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ARTICLE INFO ABSTRACT

Keywords: Background: Garlic, scientifically known as Allium sativum, has been a revered
Allium sativum traditional medicine for millennia, rich in diverse phytochemicals with various medicinal
Parkinson 's disease properties, such as antioxidant, anticancer, anti-inflammatory, pain killer, hypoglycemic,
Malathion antimicrobial, antiviral, and wound-healing properties. Its remarkable therapeutic
Garlic potential makes garlic a beneficial natural treatment for many health issues. Objective:
. This research examined the neuroprotective effects of garlic against Malathion (Mal)-
Oxidative stress . . - 1 ; . . .
Inflammation associated Parkinson's-like behavioral symptoms in rats. Methods: Animals were

categorized into eight groups at random: (1) saline-treated group (control); (2) Mal group
(100 mg kg™); (3) Mal + garlic (50 mg kg™); (4) Mal + garlic (100 mg kg™); (5) Mal +
garlic (150 mg kg™); (6) Mal + L-DOPA (10 mg kg™); (7) garlic (150 mg kg™); and (8)
polyethylene glycol (PEG) group (L-DOPA vehicle). Treatment lasted 28 days, followed
by behavioral assessments and analyses of acetylcholinesterase (AChE) activity,
malondialdehyde (MDA) level, antioxidants levels, and proinflammatory cytokines in the
striatum. Results: Mal exposure caused neurobehavioral toxicity with increased MDA,
tumor necrosis factor-a. (TNF-a), and interleukin-6 (IL-6), alongside decreased GSH
concentration and AChE activity. Garlic treatment successfully mitigated these effects.
Conclusion: The findings suggest that garlic may have a favorable impact in treating
Parkinson's disease by enhancing antioxidant levels and mitigating oxidative stress and
inflammatory processes, countering the harmful effects of pesticides like Mal. Additional
studies necessary to thoroughly explore garlic's protective benefits in this area.

Abbreviations: 6-OHDA, 6-hydroxydopamine; AChE, Acetylcholinesterase; AP-1, Activator protein 1; DTNB, 5,50-
dithiobis 2- nitrobenzoic acid; GSH, Glutathione; IL-6, Interleukin-6; IP, Intraperitoneal injection; Mal, Malathion;
MAPK, Mitogen-activated protein kinase; MDA, Malondialdehyde; MPTP, 1-methyl-4-phenyl-1, 2, 3, 6-
tetrahydropyridine; PEG, Polyethylene glycol; PUFAs, Polyunsaturated fatty acids; OFT, Open field test; ROS, Reactive
oxygen species; SAC, S-allyl cysteine; SEC, S-ethyl cysteine; SN, Substantia nigra; SNpc, Substantia nigra pars
compacta; SPC, S-propyl cysteine; TH, Tyrosine hydroxylase; TNFo, Tumor necrosis factor alpha; TPM, Traditional
Persian medicine
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1. Introduction

Parkinson was initially identified by James
Parkinson as the "shaking palsy" and is now
recognized as a major neurological disorder [1].
It is regarded as the one of the most widespread
nervous system dysfunction, impacting more
than 8.5 million individuals throughout the
world, primarily the elderly population [2]. The
main pathological manifestation of parkinson
includes the death of dopaminergic neurons in
the substantia nigra pars compacta (SNpc) and
the aggregation of misconfigured a-synuclein
into complexes called Lewy bodies. A notable
reduction in the levels of tyrosine hydroxylase
(TH), an enzyme crucial for dopamine
production in the SNpc region serves as a
significant marker for Parkinson's disease [3].

The primary signs of parkinson mainly
encompass motor symptoms likr rigidity,
bradykinesia, and resting tremor, alongside
nonmotor challenges including emotional
distress, loss of cognitive abilities, hyposmia,
anxiety, drowsiness, and gastrointestinal
problems. Mutations in parkinson-related genes
and contact with toxic substances like pesticides,
welding emissions, and airborne particulate
pollutants may possibly have linked with
parkinson. Additional important pathological
mechanisms of involve the regulation of a-
synuclein proteostasis, dysfunctional
mitochondria, increased reactive oxygen species
(ROS) imbalance, disruption of calcium
homeostasis, impaired axonal transport, and
atypical neural inflammation responses [4, 5].

