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Abstract

Background and Aim: Exposure to pesticide mixtures used in agricultural practice poses a grave risk to non-target animals.
This study aimed to determine whether red grape seed extract (RGSE, which is 95% bioflavonoids and equal to 12,000 mg
of fresh red grape seed, and 150 mg of vitamin C) alleviated the changes in brain-derived neurotrophic factor (BDNF) level,
acetylcholinesterase activity, oxidative stress, and apoptosis induced by orally administered malathion in a rat model of
malathion-induced neurotoxicity.

Materials and Methods: Thirty-two adult male Wistar albino rats were divided into four groups and exposed to malathion
with or without 4 weeks of RGSE treatment, treated with RGSE alone, or left untreated as controls. The animals were
euthanized 24 h after last treatment. Brain samples were collected to measure acetylcholinesterase, superoxide dismutase
(SOD), and caspase 3 activity, total antioxidant capacity (TAC), and BDNF levels.

Results: Malathion significantly reduced acetylcholinesterase and SOD activity and TAC and significantly increased
caspase 3 activity. In comparison, acetylcholinesterase and SOC activity, BDNF level, and TAC were improved and caspase
3 activity was decreased in the malathion-RGSE group, indicating that RGSE corrected the alterations detected in these
biochemical parameters.

Conclusion: Oxidative stress and apoptosis in the brains of rats exposed to oral malathion were substantially controlled by

RGSE treatment.
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Introduction

Malathion is one of the most widely used organo-
phosphorus pesticides used to eliminate house bugs,
flies, mosquitoes, and human lice [1]. Its intended
application as well as the high risk of food contami-
nation following its use might lead to severe environ-
mental and workplace contamination [2]. Immediate
toxic effects of malathion are mostly due to the inhi-
bition of acetylcholinesterase activity in the central
nervous system, which leads to higher levels of ace-
tylcholine and a variety of cholinergic symptoms [3].

Several studies have suggested that organophos-
phorus pesticides might alter other biological targets as
well. Brocardo et al. [4] reported that malathion poi-
soning impaired antioxidant response and increased
the levels of several oxidative stress indicators in a
dose-dependent manner. Moreover, previous studies
have demonstrated malathion-induced brain injury
and caspase 3 dependent neurotoxicity in rats [5, 6].
Importantly, organophosphorus pesticide intoxication
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may cause neuropsychiatric symptoms such as anxiety
and depression, which can disrupt neurogenesis [7-9].

As the most active neurotrophic factor in the cen-
tral nervous system, brain-derived neurotrophic factor
(BDNF) supports neuronal health and survival [10]
through many aspects, including neurogenesis, den-
dritic branching, neurotransmitter generation and
release, synapse formation and maturation, and syn-
aptic plasticity [11]. These biological effects of BDNF
are mediated through its interaction with the receptor
tyrosine kinase B [12].

Grape seed extract (GSE) is a popular nutritional
supplement and a cheap source of antioxidants. The
phenolic compounds in GSE include phenolic acids
and related compounds as well as flavonoids[13].
Proanthocyanidins in GSE are considered to protect
against myocardial ischemia/reperfusion injury and
cardiomyocyte apoptosis caused by reactive oxygen
species. In addition, GSE was shown to be beneficial
in a variety of disorders, including skin aging and to
exhibit anti-inflammatory, antiapoptotic, antinecrotic,
cardiovascular, and anticancer effects [13]. Grape seed
extract was also demonstrated to alleviate brain damage
in a model of forebrain ischemia in adult gerbils [14]. In
newborn rats, GSE can reduce brain damage and alle-
viate hypoxia-induced lipid peroxidation in brain [15].

Red grape seed extract (RGSE) and vitamin C is
a rich source of plant-based antioxidants, which are
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crucial in defense against oxidative stress and free rad-
ical damage. This study aimed to determine whether
RGSE altered BDNF levels, cholinergic activity, oxi-
dative stress, and apoptosis in a rat model of neurotox-
icity caused by oral malathion administration.

Materials and Methods

Ethical approval

All animal experiments were performed in
accordance with the guidelines of the National
Council for Animal Experimentation Control, and
the Ethical Committee approval was obtained from
Ethical Committee of Middle East University-Jordan
(approval no. 2022MEU02).

Study period and location
This study was conducted from January 2022 to
June 2022 in Middle East University, Amman, Jordan.

