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ABSTRACT
Introduction: Inflammation of the nervous system and impaired sensory-motor function reduce the
quality of life of patients with Parkinson's disease (PD). Although the role of exercise and medicinal
plants in the treatment of neurological diseases has been demonstrated, the anti-inflammatory effects of
aerobic exercise (AT) and garlic supplementation (G) on this pathway are not yet well understood.
Therefore, the present study aimed to investigate the effect of eight weeks of AT and GS on
inflammatory markers of brain tissue and sensory-motor function in rats with PD.
Material & Methods: In this experimental study, 32 parkinson rats were divided into groups (1) Res,
(2) AT, (3) G, and (4) AT+G by injection of 2 mg/kg IP of reserpine. Also, to investigate the effects of
PD induction on research variables, 8 healthy rats were placed in the healthy control (HC) group. AT
was performed for eight weeks, five sessions per week, each session lasting 15-48 minutes and at a
speed of 10-24 meters per minute. Also, 500 mg/kg/day of garlic aqueous extract was fed to rats daily.
One-way ANOVA and Tukey post hoc test were used to analyze the data in SPSS 26 software.
Results: In the AT, G and AT+G groups, TLR and CRP values were significantly lower, and the slope
of balance maintenance and the time of balance maintenance were significantly longer than in the Res
group (P=0.001). Also, in the AT+G group, TLR values were significantly lower, the slope of balance
maintenance and the time of balance maintenance were significantly longer than in the AT and G
groups. The time of balance maintenance in the AT+G group was significantly longer than in the AT
group (P<0.05).
Conclusion: It seems that although AT and G alone have effects on reducing inflammation in brain
tissue and improving sensory-motor function in conditions that induce PD, the combination of these
two interventions appears to enhance each other's effects.
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1. Introduction

Parkinson's disease (PD) is the second most common neurodegenerative disease, which continues to spread
despite extensive research by health organizations to prevent and treat it. In other words, this disease has shown
different prevalence depending on gender, race, geographical region, and age (1). It is believed that PD is caused
by damage to the substantia nigra, increased oxidative stress, and increased alpha-synuclein, which predisposes
to inflammation (1,2). Subsequently, increased oxidative stress activates granulocyte macrophage colony-
activating factor (GM-CSF) and ultimately leads to the activation of the Toll-like receptor (TLR) on the surface
of neurons (2). Activation of this DNA-binding protein triggers the expression of pro-inflammatory mediators
such as TNF-a, IL-6, IL-1a, and pro-IL-1f, ultimately leading to an increase in the acute-phase inflammatory
protein C-reactive protein (CRP) (2). Therefore, evidence indicates that dysfunction in the function of various
parts of the nervous system is due to an increase in inflammatory factors, which gradually changes with the loss
of sensory and motor neurons, motor balance, psychological disorders, and the quality of life of the affected person

(3).

On the other hand, given the irreversible side effects of synthetic drugs and the lack of appropriate
treatment solutions, researchers believe that the use of low-cost and effective treatment methods, such as exercise,
can be effective in psychological illnesses. So that the data shows that sports activities can lead to improvement
of physical-psychological disorders in neurodegenerative disorders by improving neurotransmitters (4), increasing
antioxidants, reducing oxidative stress, improving cognitive function (5), and ultimately improving physical
performance (6).More specifically, it can be stated that regular exercise activities can reduce the expression of
inflammatory factors in brain tissue by regulating macrophage function, modulating nuclear factor kappa B (NF-
kB) transcription, and increasing antioxidants (7). In this context, researchers showed that two models of aerobic
and strength exercise can reduce the expression of NF-kB p65, TNF-a, IFN-y, IL-1pB, and TGF-B1 in an animal
model of PD (7). In another study, researchers showed that 12 weeks of aerobic exercise led to an increase in the
anti-inflammatory factor 1L-10, nerve growth factor beta, TGF-$1, and brain-derived neurotrophic factor (BDNF)
in elderly patients with PD (8). Also, in another study, the results indicated a favorable effect of four weeks of
endurance training on positive and negative inclines on motor balance and pain in rats with Alzheimer's disease
(9) and MS (10).

