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Abstract

Bisphenol A (BPA) is a ubiquitous toxicant in the environment known to trigger oxidative stress and
tissue impairments in the liver, kidneys, and brain. The mitigating effects of dietary tiger nut (Cyperus
esculentus) supplementation against BPA-induced toxic insults in rats was investigated. Following a
completely randomized design, thirty (30) male rats were shared in five groups (I-V) comprising six
animals each (n=6). Group I served as the control, receiving 0.5 mL of corn oil plus a normal diet.
Group 1I was exposed to 100 mg/kg body weight b.w/day of BPA in corn oil for 28 days with a normal
diet. Groups 111, 1V, and V received the same BPA exposure but were supplemented with 20%, 40%,
and 60% (w/w) tiger nuts in their diets, respectively. Findings from this research showed that, BPA
exposure significantly (p<0.05) resulted in oxidative stress, onset of neurodegeneration and hepatorenal
toxicity, as determined by known biomarkers, compared to the control group. However, dietary tiger
nuts significantly (p<0.05) protected hepatic and renal tissues from BPA-induced impairment and
damage. Additionally, tiger nut supplementation helped preserve neurological function in BPA-
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exposed rats. The protective effects were dose-dependent, with higher amounts of tiger nut in the diet
demonstrating beneficial therapeutic outcomes, particularly in restoring neurological parameters to
physiologically normal levels. These outcomes indicate that tiger nut supplementation could be a viable
nutritional approach for alleviating BPA-induced toxicological damage on vital organs, especially the
liver, kidneys, and brain.
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INTRODUCTION

2,2-Bis-(4-hydroxyphenyl) propane or Bisphenol A (CisHis02) is a synthetic industrial
chemical consisting of two phenyl rings connected through a quaternary carbon and with
hydroxyl groups attached at the para position of both rings (Drzewiecka et al., 2021). Due to
its many desirable qualities like white crystalline and heat-resistance characteristics among
others, Bisphenol A (BPA) has been widely employed in the production of polycarbonate
plastics and epoxy resins since the mid-20t century. Unfortunately, both thermosets are the
main products of many food and drink packages, medical equipment, toys, thermal receipts
and other commonly used products (Manzoor et al., 2022). BPA’s common use have now led
to its occurrence in soil, drinking water, air, food, etc. It is now well-known that BPA is an
endocrine disruptor. It acts by leveraging its structural similarity to estrogen by binding to
estrogen receptors of a and P units (ERa and ERp), thereby disrupting normal signalling
pathways, leading to oxidative stress, tissue toxicity, and, in extreme cases, organ failure
(Vasiljevic and Harner, 2021; Fonseca et al., 2022). Duefias-Moreno (2023) asserted that
prolonged exposure to BPA has been associated with a range of health complications,
including hepatotoxicity, nephrotoxicity, and neurotoxicity, primarily mediated through
oxidative stress, inflammation, and apoptosis.

The liver and kidneys play vital roles in detoxification, metabolic regulation, and general
health. It is well established that BPA induces oxidative stress, and that the liver kidneys are
susceptible to free radical overload (Amjad et al., 2020; Khan et al., 2023). Multiple studies have
submitted that exposure to higher doses of BPA can lead to an impairment in hepatorenal
function due to oxidative stress, lipid peroxidation, and consequently, mitochondrial
dysfunction (Hagq et al., 2020; Akash et al., 2023). This is typically characterized by elevated
levels of marker enzymes, urea, creatinine and other glomerular filtrates in the bloodstream.
Additionally, histopathological alterations such as hepatocyte degeneration, inflammation,
and fibrosis have been reported in experimental models of BPA toxicity (Shi et al., 2021).
Similar to BPA-induced hepatic and renal toxicity is neurotoxicity. According to Tahir et al.
(2024), BPA can trigger neurotoxicity by causing oxidative damage to neuronal tissues. Costa
and Cairrao (2024), also posited that BPA exposure can disrupt neurotransmitter systems,
cause neurochemical imbalance and activate neuroinflammatory pathways. Given BPA’s
ubiquitousness, and its well-known deleterious implications, it is imperative to identify
dietary modulators that can effectively mitigate BPA-induced toxicity.