Materials

Malathion (purity 98.9%) was purchased from
Sigma-Aldrich (Saint Louis, MO, USA). Red Grape
seed extract was purchased from NZ Pure Health
(Auckland, New Zealand) (each NZ Pure Health
RGES capsule provides 100 mg of RGSE, which is
95% bioflavonoids and equal to 12,000 mg of fresh
red grape seed, and 150 mg of vitamin C).

Animals

Thirty-two adult male Wistar albino rats, aged
60 days and weighing between 260 and 280 g, were
acquired from the Middle East University Pharmacy
Faculty in Amman, Jordan. Rats were provided regular
rodent food for 1 week before experiments for acclima-
tion to the laboratory environment. Rats were housed
in a group of four in cages, fed a standard meal, given
access to unlimited water, and housed at a temperature
of 23°C-25°C. In male Wistar albino rats, malathion
dose required for 50% mortality (L .0) is 1768-
1857 mg/kg body weight [16]. In this study, malathion
was used at a dose of 1132.5 mg/kg body weight, which
was equivalent to 0.6 LD, . Briefly, malathion was dis-
solved in comn oil to prepare a suspension, and a cus-
tomized syringe and needle with a ball tip was used for
oral malathion administration. Laboratory animal care
and handling practices were carried out in accordance
with ethical standards for laboratory animals.

Experimental design

Animals were split into the following four groups,
with eight rats/group: Control group, including ani-
mals administered 1 mL/day corn oil once; malathion
group, including animals administered 1 mL malathi-
on-containing corn oil once; RGSE group, including
animals administered 250 ug/kg RGSE once daily for
4 weeks, and malathion-RGSE group including ani-
mals administered 1 mL malathion-containing corn
oil once before treatment with 250 pg/kg RGSE once
daily for 4 weeks.

At the end of experiments, all animals were euth-
anized by exsanguination 24 h after last treatment.
Whole brain samples from all groups were collected,

and 1 g brain tissue per animal was homogenized in
10 mL phosphate buffer (pH 7.4). The homogenates
were centrifuged at 3000% g for 5 min. Collected
supernatants were stored at —20°C until biochemical
analyses.

Biochemical assay

Acetylcholinesterase activity was measured
using an acetylcholinesterase activity assay kit (Sigma-
Aldrich, St. Louis, USA) based on Ellman’s method.
Total antioxidant capacity (TAC) was measured
using a complete antioxidant capacity test kit (Bio
Diagnostic Co. in Cairo, Egypt) based on the method
described by Koracevic et al. [17]. Brain-derived neu-
rotrophic factor levels were measured using a Human
BDNF ELISA kit from Boster Biological Technology
(Encyclopedia Cir.,, Fermont, CA), according to
the manufacturer’s instructions. Brain BDNF lev-
els were expressed as pg/g of tissue [18]. Activity
levels of the endogenous antioxidant enzyme super-
oxide dismutase (SOD) were measured using SOD
assay kit (Caymanv Chemicals Company, Ann Arbor,
MI, USA) following the manufacturer’s instruc-
tions. Superoxide dismutase activity was expressed
as U/mg of protein. Caspase 3 activity was measured
using the Caspase-3 Colorimetric Activity Assay Kit
(Chemicon, Temecula, USA) [19].

Statistical analysis

GraphPad Prism 5.0 (https://graphpad-prism.
software.informer.com/5.0/) and Statistical Package
for the Social Sciences v.5.0 (IBM Corp., NY, USA)
were used for statistical analyses. Differences among
study groups were determined using a one-way analy-
sis of variance followed by post hoc Tukey’s multiple
comparisons test. p < 0.05 was considered statistically
significant for all analyses.

Results

Brain acetylcholinesterase activity was sig-
nificantly lower in the malathion group than in
the control, RGSE, and malathion-RGSE group.
Compared with the level of BDNF (1601 + 37 pg/g
tissue), caspase 3 activity (6 + 0.1 U/g tissue), ace-
tylcholinesterase activity (4.3 = 0.23 U/mg tissue),
TAC (51 £ 0.6 mM/g tissue), and SOD activity
(0.267 £ 0.013 U/mg tissue) in control group, mal-
athion administration led to increase in BDNF level
(1516 £42.5 pg/g tissue, p > 0.05) and caspase 3 activ-
ity (10.3 £ 0.23 U/g tissue, p < 0.0001) and decreases
in BDNF level (1516 +42.5 pg/g,), acetylcholinester-
ase activity (3.03 £ 0.27 U/mg tissue, p = 0.003), TAC
(28.6 = 2 mM/g tissue, p < 0.0001), and SOD activity
(0.123 £ 0.007 U/mg tissue, p < 0.0001) (Figure-1).

