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ABSTRACT

Objective: The general treatment approach for Parkinson’s disease (PD) is L-dopa administration. While L-dopa only relieves
dopaminergic deficiency, it has no effect on the serotonergic system, which is thought to be impaired in the disease. The
limitations of current treatment methods have made it necessary to discover new approaches to the treatment of the disease.
Studies conducted in recent years report that different types of exercises lead to improvements in the symptoms of PD. Exercise
decreases serotonin levels and increases dopamine levels. However, the effect of exercise on serotonin and dopamine levels in PD
and its effect on non-motor symptoms such as anxiety and depression are unknown.

Methods: PD is created using MPTP. The exercise groups were given challenging treadmill exercises for six weeks. Serotonin and
dopamine levels were measured in the striatum and serum. Parkinson’s symptoms were examined with pole test and behavioral
tests.

Results: Exercise significantly reduced bradykinesia, increased motor activity, and decreased anxiety behaviors in the exercise
groups. While exercise increased striatal dopamine levels in all exercise groups, there was no difference in striatal serotonin levels.
However, the serotonin serum level decreased in the PD model group. While treadmill exercise increased striatal dopamine levels
in the Parkinson’s mouse model, it did not cause any change in striatal serotonin levels. However, the decrease in serum serotonin
level was determined only in the MPTP group.

Conclusion: The fact that the decrease in serotonin level was only in the disease group and the lower level of anxiety observed in
behavioral experiments suggested that regular treadmill exercise was the reason. However, this improvement was not observed in
cases where the anxiety level was very high.
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INTRODUCTION

Dopaminergic neuronal loss is known as the main cause of
Parkinson’s disease (PD), and motor and non-motor symptoms
are seen in this disease. Motor symptoms include bradykinesia,
rigidity, and tremor, while non-motor symptoms include a
variety of symptoms such as cognitive impairment, autonomic
dysfunction, sleep disturbances, depression, and anxiety [1-3]. It
is known that 60% of people with PD have non-motor symptoms
[4]. While depression affects approximately 25-40% of people
with PD, anxiety is seen in 40% [5]. Some studies also state
that mood disorders appear years before the motor symptoms
of the disease appear [6]. However, non-motor symptoms are
generally not treated [7]. The pathophysiology underlying

mood disturbances such as anxiety and depression in PD is still
not fully understood. However, there is evidence showing that
the cholinergic, dopaminergic, and noradrenergic systems in
the brain have an effect on mood disorders [8]. It is known that
dysfunction in the serotonergic [5-hydroxytryptamine) system
contributes to mood disorders and cognition disorders [9].
An old systemic review stated that the use of antidepressants
treated depression in PD, but the results were not consistent
with each other. In addition, it has been reported that the drugs
used show side effects at a rate of about 26% [8].

Physical activity’s affirmative effects on health have been known
for years. Regular physical exercise increases synaptic plasticity,
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modulates neurogenesis, and increases brain perfusion. It
has even been reported that exercise has antidepressant and
anxiety-reducing effects [10, 11].

In this research, we researched the effect of forced treadmill
exercise on serotonin and its relationship with non-motor
functions like anxiety and depression in a mouse model of
Parkinson.

METHODS

Animal: 24 adult C57Bl/6 male mice were tested in the
experiment. Standard rodent chow and water were placed in the
cages of the animals. Animals were fed ad-libitum.The procedure
of the experiment was confirmed by “the animal care and usage
committee of Gaziantep University” and was in accordance with
the “Declaration of Helsinki and International Association for
the Study of Pain Guidelines”. 24 mice were casually separated
into four groups. Groups are 1) Control (CON), 2) MPTP (MPTP),
(3) Control+Exercise (CON+EXE), and (4) MPTP+Exercise
(MPTP+EXE).

Parkinson Model: 1-methyl-4-phenyl-1,2, 3, 6-tetrahydropyridine
(MPTP) is known as a neurotoxin. It was used to induce
dopaminergic neurodegeneration in this experiment. The MPTP-
Parkinson model very closely reflects the clinical symptoms of
PD. MPTP (M-0896, Sigma-Aldrich, St. Louis, Mo. USA) solution
was prepared with normal saline at 3mg/ml and injections were
administered 4 times at a dose of 20 mg/kg intraperitoneally to
reduce the risk of animal loss due to the toxin [12,20].

