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ABSTRACT 
Bisphenol A (BPA) is a potentially hazardous substance and is extensively used in 

manufacturing industries as a plasticizing agent.  The current research intended to determine 

the revival actions of zinc (Zn) and folic acid (FA) on hematological parameters and 

hepatorenal function in BPA-exposed male albino mice. A total of 75 adult male mice, aged 25 

to 28 days, were split into 5 groups. Group A (control group) received a normal diet, while a 

daily dosage of 50 mg BPA/kg body weight (BW) in the diet was provided to groups B–E. 

Groups C, D, and E received daily supplementation of 10 mg Zn/kg BW, 3 mg FA/kg BW, or 

both in the feed. After 12 weeks of treatment, serum was prepared by collecting blood, and 

the kidney and liver were taken for a histotexture study. The results demonstrated that 

hematological values dropped significantly (p< 0.05) in the BPA-treated group and increased 

following Zn and FA supplementations, while no significant alterations in erythrocyte indices 

were observed among control and treated groups. The BPA group used to have significantly 

(p< 0.05) higher liver and kidney biomarkers levels, which were restored by Zn and FA. The 

effects of BPA administration included severe hepatocyte degeneration and necrosis, as well 

as renal tubule epithelium loss, all of which were improved by Zn and FA. Hence, the 

findings suggest that combination of Zn and FA could be potential preventative agents 

against BPA-induced toxicity. 

 

 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Bisphenol A (BPA) is an industrial chemical commonly used in manufacturing paper, 

food, consumer goods, beverage containers, and various industrial components [1]. 

Humans and animals are increasingly exposed to BPA because of leaching out of 

polymers and entering food and water bodies [2]. BPA is also reported in both solid as 

well as liquid forms of canned foods, with the solid fractions containing more than the 

liquid fractions [3]. Reduced hemoglobin concentrations are thought to be caused by 

decreased erythropoietin production due to BPA’s increased estrogenic activity or 

increased red blood cell destruction [4]. Acute BPA exposure significantly reduced 

hemoglobin content, red blood cell count, and PCV values [5]. Rats with oral BPA 

exposure for four weeks have considerably increased ALT and AST levels [6]. The 

hepatic system is a crucial organ for the breakdown of BPA detoxification. BPA induces 

hepatotoxicity, which results in hepatocyte death [7]. In the livers of rodents, mice, and 

humans, BPA has genotoxic action and damages DNA [8, 9]. In addition to its 

endocrine-disrupting effect, it has been shown that BPA causes cytokine disruption and 

oxidative stress in the liver and kidneys [10]. Moreover, patients with chronic renal 

illnesses have been found to have increased BPA plasma levels [11]. BPA-treated rats 

exhibit renal damage in the form of proteinuria, glomerular injuries, increased serum 

creatinine and decreased creatinine clearance, all of which are dose-dependent [12]. 
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After BPA therapy, it is discovered that the urine tubules of the kidney have changed in 

structure[13]. 

Zinc (Zn) is a necessary nutrient for many physiological roles in humans and animals 

[14]. Zn is especially significant in cellular function since it is found in various proteins, 

including metalloenzymes, structural proteins, and transcription factors [15]. Zn 

supplementation reduces blood parameters such as hemoglobin concentration and 

hematocrit value [16]. Zn protects animals from the acute and sub-acute toxicity of 

metallic elements, including cadmium, chromium, and mercury [17]. Furthermore, Zn 

supplementation prevents the aggregation of reactive oxygen species (ROS), which is 

one of the leading causes of liver damage [18]. The transcription factor family Zn finger 

and homeobox (ZHX) highly occurs in podocytes and cause glomerular disease [19]. Zn 

supplementation significantly improves hepatic and renal function parameters, as well 

as histological changes linked with enzymatic and non-enzymatic antioxidant defense 

systems in arsenic-intoxicated animals [20]. 

Folic acid (FA) supplementation may lower stroke risk in areas where FA is not 

fortified, especially in trials with low FA and vitamin B12 levels [21]. This vitamin is 

critical for various bodily functions, including nervous system health, crucial nutrients 

for hematological components, and cell growth [22]. Blood folate levels increase the 

incidence of fatty liver in humans [23], perhaps through positive control of glucose 

metabolism and insulin resistance, or by catalyzing fat metabolism. FA 

supplementation decreased hepatic lipid accumulation and inflammatory foci 

aggregation caused by high-fat diet feeding [24]. FA therapy benefits CKD patients the 

greatest, with a 56 and 44% reduction in the risk of CKD development and the eGFR 

rate, respectively. In contrast, in those without CKD, the renoprotective effect was 

negligible [25]. FA supplementation may help to prevent or ameliorate the deleterious 

effects of methomyl exposure on renal histology and function [26]. 