Tiger nut (Cyperus esculentus) is rich in bioactive compounds. Scientific investigations have
found that tiger nuts contain polyphenols, flavones, essential fatty acids, minerals and
vitamins C, D and E (Yu, et al., 2022). According to Ndiaye et al. (2022), tiger nut has
demonstrated hepatoprotective, antioxidant, antidiabetic, aphrodisiac, anticancer and
neuroprotective properties, among others. The presence of phosphorus, potassium, a-
tocopherol and ascorbic acid and other desirable phytochemicals in tiger nuts is thought to be
the reason for these qualities. Precisely, known antioxidants like vitamins C and E in tiger
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nuts indicate that tiger nuts may help the body clean up pro-oxidant molecules and reinstate
redox homeostasis thereby protecting tissues from oxidative stress. Abraham and Idaguko
(2024), investigated the effects of tiger nut on BPA-induced testicular toxicity in Wistar rats.
Their findings revealed that tiger nuts significantly reduced the detrimental effects of BPA on
the testis.

Tiger nut has been reported to have several health benefits. Onoharigho et al. (2023) for
example, comprehensively reported the various health benefits of tiger nuts, which
encompass anti-inflammatory, anti-oxidant, anti-microbial and bioprotective activities.
Moreover, Novor and Donkor (2024), emphasized the necessity of exploiting the potential of
tiger nuts for food and nutritional security, good health, and economic development.
Additionally, Edo et al. (2024) has studied the biological and bioactive constituents of the tiger
nuts, which provides a high level of awareness of the nutritional and health benefits of the
nuts. Others researchers have continued to investigate the therapeutic effects of tiger nuts
against the toxicity in BPA in some organ tissues. In this regard, Ama et al. (2026), found that
tiger nuts exhibited ameliorative effects on the Cerebellum of rats exposed to both high-fat
diet and BPA. In addition, Saeed et al. (2022) revealed that the tiger nut extracts can
significantly improve memory dysfunctions triggered by scopalamine, as well as exhibit anti-
inflammatory, antioxidant, anti-apoptotic and anti-acetylcholinesterase effects.

In light of the foregoing, research gaps regarding the mitigating effects of tiger nuts on
oxidative changes in liver and kidney tissues and neurofunctional impairment exist; hence the
present investigation. The objective of this work was to study the effect of the tiger nuts on
the toxicity of BPA in other tissues. Specifically, this study examined the ameliorative
potential of different concentrations of tiger nuts against BPA-induced toxicity with regards
to its effects on hepato-renal parameters, redox changes and neurofunctional status.

MATERIALS AND METHODS

Chemical Reagents

All chemical reagents utilized in this research work were absolutely analytical grades, and
they were supplied by the Pyrex Scientific Company located in Benin City, Edo State. These
included the following: Bisphenol A (BPA)/2,2-Bis(4-Hydroxyphenyl) propane, butanol
disodium hydrogen phosphate (Na:HPO,), ethylene diaminetetraacetic acid (EDTA),
monosodium dihydrogen phosphate (NaH>PO,), pyrogallol, sodium chloride (NaCl), sodium
hydroxide (NaOH) , thiobarbituric acid (TBA), trichloroacetic acid (TCA).

Collection, Authentication and Diet Preparation

Fresh tiger nuts were procured from Abraka Central Market, and carefully washed in running
tap water for the purpose of decontamination and removal of unwanted materials. The nuts
were identified as “Cyperus esculentus L.” by a plant taxonomist of the Department of Botany
and Biotechnology, Delta State University, Abraka, with a specimen deposited in the
university’s herbarium for future reference. Exactly 3.52 kg of the pulverized form was used
for the fortification of rat chows at percentage weight by weight (% w/w).

Animals and Ethical Considerations

Thirty adult male albino rats of six to eight weeks old were purchased from the School of Basic
Medical Sciences of the previously mentioned institution, to the Animal house of
Biochemistry Department, of the same institution and housed in metabolic cages under
standard laboratory conditions (i.e., room temperature of 27 +2°C; relative humidity of
40 £5 %, and a photoperiod of 12 light and 12 h dark respectively). The experimental animals
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were given two weeks to adapt to their new environment with unrestricted access to rat chow
and drinking water during the experimental period. The experimental regimen employed in
this study was endorsed by the Research and Ethics Committee on the use and handling of

animals during experimentation in the aforesaid university with a dedicated reference
number, REI/FOS/22/014.

