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Introduction 

Stress, nutritional anomalies, and toxicants are all 
examples of environmental insults that can trigger 
phenotypic changes and diseases (Waterland, 2009; 
Nilsson, 2018). Exposure to environmental toxicants 
has become a major health concern. They interfere 
with many metabolic processes and cause widespread 
damage to body tissues and organs (Humblet et 
al., 2008). This interference may result in changes 
in appetite, food efficiency, and fat, carbohydrate, 
and protein metabolism. As a result of apparent 
pervasiveness in today’s environment, the effects of 
endocrine-disrupting chemicals can manifest primarily 
in populations, with less regard for inter-individual 
differences within populations. Evidence indicates that 
endocrine-disrupting chemicals, such as halogenated 
aromatic hydrocarbons, may disrupt hormonal 
regulation and modify other body functions (Elobeid 
and Allison, 2008). Exposure to environmental 
toxicants during germ cell, intrauterine life, postnatal 
life, and/or early life plays a major role in determining 
mature phenotypes and susceptibility/resistance to 
abnormalities/diseases later in life (Skinner et al., 2010, 
2013; Al-Gubory, 2014; Al-Griw et al., 2017).

Bisphenol A (BPA), an endocrine disruptor chemical, 
has been extensively used to produce polycarbonate 
plastics and epoxy resins for many years (Willhite 
et al., 2008; Camarca et al., 2016; Jalal et al., 2018). 
People of all ages are unwittingly exposed to BPA in 
everyday life due to its frequent use in the manufacture 
of plastic containers of food and beverage and the 
coating of food cans (Gassman, 2017; Gear and 
Belcher, 2017). Many studies have detected that BPA 
is widely present in food, the environment, and even 
human body fluids (Mouneimne et al., 2017). BPA 
can be found at concentrations of 0.2–106 ng/g in 
food samples, 2–208 ng/m³ in the air, and 54–79 μg/
cm² in thermal paper. In addition, BPA concentrations 
can reach 10  μg/l in human blood, 4.76 μg/l in the 
placenta, and 59.72 μg/l in the urine. The ubiquitous 
BPA exposure (Vandenberg et al., 2007) and the toxic 
potential raise concerns about their adverse impacts on 
different biological systems (Kim and Hong, 2017). 
The toxic effects of BPA have been discovered (Crain 
et al., 2007), and in vivo and in vitro studies suggest 
that it may cause endocrine disorders as an estrogenic 
compound in organs (Korkmaz et al., 2010). Despite 
long-standing concerns about its safety, BPA is still 
used in various food packaging products and medical 
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Abstract
Background: During early development, environmental compounds can induce adult onset diseases and disrupt the 
circulating vitamin D (VitD) levels.
Aim: This study aimed to examine the protective role of VitD against the adverse effects of BPA on male and female 
mice.
Methods: A total of 60 male and female Swiss Albino mice (3 weeks old) were randomly divided into 5 groups; each 
consisted of 12 mice (6 males and 6 females) and was treated as follows: Group I received no treatment (sham control); 
Group II, sterile corn oil only (vehicle control); Group III, BPA (400 μg/kg); Group IV, VitD (2,195 IU/kg); and Group 
V, BPA + VitD. At 10.5 weeks, the animals were sacrificed to conduct histological examinations.
Results: BPA-exposed mice were found to have neurobehavioral abnormalities, heart, kidney, and lung diseases 
with increased apoptotic indices in both sexes. On the other hand, the treatment of BPA mice with VitD altered this 
scenario with modulated motor activity, enhanced body and organ weights, and preserved the heart, kidney, and lung 
architecture, alongside a decreased percent apoptotic index.
Conclusion: Our findings illustrate that VitD protects mice against BPA-induced heart, kidney, and lung abnormalities.
Keywords: Bisphenol A, Heart, Kidney, Lung, Vitamin D.
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devices because developing a chemical replacement 
that is both cost-effective and safe is difficult (Warner 
and Flaws, 2018). More than 90% of the general 
population had detectable levels of BPA, as revealed 
from epidemiological data (Trasande et al., 2013), 
while those of occupational exposure had higher BPA 
levels than the general population by about 70 times 
(Hines et al., 2017). These data indicate that humans 
are vulnerable to BPA exposure, and this condition may 
be unavoidable.
Emerging research has shown that certain tissues/organs 
are highly vulnerable to the toxic BPA effects, which 
can cause abnormalities/diseases (Fenichel et al., 2013; 
Rochester, 2013). Therefore, the impact of BPA on 
human health has drawn widespread attention to the field 
of public health. BPA shows potential acute, short-term, 
and subchronic toxicity (Tyl et al., 2002; Tyl, 2008). A 
study established BPA effects on the liver, kidneys, and 
body weight at doses of 50 mg/kg body weight (bw) and 
higher (Tyl, 2008). Several studies have determined the 
BPA effect on the reproductive system with inadequate 
reports on other tissues/organs. A report (Stump et al., 
2010) used different BPA doses, which was confirmed by 
a similar finding (Tyl, 2008), with a lowest no observed 
adverse effect level (NOAEL) of 5 mg/kg bw. There are 
no chronic organ toxicity studies on BPA.
Vitamin D (VitD) is a protein associated with bone 
metabolism, but recently a wide range of activities 
was identified. VitD, especially 1,25 (OH)2D3, (1,25 
dihydroxy vitamin D3), which is the active form of 
VitD, plays an important role in human metabolism 
(Walentowicz-Sadłecka et al., 2013). VitD treatment 
decreases ischemia-reperfusion injury after myocardial 
infarction with anti-inflammatory and anti-apoptotic 
actions (Bae et al., 2013). Moreover, VitD contributes 
to the regeneration of injured muscles (Stratos et al., 
2013). The deficiency of VitD is associated with the 
increase in oxidative stress and the apoptosis process 
(Assalin et al., 2013). Pretreatment with VitD3 has 
protective effects on ischemia-reperfusion injury of the 
kidneys (Sinanoglu et al., 2012) and hepatic tissues (Seif 
and Abdelwahed, 2014). The current study investigated 
the protective effects of VitD against adverse effects of 
BPA on male and female mice as no earlier study has 
been conducted till now.

