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Abstract

Bisphenol-A (BPA) is ubiquitously present in the
environment and consumer products and is a crucial
environmental contaminant known to cause significant
health risks to various organisms. The present study
aims to evaluate the genotoxicity effect of BPA in
developing chick embryos. Fertile chicken eggs were
treated with increasing concentrations of BPA (1, 10,
20, 30, 40 and 50 mM/egg) on embryonic days (ED) 8,
9 and 10. On ED11, the number of viable embryos was
recorded and LDso values were calculated for 24 h (ED
10), 48 h (ED 9) and 72 h (ED 8). HET-MN (Hens egg
test for micronucleus assay) and comet assay were
performed on the 11"-day to evaluate the cytotoxicity
and genotoxicity potential of BPA. Experiments were
performed in three different time points i.e. 24 h, 48 h
and 72 h of exposure. Results showed an increased
mortality rate in a dose and time-dependent manner.
Significant  alterations of cellular  dynamics
erythropoiesis and PCE/NCE ratio were observed.

Also, significant induction of total MN and other
nuclear abnormalities was observed. A decrease in
head DNA content, increase in tail DNA, olive tail
moment and damage indexes were detected upon
exposure. Thus, the results confirmed the genotoxic
and cytotoxic potential of Bisphenol-A that caused
genetic alterations extensively during the early
development of embryos.

Keywords: Hen’s egg test for micronucleus (HET-MN),
chick embryo, Bisphenol A, Comet assay, DNA damage.

Introduction

Bisphenol-A (BPA; 2, 2-bis-(4-hydroxyphenyl)-propane) is
a synthetic organic compound which is ubiquitously present
in consumer products and the environment. It is widely used
as a monomer in the preparation of polycarbonate polymers
and epoxy resins®. Besides, it is extensively used in
fabricating personal care products, dental sealants, toys,
plastic bottles, paper, water pipes and protective coatings in
metal cans of foods, beverages and several consumer
products®2025, |t is the most potent and highly produced
chemical globally* and humans are ubiquitously exposed to
it. It can leach into the food and beverages from the internal
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coatings of epoxy resins and also from other consumer
products that account for the majority of daily human
exposure>38,

BPA mimics estrogen, binds to estrogen receptors and acts
as an endocrine disruptor'®®, It was found that BPA can
cross the blood-brain barrier'’, placental barrier®! and can
bio-accumulate in different parts of the body. Previous
studies reported its detection in the amniotic fluid and fetus,
semen, breast milk and salivat61®, Besides, its exposure
leads to adverse health effects such as testicular cancer,
precocious puberty, low sperm count, hypospadias and
cryptorchidism etc.?>42 Studies revealed that BPA causes an
imbalance in the prooxidant and antioxidant status causing
damage to the liver, kidneys, brain and other vital
organs*67.15,

The possible genotoxic effects of BPA have been studied
extensively in many biological systems but the results
remain controversial. Studies have reported that BPA could
induce DNA damage and micronuclei formation in both
HEp-2 and MRC-5 cell lines?®, chromosome aberrations and
formation of DNA adducts in Syrian hamster embryonic
(SHE) cells®”. Earlier studies also reported that BPA
exposure causes structural changes (achromatic gaps),
aneuploidy and DNA adduct formation in mice system?®: 36,
On the other hand, different studies showed that BPA does
not induce chromosomal abberations' and micronucleus
formation®® as well as hyperploidy, polyploidy and
micronucleus in mice model. Considering these reports, it
remains unclear whether BPA exposure promotes
genotoxicity in vitro and in vivo. Therefore, the present study
aimed to assess the genotoxic potential of BPA during the
early embryonic development of chick embryos in ovo by
employing HET-MN (Hens egg test for micronucleus)
assay.

