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ABSTRACT 
 

Introduction: Plastic compound are widely used in modern life. Bisphenol-A is an essential 
component in high quality plastic containers such as bottles and food boxes. Beside its hormonal 
agonist and antagonist effects, Food and drug administration (FDA) had reported it is transmitted 
from mother to fetus through placental circulation causing mi-RNAs mutation. mi-RNAs regulate 
cellular morphology and functions through its essential role in genetic expression. The aim of the 
present study is to investigate the effect of exposure of BPA on maternal [placenta, body weight & 
blood pressure] and fetal [liver, heart & miRNAs expression] and the impact of miRNAs expression 
disorders on multiorgan development, namely cardiac and hepatic development. 
Materials and Methods: 60 healthy pregnant females’ rats were picked up since day one of 
gestation and divided into three groups (n=20). (c) control group gained access to drinking water 
containing only the vehicle (tween-80) 0.1/ml for three weeks.(10-BPA) group, gained access to 
drinking water containing 10 mg/L of BPA for three weeks.(20-BPA) group, gained access to 
drinking water containing 20 mg/L of BPA for three weeks. Placenta, liver and heart samples were 
collected and histopathological changes were recorded and mi-RNAs expression was investigated. 
Results: Histopathological changes were noticed in BPA related groups if compared to control 
group. mi-RNAs expression was found in same groups with variable extent. A significant increase 
was noticed in body weight and blood pressure of pregnant rats. 
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Conclusion: Our data examined the impact of BPA exposure on different organs and their related 
miRNAs expression which showed a non-neglectable effect especially on the placenta of the 
mother and fetal heart and liver. 

 
 
Keywords: Plastic; BPA; mi-RNAs; mutation; placenta; liver; heart. 
 

1. INTRODUCTION 
 
Bisphenol A (BPA) is a synthetic compound 
which appears as a white powder, soluble at 
Tween-80 solution at twenty-one degree Celsius. 
BPA is used in modern plastic industry with a 
production of a high quality plastic materials used 
in the manufacturing of water bottles and food 
storage boxes [1]. It exhibit estrogen properties 
but its hormonal like effect is very weak. It was 
reported that the effect of BPA is 2000 times less 
potent than estrogen [2]. It also exhibits 
antagonist effect to androgen [3]. 
 
Significant level of BPA was detected in the urine 
of plastic industry worker [4,5] which indicates its 
mode of excretion denoting increased hazards of 
coronary heart diseases [6]. Epidemiological 
studies reported a noticeable link between 
exposure to BPA and cardiovascular diseases 
[7,8]. USA Food and Drug Administration (FDA) 
reported that BPA can be delivered from 
pregnant mother to its embryos through placenta 
[9] affecting the development of essential organs 
such as cardiovascular system, central nervous 
system and liver [10,11]. The multiorgan affection 
of the embryo was reported to occur due to 
disorders in glucose metabolism and insulin 
resistance [12]. 
 
Disorders of some organs of the embryo such as 
liver and heart occur, not only due to glucose 
metabolism, but also result from altered miRNA 
expression [13,14] of the embryo and the 
placenta of the mother [15]. Over expression of 
miRNA-146 leads to slower placental growth 
[16], miRNA-192 leads to fetal liver 
histopathological findings [17], miRNA-127 cause 
maldevelopment of fetal lung [18]. 
 
MicroRNAs (miRNAs) are small RNA molecules 
that affect genes expression by causing 
modifications to histones, they are abundant in 
human cell and affect more than 50% of genes 
and lies within the gene itself [19]. More than 
5000 miRNAs had been isolated [20]. As its 
affect gene expression, its control the normal 
cellular functions and any miRNAs mutation 
cause hereditary diseases such as skeletal or 

growth disorders, leukemias, hepatocellular 
carcinomas and various heart diseases [21]. 
 

miRNA-712 is considered a marker for blood 
vessels disease atherosclerosis, miRNA-296 
indicates for kidney diseases and miRNA-132 
regulates synaptic development and function and 
any mutation in this miRNA cause neurological 
and psychological disorders such as bipolar 
disorders which considered one of the most 
famous hereditary disorders [22]. 
 

miRNA-206 mutation may cause addiction 
disorders to some drugs and alcohol, while 
miRNA-222 disorders may encounter obesity and 
insulin resistance.miRNA-208 is reported to be 
important for cardiac muscle development and its 
mutation may cause heart failure [23]. Many 
studies had linked between different miRNAs 
subtypes and cardiac development like miRNAs-
1, 133, 208, 21and 499 [24,25]. 
 

