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Bisphenol-A (BPA), an organic compound with two phenol functional groups, is a widely used industrial
plasticizer with known estrogenic properties. It is used in the manufacture of epoxy resins and
polycarbonate plastics. This study was designed to evaluate and assess the possible toxicity arising from
the oral administration of BPA to pregnant mice. Pregnant SWR/J mice (15 mice/group) were adminis-
trated oral doses of BPA (125, 250 and 500 mg/kg/day) over the course of five-day intervals during ges-
tation (D1-5, D6-10 and D11-15), while control groups received only corn oil. The results indicated that
BPA was associated with a reduction in the body weight of the pregnant mice from around 2–3 days after
administration until the end of gestation. The greatest effects were evident when the BPA was given dur-
ing the later stages of pregnancy, and with higher doses. They also showed marked reduction in food
intake and, to a lesser extent, in water intake. Furthermore, doses of BPA induced a reduction in implan-
tation sites, lower foetal body weight and increased mortality rates. Abortion and foetal resorption rates
were not affected by BPA administration, however. The above findings were concluded by discussing the
possible mechanisms involved in producing these effects.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bisphenol-A (BPA) is one of the most widely used chemicals due
to its strength, flexibility and low density. It was first discovered by
the Russian scientist Dianin in 1891 by intensifying acetone with
two phenol equivalents where the reaction is stimulated by a
strong acid. The process was commercialized in 1957 (Omer
et al., 2016). It is used as a monomer in the manufacture of polycar-
bonate plastics and as a component of epoxy resins used in many
consumer products. BPA is used extensively in food packaging,
tooth fillings, medical equipment, toys, electronics, plastic house-
hold utensils, water containers and papers used in faxes, printers
and sales receipts (Vandenberg et al., 2009; Ranjit et al., 2010;
Tiwari et al., 2012; Kharrazian, 2014). Annually, about 100 tons
of this compound leaks into the environment (Kim et al., 2001;
Kharrazian, 2014), raising growing concern about its access to liv-
ing ecosystems and the potential for multiple adverse effects on
human health and animals (Takahashi and Oishi, 2003; Salian
et al., 2009; Tiwari et al., 2012; Dobrzyńska and Radzikowska,
2013).

Despite the large number of reproductive and structural studies
that have recorded the effects of this compound on experimental
animals (Song et al., 2002; Richter et al., 2007), there is limited
information about the effects of BPA on the embryos and foetuses
of the animals. Studies on rodents have yielded conflicting results
with respect to the effects of bisphenol exposure, which are
affected by the species and strains of the animal tested, as well
as the dose, means of administration, timing and duration of BPA
treatment (Steinmetz et al., 1998; Pottenger et al., 2000). Hardin
et al. (1981) indicated that this compound has multiple adverse
effects on rat embryos, and Kim et al. (2001) indicated its adminis-
tration to pregnant rats led to pregnancy failure, loss of many
embryos before and after implantation, and significant delay in
embryonic formation, but did not induce any congenital defects
in embryos. The results of the study by Tachibana et al. (2007),
meanwhile, have shown that this compound leads to functional
defects in the placentas and increases foetal absorption and mor-
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tality of new-born infants. On the other hand, Morrissey et al.
(1987) reported that the treatment of pregnant rats with BPA did
not induce foetal toxicity or morphological defects in the treated
mothers. Fischer 344 rats appear to be particularly sensitive to
bisphenol. For example, while these animals showed a two- to
three-fold increase in uterine weight after three days of treatment
with 0.3 mg/kg BPA subcutaneously, the same dose did not have
any effect on uterine weight in female Sprague-Dawley rats
(Steinmetz et al., 1998).