Even though there are several reports on the hazardous effects of BPA and their 

amelioration by different approaches, there is a lack of studies on alleviating BPA 

toxicity by combined therapy of Zn and FA. The current study examined both 

individual and combinational treatments of Zn and FA to assess their potential 

protective effects against BPA-induced oxidative damages. 

 

MATERIALS AND METHODS 

Ethical approval 

The Ethics Committee of Animal Welfare and Experimentation at Bangladesh 

Agricultural University authorized the trial. All mice were handled in accordance with 

the Animal Research Policy [Reference: AWEEC/BAU/2021(18)]. 

 

Animals and housing conditions 

In the current study, 3.5-4 weeks aged 75 male mice weighing 25 ± 1.92 gm were 

utilized. The animals were housed in a compartmentalized square wooden cage 

wrapped with wire mesh under controlled conditions of temperature (26-30)°C and 

relative humidity of 70-80% with natural day light at the Department of Physiology, 

Bangladesh Agricultural University, Mymensingh 2202. All of the mice were provided 

with sufficient food and water. 
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Experimental approach  

The experimental mice were randomly split into five groups (n = 15). Group A (control) 

was orally fed with normal mice pellets that are composed of all-natural powdered 

corn cob cellulose, while the treated groups were designed as follows: Group B (50 mg 

BPA/kg BW); Group C (50 mg BPA/kg BW+10 mg zinc sulfate/kg BW); Group D (50 mg 

BPA/kg BW+3 mg FA/kg BW); and Group E (50 mg BPA/kg BW+10 mg zinc sulfate/kg 

BW+3 mg FA/kg BW). All groups were fed orally-supplemented diets daily, and the 

trial continued for 12 weeks [27]. BPA was bought from SIGMA Company, Germany. 

Zinc and folic acid were collected from SQUARE company, Bangladesh. 

 

Collection of blood  

At the end of the trial, blood was taken by sacrificing the mice. Before blood collection, 

the mice were fasted the whole night and, followed by, kept one by one in an airtight 

desiccator containing diethyl ether. Meanwhile, they were inspected to see whether or 

not they were awake. After complete euthanization, about 1-1.5 ml of blood sample was 

directly collected from the heart using a sterile syringe from each mouse of a group. 

 

Serum collection 

Blood was taken directly from each mouse’s heart in Eppendorf tubes and allowed to 

clot. the serum was isolated from the clot, then centrifuged, and the collected clear 

serum samples which were stored at -20 °C to assess selected serum hepatorenal 

biomarkers. 

 

Analysis of hematological parameters 

The standard method suggested by Ghai [28] was used to measure the total erythrocyte 

count (TEC), hemoglobin concentration (Hb conc.), packed cell volume (PCV), mean 

corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration 

(Haematocrit), and mean corpuscular volume (MCV). These parameters were 

determined at the Department of Physiology, Bangladesh Agricultural University, 

Mymensingh. 

 

Biochemical parameters 

The collected serum was utilized for biochemical examination to analyze serum alanine 

aminotransferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

creatinine, and total protein (TP) using a radioimmunoassay kit (Berthold, Germany). 

 

Histotexture study 

The liver and kidney samples were collected carefully and kept in 10% neutral buffered 

formalin for further histological analysis. The well-fixed tissue samples were processed 

to make paraffin block, precisely sectioned, and stained with hematoxylin and eosin 

(H&E) according to standard protocol [29] in collaboration with the Department of 

Pathology at Bangladesh Agricultural University. An Olympus photomicroscope 

(CX43) was used to analyze the stained slides. 
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Statistical analysis 

All of the data were input and saved in Microsoft Excel 2019 (Microsoft, USA). Then, 

data were imported into GraphPad Prism v5.0 (GraphPad Software Inc., USA) for 

analysis utilizing a one-way analysis of variance (ANOVA) with a Bonferroni multiple 

comparison test. A P-value of ≤ 0.05 was considered statistically significant. 

 

RESULT 

Effect of Zn and FA combination on hematological parameters 

The blood parameters revealed that TEC, Hb conc., and PCV significantly (p≤ 0.05) 

decreased after BPA treatment (Figure 1). All these parameters were also reduced in the 

individually Zn-supplemented group, whereas individual FA supplementation 

elevated each of them. However, combinational supplementation of Zn and FA 

markedly increased (p≤ 0.05) TEC (Figure 1a), Hb conc. (Figure 1b) and PCV (Figure 1c) 

in comparison to the control mice. There were no significant alterations in MCV (Figure 

1d), MCH (Figure 1e) and MCHC (Figure 1f) values in the treated groups compared to 

the control group. 

 

Figure 1. Effects of Zn and FA supplementation on hematological parameters in BPA-exposed male mice. 