The aim of the present study is to investigate the 
effect of exposure of BPA on maternal [placenta, 
body weight & blood pressure] and fetal [liver, 
heart & miRNAs expression] and the impact of 
miRNAs expression disorders on multiorgan 
development, namely cardiac and hepatic 
development. 
 

2. MATERIALS AND METHODS 
 

2.1 Chemicals 
 
The following chemicals were purchased from 
Sigma-Aldrich company, 3050 Spruce Street, 
Saint Loui, Missouri, 63103, USA. 
 

 Bisphenol-A (BPA) 
 Tween-80, used as a solvent for BPA, 

forming a 20 mg/L, it is important to 
mention that tween-80 is a fluid used to 
emulsify BPA dispersing it in water (0.1/ml) 
forming a clear yellowish solution. As it 
undergoes autooxidation rapidly, it should 
be stored at 8-degree Celsius [26]. 

 Paraformaldehyde, used for sample 
fixation 

 RNA-Later puffer and miRNAs mini kit, 
used for miRNAs extraction 
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2.2 Animals 
 
70 female rats (Sprague Dawley) were used, 
average weight is 250 grams, housed individually 
with a free access to food and water, 12/12 light / 
dark cycle and standard temperature is kept at 
25 degree Celsius. All female rats were allowed 
to mate with 20 male rats, and vaginal smears 
were collected [27]. 60 healthy pregnant females 
were picked up at first day of gestation (in 
accordance to national and institutional 
guidelines). This research study was approved 
by Research and Ethics Committee, Quality 
Assurance Unit, Faculty of Medicine, Tanta 
University, Egypt. 
 

2.3 Experimental Design 
 
60 healthy pregnant females were picked up 
since day one of gestation and divided into three 
groups (n=20). 
 
 (c) control group gained access to drinking 

water containing only the vehicle (tween-
80) 0.1/ml for three weeks. 

 (10-BPA) group, gained access to drinking 
water containing 10 mg/L of BPA for three 
weeks. 

 (20-BPA) group, gained access to drinking 
water containing 20 mg/L of BPA for three 
weeks. 

 
The average water intake was 30 ml/day 
 
It is very important to mention that, drinking water 
was changed every 8 hours to avoid 
autooxidation of chemicals mentioned previously. 
 
We recorded the body weight of mother rats and 
their blood pressure/twice weekly at day 2, 4, 8, 
10, 15, 17. A final recording of the same 
parameters was done at day 21. 
 
Volume-pressure-recording-sensor was applied 
to the tails of mother rats to gain the non-invasive 
blood pressure recording. 
 
At the end of experiment [day 21] after recording 
blood pressure and body weight, caesarian 
sections were done to all rats and the pups were 
collected with average 10 pups/mother. 
 
Samples were collected as follows, mothers’ 
placentae, pups’ livers, pups’ hearts. 
 
 Placentae were fixed in paraformaldehyde, 

dehydrated, embedded in paraffin, 

sectioned at 5 um thickness and stained 
with hematoxylin &eosin [28]. 

 Livers and hearts samples were divided 
further into three groups. 

 First group: Stored in paraformaldehyde, 
stained with hematoxylin &eosin 

 Second group: stored in 
paraformaldehyde, stained with Masson 
Trichrome 

 Third group: homogenized for miRNA 
extraction as per manufacturer guidelines 
to extract miRNAs-13, 15, 17, 21 [heart 
specific] and miRNA-122 [liver specific] 
[29]. 

 

2.4 Statistical Analysis 
 
SPSS software was used for the analysis. 
 

3. RESULTS 
 

3.1 Placenta Hematoxylin &Eosin Stained 
Sections 

 
C-group showed normal architecture of labyrinth, 
basal and deciduous zones while 10-BPA group 
showed thrombotic vasculopathy with amnionitis 
and abnormal syncytiotrophoblastic changes. 20-
BPA group showed fused intervillous spaces with 
neutrophilic infiltration (Fig. 1). 
 

3.2 Liver Hematoxylin &Eosin Stained 
Sections 

 
C-group showed normal histological features in 
the form of large hepatic cells with prominent 
nuclei radiating from central veins separated with 
blood sinusoids, while 10-BPA and 20-BPA 
groups showed disturbed histological features 
with sinusoidal congestion (Fig. 2). 
 

3.3 Liver Masson’s Trichrome Stained 
Sections 

 
C-group showed no fibrosis, while 10-BPA and 
20-BPA groups showed fibrosis of variant 
degrees which was more extensive in              
20-BPA group if compared with 10-BPA group 
(Fig. 3). 
 
