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ABSTRACT The nephrotoxicity linked to reactive oxygen species (ROS) formation, which exacerbates cellular
damage, frequently limits the clinical application of cisplatin (CP), a commonly used chemotherapeutic medication
that is effective against a variety of solid malignancies. These harmful effects can be lessened by antioxidants. This
study evaluated the protective effect of an Agaricus bisporus methanolic extract on male albino rats. Control,
silymarin, cisplatin, and mushroom were the four groups into which the animals were divided. After 15 days, the
samples were subjected to various enzyme levels and kidney tissues were examined histologically. Histology
revealed better kidney structure, and mushroom therapy markedly decreased malondialdehyde (MDA) and raised
glutathioneperoxidase (GPx), catalase (CAT), and superoxide dismutase (SOD) activity. According to these results,
Agaricus bisporus has antioxidant qualities that guard against oxidative kidney damage brought on by cisplatin and

may lessen the toxicity of chemotherapy.

INTRODUCTION

Nephrotoxicity remains a major dose-limit-
ing adverse effect of Cisplatin in clinical oncolo-
gy, despite advances in hydration protocols and
supportive care. Cisplatin-induced renal dam-
age is a complex process involving oxidative
strain, impaired mitochondria, activation of the
DNA damage response, signalling related to in-
flammation, and several forms of programmed
cell death, such as apoptosis, necroptosis, and
ferroptosis, according to recent mechanistic stud-
ies. Cisplatin is preferentially absorbed by prox-
imal tubular epithelial cells after systemic treat-
ment through membrane transporters such as
organic cation transporter 2 and copper trans-
porter 1, resulting in intracellular accumulation.
After entering the cell, cisplatin undergoes aqua-
tion reactions that produce extremely reactive
platinum complexes that can build DNA adducts,
stopping the cell cycle and activating p53-de-

pendent pathways. Furthermore, an excess of
reactive oxygen species (ROS) overwhelms the
body’s natural antioxidant defenses, causing
damage to mitochondrial DNA, lipid peroxida-
tion, and protein carbonylation. Recent research
has shown that tubular injury is further exacer-
bated by mitochondrial ROS amplification and
defective mitophagy, underscoring mitochondria
as key mediators in cisplatin nephrotoxicity
(Peres and da Cunha 2013; Yang et al. 2023).
The development of acute kidney damage
(AKI) brought on by cisplatin is also signifi-
cantly influenced by inflammatory reactions.
Nuclear factor-kappa B (NF-EB) signalling acti-
vation and pro-inflammatory cytokines like tu-
mour necrosis factor-alpha (TNF-4) increase in-
terleukin-1 beta (IL-14), and interleukin-6 (IL-6)
contribute to leukocyte infiltration and sus-
tained tissue damage. Toll-like receptor 4 (TLR4)
signalling and NLRP3 inflammasome activation
have recently been implicated in amplifying re-
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nal inflammation following cisplatin exposure.
Furthermore, new research indicates that tube
damage in cisplatin-treated experimental mice is
largely caused by ferroptosis, an iron-depen-
dent lipid peroxidation-driven type of cell death.
Targeting these inflammatory and redox-sensi-
tive pathways has therefore become a promis-
ing strategy to mitigate renal toxicity without
compromising the antitumor efficacy of cisplatin
(Lietal. 2022; Denget al. 2023).

Natural products with anti-inflammatory and
antioxidant qualities have attracted considerable
attention as adjunctive agents to counteract
chemotherapy-associated organ toxicity. Among
edible medicinal mushrooms, 4. bisporus has
gained recognition due to its rich phytochemi-
cal and nutraceutical profile. Commonly known
as the button mushroom, 4. bisporus contains
bioactive constituents such as phenolic acids,
flavonoids, ergothioneine, polysaccharides (in-
cluding a-glucans), selenium, and vitamins, all of
which contribute to its potent antioxidant capac-
ity. Ergothioneine, a naturally occurring thiol com-
pound abundantly present in A. bisporus, has
been identified as a cytoprotective antioxidant
that accumulates in tissues exposed to oxidative
stress, including the kidney. Recent experimental
studies have demonstrated that mushroom-de-
rived polysaccharides can modulate immune re-
sponses, suppress NF-éB activation, enhance
endogenous antioxidant enzyme activities, and
reduce MDA levels in oxidative stress models
(Kalaras et al.2017; Rahman et al. 2022).

