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Abstract
Parkinson’s disease (PD) is a common and severe neurodegenerative disorder associated with a selective loss of dopami-
nergic neurons in substantia nigra pars compacta. The crucial role of oxidative stress and inflammation in PD onset and
progression is evident. It has been proven that garlic extract (GE) protects the cells from oxidative stress, inflammation,
mitochondrial dysfunction and apoptosis. That is, we aimed to investigate if GE reveals protective features on the preclinical
model of PD. The study has been designed to evaluate both preventive (GE administered before 6-OHDA injection) and
therapeutic (GE administered after 6-OHDA injection) effects of GE on the animal model. Forty male Wistar rats were
divided into 4 groups including control, lesion, treatment I (received GE before 6-OHDA injection) and treatment II
(received GE both before and after 6-OHDA injection). At the end of treatment, hanging, rotarod, open field and passive
avoidance tests as well as immunohistochemistry were performed to evaluate the neuroprotective effects of garlic against
PD. Our immunohistochemistry analysis revealed that the tyrosine hydroxylase positive cells (TH+) in GE treated groups
were significantly higher (p˂0.001) than the lesion group. The motor deficiency significantly improved in hanging, rotarod,
open-field and apomorphine-induced rotational tests. We observed an attenuation in memory impairment induced by PD on
GE treated group. Therefore, we found that GE protects dopaminergic neurons in 6-OHDA-induced neurotoxicity and
ameliorates movement disorders and behavioral deficits.
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Introduction

Parkinson’s disease (PD) is an age-related disorder that is
characterized by degeneration of dopaminergic neurons in
substantia nigra pars compacta (SNpc) (Mohammadipour
et al. 2020; Gonzalez-Rodriguez et al. 2020; Ebrahimi
et al., 2019). Substantia nigra is located within the mid-
brain and contains two main sections: pars compacta and
pars reticulata (Heidari et al. 2019). Over 80 % of the
dopaminergic neurons are located in SNpc and these neu-
rons are the primary source of dopamine in the brain
(Heidari et al. 2019). These neurons are connected to the
striatum by the medial forebrain bundle (MFB), which
acts as the mediator between SNpc and striatum (Wang
and Shao 2020). An intense reduction of TH+ cells in the
SNpc is one of the critical indicators of PD incidence
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(Kumari et al. 2018). The factors associated with PD’s
onset are still a matter of debate; nonetheless, aging seems
to be one of the vital processes involved in it (Pang et al.
2019).

Clinical symptoms of PD can be divided into two main
groups: (1) motor dysfunctions such as resting tremors of
hands (Mu et al. 2017), bradykinesia (Heidari et al. 2019),
muscular rigidity (Ebrahimi et al. 2020; Heidari et al.
2019) and pos tura l ins tab i l i ty (Pa lakur th i and
Burugupally 2019), and (2) non-motor dysfunctions in-
cluding olfactory disorders, rapid eye movement, anxiety,
sleepiness, depression and cognitive deficits (Haddadi H
et al. 2018). Two types of therapies have currently been
considered for PD through dopaminergic and non-
dopaminergic pathways (Kumari et al. 2018). To amelio-
rate PD through the dopaminergic pathway, Levodopa
administration is the typical treatment strategy (Kumari
et al. 2018). Although this approach is the most effective
PD treatment, the significant long-term side effects cannot
be excluded (Kumari et al. 2018). Natural products and
herbal medicine have shown significant effects in allevi-
ating neurodegenerative disorders (Haeri et al. 2019;
Ghasemi et al. 2017; Nillert et al. 2017; Mathew and
Biju 2008).

Garlic (Allium sativum) is a dietary plant from onion spe-
cies and is commonly used worldwide as a spice or seasoning
component in cooking. Studies have proven that garlic extract
(GE) and garlic-derived compounds could be an effective
treatment for pathophysiological conditions, including cancer
(Agbana et al. 2020), cardiovascular disorders (Zhu et al.
2018), renal dysfunctions (García Trejo et al. 2017) and neu-
rological disorders (Colín-González et al. 2011).