At present, FDA-approved methods for
treating parkinson focus on enhancing dopamine
production and inhibiting its breakdown. While
these approaches effectively alleviate the motor
symptoms by increasing dopamine levels, they
do not stop the progression of the disease. L-
DOPA is frequently utilized as a standard
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treatment for parkinson, but it could trigger the
development of dyskinesia, which further
impairs the quality of life. Additionally, as the
disease advances, both motor and nonmotor
symptoms become more resistant to treatment.
Hence, it is imperative to develop treatments that
can modify the progression of the illness and
delay disability in parkinson [6].

Interestingly,  numerous  nutraceuticals
derived from plants offer significant advantages
and have historically been utilized to address
various disorders [7]. Allium sativum (Garlic) is
a widely used vegetable in cooking to elevate the
palatability and savor of culinary creations [8]. It
has served as a valuable traditional remedy
globally since ancient times, integrated into
Ayurvedic medicine for 6000 years. It is
considered among the most widely used
phytomedicine, offering positive effects while
causing minimal negative reactions [9]. The
neuroprotective properties of garlic encompass
antioxidant, anti-inflammatory, and anti-
mitochondrial ~ dysfunction attributes. The
organosulfur compounds and polyphenols
primarily account for their medicinal actions.
Garlic supplements are accessible in various
forms in the market [10]. Numerous studies
propose that the administration of bioactive
components or garlic as a treatment has
demonstrated notable shielding effects in specific
animal models of parkinson. It has been
evidenced that these compounds can potentially
reverse dopaminergic degeneration by targeting
pathways linked to parkinson pathogenesis [11].
According to the texts of Traditional Persian
medicine (TPM) books, it is mentioned under the
name of SOOM, it has many properties. It is
mentioned in the book "Makhz al-Adawieh" that
this herb is a treatment for "paralysis, paralysis,
tremors and most of the nervous diseases", which
according to its properties, it seems that it can be
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used for the treatment of parkinson [12]. The
current investigation aimed to assess the
antioxidative and anti-inflammatory properties
of varying concentrations of garlic in a Malathion
(Mal)-induced animal model of parkinson.

2. Materials and methods
2.1. Treatment protocols

Thirty two adult male Wistar rats weighing
between 250 and 300 g and aged 70 days were
acclimated in polystyrene cages for a week
before the commencement of the study. They
were housed under 12-h light and 12-h dark
(12:12 LD) conditions, at a room temperature
ranges from 20°C to 25 °C, and 50 % relative
humidity. Food and water were available ad
libitum to the rats. The animals were given time
to adjust to their surroundings prior to the
initiation of the experimental procedures. The
animal were allocated to eight groups at random,
each comprising six animals. The groups were
categorized as follows: (1) ssaline-treated group
(control); (2) malathion (Mal)- group (100 mg
kgY); (3) Mal + garlic (50 mg kg™) group; (4)
Mal + garlic (100 mg kg*) group; (5) Mal +
garlic (150 mg kg*) group; (6) Mal + L-DOPA
(10 mg kg?) group; (7) garlic (150 mg kg?)
group; and (8) polyethylene glycol (PEG) group
(L-DOPA vehicle) [13]. Ethical approval
number is IR.IUMS.REC.1398.606).

2.2. Behavioral tests
2.2.1. The open field test (OFT)

The OFT test was done to analyze motor
functioning as previously described. The
parameters assessed during OFT included the
total number of squares crossed (overall
locomotion), the number of outer squares crossed
(indicating peripheral locomotion), and the
number of inner squares crossed (central
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locomotion). The OFT was done on the initial
day and after the final treatment [14].

2.2.2. Rotarod test

One day after the final treatment, an
accelerating rotarod test was administered. Prior
to the assessment, each rat underwent a training
session on the morning of the test, where they
were required to remain on the rotarod apparatus
for 30 seconds, with the device revolving at a
speed of 5 rpm. During the actual test, the rats
were placed on a rotarod set at a speed of 10 rpm.
The duration (in seconds) that each animal
remained on the rod was meticulously recorded.
A cutoff time of 180 seconds was established for
the test [13].

