept between 60 and
70%, and fresh air ventilation was ensured. Sufficient
measures were taken to maintain a continuous electric
supply. On the scheduled day of sacrifice, eggs were
taken out of the incubator and allowed to lie horizontally
on table for about 10 minutes so the embryos can float
up above the yolk sac. On breaking the shell from the
broader end in a bowl of water, embryos were cleanly
extracted without any traction and avoiding trauma.
Survivability was noticed and only alive embryos were
included in the study. The embryos were fixed in 10%

neutral buffered formalin solution for 24 hours. The fixed
embryos were decapitated and the heads were bisected
in the mid sagittal plane. The right eyes were dissected
out, and then the anterior half of the eyeball was cut off.
This again was bisected at the meridian plane and one
half of this was processed for paraffin embedding from
the embryos of subgroup A1 and B1 (day 10 of
incubation) and subgroup A3 and B3 (day 15 of
incubation). The sections cut at 7 µm thickness were
stained with haematoxylin and eosin (H&E) for routine
examination and Alcian Blue and Alizarin Red stains
were used for hyaline cartilage and ossicles of sclera,
respectively. The anterior half of the right eyes from
embryos of subgroup A2 and B2 (day 12 of incubation)
was stained as whole with Alizarin Red.

Statistical analysis of all data of quantitative parameters
was done with Statistical Package for Social Sciences
(SPSS) version 10. Student's t-test was applied to detect
any significant difference in the weight of eyeballs,
thickness of cartilaginous sclera in µm and the number
of chondrocytes per unit area of cartilaginous sclera
between control and experimental groups. P-value of
equal to or less than 0.05 was considered statistically
significant. Quantitative data is summarised along with
mean and standard deviation.

RESULTS
On gross examination, the eye defects were manifested
by anophthalmia and microphthalmia in 6.75% of alive
experimental embryos (Figure 1). After dissecting out,
the weight of eyeball in embryos exposed to glucose
was less as compared to that of control subgroup,
although this difference was statistically insignificant
(for A1, B1: p=0.698, for A3, B3: p=0.392).

In histological sections in day 10 embryos, the sclera
from control subgroup showed two layers, an inner
cartilaginous layer and an outer fibrous layer (Figure 2).
The fibrous layer was thinner than underlying
cartilaginous layer and consisted of closely packed
collagen fibers. The cartilaginous layer was made of
hyaline cartilage with chondrocytes surrounded by the
matrix. The chondrocytes were small and rounded,
individually placed inside the lacunae. An intensely
staining ring was seen around the lacunae, which was
territorial matrix that reflected the increased density of
glycosaminoglycans. The chondrocytes near the
perichondrium were flat and became rounded as they
moved inside. In glucose-exposed embryos, the
thickness of cartilaginous sclera was the same but
chondrocytes were less in number than those of control
subgroup (Figure 3, Table I).

The sclera of day 12 embryos showed 14 small ossicles
at sclerocorneal junction in both control and
experimental subgroups (Figure 4).
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The sclera of day 15 embryos had the similar structure
as that of day 10 with scleral ossicles apparent in
histological sections, as thin bony lamina with a single
layer of osteocytes (Figure 5). The glucose-treated
subgroup at this age had less developed ossicles with
no osteocytes (Figure 6).

Effects of glucose on development of sclera
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Table I: Comparison of sclera among day 10 control and experimental (A1 and B1) and day 15 control and experimental (A3 and B3) subgroups.

Parameter A1 B1 p-value A3 B3 p-value

N=28 N=25 N=28 N=24

Mean ±SD Mean ±SD Mean ±SD Mean ±SD

Thickness of cartilaginous
sclera (µm) 43.54 ±2.45 43.03 ±5.86 0.673 77.48 ±8.32 73.99 ±8.62 0.145

Number of chondrocytes/
UA of cartilaginous sclera(625µ2) 17.40 ±1.44 14.5 ±1.87 < 0.001 10.02 ±0.86 9.54 ±0.59 0.025

N=Number of specimens;    UA=Unit area;    SD=Standard Deviation.

Figure 1: (a) Comparison regarding the eye size of glucose exposed B1 and
control A1 chick embryos at day 10 of incubation (p-value 0.698). (b) Animal
from subgroup B3 with anophthalmia.

Figure 2: Haematoxylin and eosin stained section showing fibrous and
cartilaginous parts of sclera in day 10 control embryos.

