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ABSTRACT 

Background: The organic composite of two phenolic neighbors [BPA] is Bisphenol A [BPA]. It is also commonly called propane 
2,2 bis[4-hydroxyphenyl]. BPA is a voluminous industrial chemical used to manufacture epoxy resins and plastics. 

 Aim of the work: Evaluation of the effect of oral Bisphenol A on the liver and kidney of adult male albino rats. 

 Materials and Methods: Forty adult male albino rats [local strain] were divided into four groups [each 10 rats]. First is the 
control group, second is the low does BPA, third is moderate does BPA, and four is the high does BPA. The 
duration of exposure extended to 30 days. Then, blood samples have been collected for the measurement of 
serum aspartate aminotransferase [AST], serum alanine aminotransferase [ALT], blood urea, serum creatinine, 
superoxide dismutase [SOD], catalase, and glutathione. Also, hepatic and renal tissue samples were prepared 
for histopathological study. 

Results: Oral administration of BPA in a dose of 50, 100, and 150 Mg/kg/day for 30 days led to a significant increase in the 
blood levels of ALT, AST, urea, and creatinine associated with a significant reduction in the blood levels of 
superoxide dismutase, Glutathione peroxidase, and catalase. There were few vacuolations of hepatocytes and 
congested blood vessels of the liver that were associated with changes in the kidney [narrow cortex, dilated 
tubules, and hypercellular glomeruli].  

Conclusion: Bisphenol A oral exposure for 30 consecutive days is associated with several changes in biochemical parameters 
that indicate liver and kidney injury.  
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INTRODUCTION 

The widely used industrial chemical is bisphenol 
A [BPA], 2,2-bis [4-Hydroxyphenyl] propane. It 
produces about 2-3 million tons a year and is one of 
the main monomers used for polymerization 
reactions in plastic manufacturing. BPA is used for 
certain dental insulating products, carbonless 
receipt paper, digital media [compact discs [CDs], 
and digital versatile discs [DVDs]][1]. BPA is used in 
baby bottles, water bottles, and food containers[2]. 
Previous studies reported that BPA was 
measurable in the dust, air particles, and water, 
making exposure widespread. BPA is used to 
manufacture epoxy and polycarbonate resins[3].  

Inflammation and oxidative stress are closely 
related to liver fibrosis, which is the main contributor 
to hepatic failure[4]. Small amounts of BPA can be 
leached from the polymer containers or metallic 
resins that line the metal cans to the stored food and 
water, especially at high temperatures [such as 
during sterilization cycles]. This is why the diet of 
contaminated food and tainted beer water is the 
biggest BPA susceptibility source [5]. For starters, 
reusable baby bottles, food packaging materials, 
canned vegetable liquid, and dental dentures[4]. 
BPA administration has contributed to liver fibrosis, 
which indicates a rise in serum hepatic enzymes, 
liver hydroxyproline content, and histopathological 
changes in particularly increased deposition of 
collagen fibers through the portal tract [5].  

It is not easy to study bisphenol-A effects on 
human individuals, especially with different doses. 
In addition, it is not well-known the association 
between Laboratory and histopathological changes 
in either liver or kidney. The renal effects of the 
exposure to bisphenol A did not well addressed 
previously.     

AIM OF THE WORK 

This study aimed to show the effect of various 
doses of bisphenol-A on adult male albino rats' liver 
and kidney. 

MATERIALS AND METHODS 

Animals and experimental design: 

This study was conducted on 40 local strain 
adult male rats, attained from the Nile 
Pharmaceuticals Company, Cairo, Egypt. These 
rats weigh 90-120g. The animals have housed in 

the animal lab of The Faculty of Medicine [Al-Azhar 
University] [5 rats in each cage, with the following 
dimensions: 80 x 40 x 20 cm according to the 
Guidelines for Use and Carriage of Laboratory 
Animals]. The animals were provided with good 
temperature, ventilation, humidity, and normal 
dark/light exposure and fed on chow dietary diets 
during the whole time of the study [30 days].  