2.2.3. Catalepsy

The catalepsy test, as outlined by Costall and
Naylor (1974), evaluated the time it took for a
animal to remove one or both of its forelimbs
from a horizontal metal bar. During the
assessment, the animal was positioned with its
forelimbs resting on the bar, which was situated
9 cm above the base, allowing for the
measurement of muscular rigidity [15].

2.2.4. Determination of acetylcholinesterase
(AChE) activity

The animals were euthanized and their serum
was collected for the subsequent measurement of
plasma AChE activity. This assessment was
conducted following the Ellman method. In
short, 20 pl of the collected serum sample was
combined with 100 ul of a 5 % (w/v)
acetylthiocholine iodide solution and 3 ml of
Ellman's reagent (5, 5'-dithiol-bis- [2-
nitrobenzoic acid]). The absorbance of the
resulting mixture was then recorded at 0.5-
minute intervals for a total duration of 2 minutes.
The calculation of enzyme inhibition percentage
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was determined by the following formula:
Inhibition (%) = (Absorbance control — Absorbance
sample/ Absorbance control) x100 [14]

2.3. Measurement of MDA in the striatum tissue

Following euthanasia by decapitation, the
animals' brains were excised, and the striatum
was immediately divided in an ice-cold
environment. The isolated striatum samples were
then homogenized for 2 minutesat 4 °Cina 1.15
% KCI solution. This procedure was undertaken
to measure the levels of malondialdehyde
(MDA), a byproduct formed from the
degradation of arachidonic acid and other
polyunsaturated fatty acids (PUFAS), as per the
methodology established by Fernandez et al.
(1997) described previously [16].

2.4. Assessment of GSH levels

The 1 ml striatum homogenate sample was
subjected to precipitation by the addition of 1 ml
of 10 % trichloroacetic acid (TCA). The resulting
precipitate  was then separated through
centrifugation at 3,000 g for 5 minutes. Next, 0.5
ml of the supernatant was combined with 2 ml of
DTNB (5,5'-dithiobis (2-nitrobenzoic acid)), and
the total volume was adjusted to 3 ml using a 0.2
M phosphate buffer (pH 8.0). The absorbance of
the obtained mixture was subsequently assessed
at a wavelength of 412 nm. The glutathione
(GSH) content of the tissues was reported in units
of nmol/g of tissue [17].

2.5. Detection of tumor necrosis factor alpha
(TNFo) and interleukin-6 (IL-6) in striatum
tissue

The frozen striatum  samples  were
homogenized and the total protein level was
analyzed by a protein assay kit (Bio-Rad).
Afterward, the levels of the inflammatory
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cytokines TNFa and IL-6 were assessed by
ELISA kits (Invitrogen, USA), following the
related instructions [18].

2.6. Statistical analysis

The data were expressed as the mean =+
standard deviation (SD). Statistical evaluation
was conducted using one-way ANOVA,
followed by Tukey's multiple comparison test,
facilitated by PRISM software (version 6.00,
GraphPad Software Inc., San Diego, CA, USA).
A p-value of under 0.05 was regarded as
statistically significant.

3. Results
3.1. Open-field test

The assessment of locomotor activity was
conducted through the open-field test on both the
initial and concluding days of the experiment. On
the first day, treatment with Mal alone or in plus
garlic and L-DOPA did not have any significant
effect on total locomotion (TL) (Figure 1a) (F for
PL=2.2,Ffor TL=0.91and F for CL =0.33).

However, on the final day, Mal (100 mg kg™,
IP) diminuted the parameters of peripheral
locomotion (PL), central locomotion (CL), and
TL compared to the saline-treated group (P <
0.001). Interestingly, the addition of garlic (all
doses) and L-DOPA to Mal treatment extremely
enhanced PL, TL and CL (Figure 1b).
Additionally, the administration of garlic at a
dosage of 150 mg kg? did not lead to any
substantial changes in PL, TL, and CL when
compared to both the Mal-exposed group and the
saline-treated group at 28th day of experiment (P
> (0.05). (F for PL =128.19, F for TL = 77.69 and
F for CL = 143.46).