Additionally, in animal models of toxin-in-
duced renal injury, dietary supplementation with
A. bisporus extracts has demonstrated renopro-
tective effects by reducing the expression of in-
flammatory cytokines, maintaining mitochondrial
integrity, and raising glutathione (GSH) levels.
Mushroom-derived bioactive fractions have
been shown in recent in vivo studies in rodent
models to significantly lower serum creatinine
and blood urea nitrogen levels, improve renal
tubule histopathological architecture, and down-
regulate apoptotic markers like caspase-3 and
Bax while upregulating anti-apoptotic Bcl-2 ex-
pression. These protective effects are largely attrib-
uted to synergistic antioxidant, anti-inflammatory,
and anti-apoptotic mechanisms (Zhang et al. 2022;
Elhusseiny et al. 2023).
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Given the growing global burden of cancer
and the widespread clinical application of cispl-
atin-based chemotherapy, identifying safe, di-
etary-derived protective agents is of consider-
able therapeutic importance. The integration of
functional foods such as A. bisporus as adjunc-
tive interventions may represent a promising
strategy to reduce cisplatin-induced nephrotox-
icity while maintaining anticancer efficacy. How-
ever, further well-designed preclinical and clini-
cal studies are necessary to elucidate optimal
dosing regimens, bioavailability, molecular tar-
gets, and potential interactions with chemother-
apeutic agents.

Objectives

The renoprotective effect of 4. bisporus in
cisplatin-induced kidney injury will be further
understood by comprehending the interaction
between oxidative stress regulation, inflamma-
tory signalling, and cell death pathways.

MATERIAL AND METHODS
Plant Material

Whitebutton mushroom (4. bisporus) was
purchased from a local market in Tiruchirappalli,
Tamil Nadu, India.

Drugs and Chemicals

Vials of cisplatin were used to cause nephro-
toxicity, and Silymarin, a common medication,
was purchased from a Trichy-based pharmacy.
Every other chemical and reagent utilised in the
investigation was of analytical quality and pur-
chased commercially.

Preparation of a Methanol Extract of
Mushrooms

Methanolic 4. bisporus extract After being
cleaned, the fresh macrofungus was dried for
three days at 370 degrees in a hot air oven. To
keep them safe from moisture, dried samples
were placed in an airtight container. Using 500
milliliters of methanol and stirring at 300 rpm for
24 hours, 50 grams of dried mushrooms were
extracted. Following that, the water was filtered
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using Whatman No. 1 filter paper. Another 500
cc of methanol was used to remove the residue.
After that, the mixture of methanol extract was
rotary evaporated for two hours.

Experimental Animals

Male albino rats weighing between 150 and
200 grams were donated by the Animal Science
department at Bharathidasan University in
Trichy. They were housed in sterile polypropy-
lene cages with standard lighting (12 hours of light
and 12 hours of darkness), temperature

(25+20°C), humidity (45+4%), and aregular diet
with unlimited water. This study was approved
by the Institutional Animal Ethics Committee
(TAEC) (1416/PO/a/11/CPCSEA).

Experimental Design

After a week of acclimation, male albino rats
were randomly assigned to four groups of six
animals each.

¢ Group I: For 15 days, distilled water was
given orally to normal control rats.

¢ Group II: On day 1, rats received a single
intraperitoneal (16 mg/kg b.w) dose of cis-
platin.

* Group III: Rats were administered an oral dose
of silymarin (50 mg/kg b.w/day) from the sec-
ond to the fifteenth day for 14 days following
a single dose of cisplatin on day 1.

¢ Group IV: Following a single intraperito-
neal (i.p.) injection of cisplatin on day 1,
rats were given an oral dose of 4. bisporus
methanol extract (200 mg/kg of b.w /day)
from the second to the fifteenth day for 14
days.

Blood samples were obtained for hematolog-
ical and biochemical significance analyses in
each group.

Preparation of Kidney Homogenate

Before the experiment finished on the fifteenth
day fasting on whole night was performed on
rats. The starving rats were killed under chloro-
form anesthesia on the sixteenth day of the pro-
cess. The kidney was fast isolated, cleaned in
ice cold isotonic saline and then blotted on ash-
free filter paper. The tissue was then homoge-
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nized at 0.1 M. The supernatant was kept at 20°C
after the homogenate was centrifuged for 15 min-
utes at 9000 rpm in a cold centrifuge (Al-Hashem
2009) for the antioxidant enzyme activity test.