3.4 Heart Hematoxylin &Eosin Stained 

Sections 
 

There were areas of myositis in 10-BPA and 20-
BPA groups if compared to C-group which 
showed normal histological findings (Fig. 4). 
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Fig. 1. A photomicrograph of placenta section stained with hematoxylin and eosin, C-group 
showed normal labyrinth (L) zone (A), 10-BPA-group showed thrombotic vasculopathy (V) with 

amnionitis and abnormal syncytiotrophoblastic (S) changes (B) and 20-BPA-group showed 
fused intervillous spaces (arrowhead) with neutrophilic infiltration (long arrow) (C) X1000 
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Fig. 2. A photomicrograph of liver section stained with hematoxylin and eosin, C-group 
showed normal histological features in the form of large hepatic cells with prominent nuclei 

radiating from central veins (V) separated with blood sinusoids (long arrow) (A) while 10-BPA 
and 20-BPA groups showed disturbed histological features with blood congested vessels (B, 

C) X1000 
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Fig. 3. A photomicrograph of liver section stained with Masson’s Trichrome, C-group showed 
no fibrosis (A) while 10-BPA and 20-BPA groups showed fibrosis of variant degrees (B, C) 

X1000 
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Fig. 4. A photomicrograph of heart section stained with hematoxylin and eosin, there were 
areas of myositis in 10-BPA and 20-BPA groups (B, C) if compared to C-group which showed 

normal histological findings (A) X1000 
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3.5 Heart Masson’s Trichrome Stained 
Sections 

 

C-group showed no fibrosis, while 10-BPA                   
and 20-BPA groups showed fibrosis of                   
variant degrees which was more extensive in    
20-BPA group if compared with 10-BPA group 
(Fig. 5). 
 

3.6 Body Weight 
 

C-group rats gained weight throughout the three 
weeks of pregnancy (45±13.5 gm) while 10-BPA 
and 20-BPA groups rats gained more weight 
which increase from (52±20 gm) in 10-BPA 
group to reach (60±13 gm) in 20-BPA group 
(Table 1). 
 

3.7 Blood Pressure 
 

C-group, third week systolic blood pressure 
(130±10 mmhg), third week diastolic blood 
pressure (90±10 mmhg). There was a significant 
increase (P<0.005) of third week systolic and 
diastolic blood pressure in 10-BPA and 20-BPA 
groups if compared to C-group. As for group 10-
BPA systolic pressure (137±5 mmhg) P=0.0052, 

diastolic pressure (100±9.5 mmhg) P=0.0035. 
While group 20-BPA systolic pressure (152±4.05 
mmhg) P=0.0052, diastolic pressure (115±3 
mmhg) P=0.0012 (Table 2). 
 
3.8 mi-RNAs 
 
Heart specific and liver specific                            
mi-RNAs expressions were significantly elevated 
in 10-BPA and 20-BPA groups, recorded as 
1.6±1.3 and 2.5±1.2 respectively P=0.03 for 
heart specific and recorded as 1.7±1.4 and 
2.3±1.2 respectively P=0.03 for liver specific 
(Table 3). 
 

4. DISCUSSION 
 
Our study showed normal histological 
architecture of the placenta in control group with 
vasculopathy and inflammation in BPA groups 
this comes in agreement with [30] who reported 
an oxidant and inflammatory state in relation to 
BPA exposure. The placental affection causes a 
decrease in the blood supply to the developing 
embryo causing developmental disturbance in 
many organs [31]. 

 
Table 1. Mean maternal body weight during the 1st, 2nd and 3rd weeks of gestation with 

significant weight increase mainly of 10-BPA and 20-BPA groups 

 
Week Day Weight/gm 

C-group 10-BPA group 20-BPA group 

1
st
 2 250 260 273 

4 255 263 277 

2nd 8 266 275 280 

10 270 282 293 

3rd 15 310 317 320 

17 317 322 327 

21 350 372 375 

 
Table 2. Mean systolic and diastolic blood pressure during the 1st, 2nd and 3rd weeks of 

gestation with a significant increase in 10-BPA and 20-BPA groups 

 
Week Day Blood pressure / mmhg 

C-group 10-BPA group 20-BPA group 

Systolic Diastolic Systolic Diastolic Systolic Diastolic 

1st 2 120 80 125 92 130 100 

4 122 83 128 95 135 102 

2
nd

 8 125 85 130 97 137 110 

10 127 87 132 98 140 113 

3
rd

 15 130 90 137 100 152 115 

17 132 93 140 102 160 117 

21 135 100 145 105 162 120 
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Fig. 5. A photomicrograph of heart section stained with Masson’s Trichrome, C-group showed 
no fibrosis (A) while 10-BPA and 20-BPA groups showed fibrosis of variant degrees (B, C) 