HET-MN assay provides a simple and rapid indirect measure
for genotoxicity*'. The occurrence of micronuclei (MN)
represents an integrated response to chromosome instability
phenotypes and altered cellular viability, induced by genetic
defects and/or exogenous exposures to genotoxic agents®?.
In chick embryos, most of the erythroid cells are formed in
the yolk sac and appear quickly in the peripheral blood with
well-distinguished  stages of mature erythrocytes.
Additionally, it has been reported that a high rate of
erythropoiesis occurs in the developing chick embryos
showing all stages of erythrocytes during the embryonic day
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Therefore, MN scoring is considered as a sensitive assay
method for genotoxicity determination®’. Single-cell gel
electrophoresis (SCGE) or comet assay is also another
sensitive and rapid method for DNA strand break detection
upon exposure to any physical or chemical agent in different
systems?3:27:30,

Previous studies conducted to study BPA-induced
genotoxicity are inconclusive. Moreover, the BPA-led
genotoxicity during the early embryonic development in
chick embryos has not been investigated to date. Therefore,
the present study was designed to study the genotoxic and
cytotoxic potentials of BPA during the early embryonic
development of chick embryos using HET-MN and SCGE
assay.

Material and Methods
Chemicals and reagents: Bisphenol-A (BPA) (CAS No.

80-05-7) was obtained from Sigma-Aldrich
Laborchemikalien, Germany. Giemsa stains, May Grunwald
solution,  sodium  chloride  (NaCl), tris HCI,

ethylenediaminetetraacetic acid (EDTA), triton-X 100,
dimethyl sulphoxide (DMSO), sodium hydroxide (NaOH),
potassium chloride (KCI), tris buffer, methanol,
hydrochloric acid (HCI) and Dulbecco's phosphate-buffered
saline (DPBS) were procured from HiMedia Laboratories
Pvt. Ltd., India. Normal melting point agarose (NMA), low
melting point agarose (LMPA) and ethidium bromide (EtBr)
were procured from Sisco Research Laboratories, India.
Formaldehyde and DPX mounting media were purchased
from Fisher Scientific. All the reagents and buffers were
freshly prepared in distilled water before experiment.

Source of fertilized egg and incubation conditions: Fresh
fertilized white leghorn chicken eggs (Gallus gallus
domesticus) were obtained from M/S Reba Hatcheries, Barik
Nagar, Assam India. The eggs were incubated in an
automatically rotating incubator (3-h intervals) at 37.5°C
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and relative humidity of 62-68%. Eggs were examined for
fertility by candling and maintaining proper hygienic
conditions. The study was approved by the Institutional
Ethics Committee (IEC) of Assam University, Silchar.

Determination of lethal concentrations of BPA in the
chick embryo: The incubated eggs were candled to examine
fertility and were windowed on the embryonic day (ED) 8, 9
and 10. BPA stock solution was prepared in DMSO. The
fertile eggs were treated with increasing concentrations of
BPA (1, 10, 20, 30, 40 and 50 mM/egg) in the air sac. One
control (unopened) group and vehicle control group were
also included in the study where the eggs in the vehicle
control group were exposed to an equal volume of DMSO.
After the administrations of the test agents, the windows
were closed by a piece of sterilized adhesive tape to restore
the vitality of the embryo until the termination of the
experiment. The incubation was terminated on embryonic
day 11 and the embryos were removed from the shell to
check the viability. The number of viable embryos per
treatment level was recorded and LDsp values were
calculated using probit analysis for 24 h (exposed at ED 10),
48 h (exposed at ED 9) and 72 h (exposed at ED 8) exposure.
The detailed study designed to determine the lethal
concentrations of BPA is shown in table 1.