3.2. Rotarod test
As shown in Figure 2, the rotarod test yielded
clear results indicating a decrease in the time it took
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for the Mal group to fall compared to the saline-
treated group (P <0.001). The Mal group exhibited
a significant decline in muscle coordination when
compared to the normal saline group. However, the
administration of garlic (all doses) and L-DOPA in
combination with Mal partially restored muscular
coordination.  Interestingly, no  meaningful
difference was observed between the group treated
with garlic alone (150 mg kg-1) and the control
group (F = 17.48).

3.3. Catalepsy

As indicated in Figure 3, the bar test results
indicated that subchronic exposure to Mal led to

100 +
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a notable increase in cataleptic immobilization in
contrast the control group (P < 0.001).
Conversely, the co-treatment of garlic at all doses
and L-DOPA with Mal substantially mitigated
the cataleptic effects induced by Mal (P < 0.001).
Additionally, no considerable variances were
seen in the duration of time spent on the bar test
among the groups treated with PEG or garlic
alone and the control group. Furthermore, there
were no notable differences in the cataleptic
immobilization between the PEG or garlic alone
treated animals and the control animals
(F=251.8).

(. Control (NS) b
@l Mal (100mg/kg)

BB Garlic (50mg/kg) + Mal
B8 Garlic (100mg/kg) + Mal
B8 Garlic (150mg/kg) + Mal
Bl Garlic (150mg/ke)

5() - B3 L-DOPA(10mg/kg) + Mal
K PEG

100 4

Number of events

PL

Bl Control (NS)

W Mal (100mg/kg)

Bl Garlic (S0mg/kg) « Mal
B Carclic (100mg/kg) + Mal
Bl Goarlic (150mg/ky) + Mal
Bl Garlic (150mg/ky)

B3 1-DOPA (10mg/kg) + Mal

Fig. 1. Effects of garlic on locomotor activity in the open field test (OFT) on the starting day of the study (A) and final
day of the study (B). CL (central locomotion), Malathion (Mal), PEG (polyethylene glycol), PL (peripheral
locomotion), and TL (total locomotion).
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Control (NS) )

Mal (100mg/kg)

Garlic (50mg/kg) + Mal
Garlic (100mg/kg) + Mal
Garlic (150mg/kg) + Mal
Garlic (150mg/kg)
L-DOPA (10mg/kg) + Mal
PEG

c A
SEVLTEL

Fig. 2. Impacts of garlic on motor coordination in rotarod test. malathion (Mal), PEG (polyethylene glycol)

G Control (NS) )
@@ Mal (100mg/kg)
BA Garlic (50mg/kg) + Mal
B9 Garlic (100mg/kg) + Mal
100+ | BB Garlic (150mg/kg) + Mal
B9 Garlic (150mg/kg)
80 EA L-DOPA (10mg/kg) + Mal
o O PEG
2 - /
- fh
= 60 -
Y
=
—
T 40 -
5 & osk
[*]
#
= 20 4 Mkk skkok ek ok
aee
0-

Fig. 3. Effects of garlic on Mal-induced catalepsy. Malathion (Mal) and PEG (polyethylene glycol)

3.4. Acetylcholinesterase activity to the control group (P < 0.001). Nevertheless, there

As illustrated in Figure 4, administration of Mal  were no considerable alterations in AChE activity
(100 mg kg™) to rats led to a notable reduction in  between the groups treated with Mal plus garlic (50
plasma AChE activity after 28 days in comparison mg kg?) and those treated solely with Mal (P >
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0.05). Conversely, the groups receiving Mal plus
garlic (100 and 150 mg kg™) as well as the L-DOPA
group displayed a significant increase in AChE
activity when compared to the Mal-only group (P <
0.001) (F=1194.53).

3.5. Oxidative Stress Markers
3.5.1. MDA

The MDA level in the striatum of rats was
significantly increased after being exposed to Mal
for a subchronic period, as compared to the saline-
treated group (P < 0.001). Nevertheless, when garlic
(at three different doses) and L-DOPA were co-
administered with Mal, the MDA level in the rat
striatum was effectively reduced in comparison to
the Mal group (P < 0.001) (Figure. 5) (F=63.35).

3.5.2. GSH
Administration of both garlic at doses of 100 and
150 mg kg?, along with Mal, resulted in a notable

B. S. Yousefsani, et al

increase in the levels of GSH in the rat striatum
when compared to the effects of Mal alone (P <
0.001). Furthermore, no meaningful differences
were observed in the level of GSH between the
groups that PEG or garlic alone treated group and
the control group (Figure. 6) (F = 39.73).