Mice were kept untreated (Group A) or treated with BPA (Group B), Zn (Group C), FA (Group D) or both Zn 

and FA (Group E) and the values of (a) TEC, (b) Hb, (c) PCV, (d) MCV, (e) MCH and (f) MCHC were 

measured. Data indicate mean ± SEM of 3 replicates. Each replicate contains pooled blood of five mice (n=5). 

One-way ANOVA with Bonferroni multiple comparison tests was performed. Here, ***=Statistically 

significant at 0.1% level (p≤ 0.001), **=Statistically significant at 1% level (p≤ 0.01), *= Statistically significant at 

5% level (p ≤0.05).  
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Effects of Zn and FA combination on liver functions 

In the present study, BPA exposure significantly (p ≤ 0.05) elevated the level of three 

liver enzymes (ALT, ALP, and AST) compared to the control group (Figure 2). 

Individual supplementation of Zn and FA reduced (p ≤ 0.05) the AST (Figure 2a), ALT 

(Figure 2b) and ALP (Figure 2c) levels. However, compared to the control group, a 

significant (p ≤ 0.05) upregulation of all three liver enzyme levels was recorded in the 

BPA-treated group receiving combined supplementations of Zn and FA. 

 

Figure 2. Effects of Zn and FA supplementation on liver function biomarkers of BPA-exposed mice. Mice 

were kept untreated (Group A) or treated with BPA (Group B), Zn (Group C), FA (Group D) or both Zn and 

FA (Group E) and the values of (a) AST (b) ALT and (c) ALP were measured. Data indicate mean ± SEM of 3 

replicates. Each replicate contains pooled sera of five mice (n=5).  One-way ANOVA with Bonferroni multiple 

comparison tests was performed. Here, ***=Statistically significant at 0.1% level (p≤ 0.001), **=Statistically 

significant at 1% level (p≤ 0.01), *= Statistically significant at 5% level (p≤ 0.05).  

 

Effects of Zn and FA combination on liver injury  

The liver of the BPA-treated mice showed severe degenerative and necrotic changes of 

hepatocytes (Figure 3b) compared to the control mice (Figure 3a). In contrast, 

individual supplementations of Zn, FA, or combinational supplementation of Zn and 

FA normalized the histoarchitecture of the liver (Figure 3c-e). 

 

Figure 3. Effects of Zn and FA supplementation on histoarchitecture of liver of BPA-exposed mice. (a) Section of liver 

of control mice (Group A) showing normal architecture. (b) Section of liver of BPA-exposed mice (Group B) showing 

severe degenerative and necrotic changes (DNC) of hepatocytes. Sections of the liver of mice fed with (c) Zn (Group 
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C), (d) FA (Group D) and (e) both Zn and FA (Group E) show preservation of normal architecture of the hepatocytes 

in the liver. Haematoxylin and eosin stain, bar = 50 µm indicate magnification.  

 

Effects of Zn and FA combination on kidney function 

Serum creatinine (SCr) and total protein (TP) were analyzed in five groups of mice. An 

elevation of SCr and TP indicates kidney injury. In the current research, BPA exposure 

led to an increment in the level of SCr as well as TP compared to the control group (p≤ 

0.05) (Figure 4). Individual supplementation of Zn and FA reduced (p≤ 0.05) the level of 

SCr (Figure 4a) and TP (Figure 4c) comparable to the control mice. However, a 

significant upregulation (p ≤ 0.05) of SCr and TP levels was observed in BPA-treated 

mice receiving combined supplementations of Zn and FA. 

 
Figure 4. Effects of Zn and FA supplementation on kidney function biomarkers of BPA-exposed mice. Mice were 

kept untreated (Group A) or treated with BPA (Group B), Zn (Group C), FA (Group D) or both Zn and FA (Group E) 

and the values of (a) serum creatinine and (b) Total protein (TP) were measured. Data indicate mean ± SEM of 3 

replicates. Each replicate contains pooled sera of five mice (n=5).  One-way ANOVA with Bonferroni multiple-

comparison tests was performed. Here, ***=Statistically significant at 0.1% level (p≤ 0.001), **=Statistically significant 

at 1% level (p≤ 0.01), *= Statistically significant at 5% level (p≤ 0.05). 

 

Effects of Zn and FA combination on kidney injury  

Kidney of the BPA-treated mice revealed severe loss of lining epithelium of renal 

tubule (Figure 5b) compared to the control grouped mice (Figure 5a). However, 

individual supplementations of Zn, FA, or the combinational supplementation of Zn 

and FA restored the histoarchitectures of the kidney (Figure 5c-e).  
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Figure 5. Effects of Zn and FA supplementation on histoarchitecture of kidney of BPA-exposed mice. (a) Section of 

kidney of control mice (Group A) showing normal architecture. (b) Section of kidney of BPA-exposed mice (Group B) 

showing severe loss of lining epithelium (LLE) of the renal tubule. Sections of the kidney of mice fed with (c) Zn 

(Group C), (d) FA (Group D), and (e) both Zn and FA (Group E), show the preservation of the normal architecture of 

the kidney. Haematoxylin and eosin stain, bar = 50 µm indicate magnification. 