Dose and treatment of BPA for genotoxicity study: To
study the genotoxic potential of BPA during the early
development of chick embryo, fertile eggs (weighing 58-66
g) were randomly divided into three groups: control
(unopened), DMSO (vehicle control) and BPA treated
group, each group consisting of 6 experimental eggs (n=6).
The experiments were performed in three different time
points i.e. 24 h, 48 h and 72 h of exposure. The different
treatment groups included for evaluating genotoxicity are
shown in table 2. To evaluate the genotoxic potential, the
dose of BPA was selected based on the LDso concentrations
of BPA in chick embryos (Figure 1B) where 2 mM
concentration of BPA (1/10™ of 72 h LDso) was selected. The
endpoint evaluation was done on the 11" day of embryonic
development.
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Figure 1: Effect of BPA on the survivability of chick embryos. (A) Line graph showing the viability of chick
embryo at 11™"-day post-incubation exposed to different concentrations of BPA. (B) LDso values of BPA in chick
embryo at 24 h, 48 h and 72 h exposure
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Table 1
Study design for determining lethal concentrations of BPA and studying its genotoxic potential
on the 11t —day old chick embryo

Exposure time Study groups Concentrations for determining Concentration for studying
LDso genotoxicity
(per egg) (per egg)

24 h Control (unopened) - -
(Exposed at ED DMSO (vehicle) 125 pl 125 pl
10) BPA 1, 10, 20, 30, 40, 50 mM 2mM

48 h Control (unopened) - -
(Exposed at ED 9) | DMSO (vehicle) 125 pl 125 pl
BPA 1, 10, 20, 30, 40, 50 mM 2 mM

72h Control (unopened) - -
(Exposed at ED 8) | DMSO (vehicle) 125 pl 125 pl
BPA 1, 10, 20, 30, 40, 50 mM 2 mM

ED; Embryonic day, LDso; Lethal dose 50%, DMSO; Dimethyl sulphoxide, BPA; Bisphenol A

Hen’s egg test for micronucleus (HET-MN): The HET-
MN test was done following the method developed by Wolf
et al.*! Briefly, peripheral blood was collected by incising
the chorioallantoic blood vessel with a heparinized capillary.
This was followed by preparations of blood smears on a
clean grease-free slide. The slides were air-dried followed
by fixing in absolute methanol for 5-10 minutes. On the
following day, slides were stained with May-Grunwald stain
(2 mL) for 3 min followed by staining with 10% Giemsa for
15 min. The slides were rinsed with distilled water
thoroughly to wash off the excessive stains and were marked
properly. For each slide, at least 1000 erythrocytes were
studied under the light microscope (Leica DMLS, Leica,
Wetzer, Germany) at 100x magnification in oil immersion
for the presence of micronuclei.

The numbers of cells with MN were recorded to evaluate the
frequency of micro-nucleated cells to the proliferating cell
population. HET-MN provides a simple and rapid indirect
technique to measure the extent of genotoxicity of any agent.
Besides, the presence of any other nuclear abnormalities like
nuclear bud, nuclear bridge, binucleated cells and
poikilocytes was also studied and reported as other nuclear
abnormalities (ONA) for simplification.

The cytotoxic potential of BPA was also determined by
studying the ratio of polychromatic erythrocytes (PCE) to
normochromatic erythrocytes (NCE) in the peripheral blood
erythrocytes of 11™- day old chick embryo. The
identification of PCE and NCE was similar to the criteria
described by Wolf and Luepke “.

Comet assay: Alkaline comet assay was carried out using
the standard protocol by Singh et al®*®* with minor
modifications.  Briefly, blood samples from the
chorioallantoic blood vessels were collected and diluted in
DPBS (Mg?*, Ca?* free). Then, the blood samples were
mixed with 0.5% LMPA in aratio of 1:15, rapidly spread on
frosted slides pre-coated with 1% NMA and kept at 4°C for
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rapid polymerization. After solidification, 1 % LMPA (80
uL) was added onto the slides and kept at 4°C for 2 h in cold
lysis buffer (2.5 M NaCl, 100 mM Na;EDTA, 10 mM
Trizma base, 1% Triton X 100 and 10% DMSO; pH 10).