3.5.3. Cytokine production

The levels of TNF-a and IL-6 in the striatum
were significantly elevated in rats administered Mal,
as depicted in Figure 7a and b. Conversely, the
administration of garlic resulted in a notable
decrease in TNF-a and IL-6 levels when compared
to the Mal group. It is worth noting that the
administration of garlic alone did not induce any
notably alterations in TNF-o and IL-6 levels when
compared to the saline-treated rats (F for TNF-o
=52.2 and F for IL-6 =413.4).

(- Control (NS) )
@@ Mal (100mg/kg)
BA Garlic (50mg/kg) + Mal
1000+ | B8 Garlic (100mg/kg) + Mal
E&A Garlic (150mg/kg) + Mal
~ 800 - ES Garlic (150mg/kg)
E E@ L-DOPA (10mg/kg) + Mal
= PEG
E 600 J
z ek ok
2
Rl sk ook kosk sk
& 400 A ns
g #H#H
< 200 -
0 -
Fig. 4. Effects of garlic on AChE activity. AChE (Acetylcholinesterase), Malathion (Mal), and PEG (polyethylene
glycol).
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G Control (NS) )
@@ Mal (100mg/kg)

EA Garlic (50mg/kg) + Mal
BES Garlic (100mg/kg) + Mal
1.0~ | B Garlic (150mg/kg) + Mal
BN Garlic (150mg/kg)

E3 L-DOPA (10mg/kg) + Mal
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Fig. 5. Effect of garlic on Malathion induced lipid peroxidation in striatum of rat. Malathion (Mal), MDA
(malondialdehyde), and PEG (polyethylene glycol)

Control (NS) )

Mal (100mg/kg)

Garlic (50mg/kg) + Mal
Garlic (100mg/kg) + Mal
Garlic (150mg/kg) + Mal
Garlic (150mg/kg)
IL-DOPA (10mg/kg) + Mal
PEG .

3k 3k sk

i \
NEANAREN

3k sk 3k

0.2 s 3k 3k
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AAAAAAAA

Z22
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Fig. 6. Effect of garlic on GSH in rat striatum. Malathion (Mal), GSH (glutathione), PEG (polyethylene glycol).
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Bl Mal (100mg/kg)

B8l Control (NS)
BA Garlic (100mg/kg) + Mal

Lididid

Fig. 7. Effects of garlic on TNF-a (a) and IL6- (b) levels in rat striatum. Malathion (Mal), IL-6 (interleukin-6), and
TNFo (tumor necrosis factor alpha)