Lipid Peroxidation Analysis

According to Heath and Backer’s descrip-
tion, lipid peroxidation was assessed as the gen-
eration of malondialdehyde (MDA) (Heath and
Backer1968). On the sixteenth day, the animals
were decapitated and sacrificed. After dissec-
tion, the kidney was placed in ice-cold saline to
prevent blood contamination. Following the col-
lected sample’s removal process, the plant part
was first washed in distilled water. After that,
they were weighed, compressed onto blotting
paper, and homogenized in 1.5 percent KCl us-
ing a Teflon homogenizer. Following the addi-
tion of 2.5 mL 0f20% TCA to 1 mL homogenate,
centrifugation was performed at 3500 rpm for 10
minutes. The pellet was dissolved in 2.5 ml of 0.5
M H2S04, thiobarbituric acid was added (3 ml),
and incubated at 37°C for 30 minutes. Spectro-
photometry at 530 nm was used to quantify the
absorbance after extraction of the substances
into 4 milliliters of n-butanol.

Enzymatic Antioxidant Analysis

The Kakkar et al. (1984) method was used to
test the renal tissue supernatant for SOD. (1984)
method. The Sinha (1972) method was employed
to quantify the renal tissue supernatant’s CAT
activity. applying Rotruck et al.’s (1973) method.
GPx activity in the renal tissue supernatant
was assessed in 1973.

Histopathological Analysis

Following animal sacrifice, kidney samples
from the treatment and control groups were re-
moved and cleaned with regular saline. Before
being incorporated in paraffin wax, they were
fixed for a whole day in 10% buffered formalin.
Haematoxylin-eosin dye was used to stain cross
sections of kidney tissue that were five to six
millimeters thick (Bartelink et al. 2002).

Statistical Analysis

The results were displayed as the standard
deviation of the mean value. Analysis of vari-



102

ance using the ANOVA test was used to con-
duct within-group comparisons. To ascertain
whether there was a significant difference be-
tween the experimental and normal control
groups, the student’s t test was employed. A prob-
ability level of less than five percent (P< 0.05)
was considered significant.

RESULTS

Impact of Agaricus bisporus on Renal
Enzymatic Antioxidants in Nephrotoxic
Rats Induced by Cisplatin

Tables 1 and 2 display the enzymatic antioxi-
dant activity in the kidney homogenates of each
animal group. Renal antioxidant enzyme levels, in-
cluding GPx, CAT and SOD, were considerably lower
in the cisplatin-treated group II than in the normal
control group I. Group IV treated with A. bisporus
had considerably (p<0.05) higher levels of antioxi-
dant enzymes such as CAT, SOD, and GPx than
group II treated with cisplatin. Antioxidant enzyme
levels were alsosignificantly (p<0.05) higher in group
[ treated with silymarin compared to group I treat-
ed with cisplatin.

Agaricus bisporus’s Effect on Cisplatin-Induced
Renal Lipid Peroxidation in Nephrotoxic Rats

Tables 1 and 2 demonstrate the quantity of
MDA in the kidney homogenates of animals in
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groups I, I, III, and IV. The cisplatin-treated
group II showed significantly higher levels of
lipid peroxidation than the normal control group
I. Treatment with 4. bisporus (Group I'V) signif-
icantly (pd”0.05) reduced the quantity of lipid
peroxidation in renal tissue when compared to
group II, which received cisplatin. In addition,
the kidney tissue lipid peroxidation level was
considerably (p<0.05) less in group III treated
with silymarin than in group II treated with
cisplatin.

Agaricus bisporus Impact on Histopathological
Analysis in Rats with Nephrotoxicity Caused by
Cisplatin

Group 1

The glomeruli (G) are numerous and morpho-
logically typical in the cortex of a normal control
rat kidney, according to sections of that kidney.
Cells with copious amounts of brilliant eosino-
philic cytoplasm line the tubules (T), which are
normal (arrows). Additionally, the interstitium
and blood vessels are normal (Fig. 1 A).

Group 11

Sections of a rat kidney treated with cispl-
atin demonstrate the abundance and aberrant
morphology of glomeruli (G) in the cortex. The
lining epithelium sloughs off of the tubules (T),

Table 1: Observed anti-oxidant values at different concentrations

Concentration (Mg) SOD (0D values)

CAT (OD values)

GPX (0D values) MDA (OD values)

0 8.50 3.80
50 8.70 4.00
100 8.90 4.20
150 9.10 4.30
200 9.30 4.50

6.00 6.50
6.20 6.20
6.30 5.80
6.40 5.50
6.50 5.10

Table 2: Agaricus bisporus’s impact on MDA and renal enzymatic antioxidants in rats with cisplatin-

induced nephrotoxicity

Groups SOD CAT GPX MDA

I 9.07+0.63 4.61+0.32 7.86+0.55 4.44+0.31.
II 6.79+0.47 3.47+0.24 5.86+0.41 7.75+0.54
111 8.82+0.61 4.65+0.32 6.93+0.48 4.7940.33
v 9.20+0.64 4.22+0.29 6.53+0.45 5.14+0.35

Ethno Med, 20(2): 99-109 (2026)
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indicating pathogenic alterations (arrows). Ad-
ditionally, the interstitium and blood vessels are
normal (Fig. 1 B).