Total antioxidant capacity, SOD activity, and
caspase 3 activity were slightly, albeit not signifi-
cantly, higher in the RGSE group than in the control
group (53.6 £ 2.39 mM/g tissue, 2.675 £ 0.155 U/mg
protein, and 6.4 = 0.0.18 U/g tissue, respectively).
In contrast, brain BDNF level was significantly
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higher in the RGSE group than in the control group
(3092 + 80 pg/g tissue, p < 0.0001) (Figures-1-3).
Finally, acetylcholinesterase activity, BDNF
level, TAC, and SOD activity were significantly higher
in the malathion-RGSE group than in the malathion
group (p =0.0018, p <0.0001, and p = 0.003, respec-
tively, Figures-1 and 2) whereas caspase 3 activity
was significantly lower in the malathion-RGSE group
than in the malathion group (p < 0.0001) (Figure-4).

Discussion

As the most abundant and widely expressed
trophic factor in the developing and mature mamma-
lian brain [20], BDNF supports neuronal survival by
regulating their growth, maturation (differentiation),
and maintenance [20]. In this study, we found that
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Figure-1: The level of BDNF as pd/g (mean £ SE) in
rat brain tissue for all studied groups. ***p < 0.0001
(malathion or RGES or malathion + RGES compare with
control group). ®p < 0.0001 (RGES or malathion + RGES
compare with malathion group). BDNF=Brain-derived
neurotrophic factor, SE=Standard error, RGSE=Red grape
seed extract.
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Figure-2: The activity of AchE is represented as U/mg
(mean = SE) in rat brain tissue for each group under study.
*p < 0.05 (Malathion group compare with control group).
9p < 0.001 (RGES or malathion + RGES group compare with
control group). AchE=Acetylcholinesterase, SE=Standard
error, RGSE=Red grape seed extract.

malathion did not significantly increase BDNF pro-
tein levels in the rat brain. Dorri et al. [21] reported
that malathion (50 mg/kg/day, IP for 2 weeks) sig-
nificantly reduced BDNF levels (p < 0.01) in rat
hippocampi.

In this study, oral administration of 250 mg/
kg RGSE daily for 4 weeks resulted in a significant
increase in brain BDNF levels in the RGSE and
malathion-RGSE groups compared to the malathion
group. In vivo administration of purified flavonoids
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Figure-3: TAC as nM/g (mean * SE), SOD U/mg

(mean = SE) in rat brain tissue for all studied groups.
*p < 0.05, **p < 0.001, ***p < 0.0001, cNon significant
correlation (malathion or RGES or malathion + RGES group
compare with control group). ®p < 0.0001, °p < 0.01,
(RGES or malathion + RGES compare with malathion
group). TAC=Total antioxidant capacity, SE=Standard
error, SOD=Superoxide dismutase, RGSE=Red grape seed
extract.
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Figure-4: Caspase 3 activity U/g (mean + SE) in rat
brain tissue for all studied groups. ***p < 0.0001, Non
significant correlation (malathion or RGES or malathion +
RGES group compare with control group). ?p < 0.0001,
°Non significant correlation (RGES or malathion + RGES
group compare with malathion group). SE=Standard error,
RGSE=Red grape seed extract.
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has been shown to phosphorylate cAMP response ele-
ment-binding protein in the hippocampus, leading to
increases in the extracellular signal-regulated protein
kinase and BDNF levels [22-24]. Some polyphenols
act like neurotrophins by acting as direct tyrosine
kinase B receptor agonists, while others turn on path-
ways that have neurotrophic effects. [24, 25]. Studies
have demonstrated that specific flavonoids in RGSE
correlate with its antioxidant effect. Grape flavonoids
have a variety of biological effects, such as scaveng-
ing of free radicals, prevention of lipid oxidation, and
reduction of hydrogen peroxide production [26].

In this study, the significant reduction in TAC
detected in malathion-administered rats was signifi-
cantly improved following RGSE treatment after
malathion administration. Organophosphorus pes-
ticide toxicity might induce oxidative stress due to
redox cycling activity and free radical production
[27]. These results imply that reactive oxygen spe-
cies might be responsible for brain damage and
altered behavior induced by malathion exposure [5].
Organophosphorus pesticides have been reported to
alter Ca™ homeostasis [28], leading to mitochondrial
dysfunction possibly due to altered respiratory chain
enzyme activity [29], and precipitated by the high
energy demand of the brain and its poor antioxidant
system[30].

