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Abstract: Background: The present study was conducted to assess the adverse effects of Bisphenol-A (BPA) on renal functions and 

to evaluate the potential mitigating impacts of fresh garlic extract. Methodology: A total of 50 albino mice were housed in control 

conditions within the animal house. These animals were orally administrated BPA and fresh garlic extract for duration of 28 days. 

Subsequently, the mice were categorized into five groups: Control (G-I), Vehicle control (G-II), BPA treated (G-III), Antidote treated (G-

IV) and Fresh garlic extract treated (G-V), each consisting of 10 individuals (n=10). Following the 28-day exposure period, all mice were 

humanely euthanized, and their kidneys were subjective to comprehensive analysis to diagnose the effects of both BPA and fresh garlic 

extract. Results: Renal function tests were conducted to find the toxicological implications of BPA, while Ferric Reducing Antioxidant 

Power (FRAP) and Total Phenolic Contents (TPC) assays were used to evaluate the potential ameliorative effect of fresh garlic extract. 

Additionally, his to-pathological assessments performed to scrutinize the structure integrity of the kidneys. This research revealed that 

BPA-induced toxicity, resulting in alleviation level of urea and creatinine. Conversely mice treated with fresh garlic extract exhibited 

divergent response. Notably the fresh garlic extract effectively mitigated the effect of BPA leading to a restoration of normal kidney 

structure and functionally. Conclusions: The current findings under-score, the potential therapeutic utility of fresh garlic extract in 

ameliorating BPA-induced renal toxicity. 
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Introduction 

The garlic (Allium sativum, Liliaceae) is a widely utilized 

spice and medicinal herb, found not only in Central Asia and 

north-eastern Iran but also across the globe. It boasts a diverse 

array of chemical compounds including allicin, alliin, S-allyl 

cysteines, thiacremonone, diallyl-disulfide, and diallyl sulphide, 

all of which are found in abundant quantities. This botanical and 

its constituents offer a range of advantages encompassing free 

radical scavenging, anti-inflammatory anti-cholesterolemic, anti-

gastric ulcer, anti-microbial, anti-cancer and antioxidant 

properties [27. 10, 34]. It has been substantiated in numerous 

studies for its prominent impact on cardiovascular risk factors 

such as dyslipidemia, high blood pressures and blood sugar 

levels. Furthermore, it enhances fibrinolytic activity inhibits 

platelet aggressions and exert antioxidant effects. Additionally, 

allium family demonstrates protective effects during pregnancy, 

potential attributed to the inhibition of lipid synthesis-related 

enzymes, prevention of lipid peroxidation, and reduction of LDL 

oxidation through superoxide scavenging and elevation of 

antioxidant levels [7, 2]. BPA a primary component of epoxy 

resins used in lining of food and beverages containers and in 

polycarbonate, plastic for food and beverage storage is widely 

produced. Research has demonstrated that BPA can leach-out 

from these products while using them, indicating constant threat. 

Given its widespread use in various daily items. Given its 

widespread use in everyday items, It is not surprising that BPA 

have been detected in most individuals tested. Extensive studies 
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on laboratories animals have highlighted the detrimental effects 

of BPA on reproductive, neurological and metabolic functions 

[11, 16]. More-over exposure to high intensity of BPA through the 

skin has been demonstrated to substantially impact human’s 

kidney, livers, reproductive systems and other vital organs [22]. 

Multiple investigations have been documented oxidative damage 

in rodents exposed to BPA [19, 30, 6]. This includes BPA 

induced damage in the tissues of brain, kidney, liver and other 

organs by generating reactive oxygen species (ROS) [9, 26]. 

Thereby elevating lipid peroxidation and diminishing the activity 

of antioxidant enzymes, ultimately leading to oxidative stress [29, 

4, 14].  

Main objective of the current study garlic extract is 

harnessed as a natural antioxidant against BPA and use renal 

toxicity while a multitude of medications are utilized globally to 

mitigate BPA toxicity, they frequently exhibit lower efficacy in 

recovery and may be associated with health effects.  

Material Methods 

Chemicals: The chemicals utilized in this study adhere to 

international standards BPA was sourced from reputable 

supplier namely Duskan (USA) and Sigma Aldrich (Australia). 