Interest ingly, GE has ant i -oxidat ion and ant i -
inflammatory effects (Mumtaz et al. 2020; Ghobadi et al.
2019; Lee et al. 2019). Oxidative stress and inflammation
are two evident factors involved in PD incidence and pro-
gression (Mohammadipour et al. 2020; Heidari et al., 2019).
Besides, garlic has been shown to restore disease-induced
changes in concentrations of brain monoamine neurotrans-
mitters, including dopamine (Hwang et al. 2019). A previ-
ous study reported that garlic administration in mice could
increase brain dopamine levels (Hwang et al. 2019). Also,
garlic ingredients have been shown to have protective ef-
fects against alpha-synuclein, which is strongly involved in
PD progression (Wassef et al. 2007). In addition, GE pre-
vents mitochondrial dysfunction in various organs (Orabi
et al. 2020; Gao et al. 2019). Since mitochondrial dysfunc-
tion is a hallmark of PD and plays a crucial role in the
progression of this disease (Mohammadipour et al. 2020);
it is logical to think that GE should show a good protective
effect against PD. Therefore, to achieve appropriate and
natural treatment for PD, this study evaluated GE effects
on this neurodegenerative disease at the preclinical level.

Materials and methods

This study was performed at Mashhad University of Medical
Sciences, Mashhad, Iran, and the applied experimental proto-
cols of the present study were authorized by the Institutional
Animal Care and Use Committee.

Materials

The GE of this study was made in pharmacological laboratory
of Mashhad University of Medical Sciences. 6-OHDA, and
a p om o r p h i n e ( A PO ) w e r e p u r c h a s e d f r o m
SIGMA.ALDRICH Co. (St. Louis. MO63103 USA).
Primary antibody, rabbit anti-tyrosine hydroxylase (TH)
(ab191486); secondary antibody, goat anti rabbit (ab97051)
and goat serum (ab7481) were purchased from Abcam
(Cambridge, UK). Hematoxylin and Eosin (H&E) powder
were purchased from Sigma Aldrich.

Animals

Forty healthy adult male Wistar rats (250–270 g) were obtain-
ed from the animal facility of Mashhad University of Medical
Sciences, Mashhad Iran. The animals were kept in standard
laboratory conditions (room temperature: 23 + 2 °C; relative
humidity: 60 + 5%; illumination: 12 h light / dark cycle) and
had free access to food and fresh water.

Garlic extract preparation

One kilogram of garlic was peeled and mixed with 70% al-
cohol (300 mL of alcohol for every 100 grams of garlic) in a
mixture. The obtained solution was then incubated at 40 °C
for 72 hours. The solution was filtrated using Whatman filter
paper and dried using speedVac (Thermofisher) (Farshbaf-
Khalili et al. 2016). Finally, garlic extract was kept in + 4 °C
and administrated to animals by gavage.

Study design

One of the selective neurotoxins commonly used to create the
preclinical model is 6-hydroxy dopamine (6-OHDA), which
drastically reduces the number of dopaminergic neurons by
increasing neuro-inflammation and oxidative stress (Haddadi
et al. 2020). In the present study, this neurotoxin was injected
into the left MFB in order to create PD.

The animals were divided into four groups (n = 10 for each
group):

1) Control: received normal saline by gavage for one
week.

2) Lesion: Gavage administration of normal saline for one
week + 6-OHDA injection (16 µg/4 µl 0.2 % ascorbate-
saline) into the left MFB.

928 Metab Brain Dis (2021) 36:927–937



3) Treatment I (preventive): One-week gavage administra-
tion of GE (500 mg/kg) + 6-OHDA injection (16 µg/4 µl
0.2 % ascorbate-saline) into the left MFB.

4) Treatment II (therapeutic): One week of GE administra-
tion by gavage (500 mg/kg) + 6-OHDA injection (16 µg/
4 µl 0.2 % ascorbate-saline) into the left MFB +GE ad-
ministration for one more week after the injection.

The dose of GE was selected based on previous studies
(Hwang et al. 2019; Nillert et al. 2017).