Materials and Methods
Animals and housing conditions
A total of 60 adult male Swiss albino mice, aged 3 
weeks old, and weighing 13.5 ± 1.48 g, were used 
in this study. Animals were bred and housed under 
standard conditions of a 12-hour light/dark cycle and 
temperature (26°C ± 2°C) in the animal facility at the 
Faculty of Sciences, University of Tripoli. All animals 
had free access to food and water ad libitum.
Experimental design
The animals were randomly divided into 5 groups; each 
group consisted of 12 mice (6 males and 6 females) and 

was treated as follows: Group I received no treatment 
(sham control); Group II, sterile corn oil only (vehicle 
control); Group III, BPA (400 μg/kg); Group IV, VitD 
(2,195 IU/kg); and Group V, BPA + VitD. Corn oil, 
BPA, and VitD were administrated intraperitoneally 
(i.p.) twice per week for 6 weeks (Fig. 1). The BPA and 
VitD were dissolved in sterile corn oil, and therefore 
the sterile corn oil was used as the vehicle. The BPA 
dose was chosen based on prior studies regarding BPA 
adverse effects and their environmental relevance 
(Vom-Saal and Hughes, 2005; Tyl, 2008; Sadowski 
et al., 2014; Khodayar et al., 2020), whereas the VitD 
dose was selected based on previous work (Tesic et al., 
2015). At 10.5 weeks, the animals were sacrificed to 
conduct histological examinations.
Clinical assessment
Clinical observations were made daily. Any abnormal 
clinical signs or behavior that may have resulted from 
toxicity were recorded. The survival rate was recorded 
during the entire study.
Body and organ weight
Body weight was recorded at the onset and at the end 
of the experiment to calculate body weight change (%). 
After the experimental duration, the organs (hearts, 
kidneys, and lungs) were excised, and their relative 
weight (%) was determined in different experimental 
groups.
Motor activity measurement
Motor performance was assessed throughout the study 
course described previously (Ferrante et al., 2003; 
Al-Griw et al., 2015a). Briefly, training sessions were 
given from week 4 to week 10 to acclimate mice to the 
rotarod apparatus. Motor performance was measured 
twice weekly for 6 weeks in all studied groups. Three 
60-second trials were given during each session and 
averaged. Values are recorded as the mean rotation 
number during the 5 counting periods per 60 minutes.
Histopathological studies and microscopy
The heart, lung, and kidney tissues were prepared 
for histological preparation as described elsewhere 
(Ginsberg et al., 1981; Al-Griw et al., 2015b). 
Histopathological tissue injury scores were determined 
and compared between groups. The scoring scale 
was set from 0 to 4, with the following criteria: (0) 
no pathological changes, (1) very few pathological 
changes, (2) mild pathological changes, (3) moderate 
pathological changes, and (4) severe pathological 
changes. For each tissue section, the four scoring 
criteria were averaged, and this average was considered 
a replicate. The tissue architecture from each animal 
was assessed blindly by a histopathologist for structural 
changes. The tissue sections were examined and 
imaged using low- and high-power objectives under 
light microscopy (Leica, Germany).
Statistical analysis
The findings were analyzed using Statistical Package 
for the Social Science (SPSS, version 20.0) (SPSS 
Inc., Chicago, IL, USA). Normal distribution was 
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assessed using skewness and kurtosis detection test. 
Homogeneity of variances was examined by Livene’s 
test. A two-way analysis of variance test was carried 
out for data that were normally distributed. The data 
that were not normally distributed were analyzed using 
nonparametric analysis, and statistical significance was 
determined by the Kruskal–Wallis test, followed by 
the Bonferroni-corrected Mann–Whitney U test. Data 
were expressed as means ± SEM. A p-value of 0.05 was 
considered statistically significant.
Ethical approval
Ethical approval for animal work was obtained from 
the Research Ethics Committee at the Biotechnology 
Research Center, Tripoli, Libya (Reference BEC-
BTRC 10-2019).