Group 111

Rat kidney slices treated with silymarin dem-
onstrate that the glomeruli (G) are numerous and
anatomically normal in the cortex. Some tubules
(T) exhibit cells with a lot of brilliant eosino-
philic cytoplasm (right arrows), whereas others
display pathological alterations marked by shed-
ding the lining epithelium (down arrows). Addi-
tionally, the interstitium and blood vessels are
normal. Therefore, the tubular pathological al-
terations brought on by cisplatin seem to be
partially reversed (Fig. 1 C).

Group IV

Rat kidney sections treated with A. bisporus
show that the cortex’s glomeruli (G) are abun-

103

dant and anatomically normal. The lining epi-
thelium (arrows) of every tubule (T) has cells
with eosinophilic, normal, and copious cyto-
plasm. The interstitium, limbs, and blood ves-
selsare all in normal condition. As a result, Agar-
icus bisporus completely reversed the tubular
pathological alterations brought on by cisplatin
(Fig. 1 D).

DISCUSSION

It is commonly known that oxidative stress
plays a keyrole in cisplatin nephrotoxicity. Cis-
platin increases the generation of reactive oxy-
gen species (ROS), including hydrogen perox-
ide and superoxide anion radicals, exceeding re-
nal antioxidant mechanisms and causing cellu-
lar damage (Zhang et al. 2022). The initial line of
defense against ROS consists of SOD, CAT, and
GPx. Superoxide radicals are dismutated by SOD
into hydrogen peroxide, which is then broken

Fig. 1. Agaricus bisporus’s impact on histopathological analysis in rats with cisplatin-induced nephro-

toxicity

(A) Tubular epithelial cells and glomeruli are arranged normally in a section of a normal rat kidney

(Group I)

(B) Tubular epithelial cells and glomeruli are severely necrotic in a section of a cisplatin-treated rat

kidney (Group II)

(C) Tubular epithelial cells and glomeruli in a portion of a rat kidney treated with silymarin (Group

IIT) exhibit regenerative alterations

(D) Tubular epithelial cells and glomeruli in a portion of a rat kidney treated with Agaricus bisporus

(Group IV) exhibit full regenerative alterations

Ethno Med, 20(2): 99-109 (2026)
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down into water by CAT and GPx. When these
enzymes are compromised, as seen in cisplatin
toxicity, ROS accumulation facilitates lipid per-
oxidation, DNA damage, and protein oxidation,
leading to tubular cell injury (Deng et al. 2023).
The observed reduction in antioxidant enzyme
activity in group II (cisplatin alone) reflects this
well-established pathological cascade.
Multiple studies corroborate these results.
In cisplatin-treated rodent models, significant
declines in renal SOD activity were consistently
reported, often accompanied by reductions in
CAT and GPx activities (Atessahin et al. 2005; Li
etal. 2022). These declines are attributed to oxi-
dative depletion of enzyme cofactors and direct
inhibition by ROS, which impairs the catalytic
functions of antioxidant proteins. Furthermore,
cisplatin has been shown to reduce renal glu-
tathione (GSH), an essential cofactor for GPx
function, further exacerbating oxidative vulner-
ability (Peres and da Cunha 2013). Thus, dimin-
ished antioxidant enzyme activities are charac-
teristic biochemical hallmarks of cisplatin neph-
rotoxicity, and reversal of these changes repre-
sents a meaningful marker of nephroprotection.
The observed increase in SOD, CAT, and GPx
activities in A. bisporus-treated rats (group IV)
suggests that this fungus has a capacity to en-
hance the renal antioxidant defense system in
relation to oxidative damage brought on by cis-
platin. This effect could be explained by the rich
bioactive profile of 4. bisporus, which is known
to contain high levels of phenolic compounds,
flavonoids, ergothioneine,f-glucans, and other
antioxidants (Kalaras et al. 2017). Ergothioneine,
a thiol antioxidant highly concentrated in mush-
rooms, has unique ROS-scavenging properties
and accumulates preferentially in tissues prone
to oxidative damage (Cheah and Halliwell 2012).
Ergothioneine has been shown to protect mito-
chondrial and nuclear DNA from oxidative harm,
which is particularly relevant in kidneys, where
cisplatin disrupts mitochondrial function, lead-
ing to ROS overproduction (Yang et al. 2023).
Following A. bisporus treatment, increased
gene expression of antioxidant enzymes mediat-
ed by the nuclear factor erythroid 2-related fac-
tor 2 (Nrf2) pathway may also lead to increases
in CAT and GPx activity. Nrf2 is a master tran-
scriptional regulator of endogenous antioxidant
defense and phase II detoxification enzymes.

