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ABSTRACT

Malathion is an organophosphate compound that can cause
severe damage to organs such as the liver. It exerts its toxic effects through inhibition of
cholinesterase and induction of oxidative stress. Hesperidin, a flavonoid with antioxidant and
anti-inflammatory properties, may have a protective role against this damage. The aim of this
study was to investigate the protective effect of hesperidin against acute malathion-induced

liver injury in female Syrian mice.
SIVeJ EeSERER\YERIE In this experimental study, 32 female Syrian mice were randomly

divided into four groups: negative control, malathion, hesperidin, and treatment (malathion
+ hesperidin). Malathion (3 mg/kg) and hesperidin (20 mg/kg) were administered
intraperitoneally for 35 consecutive days. At the end of the treatment period, following
anesthesia, cardiac blood sampling and liver tissue collection were performed. Data were
analyzed using SPSS version 24, with statistical significance set at (p<0.05).

s In the malathion group, histopathological alterations in liver tissue were observed,
and serum levels of ALT, AST, ALP, and both total and direct bilirubin were significantly
increased (P<0.05). In the treatment group, these markers were significantly reduced, and
histological improvement of liver tissue was evident (P<0.05). Total antioxidant capacity
(TAC) decreased in the malathion group while it increased in the hesperidin and treatment
groups (P<0.05). Additionally, malondialdehyde (MDA) levels were significantly elevated
in the malathion group but significantly reduced in the malathion+hesperidin group (P<0.05).
Malathion induced histopathological changes and enzymatic disturbances in the
Secgivgd: ié gct 22(3)2255 liver, whereas hesperidin effectively mitigated these effects. Therefore, hesperidin may serve

evisea: ec i i ion-i ici
Acooptod: 17 Feb 2026 as a protective agent against malathion-induced hepatotoxicity.
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Introduction

alathion (diethyl 2-[(dimethoxy
phosphorothioyl) sulfanyl]butanedioate) is a
synthetic organophosphorus pesticide and
one of the most extensively used insecticides
worldwide. Owing to its relatively low environmental
persistence, exposure occurs predominantly through
ingestion, inhalation, and dermal absorption (1).
Malathion is well recognized as a neurotoxic agent, and
prolonged exposure has been associated with
genotoxicity, endocrine dysfunction, immunological
disturbances, and hematological abnormalities, including
reduced erythrocyte counts, with the severity of these
adverse effects largely depending on the route, duration,
and extent of exposure (2). Consequently, neurotoxicity
represents the predominant  manifestation  of
organophosphate poisoning, whereas hepatotoxicity is
considered one of its major systemic complications (2,3).
As the primary organ responsible for xenobiotic
metabolism and detoxification, the liver is particularly
vulnerable to malathion-induced injury, and impairment
of hepatic function may lead to profound metabolic and
physiological disturbances (3). The International Agency
for Research on Cancer (IARC) has classified malathion
as a Group 2A (probably carcinogenic to humans)
compound, underscoring the potential health risks
associated with long-term exposure (1).

Although malathion exhibits relatively low intrinsic
toxicity, it undergoes hepatic bioactivation by
cytochrome P450 (CYP450) enzymes to form malaoxon,
an active metabolite that is approximately 61-fold more
toxic than the parent compound (4). The toxicological
fate of malathion is primarily determined by two
competing metabolic pathways. The first involves
detoxification by carboxylesterases, which hydrolyze
malathion into less toxic metabolites. The second
consists of CYP450-mediated oxidative desulfuration,
resulting in the formation of malaoxon, the principal
mediator of malathion-induced toxicity. At lower
exposure levels, CYP1A2 and, to a lesser extent,
CYP2B6 predominantly catalyze malaoxon formation,
whereas CYP3A4 and CYP2B6 become increasingly
involved under higher exposure conditions, thereby
enhancing the bioactivation process. In addition,
impurities  such as isomalathion can inhibit
carboxylesterase activity, shifting malathion metabolism
toward bioactivation and substantially increasing its
toxicity. Consequently, elevated CYP1A2 and CYP2B6
activity, whether attributable to genetic polymorphisms
or environmental factors such as cigarette smoking, has
been proposed as a determinant of increased individual
susceptibility to organophosphorus pesticides, including

Hamed Shoorei, et al. Investigating the Antioxidant Effects of Hesperidin on Liver Tissue in Mice with Acute Malathion Toxicity. Jundishapur

malathion (5).

Methods

Thirty-two adult female BALB/c mice, weighing
approximately 20 g, were used in this experimental study.
The animals were randomly allocated to four
experimental groups (n = 8 per group):

1) Control group: Mice received physiological saline
containing 1% dimethyl sulfoxide (DMSO).