In view of the increasing concern about the harmful effects of
BPA on humans and animals, and the lack of studies in this area,
the current research aimed to study the toxic, teratogenic and
the growth suppressing effects of this compound on the embryos
and foetuses of SWR/J strain of mice. Pregnant mice were treated
orally with various doses of BPA at different stages of their gesta-
tion, followed by the observations made in terms of congenital
malformations, mortality rates and body weight changes. Possible
mechanisms responsible for the adverse effects of BPA are
discussed.
2. Materials and method

2.1. Experimental animals

In this study, male and female laboratory mice of the pure strain
SWR/J were obtained from the Animal House, Faculty of Pharmacy,
King Saud University, Riyadh. The mice were aged between 8 and
10 weeks and weighed between 25.61 and 27.49 g, and were raised
and maintained in a special room at the Department of Zoology,
Faculty of Science, King Saud University, under standard conditions
and procedures with a temperature of 22 ± 1 �C, a relative humidity
of 45 ± 5%, and a light/dark cycle of 10/14 h. Large cages
(25 � 24 � 15 cm) were used for the breeding and delivery, and
small cages (25 � 17.5 � 14 cm) for running the experiment. All
the cages were lined with an appropriate amount of clean sawdust
and were washed twice a week with a water and antiseptic solu-
tion in order to prevent the growth of bacteria, fungi and other
microorganisms.

The food (General Corporation of Grain Silos and Flour Mills in
Riyadh) and water (in clean glass bottles) were provided continu-
ously ad libitum. The mice were numbered for close follow up. A
rectangular paper card (12.5 � 7.5 cm) was placed in an appropri-
ate piece of metal that was attached to one side of each cage to
allow the daily recording of data such as the animal’s age and
weight, and the intervention dosage(s) (Al-Enazy and Abou-
Tarboush, 2001).

The mice were killed on the 17th day of their pregnancy using
the cervical dislocation procedure. This was performed by placing
the mouse on the cage lid and holding the tail using the left hand
and placing the end of the scalpel horizontally on the neck area
directly behind the head. The neck area and the immediate torso
of the tail until the cervical vertebrae were dislocated.
2.2. Experimental studies

Groups of five virgin female mice of the SWR/J pure strain were
placed with one male in each cage for mating, with the females
being monitored daily for the presence of a vaginal plug as a sign
of fertilization. The pregnant females were transferred into sepa-
rate clean cages at the day on which the vaginal plug was detected
(D0 of pregnancy). A total of 120 pregnant females were selected to
study the effects of BPA on embryos and foetuses. All the animals
(120) were distributed equally into four experimental groups.
Group I (control) was divided equally into three subgroups each
treated with 0.5 ml of corn oil through oral administration using
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the gauge needle during a different 5-day interval, day 1 to 5 of
pregnancy (D1-D5) for the first subgroup, day 6 to 10 (D6-D10)
for the second subgroup, or day 11 to 15 (D11-D15) for the third
subgroup. Group II was also divided equally into three equal sub-
groups with these animals being infused orally during D1-D5 of
pregnancy with either 125 mg/kg, 250 mg/kg or 500 mg/kg BPA.
These sub-lethal doses were selected on the basis of oral LD50

reported previously in mouse (Staples et al, 1998). The treatments
for Group III and Group IV were the same as for Group II but during
D6-D10 and D11-D15 of pregnancy, respectively.

In the embryo and foetus study, the pregnant females were
monitored daily to observe any toxic effects arising from the
administration of BPA. Weights, mortality, activity and any general
symptoms of sickness were recorded. Water and food intake were
also recorded every 24 h in the middle of the daylight period for a
random selection of five mothers from each subgroup. For this,
each of the selected pregnant females was placed in a cage alone
and estimated food intake was the difference between the weight
of the food provided and the weight of that remaining. The base of
the cage was lined with cardboard to facilitate the collection and
weighing of the spilled food, although this did not exceed
0.1 g/day.