In addition to the role of exercise, proper diet also seems to be of great importance in the treatment and
prevention of diseases. In other words, using medicinal plants in the diet can have beneficial effects on the
treatment of diseases. One of these medicinal plants that has long been used as a therapeutic herb is garlic (G)
(11). Data show that G, due to its content of substances such as allicin, S-allyl cysteine, diallyl sulfide, diallyl
disulfide, and diallyl trisulfide, can have antioxidant, anti-inflammatory, and anti-apoptotic properties and can
have favorable effects on the nervous system and improve neuronal function (12). In this context, researchers have
stated that G can inhibit the NF-xB signaling pathway by modulating natural killer cells, lymphocytes, monocytes,
and macrophages, and this ultimately leads to a decrease in TNF-a, IFN-y, IL-1p, and TGF-B1 (13). A study also
showed that G consumption led to an increase in antioxidants and a decrease in inflammatory factors in the brain
tissue of rats with stroke (14).

Despite the studies, various studies have examined the effects of exercise and garlic supplementation on
some diseases. However, their simultaneous effect on inflammatory markers and motor function in
neurodegenerative disorders is not yet well understood. In addition, the progressive nature of PD and the limited
treatment window are likely the main reasons why researchers are combining therapeutic approaches to identify
the most effective method. Therefore, a fundamental study is warranted to examine the simultaneous effect of
exercise and G on these markers. The present study aimed to investigate the effect of eight weeks of AT and garlic
supplementation (G) on inflammatory markers of brain tissue and sensorimotor function in rats with PD.

2. Methodology

2.1. Materials and methods
In this experimental study with a post-test design with a control group.

2.2. Participants

In this experimental study with a post-test design with a control group, 40 male Sprague-Dawley rats, aged
18-20 months and weighing approximately 250-270 grams, were initially obtained from the Laboratory Animal
Breeding and Reproduction Center of Islamic Azad University, Marvdasht Branch. After being transferred to the
Animal Exercise Physiology Laboratory of this university, they were kept in the laboratory environment for a
week to familiarize themselves with the environment. Throughout the entire research period, the samples were
kept under standard conditions, including a 12-hour light cycle, a temperature of 22°C to 24°C, and a relative
humidity of 55 to 60 percent, and in washable polycarbonate cages. During the research period, animals had ad
libitum access to either water and food. All ethical principles of working with laboratory animals were carried out
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in accordance with the Helsinki Guidelines and under the supervision of the Ethics Committee for Biomedical
Research of Islamic Azad University, Marvdasht Branch, with the approval code IR.IAU.M.REC.1402.013.

2.3. Measurements

On the eighth day, 32 out of 40 rats were given an intraperitoneal injection of 2 mg/kg of reserpine (Sigma-
Aldrich, USA) after 12 hours of fasting and anesthesia with ketamine and xylazine. The rats were then monitored
for 14 days following reserpine neurotoxin injection, during which clinical signs of the disease were observed. It
is worth noting that during this period, behaviors such as aggression, tail twitching, tail tremor, and gait imbalance
were evaluated in the rats (18). After ensuring disease induction, PD rats were divided into groups based on motor
power and balance test (to homogenize groups) into (1) reserpine control (Res), (2) aerobic exercise (AT), (3)
garlic supplement (G), and (4) aerobic exercise + garlic supplement (AT+G). Also, to investigate the effects of
Parkinson's disease induction on research variables, 8 healthy rats were placed in the healthy control (HC) group.

To measure TLR in brain tissue was first homogenized in phosphate buffer saline, then 50 mg of tissue
was isolated from the artery. In the first step, RNA extraction was performed according to the manufacturer's
protocol (Kia gene, Germany). It is worth noting that to ensure the quality of RNA, agarose gel electrophoresis
was used using optical absorption at a wavelength of 260 nm with a Sigma PicoDrop device (made in the USA)
and the formula (C (png/ul) = A260xgxd/1000). After confirming the desired concentration, the samples were
stored for subsequent procedures. Next, cDNA synthesis was performed using the manufacturer's protocol
provided with the Fermentase kit (K1621). The reverse transcription reaction was carried out using the primers
designed based on the TLR-4 gene guide available on the PUBMED site (Table 1). To determine the efficiency
and specificity of the primers, the pre-primers were evaluated using software available on the NCBI website. After
ensuring that the qReal Time PCR device was complete and the samples reached the expression threshold (Cycle
Threshold), the 2-22¢T formula was used to quantify the ratio of the target gene to the reference gene.