Rats were divided into four groups [each 
contains 10 rats]: Group I [Control group]: Rats of 
this group take olive oil orally 0.5 ml for 30 days. 
Group II [Low does BPA]: Rats of this group given 
Bisphenol A [BPA] dissolved in olive oil orally at a 
dose of 50 Mg/kg/day for 30 days. Group III 
[Moderate does BPA]: Rats of this group given 
BPA dissolved in olive oil orally at a dose of 100 
Mg/kg/day for 30 days. Group IV [High does BPA]: 
Rats of this group given BPA dissolved in olive oil 
orally at a dose of 150 Mg/kg/day for 30 days. 

Bisphenol A [BPA]: Purchased from [Sigma 
Pharmaceuticals Company]. Ethyl Ether [Analar, 
Nile Pharmaceutical]: For anesthesia. 

Blood and tissue collection: All rats were 
anesthetized by placing in a closed aesthetical box 
filled with ether vapor at the close of the 
experimental time. By adding fluid ether frequently 
to a cotton wool ball on the box's base, ether vapor 
was preserved. The blood was drained by a 
heparinized capillary tube from the retro-orbital 
plexus. Blood was left to coagulate and centrifuged 
for 10 minutes at a pace of 3000 to get the serum. 
Serum has been drawn into Eppendorf tubes and 
stored frozen at -20ºC[6] until determination of 
aspartate aminotransferase [AST] and alanine 
aminotransferase [ALT][7], urea[8], creatinine[9], 
superoxide dismutase [SOD][10], catalase[10] and 
glutathione peroxidase[11]. The liver and kidney 
have been excised and stored in 10% formalin 
solution for histopathological analysis. Tissue 
samples were made of paraffin tubes; different 
sections were collected, hematoxylin and eosin [Hx 
and E] stains were stained, and light microscopic 
examination had been performed at the pathology 
department [Damietta Faculty of Medicine, Al-Azhar 
University].  

Statistical analysis: The input and analysis of 
data were carried out with the computer program 
the Statistical Package for Social Science [SPSS], 
version 22 [IBM®SPSS® Inc., Chicago, USA]. All 
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findings have been shown as a mean ± standard 
deviation. Mean values for the various groups have 
been compared using a one-way analysis of 
variance. The post hoc analysis was used to 
determine significantly different mean values for the 
least significant difference [LSD]. P<0.05 indicate a 
significant difference 

RESULTS 

Results from current work showed a significant 
increase in the mean ALT, AST, urea, creatinine 
levels in Groups II, III, and IV compared to the 
control group. In addition, a higher dose of 
bisphenol A is associated with a significant 
reduction in the average values of SOD, GPX, and 
catalase levels compared with the control group 
[Table 1]. 

The mean values of ALT, AST, and Creatinine in 
Group III, Group IV, was significantly improved in 
the dose of 100 and 150 Mg/ kg/ day for 30 days 
and the mean value of urea associated with an 

insignificant reduction in addition to a significant 
reduction in the mean value of SOD, GPX and 
catalases compared with group II [Table 2 & 3]. 

Histopathological examination of liver and renal 
tissues are presented in figures [1 through 8]. 
Briefly, changes observed in examined sections 
were dose-dependent [i.e., with increasing dose, 
the alterations were increased and progressed to a 
more advanced stage. At a dose of 50 Mg/kg/day 
for 30 days, liver tissues showed few hepatocyte 
vacuolations and congestion of blood vessels. At 
100 Mg/kg/day for 30 days, the hepatocyte 
vacuolations become moderate, marked with 
significant congestion with a dose of 150mg/kg/day 
for 30 consecutive days. Besides, renal changes 
were in the form of mild narrowing of the cortex, with 
mildly dilated tubules and mild glomerular 
hypercellularity at the dose of 50mg. These 
changes were moderate and then marked as the 
doses of 100 and 150mg, respectively.   