Ethno Med, 20(2): 99-109 (2026)
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Several dietary antioxidants and phytochemicals
are known to activate Nrf2, leading to upregula-
tion of SOD, CAT, and GPx gene expression.
Recent research indicates that bioactive mush-
room extracts can stimulate Nrf2 signaling, there-
by promoting antioxidant enzyme synthesis and
strengthening cellular resilience to oxidants (Li
etal. 2023; Rahman et al. 2022). Although direct
measurement of Nrf2 activation was not per-
formed in the present study, the elevation of
these enzymatic levels suggests that A. bisporus
may exert modulatory effects at both transcrip-
tional and post-transcriptional levels.

The protective effect of A. bisporus was com-
parable to that of silymarin in group III, a well-
studied antioxidant known for its ability to ame-
liorate oxidative tissue injury. Silybum marianum
is the source of the flavonolignan complex sily-
marin, has been shown to attenuate cisplatin
nephrotoxicity by restoring antioxidant enzyme
activities, reducing lipid peroxidation, and sup-
pressing pro-inflammatory signalling pathways
(Atessahin et al. 2005). The fact that both 4.
bisporus and silymarin significantly enhanced
antioxidant enzyme levels underscores that the
underlying protective mechanism in this model
is largely dependent on attenuating oxidative
stress.

Comparison with other natural antioxidants
further validates the potential therapeutic rele-
vance of A. bisporus. Numerous substances
derived from plants, including as quercetin, res-
veratrol, and curcumin, have been demonstrat-
ed to lessen kidney damage caused by cisplatin
by upregulating SOD, CAT, and GPx activities
and reducing ROS generation (Ozyilmaz et al.
2021; Sharma et al. 2020). The consistent pattern
across these diverse antioxidants suggests that
enhancing enzymatic antioxidant capacity is a
fundamental strategy to counteract cisplatin
nephrotoxicity. It further highlights the signifi-
cance of dietary bioactives, like those found in
A. bisporus, as accessible and low-toxicity ad-
juncts in chemoprotective regimens.

Another important consideration is that en-
hanced antioxidant enzyme activities in A.
bisporus-treated rats likely contributed to im-
provements in other biochemical and histopatho-
logical markers of renal function (data not shown
here but often reported in similar studies). Res-
toration of SOD, CAT and GPx not only reduces
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ROS burden but also prevents subsequent lipid
peroxidation and membrane destabilisation, pre-
serving renal cell integrity. Other nephroprotec-
tion studies using mushroom extracts have
shown that this biochemical improvement can
result in decreased serum indicators of kidney
injury, such as creatinine and blood urea nitrogen
(BUN) (Zhang et al. 2022).

However, while the findings of the present
study support a robust antioxidant effect of A.
bisporus, several limitations and future direc-
tions merit discussion. First, measurement of
gene expression levels of antioxidant enzymes
and transcription factors like Nrf2 would pro-
vide deeper insights into the molecular mecha-
nisms. Second, identification and quantification
of specific bioactive compounds in the 4.
bisporus extract would allow correlation between
compound potency and biological efficacy. Fi-
nally, expanding research to include other mod-
els of renal injury (for example, ischemia-reper-
fusion, diabetic nephropathy) would establish
broader nephroprotective applicability.

The observed increase in SOD, CAT and GPx
activities in A. bisporus-treated rats (group IV)
suggests that this fungus has a capacity to en-
hance the renal antioxidant defense system in
relation to oxidative damage brought on by cis-
platin. This effect could be explained by the rich
bioactive profile of 4. bisporus, which is known
to contain high levels of phenolic compounds,
flavonoids, ergothioneine, a-glucans, and other
antioxidants (Kalaras et al. 2017). Ergothioneine,
a thiol antioxidant highly concentrated in mush-
rooms, has unique ROS-scavenging properties
and accumulates preferentially in tissues prone
to oxidative damage (Cheah and Halliwell 2012).
Ergothioneine has been shown to protect mito-
chondrial and nuclear DNA from oxidative harm,
which is particularly relevant in kidneys, where
cisplatin disrupts mitochondrial function, leading
to ROS overproduction (Yang et al. 2023).