2) Malathion group: Mice received malathion (3
mg/kg/day, intraperitoneally) for 35 consecutive days
(12).

3) Malathion + Hesperidin group: Mice received
malathion (3 mg/kg/day) and hesperidin (20 mg/kg/day)
via intraperitoneal injection for 35 consecutive days.

4) Hesperidin group: Mice received hesperidin (20
mg/kg/day, intraperitoneally) for 35 consecutive days
(12).

All treatments were administered via intraperitoneal
(IP) injection. At the end of the 35-day treatment period,
the animals were anesthetized with ketamine (50 mg/kg)
and xylazine (10 mg/kg) (10). Blood samples were
collected by cardiac puncture, after which the liver was
immediately excised through a midline abdominal
incision. Liver  specimens  designated for
histopathological analysis were fixed in 10% neutral-
buffered formalin. Blood samples were centrifuged at
3,000 rpm for 15 min to separate the serum, which was
subsequently stored at —20°C until biochemical analyses
were performed.

Hepatic function was evaluated by measuring serum
alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP),
and total and direct bilirubin concentrations using
commercially available diagnostic kits (Bionic Co., Iran)
according to the manufacturer's instructions. Hepatic
oxidative status was assessed by determining
malondialdehyde (MDA) levels using the thiobarbituric
acid reactive substances (TBARS) assay and total
antioxidant capacity (TAC) using the ferric reducing
antioxidant power (FRAP) assay. For histopathological
evaluation, liver tissues were processed according to
standard paraffin-embedding procedures, sectioned,
stained with hematoxylin and eosin (H&E), and
independently examined by an experienced pathologist
who was blinded to the experimental groups.

The extent of hepatic necrosis was evaluated using a
semiquantitative injury scoring system ranging from 0 to
4, based on the severity of necrotic lesions within the
hepatic parenchyma, as previously described (13). Each
tissue section was independently assessed by two
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pathologists who were blinded to the experimental group
allocation. The scoring criteria were defined as follows:
Grade 0: absence of pathological alterations; Grade 1:
hepatocellular degeneration with only a few scattered
foci of necrosis; Grade 2: a small area of mild
centrilobular necrosis surrounding the central vein; Grade
3: more extensive centrilobular necrosis than that
observed in Grade 2; and Grade 4: severe centrilobular
necrosis exceeding that observed in Grade 3.

All experimental procedures were approved by the
Institutional Animal Ethics Committee of Birjand
University of Medical Sciences (Approval No.
IR.BUMS.REC.1401.104). All animal experiments were
conducted in accordance with institutional ethical
regulations and internationally accepted guidelines for
the care and use of laboratory animals. Furthermore, the
study was designed, conducted, and reported in
compliance with the ARRIVE (Animal Research:
Reporting of In Vivo Experiments) guidelines to ensure
the highest standards of ethical conduct and transparency
in animal research.

Results

Serum biochemical analysis revealed that ALT, AST,
and ALP levels were significantly elevated in the
malathion-treated group compared with the control group
(P < 0.05). In contrast, co-administration of hesperidin
significantly reduced the serum levels of these liver
enzymes relative to the malathion group (P < 0.05).
Similarly, both total and direct bilirubin concentrations
were significantly higher in the malathion group than in
the control and hesperidin groups (P < 0.05), whereas
treatment with hesperidin significantly decreased these
parameters compared with the malathion group (P <
0.05). With respect to hepatic oxidative stress markers,
total antioxidant capacity (TAC) was significantly
reduced in the malathion group compared with the
control group (P < 0.05). Co-treatment with hesperidin
significantly restored TAC levels relative to the
malathion group (P<0.05). Conversely, hepatic
malondialdehyde (MDA) levels were significantly
increased following malathion administration compared
with the control group (P<0.05), whereas hesperidin
treatment significantly decreased MDA concentrations
compared with the malathion group (P < 0.05).

Conclusion
The findings of the present study demonstrate that

malathion-induced oxidative stress plays a pivotal role in
the development of hepatic injury. Hesperidin effectively
mitigated  malathion-induced  hepatotoxicity by
suppressing oxidative stress, preventing excessive free
radical generation, improving liver function biomarkers,
and preserving hepatic histological architecture. To the
best of our knowledge, this is the first study to
demonstrate the hepatoprotective effects of hesperidin
against malathion-induced liver injury. These findings
highlight the therapeutic potential of hesperidin as a
natural  hepatoprotective  agent for  reducing
organophosphate pesticide-induced hepatotoxicity.
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