Exercise Protocol: The treadmill (The Ugo Basil, 47300) was
used to apply a forced exercise protocol to the animals and had
dimensions of 38x5x5 cm. Adaptation exercise was trained at
10 m/min for 5 days to measure the exercise compliance of the
animals before applying the exercise protocol. Animals that did
not comply with exercise were not included in the experimental
group [13]. The mice in the exercise groups exercised five days
a week. The exercise continued regularly for six weeks. Mice
were subjected to moderate-intensity treadmill exercise for 40
minutes per day [14]. The exercise protocol is as follows: Speed
for exercise is 15 m/min (5 min 6 m/min, 5 min 9 m/min, 20
min 12 m/min, 5 min 15 m/min, and 5 min 12 m/min) with 0°
inclinations.

Pole test: The pole test is used for the assessment of bradykinesia
symptom [15-19]. Animals injected with MPTP were applied to
the pole test on the 7th day of the experiment. The application
of the pole test is as follows: A rod’s length, used in the pole test,
is 50 cm, and its diameter is 0.8 cm. The mouse was put on the
end of the rod with its head facing up. The time until he turned
his head was considered Tturn, and the time until he turned
his head down was considered Ttotal. The average of the three
measurements in the experiment was recorded.

Open Field Test (OFT) and Elevated Plus Maze (EPM) Test:
Both tests are used to qualify locomotor activities, and mood
disorders such as anxiety and depression. EPM is a plus-shaped
experimental setup with 2 open and 2 closed arms at a specific
height from the ground, and OFT consists of a 50 x 50 cm
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square platform. A camera system is placed in full view of both
test platforms to record behavioral data [26, 27]. Recording
behavioral data were taken by the Axis M1145-L network
camera system, and analysis was made using Etho Vision XT
11.5 in this study. Each mouse was put in the midpoint of the
open field cage or the middle zone of the elevated place maze
for testing all parameters, and the camera continued to record
for 5 minutes. The area in both systems was completely cleaned
with a 10% ethanol solution to wipe away the animal odors at
the end of each experiment, and a new animal was included in
the experiment after it was allowed to dry thoroughly [27].

Tissue preparation: All mice were anesthetized after a 6-week
treadmill exercise. Xylazine was injected at a dose of 10 mg/kg,
and ketamine was injected at a dose of 100 mg/kg. Injections
are applied intraperitoneally for anesthesia. Animals were
guillotined and euthanized 48 hours after the last exercise to
exclude the acute effects of exercise.

Brain dissection and tissue homogenization: Brains were
removed, and striatum tissues were immediately isolated
[28]. Brain tissues and serum were preserved at -80°C until
homogenization. The striatum was homogenized for 30 seconds,
using a sonicator (Branson Sonifier® UNITS Model S-150D) on
ice. Then, centrifugation (Thermo Scientific MicroCL Centrifuge)
was performed at 5,000 g for 5 minutes at 8°C for the tissues,
and supernatants were collected. Protein determination (BioTek,
Synergy H1 Microplate Reader) was performed using 2 microliter
samples from each different homogenate.

Determination of dopamine and serotonin levels: Dopamine
and serotonin levels were determined by a sandwich enzyme-
linked immunosorbent assay (ELISA) (Mouse Serotonin ELISA
Kit, FineTest, China Cat: No: EM1465, Mouse Dopamine ELISA
Kit, FineTest, China Cat: No: EM1712), following the indication
provided by the manufacturer. Serotonin and dopamine levels
were examined in both the striatum and serum.

Statistical assessment: Statistical Package for the Social
Sciences (SPSS) software for Windows (version 20.0) was used
for data analysis. Whether the data had a normal distribution
or not was determined by the Kolmogrov-Smirnow test. A one-
way analysis of variance (ANOVA) test was applied to normally
distributed data. Kruskal Wallis was used for the analysis of non-
normally distributed data. The Tukey Post Hoc Test was applied
to parametric data to determine the differences between groups.
Dunn’s test was used to determine the differences between
groups in the data that was not normally distributed. Data are
presented as mean+SD. Data were considered significant if the
p-value was less than 0.05 (p<0.05).

RESULTS

Bradykinesia assessment: The pole test, which measures
impairments in starting and maintaining movement, shows
two parameters. In our results, a significant prolongation was
observed statistically in the time to start movement in the MPTP
and MPTP+EXE groups compared to the CON and CON+EXE
(Figure1). Total shows the time it takes to start and maintain
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movement. This value was significantly longer only in the MPTP
group compared to the CON and CON+EXE groups (Figure 2).

Motor performance assessment: Motor activities were
evaluated with EPM and OFT tests. Mean distance moved in EPM
(Figure 3) and velocity in OFT (Figure 4) decreased only in MPTP
group compared to other groups.