4. Discussion

The goal of this research was to examine the
neuroprotection ability of garlic against Mal-
induced Parkinson's-like behavioral
manifestations  in  rats  through  the
implementation of comprehensive behavioral
assessments. Mal is a consumable
organophosphate pesticide that cause oxidative
stress by via ROS formation and antioxidant
defence mechanisms [19]. The findings of our
investigation showed that exposure to Mal led to
a considerable reduction in locomotor activity
and reduced the time spent on the rotarod device,
along with enhanced catalepsy. Notably, garlic
administration was found to effectively
ameliorate these Mal-induced detrimental
effects. To comprehensively evaluate motor
perturbation, we employed the rotarod test,
which takes into account various factors,
including lack of coordination, slow movement,
and muscular rigidity. This well-established test
has been extensively utilized to assess motor
abilities in rodent models of parkinson [20, 21].
The results of the present study indicated that the
administration of Mal for a duration of 28 days
led to a notable decrease in the time spent on the
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rotarod apparatus in comparison to the saline-
treated group. Thess outcomes implies that Mal
exposure compromised muscular coordination in
the treated animals. Interestingly, subjects that
received a combination of garlic and Mal
exhibited a marked enhancement in muscle
coordination and grip strength. Furthermore, by
the end of the treatment period, the Mal group
displayed a remarkable increase in catalepsy and
postural instability compared to the saline-treated
group.  Importantly, these = Mal-induced
alterations in cataleptic behavior and postural
stability were substantially ameliorated in the
garlic group when compared to the Mal-only
treatment group. Catalepsy, a hallmark feature of
parkinson, is frequently utilized as an indicator to
assess  the degree of  nigrostriatal
neurodegeneration. The standard bar test method,
involving placing a mice on a horizontal bar and
evaluation the time taken for the mice to
withdraw its forepaws, is widely employed to
induce and evaluate catalepsy in animal models
[22]. Neurotoxic substances, such as 1-methyl-4-
phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP) and
6-hydroxydopamine (6-OHDA), as well as
organophosphorus  pesticides, have been
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demonstrated to induce catalepsy in lab animal.
These experimental models are invaluable for
investigating the molecular mechanisms of
parkinson and for assessing possible therapeutic
interventions [23]. Indeed, the cataleptic
behavior observed in animals due to exposure to
the neurotoxin Mal in our investigation is
associated  with  degeneration of the
dopaminergic nigrostriatal pathway.
Importantly, the open-field test revealed that Mal
exposure led to a decrease in overall locomotor
activity. Remarkably, the administration of garlic
played a significant role in safeguarding against
these Mal-induced detrimental effects on
locomotion [13, 24]. Taken together, the findings
of the research indicated that the negative effects
on behavior in rats induced by Mal, resembling
those seen in parkinson, were improved by the
use of garlic. This suggests that garlic has the
potential to be a beneficial neuroprotective
treatment for parkinson. The outcomes of this
study align with the traditional medicinal uses of
garlic in Traditional Persian Medicine [25].
Previous research has demonstrated that the
administration of L-DOPA (10 mg kg%)
effectively ~ ameliorates  the  behavioral
impairments induced by Mal. This finding aligns
with earlier studies that have shown the potential
of L-DOPA treatment in reversing deficits in
behavior associated with the degeneration of the
nigrostriatal dopamine system [26].
Acetylcholine, a vital neurotransmitter, plays
a pivotal role in the normal functioning of brain
and body, including muscle contraction,
memory, and attention. The enzyme AChE is
accountable for the degradation of acetylcholine,
thus controlling its concentration. The
suppression of AChE function may cause an
increase in acetylcholine levels, leading to
overstimulation of cholinergic receptors and
consequent neurotoxic effects [27].
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Consequently, inhibition of AChE activity serves
as a reliable indicator for organophosphorus
pesticides neurotoxicity in both acute and
chronic exposures. Organophosphorus
pesticides, such as Mal, mainly produce their
pharmacological and toxicological impacts
through the inhibition of AChE. Studies have
demonstrated that administering subacute doses
of Mal (50 and 150 mg kg?, intraperitoneal)
notably decrease AChE activity in rats. In
accordance with earlier investigations, our
results exhibited a significant decline in plasma
AChE activity in rats exposed to Mal.
Intriguingly, our findings also suggest that garlic
could potentially increase AChE activity and
mitigate the neurobehavioral disturbances
induced by Mal exposure. These results indicate
that the modulation of cholinergic signaling may
related to the protective properties of garlic
against the neurobehavioral toxicity caused by
Mal. The regulation of acetylcholine levels, a
critical neurotransmitter involved in various
physiological processes appears to be a key
mechanism underlying the neuroprotective
properties of garlic [28, 29].