Then, the slides were removed and placed in the
electrophoresis buffer (300 mM NaOH, 1 mM NaEDTA;
pH 13.5) for 20 min at 4°C followed by electrophoresis at a
constant voltage (24 V) for 45 min. After electrophoresis, the
slides were neutralized with neutralizing buffer (0.4 M Tris
buffer, pH 7.5) and the process was repeated three times (5
min each). The cells were stained with ethidium bromide
(EtBr) (20 pg/L) for 5 min at dark and washed off to remove
excess stains. The scoring was done using Komet 5.5
software (Kinetic Imaging, UK) attached to a fluorescence
microscope Leica, DM 2000 (Leica, Wetzlar, Germany). At
least 100 cells per egg were studied to evaluate the BPA-
induced genotoxicity in chick embryos.

The comet parameters i.e. head DNA, tail DNA, olive tail
moment (OTM), damage index (DI) were analyzed to
evaluate the BPA induced genotoxicity in chick embryos.
The comet software (Komet 5.5) quantifies the comet tail
length (um), percentage of DNA in the head and tail regions,
OTM etc. Head DNA content, tail DNA content and OTM
were expressed as fold change compared to the control
group. The DI was calculated from the tail length. For this,
each data set was divided into four comet classes based on
their tail length. The different comet classes were Class 0
(tail length 0-0.49 um), class 1(tail length > 0.5-4.99 pm),
class 2 (tail length >5-9.99 um), class 3 (tail length >10—
19.99 um) and class 4 (tail length > 20 um). Damage index
(DI) was calculated following the equation mentioned
below:

X
) 1
DI{mean) = EZ Xn
0—2

where X= Class number and n= % cells in each class.
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Statistical analysis: LDsg doses were determined by probit
analysis and quantitative data were expressed as mean +
standard error. One-way analysis of variances (ANOVA)
was used to test the levels of significance among the control
and treated groups followed by Tukey’s test for multiple
comparisons. Study groups were considered significantly
different at p <0.05. All the analyses were performed using
GraphPad Prism version 4.0 for Windows, GraphPad
Software, San Diego, California, USA.

Results

Effects of BPA exposure on the survivability of chick
embryos: The developing chick embryos were exposed to
increasing concentrations of BPA (1, 10, 20, 30, 40 and 50
mM/egg) for 24 h, 48 h and 72 h to assess the effects of BPA
on the survivability. In our study, it was observed that the
mortality (%) of the chick embryos following BPA exposure
was increased in a dose and time-dependent way (Table 2).
At 24 h of exposure time, BPA treatment with concentrations
up to 20 mM did not affect the survivability of the chick
embryo and no mortality was observed (Figure 1A).
However, increasing the BPA concentration from 20 mM to
50 mM affected severely the survival of the embryos.
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Interestingly, treatment with 50 mM BPA for 24 h showed
100% mortality (Table 2).

Similar trends of a dose-dependent increase in mortality
upon BPA exposure for 48 h and 72 h were also observed
(Figure 1, Table 2). The LDsg of BPA in chick embryo was
also determined using probit analysis and it was found to be
18.62 mM (24 h), 37.15 mM (48 h) and 62.37 mM (72 h)
(Figure 1B).

Cytotoxicity effects of BPA on developing chick
embryos: The BPA-induced cytotoxicity was assessed by
analyzing the incidence of erythroblast cells and PCE to
NCE ratio. In the control group, the incidence of
erythroblasts was 0.55% (+0.04), 0.53% (+0.03) and 0.52%
(£0.05) for 24 h, 48 h and 72 h respectively. No significant
increment in erythroblast cells in DMSO treated (vehicle
control) group was observed. However, BPA treatment
showed significant alterations of cellular dynamics of
erythropoiesis. BPA exposure with 2 mM concentration
considerably increased the incidence of erythroblast cell
population and it was found to be 0.66% (+0.04), 0.83%
(20.05; p <0.01 vs. control) and 1.43% (+0.01; p <0.001 vs.
control) for 24 h, 48 h and 72 h respectively (Figure 2A).