 

Table [1]: Comparison between group I and studied groups [Mean ± SD]. 

 Group I Group II Group III Group IV 

ALT[U/L] 31.2±2.25 46.7±1.6* 57.1±2.33* 65.6±2.7* 

AST[U/L] 27.9±1.19 40.6±3.13* 54.2±2.8* 61.8±1.47* 

Urea[mg/dl] 26.5±1.77 54.0±4.99* 55.7±2.11* 57.2±2.57* 

Creatinin [mg/dl] 0.51±0.01 0.55±0.02* 0.58±0.01* 0.71±0.05* 

SOD[mg/dl] 70.7±2.01 55.2±2.39* 41.6±1.5* 40.0±1.83* 

GPX[mg/dl] 21.8±1.34 18.9±0.99* 14.5±0.85* 12.6±0.96* 

CAT[mg/dl] 63.6±2.46 53.2±2.65* 45.1±1.9* 39.1±4.04* 
* indicate significance compared to group I. 

Table [2]: Comparison between group II and other studied groups 

 Group II Group III Group IV 

ALT[U/L] 46.7±1.6 57.1±2.33* 65.6±2.7* 

AST[U/L] 40.6±3.13 54.2±2.8* 61.8±1.47* 

Urea[mg/dl] 54.0±4.99 55.7±2.11 57.2±2.57 

Creatinine [mg/d] 0.55±0.02 0.58±0.01* 0.71±0.05* 

SOD[mg/d] 55.2±2.39 41.6±1.5* 40.0±1.83* 

GPX[mg/d] 18.9±0.99 14.5±0.85* 12.6±0.96* 

CAT[mg/d] 53.2±2.65 45.1±1.9* 39.1±4.04* 
* indicate significance compared to group II. 

Table [3]: Comparison between group III and group IV. 

 Group III Group IV 

ALT[U/L] 57.1±2.33 65.6±2.7 

AST[U/L] 54.2±2.8 61.8±1.47 

Urea[mg/dl] 55.7±2.11 57.2±2.57 

Creatinine [mg/d] 0.58±0.01 0.71±0.05 

SOD[mg/d] 41.6±1.5 40.0±1.83 

GPX[mg/d] 14.5±0.85 12.6±0.96 

CAT[mg/d] 45.1±1.9 39.1±4.04 
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Figure [1]: Section of the liver in normal rats received olive oil 
orally for 30 days showed swollen hepatocytes and some vacuoles 
within hepatocytes [H&E x 400]. 

 
Figure [2]: Section in the liver in rats received Bisphenol A [BPA] 
dissolved in olive oil orally at a dose of 50 mg/kg/day for 30 days showed 
few vacuolations of hepatocytes and congested blood vessels [H&E x 
400] 

 
Figure [3]: Section of the liver in rats received Bisphenol A [BPA] 
dissolved in olive oil orally at a dose of 100 mg/kg/day for 30 days 
showed moderate vacuolation of hepatocytes [H&E x 400]. 

 
Figure [4]: Section of the liver in rats received Bisphenol A dissolved in 
olive oil orally at a dose of 150 mg/kg/day for 30 days shows marked 
vacuolations of hepatocytes and congested blood vessels [H&E x 400] 

 
Figure [5]: Section in the kidney of rats received olive oil orally for 
30 days showed normal cortex [A], normal tubules [B], and normal 
glomeruli [C] [H&E ×100]. 

 
Figure [6]: A photomicrograph of a section in the kidney of rats received 
Bisphenol A [BPA] dissolved in olive oil orally at a dose of 50 mg/kg/day 
for 30 days showed mild narrow cortex [A], mildly dilated tubules [B] and 
mild hypercellular glomeruli [C] [H&Ex 100]. 