In the current study, acetylcholinesterase level
was significantly higher in the malathion-RGSE group
than in the malathion group. Acetylcholinesterase
inhibition cannot fully account for the wide variety of
adverse effects associated with malathion exposure.
The harmful consequences of acute and chronic mal-
athion exposure have been largely attributed to oxida-
tive stress. As a highly lipophilic compound, malathion
immediately interacts with the phospholipid bilayer of
the cellular membrane, leading to structural instabil-
ity, and free radical generation [31].

In this study, TAC and SOD activities were sig-
nificantly higher in the malathion-RGSE group than
in the RGSE. Previous studies have demonstrated
that malathion disrupts antioxidant balance by reduc-
ing the activity of cellular antioxidant mechanisms
involving SOD, reduced glutathione, and glutathione
peroxidase [31-35]. Other study has shown that mal-
athion leads to increased antioxidant enzyme activity
as an additional defense mechanism [36].

Brain is susceptible to severe oxidative damage
because its high lipid composition renders the brain
susceptible to oxidation and generation of reactive
oxygen species due to high oxygen consumption in the
presence of relatively low antioxidant levels. Oxidative
stress is an important mechanism underlying the toxic
effects of malathion. Malathion-induced neurotox-
icity is closely related to oxidative stress caused by
malathion. Malathion initially increases cholinergic
activity upon acute exposure by inhibiting acetylcho-
linesterase, which is its primary pathological mecha-
nism. Malathion also induces non-cholinergic neuronal

cell death in neurodegenerative conditions. Malathion
alters endogenous enzymatic and non-enzymatic anti-
oxidant activities in the brain so, it can lead to mito-
chondrial malfunction, DNA breakage, apoptosis
failure to counteract damage induced by free radicals,
including lipid peroxidation [5, 6]. Malathion has been
shown to increase malondialdehyde levels, total oxi-
dative levels, and oxidative stress and to impede pro-
tective antioxidant machinery, including alterations in
TAC and SOD activity [5, 6, 37, 38].

Malathion-induced oxidative stress can result in
autophagy, deoxyribonucleic acid fragmentation, and
mitochondrial dysfunction, all of which can result in
apoptosis. In hippocampus, malathion causes submito-
chondrial vesicles to produce more reactive oxygen spe-
cies, which inhibit mitochondrial complexes I, II, and IV.
This subsequently alters cellular energy and causes an
imbalance between oxidants and antioxidants [39, 40].

Both DNA damage and mitochondrial dysfunc-
tion can induce apoptosis. Malathion has been shown
to reduce the levels of several antiapoptotic proteins,
such as phosphorylated AKT and BCL-2. Malathion
induced apoptosis by increasing the amount of Bax/
Bcl2 ratio, and caspase 3, in the brain is noteworthy
[6, 41, 42].

A number of polyphenols, including flavonoids,
anthocyanins, and phenolic acids, have been shown to be
effective against malathion-induced tissue damage [43].
Akbel et al. [44] demonstrated that resveratrol reduced
the amount of malaoxon (breakdown product of mala-
thion) in brain tissues, neutralized the harmful effects
of malathion, and preserved the antioxidant defense.

Previous studies [45, 46] reported that supple-
mental vitamin C significantly reduced neurotoxicity
and oxidative stress induced by an insecticide mixture,
including malathion. Robea et al. [45] reported that
compared to the control group, vitamin C-administered
group had lower oxidative stress, indicating the pro-
tective effect of antioxidants in reducing brain injury.
In this study, cotreatment with RGSE, including vita-
min C led to a significant reduction in oxidative stress.

Conclusion

In this study, RGSE and vitamin C provided
protection from malathion-induced neurotoxicity in
the rat brain by increasing acetylcholinesterase and
SOD activity, BDNF level, and TAC and by reducing
caspase 3 activity, thereby alleviating apoptosis. Red
grape seed extract and vitamin C should be recom-
mended for neuroprotection in individuals exposed
to malathion. Further investigation is warranted to
clarify the involvement of RGSE and vitamin C in the
regulation of acetylcholinesterase and SOD activity,
BDNEF levels, and TAC.
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