Experimental Regimen

Following a complete randomized design, five experimental groups (I-V) of six animals each
were employed in this study. With exception of the normal control group (I), animals in
groups II, III, IV and V were exposed to 100 mg/kg-day doses of BPA. This dose selection was
based on BPA’s adverse effects in susceptible biological systems that culminated in tissues’
dysfunction, as earlier reported (Kamel et al., 2018; Srivastava and Gupta, 2018; Akintunde et
al., 2020; Meli et al., 2020). Thus, the description of the study regimen is highlighted in Table
1.

Table 1. Experimental Design and Group Allocation

S/N Groups Treatments

1. I 0.5 mL of corn oil plus normal diet

2. II 100 mg/kg/day oral administration of BPA in corn oil for 28 days plus normal rat
chow

3. I 100 mg/kg body weight/day oral administration of BPA in corn oil plus fortified rat
chow at 20 % w/w for 28 days

4. v 100 mg/kg body weight /day oral administration of BPA in corn oil plus fortified rat
chow at 40 % w/w for 28 days

5. \% 100 mg/kg body weight /day oral administration of BPA in corn oil plus fortified rat

chow at 60% for 28 days

Tissue Sampling/Preparation

After completion of a 12- hour fast, rats were sacrificed by cardiac puncture, where whole
blood samples were obtained by means of hypodermal syringes into
ethylenediaminetetraacetic acid (EDTA) containers and rapidly centrifuged at 2,
500 revolutions per min (rpm) for 10 min to obtain supernatant in each case. The hepatic and
renal tissues were cautiously isolated, rinsed in ice-cold 0.9% saline, weighed and
homogenized in 10 mL of a 0.1 M of phosphate buffer, pH 7.4. Thereafter, the homogenates
were centrifuged for 15 min at 10,000 rpm to yield pellets that were discarded, and a low-
speed supernatant obtained in each case was used in the estimation of the following
biochemical markers.

Analytical Procedures for Biochemical Markers

Blood Urea Nitrogen (BUN) Measurement

In this study, blood urea nitrogen (BUN) was determined by the assay kit method described
by Weatherburn (1967).

Principle: The assessment of urea level was dependent on the following reactions, where the
blue-coloured indophenol compound formed was proportionately employed to assess BUN
at 546 nm.

urease
Urea + H,O0 —— 2NH3; + CO,
Berthelot’s reaction;

NH3; + Hypochlorite + Phenol — Indophenol (blue compound)

Procedure: Exactly 100 pL of reagent R1 was delivered into test tubes marked, “Reagent Blank
(RB)”, “Standard (S)”, and “Test” correspondingly. Ten microlitres (10 pL) of distilled H-O,
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standard (CAL) reagent, and tissue sample were introduced to RB, S, and T, blended, and
incubated at 37°C for 10 minutes. To the contents of each labelled test tube, 2500 uL of reagents
R2 and R3 were added, well mixed, and incubated at 37°C for 15 minutes. The absorbances of
S and T were measured at 546 nm relative to RB. Consequently, BUN levels were calculated
using the following equation.

BUN (mg/dL) =
Where; Cstandara = 78.43 mg/dL

Asample
Cstandard
standard

Assessment of Creatinine (CREA) Level

CREA level was ascertained by the assay kit protocol described by Bartels and Bohmer (1972).
Principle: At alkaline pH, creatinine formed a coloured complex with picric acid, which was
monitored at 492 nm

Procedure: One thousand microlitres (1000 pL) of working reagent were dispensed into each
test tube designated as “Reagent Blank (RB)”, “Standard (S)”, and “Test (T)”. In each instance,
one hundred microlitres (100 pL) of distilled H:O, standard solution, and tissue sample were
included into the contents of RB, S, and T, respectively. Following vigorous agitation, the
absorbance of T was measured after 30 seconds, whereas the absorbance of the S combination
was documented after 2 minutes at 492 nm relative to RB. Consequently, CREA levels were
assessed with the following connection.

CREA Level (mg/dL) =
Where; Cangara = 1.91 mg/dL.