On the seventeenth day of pregnancy, the pregnant females
were killed using the method of cervical dislocation and dissected.
Uterine horns were separated and stretched using standard meth-
ods (Abu Tarboush and Bahrawi, 1998). The number of intact and
absorbed embryos and foetuses were recorded, along with their
location in the uterus of each female. Then the uterus was opened
with sterile scissors and the number of live and dead foetuses was
recorded. The spontaneous movement and reddish body colour
and/or the movement generated by the gentle pressure of the for-
ceps on the neck of the foetuses was the criteria used to distinguish
between live and dead foetuses. Then, the foetuses were collected
from the uterine horns of each female, dried on special drying
sheets and then weighed using a precision electronic balance
(AC-1200D, Denver Instrument Company, USA). Each foetus was
then examined with a dissecting microscope (Dissecting Micro-
scopy, Wild Hebrugg, Switzerland), and classified as either normal
or abnormal (Al-Enazy and Abou-Tarboush, 2001).
2.3. Statistical analysis

The Graph Pad in Stat software was used in the analysis of the
data obtained for the resorptions, where the Chi-square value for
the 2 � 2 Contingency Table (X2) was used for the real numbers
obtained, and T-tests were used to analyse the significant differ-
ences between mean scores of the groups treated with BPA and
the corresponding control groups (Sokal and Rohlf, 1981).
3. Results

3.1. The toxic effects of BPA on the pregnant mice

Tables 1–3 show that about 2–3 days after the administration of
BPA the normal increase in body weight of the pregnant mice
started to slow down significantly, with this continuing until the
end of gestation. The greatest effects compared to the control
groups were noticed when the BPA was given during the later
stages of pregnancy and with the 250 or 500 mg/kg doses. Tables
1-3 also indicate that treatment with any of the doses of BPA at
any given day of pregnancy did not lead to any statistically signif-
icant differences compared to the control group in the percentages
of the total number of females who aborted, had fully absorbed
their embryos, showed any clear signs of maternal poisoning, or
died during the testing period.



Table 1
Effect of various doses of BPA administered to pregnant SWR/J mice on days 1–5 of gestation on the mice weights, rates of abortion and full absorption of embryos.

Dose
(mg/
kg)

No. of dams
used

Body weights of dams in gram (Mean±S.E.) Percentage of aborted
females

Percentage of females with fully
resorbed embryos

D0 D1 D3 D5 D17

Control 15 27.88±0.63 28.33±0.70 28.81±0.67 29.32±0.63 49.17±1.21 0.00 0.00
125 15 26.71±0.90 28.25±0.74 28.71±0.76 29.68±0.76 46.85±1.04 6.67 0.00
250 15 28.27±0.73 26.87±0.70 27.21±0.81 28.14±0.86 43.84±0.72** 6.67 6.67
500 15 28.80±0.90 29.09±0.94 28.78±0.88 26.33±0.77* 42.13±1.17** 13.33 6.67

* The differences are statistically significant compared to the control group at p <0.05.
** The differences are statistically significant compared to the control group at p <0.01.

Table 2
Effect of various doses of BPA administered to pregnant SWR/J mice on days 6–10 of gestation on the mice weights, rates of abortion and full absorption of embryos.

Dose
(mg/kg)

No. of dams
used

Body weights of dams in gram (Mean±S.E.) Percentage of aborted
females

Percentage of females with fully
resorbed embryos

D0 D6 D8 D10 D17

Control 15 28.51±0.65 33.05±0.82 34.25±0.53 36.47±0.61 51.67±1.00 0.00 0.00
125 15 28.01±0.74 30.57±0.89 32.51±0.65 32.73±0.76 46.70±0.76* 6.67 0.00
250 15 28.00±0.43 30.69±0.49 29.57±0.44** 30.36±0.70** 44.33±1.01** 6.67 0.00
500 15 26.35±0.79 29.99±0.60 28.92±0.51** 29.77±0.94** 39.42±2.06** 13.33 6.67

* The differences are statistically significant compared to the control group at p <0.05.
** The differences are statistically significant compared to the control group at p <0.01.

Table 3
Effect of various doses of BPA administered to pregnant SWR/J mice on days 11–15 of gestation on the mice weights, rates of abortion and full absorption of embryos.