Additionally, ethanol, formic acid and methanol were used to 

extract polyphenols. The antioxidant assay employed Sodium 

Carbonate, Sodium Acetate, Gallic Acid, Aluminium Chloride, 

Sulphuric acid Ascorbic acid, 2, 4, 6-tripyridyl-s-triazine (TPTZ), 

Gallic acid and ferric acid.  
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Animal husbandry: Fifty adult male albino mice were 

obtained from the esteemed university of veterinary and animal 

sciences UVAS Lahore Pakistan. Upon procurement, they were 

transported to the Institute of Zoology, University of the Punjab, 

Lahore, where they were acclimatized under standard 

conditions. The mice were maintained on a 12-hourslight/dark 

cycle at a temperature of 25° C. All the procedures were adhered 

to the NIH publication “Guide for Care and Use of Laboratory 

Animals” (NRC 2004) and followed the guidelines set by the 

University’s local bioethical committee on animal 

experimentation [25].  

Experimental design: To acclimatize all 50 mice maintain 

under native conditions before the commencement of 

experiment. Subsequently, they were orally administrative fresh 

garlic extract and BPA via gavage for duration of 28 days. Post-

injections, the mice were randomly divided into five groups, each 

consisting of 10 mice. These groups were desired designated as 

G-I (control) G-II (vehicle control), G-III (1200mg/kg of body 

weight, BPA treated) G-IV (Antidote) and G-V (fresh garlic 

extract). The treatment of all animals started simultaneously [17]. 

Experimental equipment and apparatus were manufactured from 

metals and glassware to avoid potential of environmental 

interference.  

Garlic extract preparation 

1. Garlic Clove and distill water: garlic clove are the individual 

segments found within the bulb of garlic. These garlic cloves 

and distill water were main component.  

2. Ratio measurement: precisely 30 grams of garlic cloves 

were taken and 100mL distil water were utilized. This was 

done to ensure the consistency and accuracy in the 

concentration of the extract.  

3. Homogenization: The garlic cloves are then homogenized in 

100mL of distil water. This includes the blending of garlic 

clove thoroughly with the water to create a uniform mixture. 

This was achieved by an electric blender (Blender NB-4020, 

National). 

4. Filtration: After well-homogenized blende, the mixture was 

filtered three time. a) The first filtration was typically done 

using cheesecloth to remove large particle. b) The second 

filtration was done by using filter paper to remove smaller 

particle. c) Ensure that the resulting liquid is pure, likely using 

a very fine filter i.e., micro-filter, 

5. Centrifugation: The resulting filtered liquid subjected to 

centrifugation, which showed the final concentration of the 

garlic extract is 500mg/mL. This concentration was derived 

from the final initial 30grams of garlic clove 

(30,000mg/100mL). Since the entire process, no significant 

volume lost during the preparation. 

6. Daily fresh extract preparation: The extract was prepared 

fresh every day through-out the experiment. This enables 

the extract remained potent and effective, as some of the 

active compounds in garlic can degraded over time. 

Biochemical Testing: Anesthetized mice provided blood 

samples, were collected in vials and sent to the laboratory for 

necessary testing, 24 hours after the final dosage. Subsequently, 

the mice were euthanized for the collection of vital organs for 

further analysis. 

Ferric Reducing Antioxidant Potential (FRAP): The FRAP 

assay was conducted to assess the reducing capacity. A solution 

composed of sodium acetate (300 mmol/L), Ferric Chloride (20 

mmole/L) and 2, 4, 6-tripyridyl-s-triazine (TPTZ) solution (10 

mmole/L) was mixed with fresh garlic extract. This mixture 

underwent incubation at 37C for 10 minutes. Ascorbic acid at 

different concentration ranging from 0µg/mL to 100µg/mL was 

used for calibration, with absorbance measurement at 593nm. 

The results were expressed as 01 mg of ascorbic acid equivalent 

to each gram of garlic extract.  

Total Phenolic Contents (TPC) Assay: TPC assay 

following a modified protocol from Pie et al. 2020, good volume 

25 Microsoft samples and falling statements were mixed and 

diluted in a 96 well plates. Subsequently 10% sodium carbonate 

25 mL were added and the solution was incubated at 25C for 60 

minutes absorbance was measured at 765 nm and the results 

were represented as per mg of Gallic acid equal.  