Anxiety and depression assessment: Anxious and depressed
animals spend longer in closed arms and shorter in open arms
in EPM. Anxious and depressed animals spend longer in the EPM
in closed arms and shorter in open arms. Figure 5 shows the
average time spent by the groups in the open arms. According
to Figure 5, the time spent in the open arms of the MPTP group
in EPM decreased compared to the CON and CON+EXE groups.
However, no significant difference was found between the
disease model group and the exercise disability model group. In
Figure 6, it is seen that the time spent in closed arms decreased
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only in the CON group compared to the MPTP and MPTP+EXE
groups.

Anxious and depressed animals spend longer time in OFT in the
peripheral area and shorter in the middle area. Compared to the
other groups, the MPTP group passed less time in the middle
area (Figure 7) and more time in the peripheral area (Figure 8).

Assessment of Dopamine and Serotonin Levels: Both
neurotransmitter levels were measured in the striatum and
serum. It was found to be statistically significantly reduced in
striatal dopamine levels in the PD model group compared to
the other groups (Figure 9). However, there was no difference in
serum dopamine levels among groups (the figure is not shown).
It was found to be statistically significantly reduced in serum
serotonin levels in only the MPTP group compared to the control
group (Figure 10). However, there was no difference in striatal
serotonin levels among groups (the figure is not shown).
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Figure 1. Tturn means the time it takes the animal to turn its head down after placing it on the pole. (n=6, *p < 0.05 vs. MPTP
and CON+EXE groups, CON+EXE and MPTP+EXE groups, **p < 0.01 vs. CON and MPTP groups, CON and MPTP+EXE groups)
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Figure 2. Total shows the time it takes to start and maintain movement. (n=6, *p < 0.05 vs. MPTP and CON+EXE groups, **p <

0.01 vs. CON and MPTP groups)
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Figure 3. The mean distance moved in the EPM test (n=6, *p<0.05 vs. MPTP and CON groups, MPTP and MPTP+EXE groups,
**n<0.01 vs. MPTP and CON+EXE groups)
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Figure 4. The velocity in the OFT test (n=6, *p<0.05 vs. MPTP and CON groups, MPTP and MPTP+EXE groups, **p<0.01 vs.
MPTP and CON+EXE groups)
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Figure 5. The spent time in the opened arms in the EPM test (n=6, *p < 0.05 vs. MPTP and CON+EXE groups, **p<0.01 vs.
CON and CON+EXE groups)

182


https://doi.org/10.58600/eurjther.20232902-1594.y

https://doi.org/10.58600/eurjther.20232902-1594.y Dogru N et al. Effect of Exercise on Serotonin in Parkinson Disease

400

wx

—p—
s
[]

CON MPTP CON+EXE MPTP+EXE
Groups

g

(sec)

arms
g

8

Time spent in closed

Figure 6. The spent time in the closed arms in the EPM test (n=6, **p<0.01 vs. CON and MPTP groups, CON and MPTP+EXE
groups)
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Figure 7. The spent time in the middle zone in the OFT test (n=6, *p < 0.05 vs. CON and MPTP groups, MPTP and CON+EXE
groups, MPTP and MPTP+EXE groups)
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183 Figure 8. The spent time in the peripheral zone in the OFT test (n=6, *p<0.05 vs. CON and MPTP groups, MPTP and CON+EXE
groups, MPTP and MPTP+EXE groups
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Figure 9. The striatal dopamine levels (n=6, *p<0.05 vs. CON and MPTP groups, MPTP and MPTP+EXE groups, **p<0.01 vs.

MPTP and CON+EXE groups)
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Figure 10. Serum serotonin levels (n=6, *p<0.05 vs. CON and MPTP groups)

DISCUSSION

PD is the second most common neurodegenerative disease
[3,21]. The priority as a treatment approach is the treatment
of motor symptoms, as motor symptoms further prevent the
patient from continuing his daily life. However, it is known that
non-motor symptoms occur long before the motor symptoms of
the disease appear [6]. Treating non-motor symptoms together
with motor symptoms will increase the patient’s quality of
life [7]. It is known that the main reason for the emergence of
motor symptoms is dopamine deficiency. However, there is no
definite information about the cause of non-motor symptoms.
Studies show changes not only in the dopaminergic system but
also in the cholinergic and noradrenergic systems in Parkinson’s
patients [8].