 
Figure [7]: A photomicrograph of a section in the kidney of rats 
received Bisphenol A [BPA] dissolved in olive oil orally at a dose 
of 100 mg/kg/day for 30 days showed moderate narrow cortex [A], 
mildly dilated tubules [B] and moderate hypercellular glomeruli [C] 
[H&E x 400]. 

 
Figure [8]: A photomicrograph of a section in the kidney of rats received 
Bisphenol A [BPA] dissolved in olive oil orally at a dose of 150 mg/kg/day 
for 30 days showed marked narrow cortex [A], marked dilated tubules [B] 
and marked hypercellular glomeruli [C]  [H&E x 400]. 
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DISCUSSION 

The current work results revealed a significant 
increase of liver enzymes and histological changes 
of hepatocytes with exposure to bisphenol A 
compared to the non-exposed group. Besides, 
oxidative stress was marked in exposed groups, 
which could be the mechanism of toxic effects 
exerted by bisphenol-A.   

Liver enzymes are usually elevated with liver 
diseases and are the most reliable hepatocellular 
injury or necrosis markers. ALT is considered more 
specific to liver injury, as it is found in low 
concentrations, mostly in the liver's cytosol [12].  

These enzymes are released into the blood if the 
liver hepatocytes are damaged, and the significant 
increase in AST and ALT levels indicates damage 
to cytosol and mitochondria[13]. 

In line with the current work, Poormoosavi et 
al.[14] noticed that the increase in AST and ALT 
activity due to BPA administration. The cellular 
leakage is associated with high levels of these 
indicators.  

By increasing oxidative stress in the liver, BPA 
could cause hepatic damage and mitochondrial 
disorders[15]. The present study was compatible with 
the results of Neha et al.[16] who reported a 
significant increase in AST and ALT levels in mice 
treated with BPA [50 mg/kg] for 30 days.  

The study of Walaa et al.[17] revealed a 
significant increase in serum ALT and AST group 
treated with BPA compared to control groups.  

Eweda et al.[18] showed comparable results due 
to increased hepatic damage and reduced cell 
membrane integrity, leading to leakage of hepatic 
cytoplasmic enzymes[19]. Further studies have 
shown that BPA exposure to high and low-dose 
leads to genomic damage and changes in liver 
enzyme levels [20-21]. 

Renal function in the current work revealed that 
the oral administration of bisphenol A [BPA] in rats 
resulted in a significant increase in urea and 
creatinine's mean value. These results agree with 
Pal et al.[22] who observed that the serum creatinine 
values were significantly increased. The increased 
serum creatinine levels may be caused by a 
reduced kidney ability to eliminate toxic metabolites. 

Sangai et al.[23] and Ezeonu et al.[24] have reported 
a significant increase in creatinine level and the 
effect was dose-dependent. You et al. [25] have 
reported a significant increase in urinary creatinine 
excretion. Murmu and Shrivastava[26] reported 
that bis-phenol-A increased the creatinine level 
after 15, 30, and 60 days of administration in 
freshwater fish [Cirrhinusmrigala] as compared to 
control.  

The nephrotoxic effects are explained by the 
accumulation of BPA-toxic metabolites and kidney 
failure[23].  

Several toxic substances that induce 
nephrotoxicity may alter the glomerular basement 
membrane and affect the glomerular filtration rate 
[27].  

The high urea and creatinine levels in BPA have 
been recorded by Morgan et al.[28]. BPA toxic 
metabolites were accumulated, and the renal 
capacity for these toxic agents' excretion was 
reduced [29]. 

The current study revealed a significant 
reduction of SOD, GPX, and CAT with oral 
administration of BPA. These results are in line with 
the study of Hassan et al.[30] who found a significant 
reduction of  hepatic glutathione [GSH] and 
glutathione peroxidase [GSHPX] levels with BPA-
treatment [25 mg / kg / day] for 30 days. This 
imbalance caused oxidative stress and leads to 
organ damage. These results indicate that the 
oxidative stress mechanism could mediate liver and 
renal damage caused by BPA.  