Dose
(mg/
kg)

No. of dams
used

Body weights of dams in gram (Mean±S.E.) Percentage of aborted
females

Percentage of females with fully
resorbed embryos

D0 D11 D13 D15 17

Control 15 27.79±0.65 38.46±0.61 42.83±0.79 45.97±1.43 49.50±1.57 0.00 0.00
125 15 26.70±0.70 35.43±0.68 39.02±0.93 41.33±1.20 41.70±1.56** 6.67 0.00
250 15 27.41±0.70 36.54±0.83 38.61±0.89 38.17±0.96** 41.43±0.91** 6.67 0.00
500 15 27.99±0.81 36.95±0.92 36.09±0.96** 38.11±1.00** 41.27±0.90** 13.33 6.67

* The differences are statistically significant compared to the control group at p <0.05.
** The differences are statistically significant compared to the control group at p <0.01.
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The results also showed that, compared to the control group,
the daily water consumption of the treated pregnant mice did
decrease significantly (p > 0.05), except for the dose of 500 mg/
kg of BPA given between the 11th and 15th day of gestation
(Table 4). Table 4 also indicates, however, that although adminis-
tration of 125 mg/kg BPA did not affect their food consumption
during any of the three stages of gestation studied, both the 250
and the 500 mg/kg doses were associated with a significant
decrease (p < 0.05) in the daily food intake at all the stages com-
pared to the pregnant control mice.
3.2. The toxic effects of BPA on the embryos and foetuses of treated
mothers

The data in Tables 5–7 indicate that the lower dose (125 mg/kg)
of BPA, given at any stages of pregnancy of the mice, did not have a
Table 4
Effect of various doses of BPA on the daily water intake of SWR/J mice administrated on d

Dose(mg/kg) No. of Pregnant mice Amount of water consumed /
mean (ml/day) ± stand

D11-15 D6-10

Control 5 6.3±0.099 5.8±0.099
125 5 6.1±0.099 6.1±0.098
250 5 5.7±0.098 5.7±0.091
500 5 6.7±0.099 5.4±0.12

*The differences were statistically significant compared to the control group at the leve
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significant effect on the number of implantation sites, the number
of live or dead embryos or the body weights of the live foetuses,
compared to the control, but that the higher doses did have a sig-
nificant negative effect on these parameters. On the other hand, the
percentages of congenital malformations on day 17 of gestation
were significantly (P < 0.05) increased when dams were adminis-
tered 250 and 500 mg/kg of BPA during days 1–5, 6–10 and 11–
15 of their pregnancy, compared to the control group. Figs. 1–4
showed that the defects included haematoma in the tails and back-
side, defects in the ribs, exencephaly and two types of tail abnor-
malities (reduced tail length and kinking or curling of the tail).
4. Discussion

The present study was conducted in order to evaluate the toxi-
city of BPA (0, 125, 250, or 500 mg/kg), given orally at different
ays 1–5, 6–10 and 11–15 of pregnancy.

pregnant female
ard error

Amount of food consumed / pregnant female mean
(gm/day) ± standard error

D1-5 D11-15 D6-10 D1-5

5.60±0.12 11.3±0.28 11.7±0.099 10.81±0.10
5.49±0.12 9.8±0.21 10.2±0.12 11.1±0.11
5.44±0.23 6.2±0.26* 6.8±0.11* 6.7±0.10*
3.18±0.31* 6.1±0.26* 6.8±00.09* 6.3±0.11*

l (p <0.05).



Table 5
Effect of different doses of BPA given during the days 0–5 of pregnancy of SWR/J mice on the mice embryos and foetuses, obtained on day 17 of gestation.

Dosage
(mg/
kg)

Number of dams
used

Number of implantation sites/
female
(Mean ± SE)

Number of live foetuses/
female
(Mean ± SE)

#Non-live embryos/female
(%)

Live foetal body weight in
g/dam
(Mean ± SE))

Control 15 12.27 ± 0.57 11.87 ± 0.58 (3.26) 1.15 ± 0.03
125 15 10.40 ± 0.69 9.33 ± 0.77 (10.82) 1.08 ± 0.03
250 15 9.27 ± 0.42** 7.60 ± 0.58** (17.99)** 0.90 ± 0.03*
500 15 8.60 ± 0.48** 6.33 ± 0.68** (26.39)** 0.85 ± 0.02**

# Non-living embryos include dead and absorbed embryos and aborted sites.
* The differences are statistically significant compared to the control group at p < 0.05.
** The differences are statistically significant compared to the control group at p < 0.01.