Results
Effects of VitD on animal survival upon BPA exposure
From the daily clinical follow-up of the mice in this 
study, no mortality has been recorded in all groups 
along the course of the experiment and no signs of 
acute toxicity were noticed.
VitD attenuates motor activity upon BPA exposure
There were significant treatment effects on motor 
activity between the control groups and BPA groups 
in male and female rats (p < 0.05 and p < 0.01, 
respectively; Fig. 2), but no difference between control 

group was evident. Regarding motor activity, there 
were significant treatment effects between BPA groups 
and BPA + VitD groups in males and females (p < 
0.05; Fig. 2). No significant differences were detected 
between the sexes when comparing the male and female 
experimental groups.
VitD modulates body and organ weights upon BPA 
exposure
The body weights of all animals in the study were 
monitored from birth until study completion, with 
final body, heart, kidney, and lung weights recorded 
for analysis at the time of necropsy (Fig. 3). For body 
weights (Fig. 3A), there were significant treatment 
effects between control groups and BPA groups 
in females but not males (p < 0.05 and p > 0.05, 
respectively), and that treatment with VitD preserved 
the body weights in females (p < 0.05). No significant 
sex differences in the body weights were detected when 
male and female experimental groups were compared. 
For heart, kidney, and lung weights (Fig. 3B–D), there 
were significant treatment effects between control 
groups and BPA groups in males but not females (p < 
0.05 and p > 0.05, respectively), and that treatment with 
VitD preserved the heart, kidney, and lung weights in 
males (p < 0.05). No significant sex differences in the 
heart, kidney, and lung weights were detected when 
male and female experimental groups were compared.

Fig. 1. Schematic of the animal treatment procedure. Animals were exposed to conditions of sham, vehicle, VitD, BPA, 
or BPA+VitD. BPA and VitD were administered intraperitoneally (i.p.) at doses of 400 μg/kg and 2,195 IU/kg VitD, 
respectively, for 6 weeks. At 10.5 weeks, the animals were sacrificed for histological examinations.
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VitD reduces heart pathology induced by BPA exposure
Histology of the heart sections of control and corn oil-
treated mice for both sexes (males and females) showed 

normal histological features with preserved cardiac 
structures (Fig. 4 A–D; Table 1). Cardiac muscles 
showed longitudinal striation with anastomosing 
muscle fibers and normal oval nuclei. Heart sections 
of male mice treated with 50 mg of BPA did not show 
histological changes (p > 0.05) (Fig. 4E), whereas 
female mice treated with the same dose had shown 
foci of necrotic changes with dystrophic calcifications 
(Fig. 4F); the sections also showed infiltration of 
inflammatory cells. The administration of males and 
females with VitD did not show any pathological 
alteration (Fig. 4G and H). The male group which was 
exposed to BPA alone (Fig. 4E) or top combination of 
BPA and VitD (Fig. 4I) did not show any significant 
histological changes (p > 0.05). The changes in the 
female group exposed to the BPA showed significant 
cardiac damage associated with mononuclear 
inflammatory infiltration and fibrosis comparing to 
sham group (p < 0.001). Myocardiocytes in this group 
also showed focal areas of necrosis accompanied by 
deposition of calcium (dystrophic calcification) (p < 
0.001) (Fig. 4F). These changes in this group were 
significantly prevented by combining the BPA with 
VitD (p < 0.001) (Fig. 4J).