Table 2
Incidence of mortality in chick embryos following exposure to Bisphenol A on 11" -day of incubation

Exposure Treatment | Dose (mMM)/egg Number of eggs Number of dead Mortality (%)
time incubated (n) embryos (n)
Control 0 15 0 0
DMSO 125 ul 15 0 0
oah BPA 1 15 0 0
10 15 0 0
(exposed at ED10) 20 15 0 0
30 15 1 7
40 15 8 53
50 15 15 100
Control 0 15 0 0
DMSO 125 pul 15 0 0
8h BPA 1 15 0 0
10 15 0 0
(exposed at ED9) 20 15 1 7
30 15 3 20
40 15 7 a7
50 15 15 100
Control 0 15 0 0
DMSO 125 pl 15 0 0
BPA 1 15 0 0
10 15 3 20
72h
(exposed at ED8) 20 15 8 53
30 15 6 40
40 15 10 67
50 15 15 100

ED; Embryonic day, UN; Unopened control, DMSO; Dimethyl-sulfoxide, BPA; Bisphenol A. Sampling of embryos was done ED11
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The PCE to NCE ratio was also significantly affected by
BPA exposure. In the chick embryos of the control group,
the PCE to NCE ratio was found to be 1.52 (+0.10), 1.63
(x0.06) and 1.57 (+£0.05) at 24 h, 48 h and 72 h respectively
(Figure 2F). Here also, BPA treatment significantly
increased the PCE/NCE in a time-dependent manner. The
incidence of PCE/NCE ratio following BPA exposure was
found to be 1.81 (£0.05), 1.93 (x£0.07; p <0.05 vs. control)
and 1.96 (£0.07; p <0.001) respectively (Figure 2F).
Therefore, the results suggested that BPA exposure could
cause extensive embryotoxicity to the developing chick
embryos as evidenced by an increased incidence of
erythroblast cell population and PCE to NCE ratio.

DNA damage analysis in developing chick embryos: The
DNA damaging potential of BPA was evaluated in the
peripheral blood of chick embryos using HET-MN assay.
The incidence (%) of MN in PCE (i.e. MnPCE) and NCE
(i.e. MnNCE) following BPA exposure was significantly
increased as compared to control (Figure 3B, C). The
frequency of MN in both PCE and NCE was combined to
quantify the total MN frequency in the peripheral blood of
chick embryos. In the present study, the incidence (%) of
total MN in control group embryos was found to be 0.26%
(£0.09), 0.25% (£0.08) and 0.21% (+0.07) after 24 h, 48 h
and 72 h of exposure respectively (Figure 2D). In the vehicle
control (DMSQ) group, no significant change for MN
occurrence was observed. BPA exposure led to a drastic
increase in the MN frequency where the total MN frequency
(%) was observed to be 0.33% (+0.06), 0.52% (+0.07; p
<0.01 vs. control) and 0.70% (+0.06; p <0.001 vs. control)
at 24 h, 48 h and 72 h respectively.

Similarly, the incidence of ONA was also significantly
increased in the BPA-treated embryos. In the control group
embryos, the incidence of ONA was 0.10% (+0.02), 0.12%
(#0.03) and 0.13% (+0.04) at 24 h, 48 h and 72 h
respectively. Contrastingly, in the BPA exposed embryos,
this was elevated to 0.37% (+0.05; p <0.01), 0.55% (+0.07;
p <0.01) and 0.80% (+0.04; p <0.001) as compared to control
embryos upon exposure for 24 h, 48 h and 72 h respectively.

The results of the HET-MN assay were further validated by
comet assay and similar results were observed. The BPA-
induced DNA damage was assessed by analyzing DNA
damage parameters i.e. DNA content in the head region
(Head DNA), tail region (Tail DNA), OTM and DI. The
results showed a time-dependent decrease in head DNA
content (fold change) in BPA-treated embryos (Figure 3A).
The fold change of tail DNA and OTM was significantly
increased in embryos treated with BPA as compared to
control (Figure 3B, C). The DI was expressed in terms of
percentage and in the control group, the DI was found to be
36.60% (+3.67), 36.00% (+3.67) and 35.90% (+3.61) at 24
h, 48 h and 72 h respectively (Figure 3D).