Table 6
Effect of different doses of BPA given during the days 6–10 of pregnancy of SWR/J mice on the mice embryos and foetuses, obtained on day 17 of gestation.

Dosage
(mg/
kg)

Number of dams used Number of implantation
sites/dam
(Mean ± SE)

Number of live
foetuses/dam
(Mean ± SE)

#Non-live embryos/dam
(%)

Live foetal body weight in g/dam
(Mean ± SE)

Control 15 12.13 ± 0.66 11.74 ± 0.64 (3.29) 1.17 ± 0.03
125 15 10.40 ± 0.69 9.33 ± 0.77 (9.94) 1.14 ± 0.03
250 15 6.53 ± 0.56 8.13 ± 0.69** (15.38) ** 0.90 ± 0.03*
500 15 9.00 ± 0.56** 7.00 ± 0.74** (22.22) ** 0.84 ± 0.07**

# Non-living embryos include dead and absorbed embryos and aborted sites.
* The differences are statistically significant compared to the control group at p < 0.05.
** The differences are statistically significant compared to the control group at p < 0.01.

Table 7
Effect of different doses of BPA given during the days 11–15 of pregnancy of SWR/J mice on the mice embryos and foetuses, obtained on day 17 of gestation.

Dosage
(mg/
kg)

Number of dams used Number of implantation sites//dam
(Mean ± SE))

Number of live foetuses /
dam
(Mean ± SE)

#Non-live embryos/dam (%) Live foetal body weight in g/dam
(Mean ± SE)

Control 15 12.33 ± 0.61 11.66 ± 0.62 (3.78) 1.11 ± 0.03
125 15 10.27 ± 0.79 9.55 ± 0.79 (5.84) 1.09 ± 0.02
250 15 10.13 ± 0.50 8.33 ± 0.46* (7.89) 1.07 ± 0.03
500 15 9.89 ± 0.78 8.27 ± 0.75* (12.24) 0.95 ± 0.04

# Non-living embryos include dead and absorbed embryos and aborted sites.
* The differences are statistically significant compared to the control group at p < 0.05.

Fig. 1. Foetus showing reduced tail length obtained on day 17 from dams treated
(T) with 250 mg/kg Bisphenol -A compared to the untreated control (C).

Fig. 2. Foetus showing hematoma in the tail obtained on day 17 from dams treated
(T) with 500 mg/kg Bisphenol -A compared to the control (C).
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stages of gestation, on treated mothers and their embryos and foe-
tuses. The pregnant mothers were dissected on day 17 of gestation,
and uterine horns were removed in order to allow the study of
embryos and foetuses. The embryos were weighed, examined,
and classified as normal or abnormal.
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4.1. Effect of BPA on treated mothers

The results of this part of the current research showed that
there was a significant decrease in the mean body weights of all
the pregnant females treated with BPA, compared to the control



Fig. 3. Dorsal view of foetal skeleton showing defects in ribs (stained with alizarin
red) obtained on day 17 from dams treated (T) with 250 mg/kg Bisphenol -A
compared to the control (C).

Fig. 4. Dorsal view of foetal skeleton showing defects in ribs (stained with alizarin
red) obtained on day 17 from dams treated (T) with 500 mg/kg Bisphenol -A
compared to the control (C).
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groups, especially by the 17th day of pregnancy, except when the
lowest dose of 125 mg/kg was given early in the gestation period.
This effect may be attributed to an increased incidence of resorbed
embryos and dead foetuses, especially at 250 and 500 mg/kg doses
of BPA. This effect may also be attributed to BPA causing a loss of
appetite resulting from toxicity and ulcers in the digestive tracts
of treated mice (Al-Enazy and Abou-Tarboush, 2001; Preethi
et al., 2014). This is suggested also by the results indicating low
bodymass and decreased water and food intake at the higher doses
of bisphenol.