Oxidative stress is a critical mechanism
underlying dopaminergic neurodegeneration in
parkinson. The neurotoxins are commonly used
in preclinical models to induce parkinson-like
pathology by selectively targeting and injuring
dopaminergic neurons in the SNpc, leading to
elevated ROS and cell death [30, 31]. The
findings of this study indicate that the neural
abnormalities  observed in  Mal-induced
parkinson behavior can be attributed to the
generation of free radicals and oxidative damage.
Exposure to Mal leads to oxidative stress by
upsetting the balance between ROS and
antioxidants, resulting in elevated levels of
MDA. The lipophilic nature of Mal enables it to
interplay with brain membranes and impair
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antioxidant defenses, rendering the central
nervous system susceptible to oxidative damage.
Mal has been found to influence the activity of
antioxidant enzymes and decrease GSH levels,
while raising GSSG levels, thereby reducing the
GSH/GSSG ratio. This decrease in GSH
concentration mirrors the observations made in
parkinson, underscoring the neurotoxicity of Mal
through a pro-oxidative mechanism [28, 29]. To
investigate the potential anti-parkinson impact of
garlic, its antioxidant properties against Mal-
induced oxidative stress were examined. Figure
6 and 5 demonstrate that treatment with garlic
incomparably mitigated the production of MDA
induced by Mal and increased the concentration
of GSH. These findings suggest that garlic has
the ability to ameliorate oxidative imbalances
and contribute to the maintenance of redox
homeostasis. Allicin, a compound found in garlic
extract, has demonstrated neuroprotective effects
in 6-OHDA-induced cell toxicity in PC12 cells.
Allicin  pretreatment  substantially declined
intracellular ROS generation, lipid peroxidation,
and protein oxidative damage in these cells.
Additionally, allicin helped maintain the activity
of endogenous antioxidant enzymes, which were
impaired by 6-OHDA exposure [32]. Another
garlic-derived compound, S-allyl cysteine
(SAC), has also shown neuroprotective effects in
animal models of parkinson. SAC was able to
decrease lipid peroxidation, preserve Cu-Zn-
SOD activity, and improve locomotor
malfunction and dopamine levels in the striatum
of mice treated with the neurotoxin MPP+. The
proposed mechanisms involve SAC's free radical
scavenging properties and its ability to restore
antioxidant enzyme activity (33). Furthermore,
pretreatment with other garlic-derived sulfur
compounds like S-ethyl cysteine (SEC), has also
been shown to decrease oxidative damage and
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enhance antioxidant defenses in an MPTP-
induced mouse model of parkinson [34].
Neuroinflammation is a crucial pathological

mechanism implicated in various
neurodegenerative disorders, including
parkinson. Neuroinflammation is typically

mediated by the activation of microglia and
astrocytes, leading to the to an increase of pro-
inflammatory cytokines such as TNF-a and IL-6.
The activation of specific signaling pathways,
particularly the p38 Mitogen-activated protein
kinase (MAPK) pathway, plays a central role in
regulating neuroinflammation and contributing
to neuronal damage [35]. TNF-a, a pivotal
cytokine implicated in inflammation, immune
response, and cellular arrangement, assumes a
vital function in the inflammatory reaction (18).
IL-6 is associated with a wide range of humoral
and cellular immune responses in inflammation
and tissue injury [36]. The findings of the
research indicated that Mal treatment resulted in
elevated levels of proinflammatory cytokines
like IL-6 and TNF-a in striatal tissue, suggesting
that inflammation could contribute to the
development of Mal-induced neurotoxicity.
Intriguingly, the garlic treatment notably
decreased the levels of both IL-6 and TNF-a.
Garlic-derived sulfur compounds, such as
thiacremonone, have demonstrated anti-
inflammatory properties in both in vitro and in
vivo models of parkinson. Thiacremonone
reduced MPTP-induced behavioral disturbances,
dopamine evacuation, microglia and astrocyte
activation, and neuroinflammation. These
neuroprotective effects were mediated by the
inhibition of the p38 MAPK and activator protein
1 (AP-1) signaling pathways. Additionally, other
garlic-derived compounds have been found to
decline the concentration of proinflammatory
cytokines (TNF-a, IL-1p, and IL-6) in an MPTP-
model of parkinson [37, 38]. This protective
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effect is thought to be related to these compounds
ability to inhibit ROS production.

A limitation of the this study design is that we
did not assess the effects of the various garlic
doses in the absence of MAL exposure.
Assessing the independent effects of garlic at
these doses would have provided valuable
information to  better differentiate  the
neuroprotective properties of garlic from any
potential symptomatic effects. Additionally,
some compounds can exhibit dose-dependent
relationships, and including the full range of
garlic-only groups would have enabled us to
explore any non-linear effects. It is suggested in
future research, to incorporate the complete set of
garlic dose groups, both in the presence and

absence of MAL, to provide a more
comprehensive evaluation of garlic's
neuroprotective  potential and any dose-

dependent mechanisms of action.

5. Conclusions

The findings of this study indicated that garlic
consumption was effective in mitigating the
symptoms resembling parkinson that were
triggered by exposure to the pesticide Mal. This
therapeutic effect was directly linked to garlic's
ability to decrease the elevated levels of
oxidative stress and pro-inflammatory cytokines
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