Table 1. Primer sequences utilized in the study

Genes Primer Sequences Sizes(bp)
TBP Forward: 5’- GCGGGGTCATGAAATCCAGT-3’ 147
Reverse: 5’- AGTGATGTGGGGACAAAACGA -3°
TLR-4 Forward: 5°- CCTTTCCTGCCTGAGACCAG -3’ 230

Reverse: 5- CAATTGTCTCAATTTCACACCTGGA -3’

The levels of CRP in brain tissue were measured using a specific ELISA kit manufactured by
MYBIOSOURCE (China), catalog number MBS2508830, with results expressed in pg/mL.

2.4. Intervention

Aerobic training protocol: In this study, aerobic exercise was performed for eight weeks, five sessions
per week. For this purpose, in the first week, the rats trained for 15 minutes at a speed of 10 meters per minute on
a treadmill specially designed for rats, manufactured by Danesh Salar Iranian Company. Subsequently, each week,
2 meters per minute were added to the treadmill speed and 4.8 minutes to the training time, until in the eighth
week the speed reached 24 meters per minute and the training time reached 48 minutes. It is worth noting that at
the beginning and end of aerobic exercise, a 5-minute warm-up and cool-down period at a speed of 8 m/min was
considered for the animals (15).

Preparation and administration of garlic acid: To prepare the aqueous garlic extract, first, native garlic
was purchased from reputable stores. Then, after washing and removing the skin, the garlic was carefully cut into
small pieces with a scalpel. Finally, 100 grams of garlic was mixed with 200 ml of distilled water and placed in a
blender for 15 minutes to obtain a homogeneous, milky solution. Then, this mixture was kept in the laboratory for
48 hours and then passed through a filter cloth. The filtered solution was transferred to a clean laboratory container
and kept in an incubator at 38°C for 2 hours until the water evaporated and a white liquid remained in the container.
Then, to consume garlic extract, 500 mg of this white substance per kilogram of the rats' body weight was
dissolved in distilled water and fed to the rats individually in 1-ml bottles (16).

Sensorimotor Function Assessment: To evaluate motor performance, the inclined plane test was
employed. This apparatus could be adjusted from 0 to 90 degrees. In this test, each animal was placed on the
inclined surface, which was gradually elevated in 5-degree increments. The maximum angle at which the animal
was able to maintain its position for at least 5 seconds was recorded as its score (17) (Khodaee, 2013).

Tissue collection: 48 hours after the last training session and in a 12-hour fast, rats were first anesthetized
using ketamine (50 mg/kg) and xylazine (20 mg/kg) prepared from Alphasan, Netherlands. To ensure anesthesia,
rats were tested by pain sensation and foot squeeze tests. After ensuring complete anesthesia, the cranial cavity of
the rats was first opened using a cutter and then the brain tissue of the rats was carefully separated; immediately
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after extraction, the brain tissue was placed in special tissue preservation cryotubes and then transferred to a
temperature of -70°C.

2.5. Statistical Methods

The normal distribution of data was assessed using the Shapiro-Wilk test. To analyze the data, one-way
analysis of variance (ANOVA) test with Tukey post hoc tests was employed. The statistical analysis was
conducted using SPSS 26.0 software (SPSS Statistics/IBM Corp, Chicago, IL, USA). A significance level of p<
0.05 was considered for all statistical analyses, indicating the threshold for determining statistically significant
results.

3. Results

The results of one-way analysis of variance showed that there was a significant difference in the values of
TLR-4 (P=0.001 and F=61.35), CRP (P=0.001 and F=37.12) and balance slope (P=0.001 and F=102.88) in the
research groups. Tukey's post hoc test results showed that TLR in the Res group was significantly higher than the
HC group (P=0.001); but in the G (P=0.001), AT (P=0.002) and AT+G (P=0.001) groups it was significantly
lower than the Res group. There was no significant difference between the AT and G groups (P=0.99); but in the
AT+G group it was significantly lower than the AT (P=0.001) and G (P=0.001) groups (Figure 1).
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Figure 1. TLR gene expression levels in rat brain tissue in the research groups
*** (P=0.001) Significant increase compared to HC group, ### (P=0.001) Significant decrease compared to Res group, $$$ (P=0.001)
Significant decrease compared to G group, " (P=0.001) Significant decrease compared to AT group