The above finding is consistent with earlier studies indicating
that exposure to BPA may influence appetite. For example, Sharf-
El Deen et al. (2015) revealed that pregnant rats treated with
BPA (300 and 600 mg/kg/day) from the sixth up to the 15th and
19th days of gestation exhibited a marked reduction in food intake
as well as in body weight. Long Evans rats showed a significant
increase in uterine weight at 200 mg/kg BW/d for three days, but
the injection of 100 mg/kg BW by the same method was ineffective
(Laws et al., 2000), while premature Alpk/AP rats showed a strong
response to uterine tension at a dose of 400 mg/kg. On the other
hand, Dhagga and Srivastava (2017) pointed out that giving female
rats low doses of 5 and 50 mg/kg per week orally for a period of
three months, using olive oil as a solvent for bisphenol, did not lead
to any statistically significant effect on the body weight of the
mothers, nor to any other signs of toxicity. This dose related effects
1547
are comparable to the results of the low and high doses used in the
present investigation.

Several studies have indicated that BPA interferes with the reg-
ulation of hormones in both male and female mammals, and
affects the axis of the reproductive glands and pituitary gland at
all levels (Patisaul et al., 2006; Xi et al., 2011). Isidori et al.
(2005) indicated that the decrease in sex hormones of pregnant
women treated with BPA leads to a statistically significant reversal
in the gain acquired in the body weight during pregnancy, way by
decreasing the mass of the bones and muscles. Also, Benachour and
Aris (2009) showed that BPA increased the level of tumour necrosis
factor (TNF) and induced necrosis and apoptosis in the studied cells
and concluded that BPA may cause intrauterine growth restriction,
preterm delivery and miscarriage in humans.

4.2. Effect of BPA on embryos and foetuses of treated mothers

The results of this part of the present study showed a statisti-
cally significant decrease, compared to the mice in the control
groups, in the mean number of implantation sites and live
embryos, and a significant increase in mortality rates of foetuses
in mothers given 250 and 500 mg/kg BPA during days 1–5, 6–10
and 11–15 of gestation. The body weight of live foetuses decreased
significantly with both doses given at the three studied intervals,
except when 250 mg/kg of BPA was given during days 11–15.
Sharf-El Deen et al. (2015) study revealed that BPA doses induced
a reduction in implantation sites and foetal body weight, and an
increase in both mortality and resorption rates. The lower doses
of orally administered BPA in Dhagga and Srivastava (2017) study,
however, led to no statistically significant effect on implantation,
corpus luteum or absorption, weight and size of foetuses or skele-
tal structure in the treated groups compared with the control.
Again, the doses used in Dhagga and Srivastava (2017) study
may be comparable to the 125 mg/kg dose used in the present
study, and those used in Sharf-El Deen et al. (2015) study are com-
parable to the high doses. The dose level, duration and time of
exposure to BPA, as well the species, could be factors in these
discrepancies.

The occurrence of BPA in free and conjugated forms has been
validated in the blood of pregnant women, with the highest con-
centrations being measured in the placenta and developing foetus
(Schönfelder et al., 2002). This accumulation can lead to birth
defects, as shown in animal studies (Lee et al., 2013). The passage
of BPA across the placenta has also been reported, and it has been
found in the maternal serum, amniotic fluid and cord serum at
birth, as well as in the placenta (Yamada et al., 2002;
Padmanabhan et al., 2008). These results suggest that BPA is able
to cross the placenta in small amounts during the organismic
phase, although higher doses can still lead to sufficient crossing
the placenta to cause the death of embryos, especially during the
later stages of gestation. Days 11–15 of pregnancy are considered
to be the late stage of the organismic phase and thus foetuses
remain sensitive to the toxic and deforming effect of BPA.
Tsutsumi et al. (2002) studied the levels of BPA in biological fluids
such as maternal plasma, foetal plasma, placental tissue, amniotic
fluid and umbilical cord blood, with results suggesting that BPA
can cross the choroid barrier easily and, while many studies have
ruled out the hypothesis of excessive foetal exposure to BPA in
the later stages of pregnancy, the possibility of such exposure in
the early stages of growth cannot be ruled out because of incom-
plete growth. Infant systems are not able to metabolize BPA
through the process of ‘‘Glucuronidation”, as in adults, and the
maternal rate of hepatic glucuronidation is slightly lower during
pregnancy. Therefore, associated or non-associated BPA does not
accumulate during the mother’s pregnancy because the half-life
of BPA in the healthy adult body is less than six hours and is com-
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pletely discharged from the body within 24 h, mainly through
urine in humans. In rodents, it is released mainly through the bile
and faeces and to a lesser extent in the urine (Tsukioka et al., 2004;
Chapin et al., 2008). Mahalingaiah et al. (2008) reported a 26%
increase in the concentration of BPA in urine among pregnant
women compared with their pre-pregnancy levels. This may
explain the weakness of its foetal toxicity. BPA can be deconju-
gated via b-glucuronidase, which is present at high concentrations
in liver, kidney, intestine and placenta, however, increasing the
potential reactivation of BPA induced effects (Ginsberg and Rice,
2009).