Histology: Kidney’s word dissected from the mice after 

above cited duration dosage. These organs were preserved in 

10% formalin, dehydrated in graded alcohol solutions, cleared 

with xylene, and embedding in paraffin wax. Thin section (05 

micrometer) obtained using rotatory microtome, followed by 

staining with hematoxylin and Eosin. Microphotographs were 

captured using M4000-D swift Japan binocular microscope with 

an "Ease-i-Image universal" camera.  

Statistical analysis: First, mean values and standards 

deviations for body weight, kidney weight, and biochemical 

factors were calculated of each group to determine the average 

measurements and variability. Then an ANOVA (one-way) was 

performed to identify the significant differences between control 

and treated groups. If ANOVA indicated the differences, The 

Tukey’s post-doc test was used to specify which group or groups 

differed from each other. All analysis were conducted using 

SPSS (standard package for social sciences) version 20 to 

ensure accurate and efficient data processing. The level of 

significance was p< 0.05, which showed result, are statistically 

significant. 

Results 

The contemporary research’s outcomes were presented in 

tables and figures. The administrative dose and antidote showed 

significantly influence the animal’s overall physique particularly 

kidney. 

Body weight: The body weight of each group was 

expressed as mean + S.E.M. Those receiving BPA exhibit are 

notable reduction in body weight over the 28 days. The 

concentration of BPA in G-III group showed prominent degree of 

weight reductions. Conversely the group subsequently exposed 

to the G-IV antidote (fresh garlic extract +BPA) showed 

sufficiently recovery in body weight in the last week (4th week). 

The groups G-I., G-II and G-V demonstrated no significant 

change in their body weight (Figure 1). 
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Figure (1): Graph showed the variation in body weight during of control and treated groups through the experiments. Alphabets shows the level of significance 

(P≤0.05).

Kidney weights: After 28 days of dosage, the G-III group 

displays reduction in kidney weight as in body weight. This 

decrease was observed to be gradual with increasing 

concentration of BPA. In contrast, the control group and, vehicle 

group and garlic extract group exhibit similar kidney weights 

indicating of no effect (Table 1). 

Kidney length: The trend in kidney length among the BPA 

exposed group mirrored the results of kidney weight. Data 

collected post-experimentations unequivocally demonstrated 

that the G-III gradual reduction in kidney length compared to the 

groups G-I., G-II and G-V. Furthermore, an increase in BPA 

concentrations on correlated with the gradual decrease in body 

length (Table 1).  

Kidney width: Following kidney weight and length 

measurements, BPA exposure recorded the reduction in kidney 

widths. The BPA-exposed group exhibited reduction in kidney 

width compared to the G-I., G-II and G-V groups. This trend of 

decreasing width intensified with dosage duration (Table 1). 

Reno-Somatic index: The Reno somatic index or nephrons 

somatic index indicates the percentage of variation animal’s 

physique by comparing kidney weight to the final body weight. 

Among the group receiving BPA (G-III) doses, RSI values 

showed minimal deviation compared to the control group. 

However, the fresh garlic extract treated group displayed a 

slightly higher value relatively to the other groups (Table 1).  

Table (1): This table showed the trend in the variation of kidney weight, 

length width and Reno-somatic index in control and treated groups. 

Alphabets shows the level of significance (P≤0.05). 

Param

eters 
G-I G-II G-III G-IV G-V 

Kidney 

weight 

152.13±

1.22 

149.98±

0.758 

134.34±

1.459 

152.33±

0.626 

152.14±

0.577 

Kidney 

length 

4.72±0.

003 

4.70±0.

003 

4.11±0.

001 

4.66±0.

001 

4.77±0.

001 

Kidney 

width 

4.34±0.

021 

4.36±0.

001 

3.99±0.

001 

4.22±0.

001 

4.28±0.

001 

Reno-

somatic 

index 

0.0059±

0.001 

0.0062±

0.003 

0.0065±

0.023 

0.0067±

0.050 

0.0071±

0.050 

Feed Consumption: During the experiment, the intake of 

feed by the experimental animals observed and found variation 

in the both treated and control groups. Unlike the other groups 

BPA, treated (G-III) showed a strange trend in feed 

consumptions. There was a shear increased in the feed 

consumption in the second week of experiment but it dropped as 

the experiment proceeded. Ultimately, there was significant 

decrease observed by the conclusion of the experiment. 

However, in fresh garlic extract (G-IV) treated group showed 

significant recovery in feed consumption (Figure 2). 