Increases in CAT and GPx activities follow-
ing A. bisporus treatment may also result from
enhanced gene expression of antioxidant en-
zymes mediated by the nuclear factor erythroid
2-related factor 2 (Nrf2) pathway. Nrf2 is a mas-
ter transcriptional regulator of endogenous an-
tioxidant defense and phase II detoxification
enzymes. Several dietary antioxidants and phy-
tochemicals are known to activate Nrf2, leading
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to upregulation of SOD, CAT, and GPx gene ex-
pression. Recent research indicates that bioac-
tive mushroom extracts can stimulate Nrf2 sig-
nalling, thereby promoting antioxidant enzyme
synthesis and strengthening cellular resilience
to oxidants (Li et al. 2023; Rahman et al. 2022).
Although direct measurement of Nrf2 activation
was not performed in the present study, the ele-
vation of these enzymatic levels suggests that
A. bisporus may exert modulatory effects at both
transcriptional and post-transcriptional levels.

The protective effect of A. bisporus was com-
parable to that of silymarin in group III, a well-
studied antioxidant known for its ability to ame-
liorate oxidative tissue injury. Silybum marianum
is the source of the flavonolignan complex sily-
marin, has been shown to attenuate cisplatin
nephrotoxicity by restoring antioxidant enzyme
activities, reducing lipid peroxidation, and sup-
pressing pro-inflammatory signalling pathways
(Atessahin et al. 2005). The fact that both 4.
bisporus and silymarin significantly enhanced
antioxidant enzyme levels underscores that the
underlying protective mechanism in this model
is largely dependent on attenuating oxidative
stress.

Comparison with other natural antioxidants
further validates the potential therapeutic rele-
vance of A. bisporus. By increasing SOD, CAT
and GPx activities and lowering ROS produc-
tion, a variety of plant-derived substances, such
as curcumin, resveratrol, and quercetin, have
been demonstrated to lessen cisplatin-induced
kidney damage (Ozyilmaz et al. 2021; Sharma et
al. 2020). The consistent pattern across these
diverse antioxidants suggests that enhancing
enzymatic antioxidant capacity is a fundamental
strategy to counteract cisplatin nephrotoxicity.
It further highlights the significance of dietary bio-
actives, like those found in 4. bisporus, as acces-
sible and low-toxicity adjuncts in chemoprotective
regimens.

Another important consideration is that en-
hanced antioxidant enzyme activities in A.
bisporus-treated rats likely contributed to im-
provements in other biochemical and histopatho-
logical markers of renal function (data not shown
here but often reported in similar studies). Res-
toration of SOD, CAT and GPx not only reduces
ROS burden but also prevents subsequent lipid
peroxidation and membrane destabilisation,
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preserving renal cell integrity. Other nephropro-
tection studies using mushroom extracts have
shown that this biochemical improvement can
result in decreased serum indicators of kidney
injury, such as creatinine and blood urea nitrogen
(BUN) (Zhang et al. 2022).

However, while the findings of the present
study support a robust antioxidant effect of A.
bisporus, several limitations and future direc-
tions merit discussion. First, measurement of
gene expression levels of antioxidant enzymes
and transcription factors like Nrf2 would pro-
vide deeper insights into the molecular mecha-
nisms. Second, identification and quantification
of specific bioactive compounds in the 4.
bisporus extract would allow correlation between
compound potency and biological efficacy. Fi-
nally, expanding research to include other mod-
els of renal injury (for example, ischemia-reper-
fusion, diabetic nephropathy) would establish
broader nephroprotective applicability.

Additionally, the study’s findings showed
that cisplatin significantly reduced GSH, raised
MDA generation in the renal tissue, and reduced
the activity of the antioxidant enzymes SOD and
CAT. These results align with the findings of
Yadavetal. (1997), and Fouad et al. (2012). Cis-
platin nephrotoxicity is evidently brought on by
oxidative stress and increased formation of su-
peroxide anion, hydrogen peroxide, and hydrox-
yl radicals due to enhanced activity of NADPH
oxidase, xanthine oxidase, and adenosine deam-
inase (Lalila et al. 2001). These free radicals cause
enzymatic inactivation by denaturing and per-
oxiding the lipid components of the cell mem-
brane (El Arem et al. 2014).