The current research also agrees with some of the results of
Lee et al. (2013), which indicated that oral dosage of BPA during
pregnancy leads to an increase in mortality rate and to lower
levels of follicle-stimulating hormone (FSH), Luteinizing hormone
(LH), oestradiol, testosterone, Bcl-2 protein, and expression of
the gene StAR in rats foetuses, and that the long-term exposure
to bisphenol affects the reproductive system growth. In contrast,
Ma et al. (2017) indicated that BPA increased the concentration
of oestradiol in the foetuses of the treated pregnant mice. The
persistence of pregnancy in mothers depends mainly on the pre-
cise functioning of the hormonal system, especially during the
first 6–10 days of pregnancy, and these toxic and lethal effects
on the embryos are fully consistent with the period when the
corpus luteum is almost completely dependent on the expression
of luteinizing hormone (Al-Enazy and Abou-Tarboush, 2001;
Balakrishnan et al., 2010).

The mutagenic effect of BPA may contribute to all the effects
observed in the embryos and foetuses seen in the current study.
Shuang et al. (2017) analysis of protein expression revealed a
decrease in Bcl-2 levels and increased Bax levels due to exposure
of spermatocytes and granulosa cells to BPA, and argues that this
plays a role in stimulating apoptosis, suggesting that BPA affects
the reproductive system and embryos across the programmed
apoptosis pathway associated with mitochondria and that this
may also explain the toxicity of BPA. Exposure to BPA stimulates
oxidative stress, which can be another possible mechanism for
genetic reproductive toxicity (Tiwari and Vanage, 2017). In addi-
tion, sub-toxic doses of BPA have the potential to act to inhibit
post-translational modification of protein in the Golgi apparatus
by inhibiting Ca2 + ATPases activity, and the metabolic output of
BPA, BPA-quinone, was able to form covalent linkages with DNA
(Atkinson and Roy, 1995).

The results of the current research are consistent with the
results of several other studies that have been studied with
non-bisphenol compounds (Al-Enazy and Abou-Tarboush, 2001;
Al-Zahrany, 2006) and BPA (Tyl et al., 2002; Alonso-Magdalena
et al., 2010; Ma et al., 2017). However, the exact causes of the
differences between the current results and some other studies
are not clear, the common factors involved in the differing
results may be attributed to the fact that the studies are varied
in vivo versus in vitro and the ways of BPA administration. The
relative bioavailability of bisphenol was lower when given orally
after birth than either subcutaneous or peritoneal and therefore
was less effective (Pottenger et al., 2000). Also, the doses, timing
and length of exposure were varied, and variation in animal
strain was an influential factor in study results. Furthermore,
these combined factors and other factors mentioned above may
be the cause of this effect of BPA, so there is an urgent need
for other similar studies to verify those observable effects of
BPA and identify potential factors responsible for them. Never-
theless, this study is one of the few reports that have detailed
follow-up data on mortality rates, toxic and mutagenic effects,
and mean birth weights for female laboratory mice given BPA
orally, and as a good warning indicator of the potential adverse
effects of BPA on individuals exposed to it.
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