Asam

ple
X Cstandard
standard

Aspartate Transaminase, (AST: EC. 2.6.1.1), Assay
AST activity was monitored by method described by Reitman and Frankel (1957).

Principle:
a-oxoglutarate + L-aspartate GOT — L- glutamate + Oxaloacetate

Oxaloacetate formed from the above reaction reacted with 2,4-dinitrophenylhydrazine to
form oxaloacetate hydrazone, which was employed in monitoring AST activity at 546 nm.

Procedure: Five hundred microlitres (500 uL) of reagent R1 were pipetted into each test tube
labelled “Reagent Blank (RB)” and “Test (T)” respectively. One hundred microliters (100 pL)
of H>O and 100 pL of tissue samples were pipetted into RB and T respectively. The mixtures
of the test tubes were intensely shaken and incubated at 37°C for 20 min. Five hundred
microlitres (500 pL) each of reagent R2 were added to RB and T, where contents of each test
tube were thoroughly mixed and allowed to stand 25°C for 20 min. Five thousand microlitres
(500 pL) of 0.1 M NaOH were added to RB and T tubes. The absorbance of T was read at 546
nm against RB such that AST activity of the test sample was extrapolated from the standard
calibration curve.

Alanine transaminase, (ALT: EC. 2.6.1.2), Assay
ALT activity was monitored by a method described by Reitman and Frankel (1957).

Principle:
a-oxoglutarate + L- alanine = GPT — L-glutamate + pyruvate

A. Apiamu et al, DUJOPAS 12 (2e): 413-430, 2026 417



Tiger Nut (Cyperus esculentus) Supplementation Mitigates Bisphenol A-Induced Hepatorenal Toxicity and
Neurofunctional Impairment in Rats

The pyruvate formed from the above reaction reacted with 2, 4-dinitrophenylhydrazine to
form pyruvate hydrazone, which was employed in monitoring ALT activity at 546 nm.
Procedure: Five hundred microlitres (500 pL) of reagent R1 were pipetted into each test tube
labelled “Reagent Blank (RB)” and “Test (T)” respectively. One hundred microlitres (100 uL)
of H2O and 100 pL of tissue samples were pipetted into RB and T respectively. The mixtures
of the test tubes were intensely shaken and incubated at 37°C for 20 min. Five hundred
microlitres (500 uL) each of reagent R2 were added to RB and T, where contents of each test
tube were thoroughly mixed and allowed to stand 25°C for 20 min. 0.1 M of five thousand
microlitres (500 pL) NaOH was combined with RB and T tubes. The absorbance of T was read
at 546 nm against RB such that ALT activity of the test sample was extrapolated from the
standard calibration curve.

Lipid Peroxidation Assessment

The examination of lipid peroxidation was monitored through the formation of its by-
product-malondialdehyde (MDA) according to the method described by Prabhakar et al.
(2012) with slight modification.

Principle: The method is based on MDA (the product of lipid peroxidation) forming a
complex that absorbs maximally at 532 nm with thiobarbituric acid (TBA).

Procedure: Briefly, an aliquot of 0.2 mL of the tissue homogenate was mixed with 2 mL of
TBA (0.375%)-trichloroacetic acid (TCA; 15%) reagent. The volume was made up to 3 mL with
distilled water and then heated in a water bath at 95°C for 20 min. The solution was cooled
and the reaction product, TBA-MDA complex, was extracted by incorporating 3 mL of
(21 v/v) n-butanol to the resultant solution. Subequently, the absorbance of the pink-
coloured extract was measured at 532 nm using a spectrophotometer. Thereafter, the amount
of MDA was calculated using the molar extinction coefficient of 1.56 x 105 M-lcm! and
expressed as mmoles of MDA formed per gram of tissue as shown below.

AAbs
1.56X105

MDA(nmoles/g tissue) = x Conc of tussue sample (g/mL) Eq. (1.0)

Examination of Catalase Activity
Catalase activity was determined according to the method described by Prabhakar et al. (2012).

Principle: The method is based on the decomposition rate of H>O» (hydrogen peroxide) by
catalase, which can be monitored using a spectrophotometer at 230 to 240 nm.