 

DISCUSSION  

In the cases of hematological parameters, the current study resulted that BPA exposure 

markedly lowered TEC, Hb concentration, and PCV, whereas Zn and FA 

supplementation increased TEC, Hb concentration, and PCV in BPA-exposed mice. 

However, no significant differences between the control and treatment groups were 

observed in MCV, MCH, or MCHC values. The results of BPA toxicity are aligned with 

several previous reports. Yamasaki and Okuda [30] discovered that BPA reduced RBC 

count, Hb concentration, and PCV in males but not MCV. BPA may reduce hemoglobin 

synthesis or RBC lysis, or it may change the structure of hemoglobin, affecting its 

physiological functions [31, 32]. In addition, BPA causes abnormal bone growth, 

decreased bone marrow mesenchymal stem cell survival, and osteogenic differentiation. 

These effects lead to insufficient RBC production [33]. However, the protective actions 

of Zn and FA might be explained by their vital role in the biosynthesis and regulations 

of hematological parameters. According to Kilic et al. [34], Zn, which is involved in 

many enzymatic processes, is also crucial for developing and synthesizing erythrocytes. 

Similarly, Folic acid is inevitable in developing blood cells [35]. Therefore, the necessity 

of Zn and FA for blood cell growth, development, and maturation, allows them to 

protect against hematobiochemical changes due to BPA exposure.  

In this study, BPA exposure led to elevated activity of liver enzymes in mice with 

severe degenerative and necrotic hepatocyte changes, which were restored with Zn and 

FA supplements. A high ALT level was found in rats exposed to BPA for a reasonable 

period [36]. It is also reported that BPA exposure at both low and high concentrations 

can change liver enzyme profiles and cause hepatic damage [37]. In addition, BPA 

causes DNA damage in both human and rat hepatocytes [9]. According to Periasamy et 

al. [38], BPA exposure produces cellular infiltration, enlarges cytoplasmic vacuoles and 

hepatic sinusoids, and upregulates Kupffer cell number. Exposure to BPA also 

encourages oxidative damage [39]. In contrast, high doses of Zn are suggested to treat 

xenobiotic hepatotoxicity [40]. The antioxidant properties of Zn enable it to inhibit 

redox-active transition metals such as iron and copper and protect protein sulfhydryl 
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groups from oxidative degradation [41]. Similarly, Folic acid has a sizable capacity to 

quench reactive oxygen radicals, protecting against oxidative damage [42].  

Our research showed that exposing mice to BPA significantly increased serum 

creatinine and TP levels, indicating impaired renal function. Moreover, renal tubule 

lining epithelium loss in BPA-treated mice was significantly reduced, but it was 

reversible with Zn and FA supplements. BPA has a nephrotoxic impact because of the 

hazardous metabolite accumulation and the renal disability to expel them [43]. 

According to Asahi et al. [44], BPA encourages rough endoplasmic degradation and 

mitochondrial malfunction, which are crucial for the protein pathway. Serum Zn 

deficiency in diabetic patients exacerbates inflammatory processes, which, coupled 

with diabetes, produce and encourage kidney fibrosis. Zn possesses anti-inflammatory, 

anti-oxidative, and anti-fibrotic properties in diabetes [45]. Zn is vital in avoiding 

oxidative stress, apoptosis, and necrosis caused by toxicants, significantly reducing 

toxic damage to both liver and renal tissues with Zn supplementation [46]. Folic acid 

may protect against the detrimental effects of electromagnetic radiation exposure 

regarding the total glomeruli number [47]. But the actual synergistic effects of zinc and 

folic acid are unknown. Future studies will be needed to clarify the possible synergistic 

mechanisms of zinc and folic acid on BPA toxicities. 

 

CONCLUSION 

With the increasing exposure to BPA-like hazardous compounds, the strategies for 

mitigating their detrimental health effects are crucial. The investigation revealed that 

combination of Zn and FA supplementation significantly lowered the hazardous 

outcomes of BPA exposure on hematological parameters and the histostructure of the 

liver and kidney of male albino mice (Figure 6). Henceforth, the results suggest that Zn 

and FA supplementation could be a fruitful way to prevent or ameliorate toxicities 

caused by BPA. However, more thorough investigations are required to elucidate the 

protective mechanisms of Zn and FA supplementations against toxicity by BPA-like 

hazardous materials. 

 

Figure 6. Schematic diagram is showing the effects of Zn and FA supplementation on hematological 

parameters and hepatorenal functions in BPA-exposed mice. Mice exposed to BPA were kept untreated 

(control) or treated with Zn, FA or both Zn and FA. 
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