CRP values in the Res group were significantly higher than those in the HC group (P=0.001); but in the G
(P=0.001), AT (P=0.002) and AT+G (P=0.001) groups, they were significantly lower than those in the Res group.
There was no significant difference between the AT and G groups (P=0.99); there was also no significant
difference in the AT+G group compared to the AT (P=0.23) and G (P=0.22) groups (Figure 2).
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Figure 2. CRP levels in the brain tissue of rats in the research groups
*** (P=0.001) Significant increase compared to HC group, ### (P=0.001) Significant decrease compared to Res group
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The slope of balance maintenance in the Res group was significantly lower than in the HC group (P=0.001);
but in the G (P=0.001), AT (P=0.002) and AT+G (P=0.001) groups it was significantly higher than in the Res
group. There was no significant difference between the AT and G groups (P=0.57); but in the AT+G group it was
significantly higher than in the AT (P=0.001) and G (P=0.001) groups (Figure 3).
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Figure 3. Slope of balance maintenance in rats in the research groups
*** (P=0.001) Significant decrease compared to HC group, ### (P=0.001) Significant increase compared to Res group, $$$ (P=0.001)
Significant increase compared to G group, “ (P=0.001) Significant increase compared to AT group

4. Discussion

The present study aimed to investigate the effect of eight weeks of AT and garlic supplementation (G) on
inflammatory markers of brain tissue and sensorimotor function in rats with PD. The results of the present study
showed that in the Res group, TLR and CRP values were significantly higher and the slope of maintaining
equilibrium was significantly lower than in the HC group. However, in the AT group, TLR and CRP values were
significantly lower and the slope of equilibrium maintenance was significantly higher than in the Res group. Data
suggest that the induction of PD in various ways can lead to the activation of the alpha-synuclein protein, which
can lead to the activation of natural killer cells in microglia. Further, after activation of M2-type macrophages,
Toll-like proteins with subunits 2 and 4 (TLR2/4) are first activated. These proteins, in turn, lead to the activation
of NF-kB, which then transcribes inflammatory factors such as TNF-a, IFN-y, IL-1B, and CRP (14,18). Since
systemic inflammation is associated with damage to central and peripheral neurons, data suggest that
neuromuscular function is impaired following PD induction (14,19). A study showed that inducing PD disease in
an animal model led to disruption of regulatory T cells, disruption of M1 and M2 type macrophages, and these
inflammatory disorders subsequently led to damage to peripheral neurons and ultimately caused impairment of
motor function (20).