Procedure: Briefly, to 2.95 mL of H>O» solution (0.1% v/v), 50 mL of the homogenate was
added. The decrease in absorbance was assessed at 230 nm for 1 minute. The catalase activity
was computed and quantified as mmol of H O, decomposed per minute per milligram of

tissue as shown below:
ADS/minX1000
43.6xConc of tussue sample (g/mL)x0.05

Catalase activity (units/g tissue) = Eq. (2.0)

One unit of catalase is the amount of the enzyme necessary to breakdown 1 mmol of H2O:
under the assay conditions above.

Examination of Superoxide Dismutase Activity (SOD)

SOD was determined according to the method described by Gavali et al. (2013) with slight
modification.
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Principle: This protocol is based on the competitive inhibition of the autoxidation of
pyrogallol under alkaline medium by SOD. The inhibitory effect is proportioned to the SOD
activity.

Procedure: In brief, to an aliquot of 0.9 mL of 50 mM phosphate buffered EDTA (1 mM, pH
7.4) solution, 0.05 mL of the homogenate was added and mixed. The reaction was initiated by
adding 0.05 mL of pyrogallol solution (20 mM). The absorbance was read at 420 nm exactly
after 1 minute 30 seconds. For the control, the procedure was repeated, but 0.1 mL of buffer
was added in place of the homogenate. The SOD activity was calculated as follows:

% Inhibition = Zeenrel-tuample 10 Eq. (3.0)
control
SOD activity (units/g tissue) = % x Sample conc (g/mL) x 0.05 Eq. (4.0)

One unit of SOD is defined as the amount of the enzyme required to cause 50% inhibition of
pyrogallol auto oxidation under the assay condition above.

Assay of Acetylcholinesterase (AChE) Activity

The activity of AChE was monitored by the modified method of Ellman (Perry et al., 2000),
and expressed as AChE activity /min/mg protein. Briefly, 100 pL of 3.3 mM 5,5-dithio-bis(2-
nitrobenzoic) acid (DTNB) in a 0.1 M phosphate buffer pH 8.0 was mixed with 100 pL of the
supernatant of the hepatic and renal tissues respectively. This was followed by addition of
500 pL of phosphate buffer (pH 8.0), and incubated for 20 min at 25 °C. Afterward,
acetylthiocholine iodide (100 pL of 0.05 mM solution) was mixed as the substrate and AChE
activity was quantified by measuring the changes in optical density at 412 nm.

Assay of Na*/K*-ATPase Activity

The Na*/K*-ATPase activity was assayed by measuring the amount of inorganic phosphate
(Pi) liberated following the hydrolysis of ATP by ATPase as described by Bonting (1970) with
slight modification. Briefly, 200 pL of sample was added to the mixture comprising 1000 pL
of 0.5 M phosphate buffer (pH 7.5), 200 pL of 50 mM MgSQOs, 200 pL of 50 mM KCl, 200 pL of
600 mM NaCl, 200 uL of 1 mM EDTA and 200 pL of 10 mM ATP and incubated for 15 min at
37 °C. The reaction was arrested by the addition of 1 mL of ice-cold 10% TCA. Then the
amount of inorganic phosphate (Pi) liberated was estimated in protein-free supernatant at
412 nm.

Statistical Analysis

The results of the research were presented as means * standard error of the mean (mean
+ SEM) of the given number of experiments (n=6). The analysis of variance and Duncan's post
hoc test were employed to establish whether or not the results were statistically significant. In
all experiments, a value of p less than 0.05 (p<0.05) was judged significant. The statistical
studies were carried out with the help of GraphPad Prism 8.

RESULTS

Dietary Modulation of BPA-Mediated Nephrotoxicity

The present study highlighted the potential modulatory efficacy of tiger nuts in BPA-induced
hepatorenal toxicity. The results for BUN and CREA, two important indicators of renal
function, are shown in Figure 1. Observation of the bar graph reveals marked increase in both
BUN and CREA levels in the untreated group compared to the control group. Higher doses
of tiger nut therapy reduced BUN levels compared to the normal control group, and the trend
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continued as more tiger nuts were administered to other groups. CREA maintained a
statistical difference (p<0.05) across all groups, but the data suggested reduced CREA levels
in the treatment groups, an indication of recovery from BPA-induced nephrotoxicity.
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Figure 1 Effect of tiger nut-based diet on BPA-induced nephrotoxicity in male Wistar rats. Bars are defined as mean
1 SEM (=standard error of the mean) of six replications (n=6), and the bars designated by different letters differ
significantly at p<0.05.