Parkinson’s model with MPTP injection is accepted as the
“gold standard” in the development of symptomatic treatment
methods, evaluation of pharmacological agents, and
development of new strategies. The advantages of the model
created with MPTP are that mice cost less to purchase and

house than other animals, MPTP does not require stereotaxic
surgery, causes bilateral lesions, and shows most of the known
biochemical features of PD [13].

In our pole test results, the time to start movement was extended
in the MPTP group. However, exercising in the Parkinson model
group did not significantly reduce the time to start movement
(Tturn). Exercise does not improve the bradykinesia in PD.
However, the time required to descend was prolonged only in
the MPTP group. However, distance moved and velocity values
decreased significantly in the solely Parkinson model group
compared to others. Although the forced treadmill exercise did
not shorten the starting time to move, it improved the ability to
maintain movement by healing motor coordination. We reported
in our previous study that moderate-intensity forced treadmill
exercise provided restorative effects on motor coordination [22].

There are studies showing that exercise improves mood [23,41],
and it even reduces anxiety in humans [24]. However, there is
conflicting information regarding the alteration of anxiety in
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exercising animals. In other words, many studies report that
exercise decreases anxiety, while other researches report that
exercise increases anxiety [25,26]. The study by Pietrelli et al.
reported that moderate-intensity treadmill exercise reduced
anxiety in rodents [11]. However, the study by Burghardt et al.
reported that exercise had no effect on anxiety [27]. In our study,
we found that moderate-intensity forced treadmill exercise
reduces anxiety, a symptom of PD. Because parameters for
locomotor activity [total distance and velocity of movement]
decreased in animals with the MPTP injection in OFT [28] and
spent more time in the peripheral area than in the middle region
[29] are findings showing that anxiety develops. However, the
results of the EPM test showed that anxiety did not decrease
in the Parkinson’s model group that exercised. Because the
MPTP+EXE group spent more time in closed arms. It was known
that the EPM test causes more anxiety in mice [30]. In other
words, it is thought that the curative effect of forced exercise
is relatively less at higher anxiety levels. In one study, the level
of corticosterone, known as the stress hormone, was lower
in the group that volunteered for 10 days compared to the
groups that did the forced treadmill or forced spinning wheel
exercise. Researchers have stated that voluntary exercise works
like a reward system and increases motivation, and accordingly,
corticosterone levels do not increase [31].

The effect of different types of exercise on brain neurotransmitters
has been investigated for many years. It is known in the
literature that both central dopaminergic and serotonergic
activities change depending on exercise [32]. A deficiency of
the dopamine neurotransmitter is accountable for the clinical
symptoms of PD [33]. There is conflicting information in the
published literature regarding the effect of treadmill exercise
on dopamine levels in the striatum. Many scientific researches
have reported that treadmill exercise increases dopamine levels
in the striatum [32,34], while others do not [32,35]. We found
that striatal dopamine levels were significantly decreased in the
MPTP group compared to the control group after MPTP-induced
degeneration, while no difference was found in the other groups
in this research. It has been thought that the improvement in
motor coordination may be related to the increased dopamine
level with exercise.

There are also contradictions in the literature regarding the
striatal levels of serotonin. Many scientific researches have
reported that treadmill exercise elevates the level of serotonin
in the striatum [36], while others have verified that there is
no effect of exercise on the level of serotonin [37]. Also, other
studies have stated that exercise reduces the level of serotonin
[35,38]. Chaouloff et al. have done many studies examining the
relationship between exercise and serotonin. These scientists
gave rodents substances that affect dopamine activity and
examined the relationship between exercise and serotonin
levels in their study. As a result of this study, they found that
dopamine metabolism increased in areas rich in serotonin [34].
In fact, except for one study [39], Chaouloff et al. reported that
they could not find any change in serotonin levels in their other
studies [32,40]. It has been reported that while physical exercise
increases serotonin synthesis and metabolism in the midbrain,
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it does not change serotonin synthesis in the striatum [32]. We
did not find a significant difference between the groups in the
level of striatal serotonin in our study (Figure not seen). However,
serum serotonin levels were significantly reduced in only the
Parkinson’s model group compared with the healthy control
group. Again, no significant change was found in the exercise
groups.

CONCLUSION

In  conclusion, while moderate-forced treadmill exercise
increased dopamine levels in the striatum in the Parkinson’s
mouse model, it did not cause a change in serotonin levels in
the striatum. However, the decrease in serum serotonin level was
determined only in the MPTP group. During exercise, different
neurotransmitters are secreted in many parts of the brain, and
these neurotransmitters exert different effects in different
regions. Further studies at the molecular level are needed to
present the activities of all neurotransmitters in different brain
regions and their interactions with each other.
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