However, upon treatment with BPA, the DI was increased to
59.67% (£10.57), 77.60% (£0.21; p <0.01 vs. control) and
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79.73% (+0.24; p <0.01 vs. control) when exposed for 24 h,
48 h and 72 h respectively. Therefore, the results indicated
the potential of BPA to cause genetic alterations extensively
during the early embryonic development in chick embryos.

Discussion

The present study aimed to evaluate the genotoxic and
cytotoxic effects of BPA in developing chick embryos
employing HET-MN and comet assay. Chick embryos have
been used for years to investigate the effect of environmental
chemicals. Studies reported that the early embryonic stage is
the most sensitive period® and the exposure of
mutagens/carcinogens at this period may severely influence
organogenesis and cancer development in some organs.
Several studies have reported that BPA has the potential to
cause severe health problems and is more vulnerable to
infants®®, Atay et al’° reported that BPA delays the
development of the nervous system in chick embryos.

In the present study, a difference in the LDso value with
different developmental stages in chick embryos was
observed. BPA exposure was introduced on ED 8, 9, 10 of
the developmental stage of chick embryo and early
introduction of exposure showed more toxicity with low
LDso. Therefore, it is possible to conclude that the BPA has
maximum lethal toxicity in the early stages of embryo
development. Recently, it has been reported that BPA as
well as its metabolite 4-methyl-2,4-bis(4-hydroxyphenyl)
pent-1-ene (MBP) interfered with reproductive organ
development in the chicken embryo when exposure was
made at ED4%%. MBP-treated males showed retention of
Muillerian ducts and feminization of the left testicle and the
MBP-administered females displayed a diminished left
ovary?4,

For analysis of the cytotoxic and genotoxic effects of agents,
micronucleus assay has been extensively used. Wolf and
Luepke*® have reported that HET-MN assay in the peripheral
blood is a useful technique to study the effects of
environmental mutagens and pro-mutagens in the chick
embryo. The micronucleus test demonstrated mainly
definitive erythrocytes which are formed by embryonic
hematopoietic stem cells in the yolk sac, the most
metabolically active tissue.

Similarly, the present study depicted a significant increase in
the number of micronucleated erythrocytes after treatment
of BPA on ED8 of the developmental stage in comparison to
control. The LDso at 72 hours (ED8) was found to be lower
than 48 (ED9) and 24 (ED10) hours and thereby it can be
assumed that the effect of BPA exposure in terms of
micronucleated erythrocytes also depends on the
developmental stage. Moreover, as reported earlier, up to
day 13 of incubation, the embryonic spleen does not
contribute to rapid phagocytosis of damaged erythrocytes or
micronucleated erythrocytes thereby accumulating the
damaged cells for a longer period*..
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Figure 2: Incidence of micronuclei and other nuclear abnormalities in the peripheral blood erythroid cells following
exposure to BPA. Histograms showed effects of BPA (A) on erythroblast cells; (B) frequency of MnPCE; (C)
frequency of MnNCE; (D) incidence of total MN; (E) percentage of ONA and (F) PCE to NCE ratio. (G)
Representative photomicrographs of different types of aberrant cell types in the peripheral blood of chick embryos
upon exposure to BPA- (a) primitive erythrocytes, (b) PCE, (c) NCE, (d-f) erythrocytes with MN, (g,h) Nuclear bud,
(i) poikilocytes and (i) cell without a nucleus. Each data point indicated mean+SE (n=6). Control (unopened); DMSO
(Vehicle control) and BPA (Bisphenol A; 2 mM/egg). Statistical analysis: One-way analysis of variance (ANOVA).
Values are significantly different from control at p<0.05 (*); p<0.01 (**); p<0.001 (***). PCE; polychromatic
erythrocytes, NCE; normochromatic erythrocytes, MnPCE; micronucleated polychromatic erythrocytes, MnNCE;
micronucleated normochromatic erythrocytes, MN; micronucleus, ONA; other nuclear abnormalities
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Figure 3: BPA-induced DNA damage in the peripheral blood of chick embryos as assessed by comet assay.
Histograms showing the effect of BPA on (A) Fold change in head DNA, (B) Fold change in tail DNA,

(C) Fold change in the olive tail moment and (D) Percentage of damage index upon exposure for 24 h, 48 h and 72 h.
Each data point indicated mean+SE for six experimental eggs (n=6). Control (unopened); Vehicle control (DMSO)
and BPA (2 mM). Statistical analysis: One-way analysis of variance (ANOVA).