Fig. 2. VitD modulates motor activity after BPA exposure. 
Mice were exposed to conditions of sham, vehicle, VitD, 
BPA, or BPA + VitD. Measurement of motor activity in adult 
male and female mice. Data are mean ± SEM (n = 12 per 
group). *p < 0.05; **p < 0.01.

Fig. 3. VitD preserves the animal body and organ weights. Mice were exposed to conditions of sham, vehicle, VitD, 
BPA, or BPA + VitD. (A) Quantification of body weight. (B) Quantification of heart weight. (C) Quantification of 
kidney weight. (D) Quantification of lung weight. Data are mean ± SEM (n = 12 per group). *p < 0.05.
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VitD reduces kidney pathology induced by BPA exposure
The histological examination of kidney tissues of 
the control and vehicle-treated mice showed normal 
uriniferous tubules and glomeruli (Fig. 5A–D; Table 
2). Moreover, VitD-treated mice did not show any 
pathological alteration (Fig. 5G and H). Examination of 
renal tissue of male and female mice treated with 50 mg/
kg of BPA showed significant alterations in glomeruli as 
well as all kidney tubules when compared to the BPA 
group (p < 0.001) (Fig. 5E and F). Several glomeruli 
were segmented and atrophied with the increase of 
Bowman’s space (urine space). The renal tubules showed 
necrosis of several endothelial lining cells, vacuolation, 
and sloughing of others with infiltration of protein casts 
inside the tubular lumen. Hydropic degeneration is 

also seen in some tubular lining epithelial cells. These 
alterations induced by exposure to BPA in renal tissues 
did not protect by VitD neither in male nor female mice 
(p > 0.05) (Fig. 5I and J).
VitD reduces lung pathology induced by BPA exposure
The histological examination of photomicrographs 
of lung tissue sections taken from the control group 
(Fig. 6A and B) and corn oil-treated group (Fig. 6C 
and D) showed normal histological architecture for 
alveoli sac, alveolar duct, bronchioles, bronchi, and 
blood vessels (Table 3). Mice treated with VitD alone 
did not show any significant histological changes 
comparing to control groups (p > 0.05) (Fig. 6G and 
F). Nevertheless, administration of BPA showed 
significant histopathological changes in the lung of 

Fig. 4. VitD preserves heart architecture after BPA exposure. Representative photomicrographs of H&E-stained heart tissues 
of adult male and female sham controls (A and B), vehicle controls (C and D), BPA (E and F), VitD (G and H), and BPA+VitD 
(I and J). Histopathological features of heart tissues of control-exposed mice showed a normal heart structure. Heart tissues 
of BPA-exposed mice showed marked alterations in the heart structure. These changes include necrosis (white triangle) and 
calcification (white arrow). Heart tissues of BPA + VitD-exposed mice showed regeneration of the heart structure (100×, 
H&E).

Table 1. Comparison of the study groups according to the histopathological heart tissue injury scores.

Scoring criteria
Male Female

Sham Vehicle VitD BPA BPA + VitD Sham Vehicle VitD BPA BPA+VitD
Calcification 0 0 0 0 0 0 0 0 4 0

Hydropic 
degeneration 0 0 0 0 0 0 0 0 3 2

Necrosis 0 0 0 0 0 0 0 0 3 2
Averaged scores 0 0 0 0 0 0 0 0 3.3 1.3
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treated animals in both sexes (males and females) 
comparing to sham groups (p < 0.001). Changes 
included thickening of alveolar septal, congestion of 
capillaries of the alveolar septum, localized focal areas 
infiltration of inflammatory cells, necrosis in alveolar 
lining epithelium with moderate to severe edema, and 
emphysema. It also showed hyperplasia of bronchial 
lining epithelium cells with congestion of blood vessels 
(Fig. 6E and F). Administration of VitD to animals 

(males and females) treated with BPA minimized the 
damaged effect induced by BPA (Fig. 6I and J; Table 3).