Additionally, Cisplatin-induced lipid peroxi-
dation in the kidney of rats was considerably
reduced by Berne date extract, as seen by in-
creased GSH content, decreased MDA content,
and improved CAT and SOD enzymatic activity.
The study’s findings are consistent with those
of El Arem et al. (2014), who discovered that
date fruit aqueous extract had a nephroprotec-
tive impact on rats exposed to oxidative stress
brought on by trichloroacetic acid, as evidenced
by a drop in MDA levels and an increase in an-
tioxidant enzyme activity. Similar findings were
reported by Saafi-Been Salah et al. (2012), who
demonstrated the date palm fruit extract’s anti-
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oxidant efficacy against oxidative stress and
dimethoate-induced nephrotoxicity in rats.

In this work, the researchers tried to find out
how a methanolic extract of Agaricus bisporus
affected the nephrotoxicity that cisplatin caused
in rats. Cisplatin-induced rats had higher levels
of reactive oxygen species (ROS), free radicals
like superoxide anion, hydrogen peroxide, and
hydroxyl radical, as well as a decrease in the
synthesis of antioxidant enzymes because of the
accumulation of cisplatin in the proximal and dis-
tal nephrons (Elberry et al. 2011). Superoxide is
converted to hydrogen peroxide, a considerably
less reactive chemical that acts as the first line
of defense against damage caused by ROS, by
the primary ROS generated by metalloenzymes
called SOD (Bartelink et al. 2002). Chronic renal
failure is mostly caused by oxidative stress. Due
to the kidneys’ loss of copper and zinc, which
are necessary for enzyme function, animals treat-
ed with cisplatin may have reduced tissue SOD
levels. In contrast to the cisplatin-induced
group, silymarin and Agaricus bisporus
therapy significantly increased SOD levels in kid-
ney tissue in the current study. The breakdown of
hydrogen p is catalysed by the ubiquitous enzyme
catalase (CAT). CAT is very good in preventing
different ROS-mediated damage and may shield the
kidney from nephrotoxicity brought on by cisplatin
(Vazirietal. 2003). The tissue CAT level is lower in
the cisplatin-induced animals than in the cisplatin-
induced group. However, silymarin and Agaricus
bisporus therapy markedly raised the CAT level in
kidney tissue, indicating its antioxidant activity dur-
ing nephrotoxicity. The most significant antioxidant
enzyme in humans is glutathione peroxidase (GPx),
ithas a high expression level in the kidney. It shields
the body from oxidative damage by scavenging and
inactivating lipid and hydrogen peroxides, as well
as by eliminating peroxides and peroxynitrite that
may harm the kidneys (Chirinoet al. 2004). Agaricus
bisporus and silymarin therapy dramatically raised
kidney tissue GPx levels, demonstrating their anti-
oxidant effectiveness against cisplatin- induced
oxidative stress.

Lipid peroxidation (LPO), which is mostly
brought on by a range of ROS, such as hydroxyl
and hydrogen peroxide radicals, is produced in
trace amounts by the body naturally. An increase
in the concentration of LPO end products indi-
cates the role of free radicals in human disease
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(Maet al. 2007). Proteins and DNA are more im-
portant targets of oxidative stress damage than
lipids and LPO, which frequently happen later in
the injury process (De Haan et al. 2005). The
LPO level in kidney tissue is reportedly elevated
by the production of free radicals from cisplatin-
mediated renal tissue injury. This is directly re-
lated to elevated LPO levels in nephrotoxic con-
ditions. By significantly reducing the kidney LPO
level and halting the production of free radicals
brought on by cisplatin-induced nephrotoxici-
ty, A. bisporus treatment proved its protective
role in preventing renal damage. The popular
drug silymarin also has a similar effect during
nephrotoxicity. The findings from this investi-
gation also made it abundantly clear that there
was a noticeable enlargement of the proximal
convoluted tubules and that the tubular epithe-
lium was desquamated, resulting in the slough-
ing off of nearly all of the epithelium. Increased
tissue in the interstitium and cellular debris in
the tubular lumen are other signs of renal necro-
sis brought on by cisplatin (Sener et al. 2006).
The glomerulus and renal tubular necrosis are
shielded from the effects of cisplatin-treated
group rats by A. bisporus therapy.

Recent studies have further reinforced the
central role of oxidative stress in cisplatin-in-
duced nephrotoxicity and highlighted the thera-
peutic potential of natural antioxidants in miti-
gating renal injury. For example, Zhang et al.
(2023) reported that antioxidant-rich natural prod-
ucts significantly restored renal antioxidant en-
zyme activities while reducing lipid peroxidation
and inflammatory responses in cisplatin-treated
experimental animals. Similarly, Rahman et al.
(2024) demonstrated that dietary bioactive com-
pounds capable of activating endogenous anti-
oxidant pathways effectively attenuated cispl-
atin-mediated oxidative damage and preserved
renal architecture. These findings are in agree-
ment with the present study, where 4. bisporus
treatment significantly enhanced SOD, CAT, and
GPx activities while reducing oxidative stress-
associated renal damage.