To induce PD in the MFB, animals were anesthetized by
Ketamine (75 mg/kg, i.p.) and Xylazine (10 mg/kg, i.p) (Yang
et al. 2020) and prepared for the injection of 6-OHDA. Then,
they were placed in a stereotaxic device. 6-OHDA was
injected into the left MFB [antroposterior: −3.6 mm;
mediolateral: +1.8 mm; dorsoventral: −8.2mm] by a
Hamilton syringe at a rate of 2 µl/min (Haddadi H et al.
2018). After the procedure, the incision was closed entirely
and disinfected. Then, the animals were recovered and
allowed to use water and food. All the surgical activities have
been done according to aseptic regulation. At the end of the
experiment, animals were anesthetized by Ketamine
(75 mg/kg, i.p.) and Xylazine (10 mg/kg, i.p) and perfused
with 4% paraformaldehyde solution. The brains were extract-
ed and used for histological studies.

Apomorphine‐induced rotational test

In rat models of PD, apomorphine induced-rotational test
(APO) is widely performed to confirm the effects of selective
neurotoxin (6-OHDA). The number of rotations caused by
apomorphine injection is directly related to the nigrostriatal
pathway damage. In this study, APO test was performed at
the end of the 2nd and the 6th weeks after the injection. The
animals were monitored for their contralateral rotations after
inducing APO (2 mg/kg, i.p.). The test time for each rat was
30 min. The animals with 7or ≥ 7 rotations/min were consid-
ered the parkinsonian model (Haddadi H et al. 2018; Kumari
et al. 2018).

Hanging test

Each rat was put on a wire (with a length of 100 cm and 1 cm
in diameter) and supported to hold the wire. Then the wire was
inverted to animal hung from it. Hanging time for each rat was
recorded and eventually, the data were compared between
groups (Haeri et al. 2019; Heidari et al. 2019).

Rotarod test

All the animals were placed on the rotarod (at a speed of
10 rpm) for three days to learn how to walk on it with a kept
balance. On the day of the experiment, the animals were

placed on the rotary and the time spent on the rotary was
recorded for each animal. The maximum time for each rat
was considered 600 seconds (Manchanda et al. 2018).

Open field test

This test was performed in order to assess locomotor activity
and anxiety-associated behaviors. The open field aperture
consists of 16 series of blocks. The outer zone (12 blocks)
was considered periphery and the inner zone (4 blocks) was
considered centrally. Each animal was put individually in the
box’s central area in the 4th week after the injection.
Movements of each rat were recorded using a digital camera
for 10min and the following parameters were assessed: (1) the
number of crossing in the central zone, (2) the number of
crossing in the peripheral zone, (3) the traveled distance in
the central zone, (4) the traveled distance in the peripheral
zone, (5) the time spent in the central zone, (6) the time spent
in the peripheral zone, (7) the total crossing number and (8)
the total traveled distance. All the parameters were analyzed
using SMART Video Tracking software (Arab et al. 2020).

Passive avoidance test

Six weeks after 6-OHDA injection, the passive avoidance test
(PA) was performed to assess the animals’ memory perfor-
mance. The PA apparatus (is also known as Shuttle box) con-
tains two bright and dark chambers with a grid surface in the
floor. A small floating door disconnects the chambers.

On the first day of the experiment, each rat was put in the
bright chamber. As soon as the animal entered the dark cham-
ber, the door was closed and the animal received an electric
shock (2 mA, 2 seconds). 3, 24 and 48 and 72 hours after the
shock, each rat was put into the bright chamber and the time
latency for entering the dark chamber was recorded (Rastegar-
Moghaddam et al. 2019; Baghishani et al. 2018).

Histology study

Each brain was removed and fixed in normaline solution
(10 %) for seven days. The fixed tissues were dehydrated,
cleared with the ethanol and xylene passages, and embedded
in paraffin. Then, the brains were sectioned in to 5 µm thick-
ness (coronal sections) with 100 µm intervals. The tissue sec-
tions were used for Immunohistochemistry (IHC) staining in
order to identify Tyrosine hydroxylase positive (TH+) cells
(Heidari et al. 2019; Haeri et al. 2019).