In hemodialysis patients with polysulfone 
dialyzers containing BPA, relations between high 
serum BPA levels and increased oxidative stress 
markers were also reported[31].  

The interaction of lipid, protein, and DNA 
molecules with ROS reduces the damage caused 
by antioxidants. No matter what the antioxidant 
system is, several clinical disorders may result from 
over or unbalanced ROS production utilizing 
chemicals. By distributing the redox status in cells, 
BPA can cause oxidative stress[32].  

Oxidative stress constitutes an imbalance 
between reactive oxygen species production and 
antioxidant protection, which results in oxidative 
damage[33]. Kobroob et al.[34] demonstrated that 
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exposure to BPA reduces the antioxidant GSH. This 
disruption led to renal oxidative stress and renal 
damage.  

The dose of 50, 100, and 150 mg/kg oral BPA in 
rats for five weeks exhibited renal mitochondrial 
dysfunction by increasing mitochondrial ROS, 
reduced potential of the mitochondrial membrane, 
and induction of mitochondrial swelling. With the 
increased BPA dose, the magnitude of these 
changes was increased. Most importantly, when 
BPA was applied directly to the isolated 
mitochondria, a dose-dependency reduction in 
mitochondrial function was reported. BPA can 
directly act to worsen the kidney mitochondria' 
function[35]. In the liver sections, bisphenol-A oral 
administration was associated with hepatocyte 
vacuolations and blood vessel congestion. There 
was dilatation of blood sinusoids and slight blood 
engorgement in the kidney. Poormoosavi et al.[14] 
showed that the use of BPA led to necrotic changes 
in central veins, congested and dilated hepatocytes, 
increased proliferation of Kupffer cells, lymphocytic 
infiltration, and mild inflammatory regions. 

Apoptosis and cell damage can be explained by 
the capacity of BPA to induce Adenylate Kinase 
activations, tumor necrosis alpha [TNF]-alpha gene 
expression, Ca+2 homeostasis dysregulation, and 
ROS production[36].   

Wei et al.[37] asserted that during the in vitro 
studies, when isolated mitochondria in neonatal rats 
were treated with BPA at a temperature of 30°C for 
55 minutes, there was induced mitochondrial 
swelling, alteration of mitochondrial ultra-structure, 
due to transition to permeability, and released 
proteins that lead to the activation of apoptosis 

The renal histopathology of our study is in line 
with Walaa et al.[17] who revealed that atrophy of 
renal corpuscles with retraction of the glomerular 
tuft, widening of urinary spaces, degenerative renal 
tubules changes, and mononuclear cell infiltration. 
The ability of BPA to produce ROS can explain this 
and can therefore lead to injuries of mitochondria 
that play a major role in apoptosis[38].  

Olea-Herreroet et al.[39] found that, for 5 weeks 
at a dose of 50 mg/Kg, intraperitoneal bisphenol A 
injections induced enlargement of the cytoplasm 
and foot processes of podocytes and enhanced the 
presence of condensed chromatin. Walaa et al.[17] 

revealed that BPA exposure is associated with 
induced thickening of Bowman's capsule's 
basement membrane’s capsule confirmed by 
strong Periodic acid Schiff [PAS] stain.  

Several toxic substances induced nephron-
toxicity may alter the glomerular basement 
membrane and affect the glomerular filtration[27]. 

In short, adult male rats' exposure to BPA 
causes oxidative stress in the liver. Hepatotoxicity 
and nephrotoxicity were caused by BPA through 
oxidant/antioxidant imbalance and demonstrated by 
biochemical & histopathological modifications. 
Thus, exposure to BPA must be avoided. More 
studies are still needed to demonstrate BPA 
exposure and clarify the relationship between BPA 
toxicity on the kidney and liver. 
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