Discussion
Our findings illustrated that BPA triggered a significant 
decrease in body and organ (heart, kidney, and lungs) 
weights, ultimately leading to heart, kidney, and lung 
pathologies. Specifically, BPA increased apoptosis 
and histopathological tissue injury scores, as revealed 

Fig. 5. VitD preserves kidney architecture after BPA exposure. Representative photomicrographs of H&E-stained kidney 
tissues of adult male and female sham controls (A and B), vehicle controls (C and D), BPA (E and F), VitD (G and H), 
and BPA+VitD (I and J). Histopathological features of kidney tissues of control mice showed normal renal structure with 
regulated nuclear arrangement of uriniferous tubules and collecting tubules with glomerulus and blood vessel. Kidney tissues 
of BPA-exposed mice showed marked tubular hydropic degeneration (whit triangle) with atrophic and segmented glomeruli 
(white arrow). It also showed necrotic and sloughing endothelial cells (black arrow) with infiltration of hyaline casts inside 
the tubular lumen (white arrow head). Kidney tissues of BPA + VitD-exposed mice showed regeneration of the lubulie lining 
with mild congested glomeruli (100×, H&E).

Table 2. Comparison of the study groups according to the histopathological kidney tissue injury scores.

Scoring 
criteria

Male Female
Sham Vehicle VitD BPA BPA + VitD Sham Vehicle VitD BPA BPA+VitD

Glomerular 
segmentation 0 0 0 4 3 0 0 0 4 3

Congestion 0 0 0 3 2 0 0 0 3 2
Hydropic 

degeneration 0 0 0 4 3 0 0 0 4 3

Necrosis 0 0 0 3 2 0 0 0 3 2
Averaged scores 0 0 0 3.5 2.5 0 0 0 3.5 2.5
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by histopathological findings. These effects were 
significantly attenuated by VitD treatment. To our 
knowledge, this is the first work to demonstrate the 
protective impacts of VitD on heart, kidney, and lung 
pathologies. We found significant VitD effects in terms 
of some histopathological parameters, although not all 
parameters were improved significantly in the treated 
group compared to the untreated group. Our findings 

suggest that a therapeutic opportunity exists for the use 
of VitD in preventing or reversing heart, kidney, and 
lung pathologies mediated by BPA toxicity.
Environmental factors can promote diseases/phenotypic 
variations (NTP, 2000; EPA, 2003; Manikkam et al., 
2012; Al-Griw et al., 2016; Nilsson, 2018). Numerous 
studies suggested a link between impacts observed 
following developmental exposures to environmental 

Fig. 6. VitD preserves lung architecture after BPA exposure. Representative photomicrographs of H&E-stained lung tissues of 
adult male and female sham controls (A and B), vehicle controls (C and D), BPA (E and F), VitD (G and H), and BPA + VitD 
(I and J). Histopathological features of lung tissues of control-exposed mice showed normal lung structure. Lung tissues of 
BPA-exposed mice showed marked alterations in the lung tissue architecture including rupture of alveolar walls (imphysema) 
(white triangle) with swelling of alveolar walls (white arrows). Lung tissues of BPA + VitD-exposed mice showed minimal 
damage compared to BPA-treated mice (100×, H&E).

Table 3. Comparison of the study groups according to the histopathological lung tissue injury scores.