Figure 3: (a) Comparison of cartilaginous sclera regarding the number of
chondrocytes. (a) Showing cartilaginous sclera in day 10 control embryos,
(b) cartilaginous sclera of glucose exposed day 10 embryos with less number
of chondrocytes per unit area. Scale bar=20µm. 
Hematoxylin and eosin stained sections.

Figure 4: From control embryos day 12 of incubation, (a) Alizarin Red
stained whole anterior half of eye seen under stereomicroscope, showing 14
ossicles in the ossicular ring of sclera, (b) histological section showing scleral
ossicle after staining with Alizarin Red and counter stained with light green.
Scale bar=200µm.

Figure 6: Comparison of histology of scleral ossicle in day 15 embryos; (a)
photomicrograph of control embryo showing osteocytes in scleral ossicle
(arrows), (b) scleral ossicle from glucose exposed embryos with no
osteocytes. Hematoxylin-eosin staining. Scale bar=20µm.

Figure 5: From control embryos at day 15 of incubation; (a) showing cornea,
scleral ossicle and hyaline cartilage of sclera. Hematoxylin-eosin staining.
Scale bar=250µm, (b) High magnification photomicrograph showing scleral
ossicle (SO) and scleral hyaline cartilage(C). Hematoxylin-eosin staining.
Scale bar=20µm.



DISCUSSION
Glucose is essential for growth and metabolism but an
excess amount is detrimental to developing embryo. A
positive reciprocity is present between hyperglycemia
during embryogenesis and congenital anomalies as
evidenced by clinical,4 and experimental data.5,6

The current study was planned to investigate the
outcome of exogenous glucose on the development of
sclera in the chick embryos keeping in mind the
increasing prevalence of diabetes, particularly among
the women in their reproductive years.15 It is essential to
have a better understanding of its influence on the
health of developing embryos. The administration of
glucose provides an opportunity to access the direct
effects of this individual metabolite rather than using
animal models of streptozocin induced diabetes.

In the present study, the results obtained after the
application of the statistical tests and interpreted with the
literature available from the previous studies indicate
that glucose caused some histomorphological
differences in the sclera of developing chick embryos
between control and experimental groups. The gross
eye defects were seen in 6.75% of experimental
embryos. These were microphthalmia and anophthalmia.
These findings are consistent with previous studies done
after prenatal exposure of hamsters to glucose leading
to microphthalmia in the developing fetuses.16 The role
of neural crest cell in development of eye is established
and abnormal migration, distribution and differentiation
of this cell population have been documented for
disrupted eye development in clinical as well as animal
based research.17 The findings of our study could be due
to effect of glucose on this vulnerable cell population as
there is lack of antioxidant enzymes in these cells during
early development and excess glucose results in
oxidative stress.

No significant difference was observed in the thickness
of cartilaginous sclera between control and glucose
exposed subgroups. However, the number of
chondrocytes per unit area of cartilaginous sclera was
significantly lowered in the glucose exposed subgroups
B1 and B3. This confirms an earlier report of decreased
cartilage formation in diabetic rats due to decreased
proliferation of cartilage precursor cells. Several
anatomical changes have been associated with
oxidative injury to cartilage with a thinning of the
proteoglycan and collagen layers and loss of matrix
proteins and chondrocytes.18

The TGF-β dependant expression of Pitx2 is required for
NCC to adapt scleral fate as these transcription factors
are present in POM. Scleral agenesis has been
observed in Pitx2 mutant mice.10 Altered expression of
TGF-β by glucose might be a causative factor for
decreased number of chondrocytes in our research as
glucose causes an increased level of TGF-β,19 and

disrupted anterior segment development by over
expression of TGF-β has been reported in mice.20

Regarding the ossicular sclera, the number of ossicles
remained same in both control and experimental
subgroups in our study, but histological picture showed
improper formation of ossicular plate with no osteocytes
visible. This is in accordance with previous research
works in animal models that have demonstrated
hyperglycemia to be associated with bone loss,
decreased osteoblast activity and osteoblast death. The
same experimental model showed decreased rate of
mineral opposition and bone formation in the mandible
as examined by the histomorphometric analysis.21

Scleral ossicles are membranous bones. Previous
works done showed deranged development of
craniofacial bones which are also membranous bones
that receive contribution from the NCC, the altered
development of scleral ossicles in this study might be
due to effect of glucose on this important cell population.

CONCLUSION
Administered glucose resulted in alterations in the
normal histology of chick sclera. The reason may be the
effect of glucose on neural crest cells involved in the
morphogenesis of sclera.
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