Values are significantly different from their respective control at p<0.01(**) and p<0.001 (***)

Figure 4: Photomicrographs showing comet images of different damage classes of erythrocytes observed
in the peripheral blood of the 11™-day old chick embryo. (A) Normal erythrocytes (class 0),
(B) low damaged erythrocytes (class 1), (C-D) moderately damaged erythrocytes (class 2 and class 3)
and (E-F) highly damaged erythrocytes (class 4).
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It may be due to the chemical which accumulates in the
developing embryo for a longer period irrespective of dose.
Research related to other cell types also has shown that BPA
induces DNA damage in estrogen receptor (ER) - positive
MCEF-7 cells and its genotoxicity is ER-dependent. It was
observed that it induces micronucleus frequencies and
chromosomal aberrations in rat bone marrow and causes
DNA damage in lymphocytes®.

The ratio of PCE and NCE indicates hematopoietic cell
proliferation rate and its abnormality. Apart from common
erythroid cell types (early, middle and late PCE, NCE),
undifferentiated cells like erythroblasts and proerythroblasts
(discriminated from cells of the definite line by their greater
size, lower nucleus—cytoplasm ratio and circular outline)
have been considered as a parameter for hampered
hematopoietic studies, whose life span is 8 days.

Therefore, the production of primitive erythrocytes ceases
after day 7 of incubation and under normal conditions, these
cell types are not present at the stage of ED11 (day of
analysis for the present study) of embryonic development in
the peripheral blood*. Our result reports an increase in
erythroblasts in all the treated groups, which confirmed
cytotoxic effects. Thus, apart from inducing aberrance in the
nuclear material, BPA potentially induced cytotoxic changes
which inhibited erythropoiesis and cell differentiation.

Similar observations were found by Sharaf et al*2 in broilers
treated with cypermethrin where the treated birds showed
micronucleated  erythrocytes and  various  other
morphological alterations like spindle- and pear-shaped
erythrocytes along with nuclear segmentation. Therefore,
present study suggests that the time, dose and stage of the
embryos are most vital to which the chemicals are exposed
to the animal.

The present study detects the level of DNA damage using an
alkaline comet assay in the blood cells of the developing
chick embryo after exposure to BPA. Data obtained from
comet assay demonstrated a significant increase in the
various parameters viz. tail DNA and damage index in
peripheral blood of chick embryo exposed to BPA. Several
other investigations demonstrated the genotoxic potential of
various chemicals through comet assay*® 44.

Similar damage was also found in the blood lymphocytes of
rats after the treatment of BPA%. These findings are in
agreement with the studies demonstrating DNA damage in
MCF 7 cells after estradiol (E2) and BPA exposure®® and are
also consistent with the findings in the Chinese hamster
ovary (CHO K1) cells®.

The present study demonstrates a significant increase in
DNA strand breaks in peripheral blood of chick embryos of
all the BPA exposed groups similar to the results of Gowri
and Balakrishnan'* and Malladi et al.?® The DNA
fragmentation detected by comet assay reveals that BPA is
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potent enough to cause genetic damage in blood

lymphocytes.

Conclusion

The results of the present study confirm the genotoxic and
cytotoxic potential of BPA in the embryos of Gallus gallus
domesticus. The developing chick embryo seemed to be
highly sensitive to BPA and its exposure during the early
embryonic development could induce significant damage.
Thus, this study warrants further investigation of BPA-
induced development anomalies during the late embryonic
developmental stages. It will assist to understand the BPA-
mediated toxicity clearly during embryonic development.
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