For IHC staining, tissue samples were deparaffinized in
xylene, rehydrated through descending ethanol concentrations
and rinsed in phosphate-buffered saline (PBS). Heat-induced
antigen retrieval was done and then, specimens were incubat-
ed with bovine serum albumin (BSA) (0.01 gr BSA + 1000 µl
PBS + 10 µl Triton X) for 30 min. Next, each tissue section
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was placed into a hydrogen peroxide solution (H2O2, 0.03%
in PBS) for 15 min in a dark chamber to block endogenous
peroxidase. After a wash with PBS, they were incubated with
goat serum for 20 min. Finally, the sections were incubated
with primary antibody (anti-TH, 1:100, ab191486 Abcam
Company) overnight at 4°C. On the next day, the sections
were washed three times with PBS for 15 min and were ex-
posed to goat anti-rabbit IgG secondary antibody (ab97051,
AbcamCompany) for 90min at room temperature. After three
washes with PBS (5 min each), all sections were treated with
3,3′-Diaminobenzidine (DAB) and H2O2 at room temperature
for 15 min. The sections washed with tap water and were
counterstained with Hematoxylin, dehydrated in increasing
graded alcohols, cleared in xylene and mounted with cover
slide (Haeri et al. 2019; Heidari et al. 2019; Jalayeri-Darbandi
et al. 2018).

Stereology method

First, the sections were photographed using a light microscope
attached to the camera (Olympus BX51, Japan). Then, images
were transferred to the computer monitor and TH+ cells were
counted using a stereological grid. Finally, the mean number
of TH+ cells was calculated using the following formula:

NA ¼ ΣQ

a=f �ΣP

In this formula: NA (the mean number of TH+ in the area),
“Σ ” (the total number of counted cells in each section), “a/f”
(frame area), and “ΣP” (the total number of frames on the
SNpc) (Heidari et al. 2019; Rastegar-Moghaddam et al.
2019; Haeri et al. 2019).

Statistical analysis

Data from all tests were analyzed using SPSS software (ver-
sion 20). One-way ANOVA with post hoc Tukey test was
used to determine significant differences among groups.
p < 0.05 was considered statistically significant otherwise
disclosed for the case in the results.

Results

Apomorphine‐induced rotational test

At the end of the second week, the number of rotations in the
lesion, treatment I and treatment II groups were significantly
higher compared to the control group (p < 0.001). However,
the number of rotations, in the treatment I (p < 0.001) and
treatment II (p < 0.001) groups were significantly lower than
the lesion group. Meanwhile, the number of rotations in the

treatment II group was significantly lower than the treatment I
group (p < 0.001) (Fig. 1a).

At the end of the 6th week, the number of rotations was
significantly increased in the lesion (p < 0.001), treatment I
(p < 0.001) and treatment II (p < 0.001) groups compared to
the control group. The number of rotations was significantly
lower in the treatment I (p < 0.001) and treatment II
(p < 0.001) groups than the lesion group. Furthermore, the
number of rotations in the treatment II group was significantly
lower than the treatment I group (p < 0.01) (Fig. 1b).

Evaluation of hanging test

The hanging test was performed four weeks after the 6-OHDA
injection. Our results showed a significant reduction in the
time of hanging in the lesion (p < 0.001), the treatment I
(p < 0.001) and treatment II (p < 0.001) groups in comparison
with the control group. The time of hanging was significantly
more in the treatment I (p < 0.001) and treatment II (p < 0.001)
groups than the lesion group. This criterion also was signifi-
cantly more in the treatment II group than the treatment I
group (p < 0.01) (Fig. 1c).

Evaluation of rotarod test

The rotarod test was performed four weeks after the injection
of 6-OHDA. The results showed a significant flawed perfor-
mance in the rotarod of the lesion (p < 0.001), the treatment I
(p < 0.001) and treatment II (p < 0.001) groups compared to
the control group. However, the rotarod duration time in the
treatment I and treatment II groups were significantly more
than the lesion group (p < 0.001). Also, this time in the treat-
ment II group was significantly more than the treatment I
group (p < 0.001) (Fig. 1d).

Evaluation of open‐field test

The results showed that the traveled distance in the lesion
(p < 0.001), treatment I (p < 0.001) and treatment II
(p < 0.05) groups was significantly lower compared to the
control group. The traveled distance was significantly more
in the treatment I (p < 0.001) and treatment II (p < 0.001)
groups than the lesion group. There were no significant dif-
ferences in the treatment I and treatment II groups regarding
this behavioral test (Fig. 2a).

A significant decrease was observed in the number of cen-
tral crossing in the lesion group than in the control group
(p < 0.001). There was no significant difference between treat-
ment I and treatment II groups in the number of central cross-
ing (Fig. 2b).