Dietary Modulation of BPA-Mediated Hepatotoxicity

The liver function of the rats in all groups was tested through the Aspartate aminotransferase
(AST) and Alanine aminotransferase (ALT) concentrations in the serum. The results are
shown in Figure 2 below. As expected, exposure to BPA elevated AST serum levels in the
untreated group, compared to the control group. However, there was no significant
differences (p>0.05) between the control group and all the tiger nut-treated groups. The serum
ALT graph also showed promising results in favor of tiger nut’s potential ameliorative effects.
We can also deduce that higher concentrations of tiger nuts further reduce the ALT activity in
the bloodstream.
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Figure 2 Effect of tiger nut-based diet on BPA-induced hepatotoxicity in male Wistar rats. Bars are defined as mean
+ SEM (=standard error of the mean) of six replications (n=6), and the bars tagged with different letters differ
significantly at p<0.05.
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Dietary Modulation of BPA-Mediated Redox Changes

Figure 3 presents malondialdehyde (MDA) concentrations in hepatic and renal tissues. In both
liver and renal tissues, the group subjected to BPA without treatment indicated an 8-fold
increase in MDA levels. While the treatment groups maintained a significant difference
(p<0.05) with the control group, they also showed noticeable recovery directly proportional
to the quantity of tiger nuts in diet. Groups III, IV and V showed a progressive decrease in
MDA levels in the hepatocytes. In Group V, renal MDA levels show that there was no
statistical difference (p<0.05) compared to Group I (Control Group). Overall, higher amounts
of treatment resulted in continuous decrease in MDA levels.
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Figure 3 Effect of tiger nut-based diet on BPA-induced oxidative stress in Wistar rats. Each bar is defined as mean
+SEM (=standard error of the mean) of six replications (n=6), and the bars tagged by different letters differ
significantly at p<0.05.

Catalase (CAT), an enzyme that catalyzes the decomposition of H>O» into water and oxygen,
plays a crucial role in combating oxidative stress. A drop in CAT levels is a known indicator
of oxidative stress in organ tissues. CAT activity in both hepatic and renal tissues was
investigated, and the results have been presented in Figure 4. At a glance, it can be observed
that animals in Group II suffered a BPA-mediated drop in CAT activity for both hepatic and
renal tissues. Further, the results show that Group III showed no significant difference
(p>0.05) in hepatorenal CAT activity when compared to the control group. It can also be
observed, as seen in Group V, that increase in the quantity of tiger nuts consequently increased
CAT activity even above the control group. However, this is desirable, as it is still within
physiologically normal levels. Overall, the results suggest modulatory efficacy of tiger nuts in
restoring CAT activity to physiological levels after BPA-induced oxidative stress.
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Figure 4 Modulation of tiger nut -based diet on BPA-mediated alteration of catalase activity in male Wistar rats'
hepatic and renal tissues. Bars are defined as mean + SEM (=standard error of the mean) of six replications (n=6),
and the bars designated by different letters differ significantly at p<0.05.

Figure 5 shows the impact of tiger nuts on Superoxide Dismutase (SOD) Activity, after a 28-
day study. Group II rats showed a considerable reduction (p<0.05) in SOD activity compared
to the control group, in both hepatic and renal tissues. However, Groups III - IV showed a
marked recovery. In liver cells, there was no significant difference (p>0.05) between SOD
activity in Groups I and V, suggesting that higher doses of tiger nut therapy may be needed
to reignite SOD activity. Investigation into the kidney revealed that lower amounts of tiger
nut may be enough to restore SOD levels to statistically similar (p>0.05) range with the control
group. Group V showed up to 60% more SOD activity than the control group, but the numbers
remained within a physiologically desirable range.
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Figure 5 Modulation of tiger nut-based diet on BPA-mediated alteration of superoxide dismutase activity in male
Wistar rats' hepatic and renal tissues. Bars are defined as mean + SEM (=standard error of the mean) of six
replications (n=6), and the bars designated by different letters differ significantly at p<0.05.