 
Figure (2): The Graph showed the feed consumption level in control and treated groups during the experiment. Alphabets shows the level of significance 

(P≤0.05).
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Fecal waste production: The trend of fecal waste 

production by the experimental animals massively decreased in 

the BPA treated group (G-III) as compared to the control groups. 

This kind of observation remained same and continuously 

decreased in the amount fecal production. However, the fresh 

garlic extract mitigates the effect and shoed a normal fecal 

production (G-IV) (Figure 3). 

 
Figure (3): The graph showed the values of fecal waste production (each week/cage) in control and treated groups.

Renal Function Test: The renal function tests (RFT) 

conducted to assess kidney toxicity exposed to BPA. Statistical 

analysis via the one-way ANOVA (P≤0.05) of the data revealed 

that (G-III) group exposed to BPA demonstrated elevated level 

of urea and creatinine. The results elucidated that garlic extract 

aided in mitigating abnormal urea and creatinine levels in the 

mice (G-IV) (Table 2, Figure 4).  

Table (2): The table showed the values of urea and creatinine inthe control and treated groups. Alphabets shows the level of significance (P≤0.05). 

Parameters G-I G-II G-III G-IV G-V 

Urea 44.16c,d±0.20 44.63c,d±0.43 59.65a±0.16 45.70c,d±0.14 44.80c,d±0.14 

Creatinine 0.83b±0.04 0.85b±0.03 1.20a±0.05 0.81b±0.02 0.85b±0.02 

 
Figure (4): This graph showed the variation in Urea (Left) and Creatinine (Right) in control and treated groups.

Stress Enzymes: (FRAP & TPC): Simultaneously an 

evaluation of the therapeutic potential of garlic extract 

was conducted, including Total phenolic contents (TPC) 

and Ferric Reducing Antioxidant Power (FRAP) assays, 

to observed and quantify its impact on rejuvenation of 

damage kidney cell (Figure 5).  
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Figure (5): This graph showed the antioxidant assessment using FRAP (Left) and TPC (Right) techniques in control and treated groups.

Histology: Histological examination of kidney tissues 

provides further insight into the effectiveness of countering 

extract on countering the effect of BPA on kidney. The control 

and fresh garlic extracted groups exhibited normal tissue 

characterized by intact glomerular structures, well-preserved 

proximal tubules, organized epithelial cells, and compact renal 

cystic lumens. Cytoplasmic staining with hematoxylin and eosin 

demonstrated excellent structure with nuclei retaining their 

original round shape. Conversely, BPA-exposed group displayed 

a significant renal structure damage including, including swollen 

tubules, shrunken and nearly disappearing capillaries, 

hyperplasia from glomerular destructions, and atrophy. The 

prominent symptoms sclerosis due to meningeal proliferations 

(Figure 5). 

 
Figure (4): In the kidney transverse sections of mice, the control and vehicle control groups (G-I and G-II) exhibited histologically normal renal tissue, 
characterized by densely packed renal tubules embedded in a vascular interstitium. Conversely, the group treated with Bisphenol-A (BPA) (G-III) displayed 
notable histological alterations, including renal tubule necrosis, interstitial lymphoplasmacytic nephritis, and hyperemia. Ultrastructural changes in this group 
encompassed a reduction in the number and size of microvilli in the epithelial cells of the proximal convoluted tubules, deformation and shrinkage of nuclei, 
malformation of mitochondria, and cytoplasmic folding. Additionally, dilation of the urinary space in renal corpuscles and the formation of endothelial electron-
dense deposits in glomerular basement membranes were evident. In contrast, the group treated with BPA in conjunction with fresh garlic extract (G-IV) 
demonstrated improved ultrastructural features, including enhanced numbers and sizes of microvilli in the epithelial cells of proximal convoluted tubules, a 
mixture of deformed and shrunken nuclei alongside healthy nuclei, reduced malformation of mitochondria and minimal or absent cytoplasmic folding. 
Furthermore, there as a decrease in the dilation activity of the urinary space in renal corpuscles and a reduced formation of endothelial electron-dense deposits 
in glomerular basement membrane. These intermediary conditions as depicted histological sections, underscore the ameliorative effects of the fresh garlic 
extract on kidney structure.

Discussions 

The significant increase in industrialization standards has 

been identify as a primary driver of environmental pollution. 