Also, the duration spent (time) was significantly lower in
the central area for the lesion (P < 0.001), the treatment I (P <
0.001), and treatment II (P < 0.001) groups compared with in
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the control group. Meanwhile, the animals of the treatment I
group spent more time in the central area than the animals of
the lesion group (p < 0.01). There was no significant differ-
ence between treatment I and treatment II groups (Fig. 2c).

The results also showed that there was a significant de-
crease in the number of peripheral crossing in the lesion
(p < 0.001), treatment I (p < 0.001) and treatment II
(p < 0.001) groups compared to the control group. The num-
ber of crossing in the peripheral area in the treatment I group
was significantly more than the lesion group (p < 0.05). There
was no significant difference in the number of peripheral
crossing between treatment II and lesion groups. There was

also no significant difference in the number of peripheral
crossing between treatment I and treatment II groups (Fig. 3b)

Besides, the time spent in the peripheral area was signifi-
cantly higher in the lesion (p < 0.001), the treatment I
(p < 0.001) and treatment II (p < 0.001) groups compared with
the control group. The animals of the treatment I group sig-
nificantly spent less time in the peripheral area in comparison
with the lesion group (p < 0.05). There was no significant
difference in time spent in the peripheral zone between treat-
ment II and lesion groups. There was also no significant dif-
ference in time spent in the peripheral zone in the treatment II
group compared with the treatment I group (Fig. 3c).

Fig. 2 The comparison of the central traveled distance (a), the central crossing number (b) and the time spent in the central zone (c) in all studied groups,
*p < 0.05 and ***p < 0.001 compared to the control group. ++p < 0.01 and +++p < 0.001 compared to the Lesion group. (mean ± SEM, n = 10)

Fig. 1 The comparison of the contralateral rotations at the end of the 2nd
(a) and the 6th (b) weeks, the average time of wire hanging (c) and the
rotarod performance (d) in all studied groups. ***p < 0.001 refers to the
difference between the lesion, treatment I and treatment II groups

compared to the control group, +++p < 0.001 shows the differences
between treatment groups and the lesion group. $$p < 0.01 and
$$$p < 0.001 shows the difference between treatment II and treatment I
groups (Mean ± SEM, n = 10)
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Our results showed that the total traveled distance was sig-
nificantly lower in the lesion (p < 0.001), the treatment I
(p < 0.001) and treatment II (p < 0.001) groups compared to
the control group. There were no significant differences be-
tween the treatment groups and the lesion group. We also did
not observe significant differences in total traveled distance
between treatment I and treatment II groups (Fig. 4a).

The acquired data illustrated that the number of total cross-
ing was significantly lower in the lesion (p < 0.001), the treat-
ment I (p < 0.001) and treatment II (p < 0.001) groups com-
pared to the control group. There was a significant increase in
the number of total crossing between treatment I and lesion
groups (p < 0.01); but we did not see any significant difference
between the treatment II and lesion groups. There was no
significant difference between treatment I and treatment II
groups in the number of total crossing (Fig. 4b).

Evaluation of passive avoidance memory

Results of this test showed that, three (p < 0.001), twenty-four
(p < 0.001), forty-eight (p < 0.01) and seventy-two (p < 0.001)
hours post-shock, the time latency for entering the dark cham-
ber in the lesion group was significantly lower in comparison
with the control group.

Twenty-four hours after the shock, the treatment I group’s
animals had significantly lower time latency to enter the dark

chamber than the control group (p < 0.01). The results also
showed that, seventy-two hours after the shock, animals of
the treatment I (p < 0.001) and treatment II (p < 0.01) groups
had significantly lower time latency to enter the dark chamber
compared to the control group. Three hours after the shock,
animals of the treatment I (p < 0.01) and treatment II
(p < 0.01) groups had higher time latency to enter the dark
chamber in comparison with the lesion group. Twenty-two
hours after receiving the shock, animals of the treatment II
group spent more time to enter the dark chamber in compar-
ison with the lesion group (p < 0.001) (Fig. 5).