The observed nephroprotective effects of A.
bisporus are also consistent with growing evi-
dence supporting the medicinal value of edible
mushrooms. Recent investigations have shown
that mushroom-derived bioactive compounds,
including ergothioneine, polysaccharides,
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phenolic acids, and flavonoids, possess potent
antioxidant and cytoprotective properties
(Kalarasetal. 2017; Yang et al. 2023). In a recent
review, Sharma and Kaur (2024) highlighted that
edible mushrooms can modulate oxidative
stress, inflammatory pathways, and mitochon-
drial dysfunction, thereby providing protection
against various forms of organ toxicity. The im-
provement in antioxidant enzyme activities ob-
served in the current study may therefore be
attributed to the synergistic action of multiple
bioactive constituents present in 4. bisporus.
Furthermore, increasing attention has been
directed toward the role of the Nrf2 signalling
pathway in protecting against cisplatin-induced
renal injury. Activation of Nrf2 promotes the tran-
scription of several antioxidant and detoxifying
enzymes, thereby enhancing cellular resistance
to oxidative stress. Recent studies have demon-
strated that mushroom-derived phytochemicals
can activate Nrf2-mediated antioxidant respons-
es and reduce renal oxidative damage (Li et al.
2023; Rahman et al. 2022). Although Nrf2 expres-
sion was not evaluated in the present investiga-
tion, the significant restoration of antioxidant
enzyme activities suggests that this pathway may
contribute to the nephroprotective effects of A.
bisporus and warrants further investigation.
The present findings also compare favour-
ably with studies evaluating other natural neph-
roprotective agents. Curcumin, quercetin, res-
veratrol, and several plant-derived polyphenols
have been reported to attenuate cisplatin-in-
duced nephrotoxicity through restoration of
antioxidant enzyme activities and suppression
of lipid peroxidation (Ozyilmaz et al. 2021; Shar-
ma et al. 2020). The magnitude of antioxidant
improvement observed with A. bisporus in the
current study suggests that edible mushrooms
may represent an additional promising source
of renoprotectivebioactives. Importantly, unlike
many purified phytochemicals, A. bisporus is
widely consumed as a dietary component, which
may facilitate its future translational application
as a complementary nutritional intervention.
Despite substantial progress in understand-
ing cisplatin nephrotoxicity, important knowl-
edge gaps remain. Most previous studies have
focused primarily on synthetic antioxidants or
isolated phytochemicals, while relatively few
investigations have examined the nephroprotec-
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tive potential of commonly consumed edible
mushrooms. Moreover, mechanistic studies ex-
ploring the relationship between mushroom bio-
actives, oxidative stress modulation, and renal
tissue preservation remain limited. Therefore, the
present study contributes to the growing body of
evidence by demonstrating that methanolic extract
of A. bisporus effectively ameliorates cisplatin-in-
duced oxidative stress, restores endogenous an-
tioxidant defenses, reduces lipid peroxidation, and
improves renal histopathological alterations.
These findings provide further support for the
development of mushroom-based functional
foods and nutraceuticals as potential adjunctive
strategies for reducing chemotherapy-associated
renal toxicity.

Future investigations should focus on charac-
terizing the specific bioactive compounds respon-
sible for the observed nephroprotective effects,
evaluating their molecular targets, and examining
their influence on signalling pathways involved in
oxidative stress, inflammation, apoptosis, and mi-
tochondrial dysfunction. Additionally, studies in-
volving gene-expression profiling, protein-level
analyses, and clinical translation will be necessary
to establish the therapeutic relevance of A.
bisporus in the prevention of cisplatin-associated
kidney injury.

CONCLUSION

In an experimental model system, the
current study discovered that Agaricus bisporus
methanolic extract showed potential antioxidant
activity. The findings show that the antioxidant,
anti-inflammatory, and antiapoptotic properties of
Berne date extract shield kidney tissue from cispl-
atin-induced nephrotoxicity in rats. Consequently,
kidney impairment, a significant and dose-limiting
issue when using cisplatin, can be avoided with Berne
dateextract. The crudeextract’s phenols, flavonoids
like quercetin, and other phytochemical components
may be responsible for the antioxidant activity.
Future clinical treatments for patients with renal failure
may be significantly impacted by additional research
into Agaricus bisporus’s mode of action.

RECOMMENDATIONS

Future clinical treatments for individuals with
renal failure may be significantly impacted by
additional research into the mechanism of ac-
tion of Agaricus bisporus.
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