On the other hand, it is believed that various moderate-intensity exercise activities can lead to an increase
in myokines, improvement in L-DOPA, BDNF, reduction in inflammation, increase in dopamine, serotonin, and
norepinephrine type 2 receptors, and this is associated with a decrease in oxidative stress in peripheral nerves and
can lead to the development of motor function (7). Data also indicate that exercise can lead to improved microglia
function through the mechanism of adiponectin activation. This protein induces its anti-inflammatory effects
through activation of peroxisome proliferator-activated receptor gamma (PPAR-y). Apelin 13 also increases after
exercise, leading to inhibition of astrocyte activity, NFkB, and ultimately a decrease in the expression of IL-18,
TNF-a, an increase in IL-10, and IL-1 receptor agonist (21). Along with the present study, the results of a study
showed that exercise can inhibit the TLR/MyD88/IkBa pathway by reducing a-Synuclein expression.
Subsequently, NF-kB is inhibited, and this occurs with decreased levels of IL-1p, TNF-a, increased IL-10, TGF-
B, decreased apoptotic factors, and increased neurotrophins in PD (21). Researchers also showed that exercise
training can lead to improved motor function, development of motor balance, and quality of life in patients with
PD (21). In another study, the results showed improved balance, improved flexibility, and improved joint
flexibility in PD patients following 6 months of walking training for 180 minutes per week (22). In one study, the
results showed that 10 weeks of high-intensity interval training and moderate-intensity continuous training both
improved peak oxygen consumption, walking balance, and motor balance in patients with PD (23). Therefore, the
present study confirmed the results of other studies in terms of anti-inflammatory effects and improving sensory-
motor function. In group G, TLR and CRP values were significantly lower and the slope of equilibrium
maintenance was significantly higher than in group Res. So, G, as an antioxidant drug, primarily leads to the
inhibition of oxidative stress and free radicals; since the main factor inducing apoptosis and inflammation in
neurons is the increase in ROS, garlic, due to its content of isoflavones such as S-allylcysteine, can participate in
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the structure of antioxidant enzymes and increase transcription and formation of SOD.As a result, this leads to
increased GSH, modulation of 6-hydroxydopamine (6-OHDA), modulation of mitogen-activated protein kinase
with P38 subunit (P38MAPK), TNF-a, IL-6 and IL-1p (24). In this original study, which was consistent with the
present study and was conducted on animal models of PD, the results showed that garlic reduced the
aforementioned inflammatory factors, modulated acetylcholinesterase activity, and reduced MDA, although in
this study, higher doses such as 100 and 200 mg/kg sometimes showed more favorable effects (25). In another
study conducted on the SH-SY5Y cell line, the results showed that S-allylcysteine extracted from black garlic led
to a decrease in TNF-o/IL1/IL8, a decrease in DNA damage markers, and a decrease in 6-OHDA (25). In another
study, which was also consistent with the present study, the results showed a decrease in TNF-a, CRP, and
improved walking balance in patients with rheumatoid arthritis (26). Therefore, this study also confirmed previous
studies in terms of confirming the effectiveness of garlic supplementation in reducing inflammation and oxidative
stress.

In the AT+G group, TLR and CRP values were significantly lower and the slope of equilibrium
maintenance was significantly higher than in the Res group. In the context of the simultaneous effect of exercise
and garlic supplementation, consistent with this study, our previous study showed that the combination of aerobic
exercise and garlic could lead to a decrease in FN-y, an increase in IL-4, and motor balance in rats with PD (16).
In the study by Hosseinzadeh et al., the results showed that aerobic exercise and garlic led to an increase in GPx
and a decrease in MDA in the brain tissue of PD rats (15). In addition, a study showed that consuming garlic
extract and aerobic exercise led to a decrease in TLR4 in liver tissue and improved metabolic indices in rats fed a
high-fat diet (27). The few studies that researchers found on the simultaneous effect of exercise and garlic indicate
a favorable combined effect of these two interventions on the inflammatory system. However, exercise seems to
be effective in improving motor function through mechanisms such as reducing a-synuclein expression, inhibiting
the TLR/MyD88/IxBa. pathway, increasing myokines, increasing cerebral blood flow, improving L-DOPA,
BDNF, and improving neurotrophins and neurotransmitters.It also activates adiponectin, activates PPAR-y,
increases apelin 13, inhibits astrocyte activity, NFkB, and ultimately reduces the expression of IL-1B, TNF-a,
increases IL-10, and IL-1 receptor agonist (18). Garlic also leads to a decrease in TNF-a, IL-6, and IL-1p through
the pathway of increasing SOD, increasing GSH, decreasing 6-OHDA, and modulating P38MAPK (24,25). The
more favorable effect of combining these two interventions (exercise and garlic supplementation) on
inflammatory factors and improving motor function could be due to the enhancement of the effect of these two
interventions. Considering the consideration of two inflammatory proteins and the effect of NF-kB and P38MAPK
on the inflammatory signaling pathway, the lack of evaluation of this protein was one of the limitations of the
present study. Therefore, it is suggested that this signaling pathway be evaluated in future studies. Considering
the role of myokines, which increase during exercise, on the central nervous system and inflammatory factors in
the nervous system, the lack of evaluation of myokines seems to be another limitation of the present study.
Therefore, it is suggested that the role of myokines and the relationship between neuromuscular neurotransmitters
be evaluated in future studies.

5. Conclusion

However, it seems that AT and G alone have effects on reducing inflammation in brain tissue and
improving sensory-motor function in conditions that induce PD, but the combining these two interventions can
enhance each other's effects and produce better results than either alone. Therefore, the simultaneous use of these
two interventions in conditions of neurological disorders is recommended.
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