Histological study

The results of the histological evaluations showed a signifi-
cant decrease in the mean number of TH+ in the lesion
(p < 0.001), the treatment I (p < 0.001) and treatment II
(p < 0.05) groups compared to the control group. GE admin-
istration significantly increased the mean number of TH+ neu-
rons in the treatment I (p < 0.001) and treatment II (p < 0.001)
groups in comparison with the lesion group. We also found
that the mean number of TH+ in the treatment II group was
significantly more than the treatment I group (p < 0.05)
(Fig. 6).

Fig. 3 The comparison of the peripheral traveled distance (a), number of peripheral crossing (b) and the time spent in peripheral zones (c) in all studied
groups. ***p < 0.001 compared to the control group. +p < 0.05 compared to the lesion group. (Mean ± SEM, n = 10)

Fig. 4 The comparison of the total traveled distance (a) and the total number of crossing (b) in all studied groups, ***p < 0.001 compared to the control
group, ++p < 0.01 compared to the lesion group, (mean ± SEM, n = 10)
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Discussion

In this research, the primary purpose was to investigate the
positive effects of GE on the depletion of the dopaminergic
neurons in SNpc and the motor and non-motor outcomes in
the rat model of PD. Among several methods, 6-OHDA in-
jection is frequently applied to induce an animal model of PD
in rodents (Fine et al. 2020; Marin et al. 2020; Zhang et al.
2020). 6-OHDA, an optional neurotoxin, reduces dopaminer-
gic neurons and disrupts the nigrostriatal pathway (Barata-
Antunes et al. 2020; Sarukhani et al. 2018; Kumari et al.
2018). The present research illustrated that a decrease follows
the injection of 6-OHDA into the left MFB in the number of
TH+ cells, which confirms the neurotoxic effects of 6-OHDA.

We observed that the lesion group rats had a weak perfor-
mance in hanging wire and rotarod tests, which is in line with the
previous studies that have reported movement disorders follow-
ing the injection of 6-OHDA (Kumari et al. 2018).We found that
the effects of the 6-OHDA injection were not limited to motor
disorders and had adverse behavioral effects. Reducing the delay
time of entering the dark chamber in the passive avoidance test
indicates decreased memory and learning in the lesion group.
Also, the animals of the lesion group had a lower crossing num-
ber, traveling distance and time duration spent in the central area,
which indicates that an anxiety-like behavior occurs in PD. These
findings are in line with the previously reported results and var-
ious behavioral deficits, including anxiety, depression and apa-
thy, have been observed in PD patients (Wen et al. 2016).

It has been confirmed that oxidative stress and inflamma-
tion have a prominent role in PD (Mohammadipour et al.
2020; Heidari et al., 2019; Cenini et al. 2019). On the other
hand, GE has been well documented that has a high potential
in inhibition of oxidative stress and neuroinflammation
(Farzanegi et al. 2020; Ghasemi et al. 2017; Kong et al.

2017). As Farooqui and Farooqui (2018) reported recently,
due to various active compounds, garlic exerts antioxidant
and anti-inflammatory effects and can be considered a thera-
peutic agent for neurodegenerative diseases (Farooqui and
Farooqui 2018). Therefore, in the present study, we investi-
gated the neuroprotective effects of this extract.

The outcomes obtained from the present research, for the
first time, illustrated that GE administration attenuates the de-
pletion of TH+ neurons in the rat midbrain. We also found that
the time of administration of the GE, affects its effectiveness
on the PD. Even though administration of GE was able to
ameliorate the PD symptoms in both treatments I and II
groups, but results revealed that the treatment method in the
treatment II group (one week before + one week after OHDA-
6 injection) was more effective than in the treatment I group
(only before OHDA-6). The results of the different tests of this
study confirmed that. For example, the apomorphine-induced
rotational test showed a decrease in the number of rotations for
the animals in the treatment II group compared to the treat-
ment I group.

Thus, according to the present study results and given that
the time of onset of the PD is unknown, we suggest that it
should be used continuously to get maximum therapeutic ef-
fects of the GE.

Our data also revealed that both hanging time in the hang-
ing test and duration time on the rotarod in the treatment
groups animals were significantly higher than the lesion
group, which proves the beneficial effects of the GE on the
motor functions in rat model of PD.