X1000 
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Table 3. Mean heart and liver specific mi-RNAs with significant elevation of expression in 10-
BPA and 20-BPA groups 

 
mi-RNA C-group 10-BPA group 20-BPA group 
13 1.1 1.2 1.53 
15 1 1.3 1.4 
17 1.2 1.5 1.7 
21 1 1.2 1.52 
122 1.7 2.1 2.3 

 
Our study reported histopathological changes in 
liver tissue in BPA related groups if compared to 
the control group, this was reported by another 
study [32] which added another dimension which 
is the liver functions, proven to be affected in the 
same study. This could be explained by miRNAs 
expression distortion which is reflected on the 
normal cellular functions. As for liver miRNA-122 
expression, it may be the underlying cause of 
functional and structural disruption which is 
proved in our study after miRNA-122 extraction 
[33]. Histopathological changes noticed in our 
study in liver in BPA groups is also emphasized 
by the fibrosis noticed in Masson’s Trichrome 
stained sections which comes to an agreement 
with [34,35] who reported that exposure to BPA 
may cause increased expression of interleukin-6 
which acts as a fibrosis marker found in study 
[36] rich in collagen-I. 
 
In our results, the muscle wall of the heart 
showed histopathological disturbance which 
comes in agreement with another study 
conducted on the heart tissue [37]. This suggest 
that BPA affects some cardiac specific miRNAs-
13, 15, 17, 21 and any affection of their 
expression may affect the heart histology and 
function as well. Similar findings were reported in 
another study with higher BPA concentrations 
[38], this can tell that heart development and 
functions could be affected at lower BPA 
concentrations as been used in our study. The 
heart tissue fibrosis noticed in our study comes in 
the same page with [39] who reported the 
importance of miRNAs 133,208 in cardiomyocyte 
development and myosin fibers contractility. 
Previously, a research paper [40] stated that 
miRNA208 is normally absent in healthy cardiac 
muscle cells and any increase in its expression 
may cause fibrosis to heart wall. 
 
Our study showed that there is a significant 
increase in the body weight of control rat which 
could be explained by the increased food intake, 
vascularity and fetal weight added. But this 
weight increase become more significant in BPA 
related groups. This comes in alignment with 

other studies [41]. This weight gain was 
explained by [42] by the adipogenesis activated 
by BPA. On contrary, other studies [43] reported 
that, there was no significant increase in weight 
in relation to BPA related groups if compared to 
control group. We explained this finding in 
relation to the BPA dosage used. 
 
The significant increase in systolic and diastolic 
blood pressure noticed in our study especially 
late in pregnancy comes in agreement with study 
[44] who reported a significant blood pressure 
increase not only in the third week like our own 
work, but also during the second week. This 
finding may be due to cardiovascular system 
involvement as been previously shown in our 
results and also reported oxidant and 
inflammatory state reported by [45]. 
 
Many research studies had been conducted to 
link the gene expression modifications and the 
development of cardiovascular diseases [46]. 
Others [47] has linked the BPA exposure and the 
development of mal-expression of different 
subtypes of miRNAs. In our study we 
emphasized at the heard development related 
miRNAs especially miRNAs-13, 15, 17, 21 which 
showed altered expression after in vivo BPA 
exposure. A research paper [48] added that 
miRNA-21 plays a critical role in insulin formation 
and glucose metabolism this may be related to 
the obesity observed in our study in BPA related 
groups. Others [49], relate miRNA-21 abnormal 
expression with many system disorders such as 
respiratory system, gastrointestinal system in 
addition to breast carcinoma [50]. 
 
The fibrosis noticed in the heart wall in our study 
may be explained by the increased expression 
on miRNA-208, same fact was reported by 
various research papers [51]. Not only miRNA-
208 which is fibrosis related but also miRNA-17 
shown in our results to have increased 
expression which was also reported by [52] to 
cause fibrosis in both cardiac and heart tissues. 
Distortion of expression of miRNA may affect not 
only the histological characteristics of the heart 
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but also the cardiac function, this comes in 
agreement with [53] who reported heart failure in 
relation to BPA exposure. 
 

5. CONCLUSIONS 
 

Needless to say, that BPA exposure became a 
worldwide problem in modern life. BPA exposure 
affect the mother, maternal health and the fetal 
life. Our data examined the impact of BPA 
exposure on different organs and their related 
miRNAs expression which showed a non-
neglectable effect especially on the placenta of 
the mother and fetal heart and liver. We suggest 
further investigations to understand the impact of 
BPA on a more cellular and molecular level 
which is affected on different organs functions 
later in life. Further regulation should be 
developed by Occupational Safety and Health 
Administration (OSHA) i to protect the public and 
plastic workers from the hazardous effect of BPA 
including hazardous warnings and information 
sharing. 
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