Dietary Modulation of BPA-Mediated Neurofunctional Status in Rats

This study also investigated cholinergic signalling status via the activity of
Acetylcholinesterase (AChE) in hepatic and renal tissues (Figure 6). Unsurprisingly, BPA
caused a significant decline (p<0.05) in the activity of acetylcholinesterase in Group II
(untreated group), compared to Group I (control group). In renal tissues, there was no
significant difference (p>0.05) in Groups II - IV, indicating that the tiger nut therapy struggled
to restore AChE activity to a healthy range. However, the dose in Group V revealed sufficient
ability to increase the enzyme activity, even above the control group. Similarly, AChE activity
in the liver appeared similar in Groups II - IV. Again, Group V showed impressive restoration
and returned no significant difference (p<0.05) compared to Group I. In a nutshell, figure 6
revealed that while tiger nut may be able to restore AChE activity after BPA-induced stress,
an increased quantity of BPA is required to fully yield the ameliorative effects of tiger nut and
maintain healthy cholinergic status.
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Figure 6 Modulation of tiger nut-based diet on BPA-mediated alteration of acetylcholinesterase activity in male
Wistar rats' hepatic and renal tissues. Bars are defined as mean + SEM (=standard error of the mean) of six
replications (n=6), and the bars designated by different letters differ significantly at p<0.05.

Lastly, the activity of Na*/K* ATPase, alternatively called the Sodium-Potassium Pump, was
investigated. Again, the hepatic and renal values reveal that the BPA-induced toxicity cuts the
action of Na*/K* ATPase activity in half. The statistical analysis backs this up by showing a
significant difference (p>0.05) in the enzyme activity in Groups I and II. The treatment groups
displayed an increase in enzyme activity as the treatment increased. In hepatic tissues, Groups
III and IV show no statistical difference to Group II. Group V, however, shows no significant
difference to the control group. In renal tissues, both Groups IV and V show no statistical
difference compared to the control group. Similar to AChE activity discussed in figure 6, we
may infer that tiger nut therapy is effective in higher doses when combating cellular toxicity.
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Figure 7 Modulation of tiger nut-based diet on BPA-mediated alteration of Na*/K* ATPase activity in male Wistar
rats' hepatic and renal tissues. Bars are defined as mean + SEM (=standard error of the mean) of six replications
(n=6), and the bars designated by different letters differ significantly at (p<0.05).

DISCUSSION

Dietary modulators play an important role in alleviating the toxic effects of environmental
pollutants such as BPA (Khandayataray and Murthy, 2024). In recent decades, scientific
research into functional foods with bioactive compounds has intensified. Due to the presence
of antioxidants and anti-inflammatory agents, certain foods have been found to combat redox
imbalance, counter tissue damage, and prevent many diseases (Jena et al., 2023). Zhang and
Sun (2023) asserted that tiger nuts are rich in polyphenols, vitamins and essential fatty acids,
suggesting they may offer desirable protective qualities. This study assessed the efficacy of
tiger nut supplementation in ameliorating the effects of BPA-induced hepatorenal toxicity and
ascertaining neurofunctional status, as shown by biochemical and physiological parameters.

BPA's nephrotoxic potential is well-documented. Prolonged exposure to BPA has been known
to elevate serum BUN and CREA levels, an indication of impaired kidney function (Kabroob
et al., 2018; Moreno-G6émez-Toledano ef al., 2021). Our results agree with these findings as the
negative control group displayed high levels of BUN and CREA in the bloodstream,
compared to the normal control group (p<0.05). However, the rats subjected to the tiger nut
diet at 40 % w/w and 60 % w/w doses, expressed significant reductions (p<0.05) in BUN and
CREA levels compared to Group I. From our results, it is inferable that the tiger nut diet
possesses the potential to reverse BPA-induced toxicity in the kidney. Deeper observation
reveals that a diet of up to 60% tiger nuts is both safe and efficacious in mitigating the effects
of BPA in the kidney of Wistar rats.