Scoring 
criteria

Male Female
Sham Vehicle VitD BPA BPA + VitD Sham Vehicle VitD BPA BPA+VitD

Alveolar 
Necrosis 0 0 0 3 2 0 0 0 2 2

Alveolar edema 0 0 0 4 3 0 0 0 4 3
Inflammatory 

cells 0 0 0 2 2 0 0 0 2 1

Vascular 
congestion 0 0 0 4 3 0 0 0 4 3

Bronchial 
hyperplasia 0 0 0 2 1 0 0 0 2 1

Averaged scores 0 0 0 3 2.2 0 0 0 2.8 2
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toxicants and worldwide public health (Aranow, 2011; 
Camarca et al., 2016; Gassman, 2017). BPA disrupts 
the biological system even at lower doses (Rogers et 
al., 2013; Schug et al., 2013; Camarca et al., 2016; 
Koike et al., 2018; Özaydın et al., 2018).
The hormonally active form of VitD plays a significant 
role in clinical medicine, mainly due to its potent effects 
on Ca2+ homeostasis and bone metabolism (Piotrowska 
et al., 2016; Parva et al., 2018). VitD has a beneficial 
impact on the functions of many biological systems 
(Aranow, 2011). Recently, it was reported that VitD 
and VitD receptor activators have protective effects on 
ischemia and reperfusion injury (Tokgoz et al., 2018). 
It was also established that VitD3 protects the kidney 
from reperfusion injury (Tan et al., 2008). Similarly, it 
was determined that VitD receptor activator paricalcitol 
has beneficial effects on renal ischemia-reperfusion 
damage (Azak et al., 2013).
Accumulating evidence reported that BPA exposure 
plays a role in developing motor abnormalities (Kulig, 
1987; Mousain-Bosc et al., 2006; Sathyanarayana 
et al., 2011; Inadera, 2015). Similarly, we found that 
BPA induced development motor abnormalities in 
male and female mice. It was reported that the status of 
VitD was negatively correlated with the risk of motor 
abnormalities (Fu et al., 2017). In the present study, we 
found that co-treatment with VitD has beneficial effects 
on the motor activity induced by BPA toxicity.
Exposure to environmental toxicant BPA is linked to 
an increased risk of being overweight (Braun, 2017). 
Precisely, it was found that prenatal and early postnatal 
BPA exposure was correlated with increased body 
weight (Akingbemi et al., 2004; Suttie, 2006; Magliano 
and Lyons, 2013; Picard and Turnbull, 2013; Gear and 
Belcher, 2017). BPA actions on body weight were found 
in both sexes, without sex-specific effects (Suttie, 2006; 
Gear and Belcher, 2017). It was reported that a statistically 
significant decrease in body weight in the group treated 
with 0.1  mg/kg BPA (Hassan et al., 2012) and with ≥ 
466 mg/kg/day BPA (Razzoli et al., 2005). Statistically 
significant and dose-related decreases in absolute (>22%) 
and relative (>10%) liver weights were observed at 
≥466 mg/kg/day, compared with controls (Yamasaki et 
al., 2002a, 2002b). Similarly, the findings of this study 
showed that BPA promoted a significant decrease in the 
body and organ (heart, kidney, and lung) weights of adult 
male and female mice. The role of VitD in body weight 
control is controversial. Precisely, there was no significant 
difference in body weight variation between VitD-treated 
mice and control during the supplementation period (Bella 
et al., 2017). On the contrary, we found that co-treatment 
with VitDfor 6 weeks was positively associated with the 
mean body and organ (heart, kidney, and lung) weights 
without reaching statistical significance.
Increasing evidence documents show that the BPA toxic 
effects depend on its doses and route of administration. 
For example, exposing rats aged 4.5 weeks to 125 mg 
BPA/kg/day via oral route for 13 weeks was found to 

damage livers and kidneys (Tyl, 2008; Dong et al., 2013; 
Yildiz and Barlas, 2013). There were no BPA impacts 
on the liver and kidney when mice were exposed to 5 
mg BPA/kg/day in dietary, while the toxic effects were 
found in 50 or 600 mg BPA/kg/day exposed (Tyl, 2008; 
Dong et al., 2013). In the present study, we found that 
BPA promoted heart, kidney, and lung pathologies in 
male and female mice. Precisely, our histopathological 
findings of heart, kidney, and lung in the BPA-treated 
mice showed serious cellular and microstructural 
alterations. However, such alterations have not been 
noticed in control-treated mice.
Many studies reported that treatment with VitD 
significantly prevented the detrimental impacts 
of chemical substances on the development of 
morphological abnormalities in the rats (Guareschi et 
al., 2019) and on ischemia-reperfusion injury of the 
ovary in a rat model (Tokgoz et al., 2018). Interestingly, 
we found that co-treatment with VitD significantly 
attenuated the detrimental impacts of BPA on mouse 
heart, kidney, and lung. Specifically, we found that the 
heart, kidney, and lung histology of the VitD-treated 
mice exhibited improvement with the regeneration of 
heart, kidney, and lung architecture restoring to normal. 

Conclusion
This work demonstrated that BPA promoted 
heart, kidney, and lung pathologies as revealed by 
histological alterations. These findings shed light on 
the possible underlying mechanisms for developing a 
range of abnormalities induced by BPA. VitD seems an 
effective molecule for protecting BPA toxicity/injury of 
the heart, kidney, and lung. We determined significant 
beneficial effects in BPA-induced toxicity/injury of the 
heart, kidney, and lung with concurrent co-treatment 
with VitD, especially tissue architecture. Although 
some improvement is obtained, there are no statistically 
significant differences in other histopathological 
findings. We thought that it might be related to the long 
elimination and action time of VitD. However, we were 
incapable of finding the precise mechanism by which 
VitD exerts its actions.
Nevertheless, our findings suggest that VitD provides 
effective treatments for BPA-induced heart, kidney, and 
lung injuries. Further studies should provide greater 
knowledge for a better understanding of the protective 
mechanism of VitD and assess the clinical applications, 
effects, and doses of VitD. We hope that this study and its 
outcomes will inspire others to carry out further studies.
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