Various studies have acknowledged BPA as hazardous pollutant 

with potential implications for human health. This escalating 

presence of BPA in the environment not only poses a threat to 

the human well-being but also exerted adverse effects to the 

ecosystems [28]. Numerous investigations has been undertaken 

to mitigate that deleterious impacts of such toxic chemicals 

through that utilization of biological agents like herbs [8]. The 

current study unveiled compelling evidence of the efficacy of 

fresh garlic extract in ameliorative BPA induced toxicity. The 

presences allicin and the various other chemical agents ranked 

the garlic as a perfect remedy against the toxicity of plasticizer, 

especially BPA [3]. 

BPA is recognized as a carcinogenic substance for the 

human and is associated in severe conditions, affecting the 

renal, cardiac, hepatic and reproductive systems. Given its 
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persistence in the body, prolonged exposure to this chemical can 

lead to critical outcomes potentially fatal [1, 26]. Recent research 

has revealed that extended exposure to the BPA contributes to 

a reduction in body weight [18, 31]. Individuals susceptible to 

BPA experience heightened stress levels, characteristics by a 

boosted immune system. Furthermore, neural irregularities are 

observed in such instances, hampering the assimilations of 

nutrients. Consequently, individually in such circumstances 

exhibit a diminished capacity for fat accumulations, resulting in 

weight reduction and other associated biometric analysis [12]. 

Moreover, all the vital organs affected by the BPA toxicity, 

including liver, kidney, heart and reproductive structures, are the 

prime targets. It not only damages their internal morphology but 

also disrupts their secondary functions [23, 21].  

Garlic exhibits potent anti-toxic properties that facilitate 

optimal food intake by promoting normal gastric activity and 

regulating body weights [5]. Animals subjected to BPA exposure 

face an elevated risk of structure and functional impairment of 

the kidneys [20, 15]. Garlic extracts effectively mitigates the 

detrimental effects of BPA in affected mice.  

The results of this research indicate that BPA influences food 

intake, leading to a deviation in fecal waste production compared 

to the normal conditions. This deviation may be attributed to the 

stress and distortion induced by BPA toxicity, causing 

deregulation in gastrointestinal track. The potential underlying 

mechanisms of these effects were discussed. These findings 

were coincided with outcomes, reported by Zhu [33]. 

Recent studies have elucidated the pivotal role of BPA in 

affecting creatinine and urea levels, which is linked to the 

kidney’s responsibility for their elimination. However, excessive 

renal activity compromises both its Physiology and functional 

capacity. The deteriorative impacts of BPA on renal health can 

be attenuate through the applications of fresh garlic extract. The 

current research findings were corroborated by the work of Jiang 

at al., 2020[13].  

Histological examination of kidney tissue revealed distinct 

alteration, including nephron structural, deteriorations, 

glomerular dilation, epithelial contractions, and elevated urea 

and critical levels. Nunez et al., (2023) showed similar effects of 

BPA on kidney tissues when compared with this research work 

[24]. Another noteworthy point is that these changes further 

intensified with increased BPA concentrations and duration. 

These outcomes concurrent with the research Faheem et al., 

2021; 2023[21, 23]. Recent studies unequivocally affirm that 

BPA constitutes a significant contributor to the renal injuries, 

irrespective of exposure levels. The findings of Yamasaki et al., 

2001[32] further bolsters the assertions of this study.  

Conclusions 

BPA has been substantiated as a hazardous environmental 

pollutant primarily gained entry in organisms via oral path. 

Recent investigations have scrutinized the deleterious impact of 

BPA on both the structural and functional integrity of the kidneys. 

Current research provides compelling evidence supporting the 

antioxidant properties of garlic extract, suggesting its potential 

benefits for safeguarding kidney’s health. 

Significance: The significance of garlic against BPA for 

public health lies in its potential to mitigate its toxicity. Antioxidant 

and protective properties help to reduce the oxidative stress and 

damage. By incorporating the garlic extract simply in diet, it may 

possible to lower the risk of BPA-related health issues i.e., kidney 

damage and hormonal imbalance, thereby contributing to 

improved public health outcomes. 

Suggestions: Further research is needed to confirm these 

results and explore the underlying the mechanism in detail. This 

will provide a deeper understanding of the effects and establish 

the broader applicability and implication of the findings. 

Limitation of the study: Species specificity, Dose 

dependency, duration of exposure, lacking of precise 

mechanistic understanding, Interactions with other compounds 

were considered limitation of this study.  
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