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are two key enzymes
found in the liver. When the liver undergoes stress or damage, these enzymes leak into the

bloodstream, making them useful biomarkers for liver function (Evuen et al., 2020; Kadiri and
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Apiamu, 2022; Thakur et al., 2024; Apiamu et al., 2026). Based on this knowledge, this study
investigated serum levels of AST and ALT in all five groups of rats. According to our results,
Group II rats displayed effects of BPA-induced stress in alignment with the findings of
Nagarajan et al. (2024). Conversely, the groups that received tiger nut therapy showed
remarkable recovery, as both AST and ALT activity returned to near-normal levels. This
current study found no noticeable (p>0.05) difference in AST levels between all tiger nut-
treated groups and the control group, indicating the modulatory effects of tiger nut in BPA
toxicity. Although ALT levels remained statistically significant across groups, our results
evidenced a remarkable reduction in the enzyme activity in the bloodstream.

Meli et al. (2020) submitted that BPA alters redox balance in hepatic and renal tissues.
Superoxide Dismutase (SOD) is a key enzyme that protects the cells from oxidative stress by
catalyzing the dismutation, as the name implies, of superoxide radicals (O%) into oxygen and
hydrogen peroxide, thereby preventing cell damage (Apiamu et al., 2019). Similarly, catalase
(CAT) is an enzyme that catalyzes the breakdown of hydrogen peroxide (H>0O») into water
and oxygen and plays a crucial role in combating oxidative stress (Evuen et al., 2020). This
study quantitatively analyzed oxidative stress by measuring malondialdehyde (MDA), CAT,
and SOD levels in hepatic and renal tissues. MDA levels skyrocketed in the negative control
group. At the same time, a drop in both CAT and SOD activity was observed in the same
group. This observation may be because MDA, a byproduct of lipid peroxidation, increases
as a result of oxidative stress in cells. In contrast, the activity of antioxidant enzymes reduces
considerably, due to overwhelmedness and deactivation by ROS (Olufunmilayo et al., 2023;
Apiamu et al., 2024).

Research indicates that Vitamins C and E are antioxidants that can help mop up ROS and
restore redox balance. Phytochemical analyses of tiger nuts have disclosed the presence of
polyphenols, Vitamins C and E, as well as other desirable constituents (Bando et al., 2020;
Apiamu et al., 2026) According to our results, a diet containing tiger nut can effectively clean
up ROS and undo cell damage. For instance, renal CAT and SOD activity in Groups II and I1I
was restored to the same levels as the control group and was even higher in the groups
subjected to higher amounts of tiger nuts in their diet. The effectiveness of higher doses of
tiger nuts may be because higher doses mean a higher concentration of tiger nut's bioactive
compounds to combat the deleterious effects of BPA exposure.

AChE breaks down acetylthiocholine (ACh) into choline and acetate cholinergic synapses,
inhibiting AChE prolongs Ach activity and culminates in the toxic buildup of ACh in the
synaptic cleft, leading to a plethora of neurological issues. As a result of this mechanism,
measuring AChE activity is a commonly used method of investigating neurofunctional status.
According to Liu et al. (2017), ROS can inhibit AChE activity by directly attacking the structure
and modifying the active sites. Our work shows a significant (p<0.05) decline in AChE
concentrations in the liver and kidney of rats exposed to BPA without treatment. These
findings agree with the Aboul Ezz et al., (2023) who found that BPA exposure reduced AChE
activity in the heart of Wistar rats. Impressively, consumption of large amounts of tiger nut in
diet was found to return AChE activity to normal levels, potentially winning the battle against
BPA-induced neurotoxicity.

For accuracy and reliability of results, our study used a second parameter to ascertain
hepatorenal toxicity. Activity of Na*/K*-ATPase was also investigated. This Pump works
concertedly with ions that regulate homeostasis and chemical signalling. As a result,
inhibition or malfunctioning of this enzyme triggers neurological malfunctioning and is a risk
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factor for many diseases of the nervous system (Huang et al., 2024). Our results align with the
work of other researchers that have submitted that BPA impedes the activity of this protein
(Yoo et al., 2022; Apiamu et al., 2026). However, this study found that a tiger nut diet can
effectively combat BPA-induced stress, restore enzyme activity and, consequently, protect
neural tissues.

Conclusion

According to the current study, tiger nuts can safeguard hepatic and renal tissues in rats from
impairment and damage caused by exposure to BPA. We also found tiger nut to be helpful in
mitigating the neurodegeneration and preserving neurofunctional status of rats.
Comparatively, higher amounts of tiger nuts in the diet showed better results, especially in
restoring cholinergic signalling conditions.
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