A part of this difference in themotor ability between the lesion
and treatment groups could be due to the GE protection of do-
paminergic neurons. Dopaminergic neurons are highly vulnera-
ble to oxidative stress and inflammation (Mohammadipour et al.
2020; Heidari et al. 2019; Haeri et al. 2019). On the other hand,

Fig. 5 The comparison of the
time latency to enter the dark
chamber in all groups, **p < 0.01
and ***p < 0.001; compared to the
control group. ++p < 0.01 and
+++p < 0.001; compared to the
lesion group (Mean ± SEM, n =
10)
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GE has very high anti-oxidative and anti-inflammatory effects
(Sayed et al. 2019; Song et al. 2019; Javad et al. 2012). There are
some organic ingredients in garlic, such as S-allyl-L-cysteine
(SAC) or L-deox-yallin and allicin that are the organosulfur
(Valentino et al. 2020; Baluchnejadmojarad et al. 2017). Both
ingredients can reduce oxidative stress and inflammation bio-
markers (Basu et al. 2019; Khajevand-Khazaei et al. 2019).
Besides, allicin has been reported that alleviate mitochondrial
dysfunction caused by various toxins (Orabi et al. 2020; Gao
et al. 2019). Mitochondrial dysfunction is well documented that
plays a crucial role in PD’s onset and progression
(Mohammadipour et al., 2020). Mitochondrial dysfunction re-
sults in decreased ATP production and increased cytochrome c
releasing that eventually induces caspase activation and leads to

cell death (Mohammadipour et al. 2020; Chen et al. 2019). Since
allicin can inhibit ROS production, decrease cytochrome c re-
leasing and increase ATP production (Dai et al. 2020; Liu et al.
2015), it seems to have a high potential to protect dopaminergic
cells in neurodegenerative diseases.

Of note, as the previous studies showed, dopaminergic
neurons are damaged by alpha-synuclein aggregation in PD
and this protein plays a critical role in the progression of PD
(Mohammadipour et al. 2020; Guo et al. 2019). Liu et al.
(2017) and Guo et al. (2019) reported that alpha-synuclein
aggregation could induce inflammation and apoptosis in do-
paminergic neurons leading to motor disorders (Guo et al.
2019; Liu et al. 2017). On the other hand, Wassef et al.
(2007) found that S-methyl-L-cysteine (found in garlic and

Fig. 6 The comparison of the
mean number of the TH+ cells in
all studied groups (a). The mean
number of TH+ cells in the lesion
(+++p < 0.001), the treatment I
(p < 0.001) and treatment II (+
p < 0.05) groups was lower
compared to the control group.
The mean number of TH+

increased in treatment I
(***p < 0.001) and treatment II
(***p < 0.001) groups in
comparison with the lesion group.
$p < 0.05 shows the difference
between treatment I and treatment
II groups. (Mean ± SEM, n = 10).
The comparison of the mean
number of TH+ cells in all studied
groups (b). Dopaminergic
neurons of the SNpc in the
immunohistochemistry staining:
a; Control, b; Lesion, c;
Treatment I, d; Treatment II.
Dopaminergic neurons (TH+) in
the control group are more visible
than lesion, treatment I and
treatment II groups. Arrows show
the TH+ cells. Scale bar = 200 µm
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cabbage) administration could prevent alpha-synuclein-
induced abnormalities (Wassef et al. 2007). Our study shows
that GE restores dopaminergic neurons’ loss and improves
motor functions, which may be achieved by preventing
alpha-synuclein pathogenesis.

Moreover, GE has been reported to increase neurotrophic
factors (Jung et al. 2016). The neurotrophic factors have been
shown to affect dopamine synthesis in SNpc and striatum
(Renko et al. 2018). Renko et al. (2018) showed that striatal
injection of neurotrophic factors increases dopamine release in
the rat striatum (Renko et al. 2018). Since dopamine depletion
plays a critical role in PD-induced motor and behavioral dis-
orders, this critical neurotransmitter elevation can alleviate PD
symptoms. Thus, it seems that the improvement of motor and
non-motor disabilities observed in the present study would be
associated with neurotrophic factors.

Conclusions

In conclusion, the present study demonstrates that GE can
protect the dopaminergic neurons in PD. Additionally, our
results show that GE could improve PD-induced motor dys-
functions and alleviate non-motor deficits, including memory
impairment and anxiety in PD’s preclinical model.
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