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Abstract

Aim:  Parkinson's disease is a neurodegenerative disease characterized by the destruction of
dopaminergic neurons in the substantia nigra region of the brain. Alpha-synuclein is a protein
that forms plaques called Lewy bodies in Parkinson's disease and is considered the main cause
of brain tissue damage. The purpose of the present study was to determine the effect of an intense
interval training period and acetyl-L-carnitine (ALC) supplementation on alpha-synuclein and
thioredoxin (TRX) protein levels in the brains of 6-hydroxydopamine-induced parkinsonian rats.
Research method: The statistical population of this study included 36 Wistar male rats, which
were randomly divided into 6 equal groups: healthy control group, sham surgery group,
Parkinson's control group, Parkinson's exercise group, Parkinson's supplement group,
Parkinson's exercise and supplement group. This experimental research was carried out during
12 weeks of training and the drug receiving groups received ALC supplement once a day for 12
weeks with a dose of 100 mg/kg by gavage. Behavioral tests were performed to confirm the
creation of the Parkinsonian model. Tissue samples were obtained 48 hours after the last exercise
program. Results: The findings showed that after 12 weeks of HIIT training and ALC
consumption, there was a significant difference in TRX (P=0.001) and alpha-synuclein
(P=0.001) values between the study groups. The results of the follow-up test showed that the
values of TRX and alpha-synuclein in the exercise+supplement group increased (P=0.001) and
decreased (P=0.002) respectively, compared to the Parkinson's control group. There was no
significant difference in the values of alpha-synuclein in the training (p=0.114) and supplement
(p=0.325) groups compared to the Parkinson's control group. Conclusion: Intense intermittent
exercise with ALC supplement may be effective in improving cell damage and function of
Parkinson's patients by modulating some oxidative regulatory pathways, including increasing
TRX antioxidant enzyme and reducing brain tissue alpha-synuclein accumulation.

Keywords: Intense interval training, thioredoxin, alpha-synuclein, 6-hydroxydopamine,
Parkinson.
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Extended abstract
Background

Parkinson's disease is a neurodegenerative disorder that results from the loss of dopaminergic neurons in the substantia
nigra. Genetic factors, increased intracellular calcium, oxidative stress, mitochondrial dysfunction, and cytotoxic factors
cause neuronal death (1). Alpha-synuclein is a protein that forms plaques called lewy body in the including Parkinson's,
as a major cause of cellular damage and brain tissue deterioration (2). The treatment of Parkinson's disease is based on
dopamine analogues, which cause a drug-resistant complication over time (3). The purpose of this study was to investigate
the effect of high intensity interval training and acetyl-L-carnitine supplementation on the levels of alpha-synuclein and
thioredoxin in the brains of parkinsonian rats induced by 6-hydroxydopamine.

Materials and Methods

The statistical population of this research included 36 Wistar male rats, which were randomly divided into 6 equal groups:
healthy control group, surgical sham group, Parkinson's control group, Parkinson's training group, Parkinson's supplement
group, Parkinson's training and supplement group. This experimental study was carried out during 12 weeks of training
(5 sessions per week) and the drug receiving groups received acetyl-L-carnitine supplement once a day for 12 weeks with
a dose of 100 mg/kg by gavage. Behavioral tests were performed in order to confirm the creation of the Parkinsonian
model. Tissue samples were taken 48 hours after the last exercise program to measure the levels of alpha-synuclein and
thioredoxin protein in brain tissue. Data were analyzed by ANOVA and Tukey post hoc tests at a significance level of p
<0.05 by SPSS software and Graphpad software.

Behavioral tests

Four weeks after disease induction, behavioral tests were performed in all groups to evaluate the amount of damage
caused in the brain of mice and the possibility of creating a Parkinsonian model. The rotation test was used to evaluate
motor symmetry, the load test was used to evaluate catalepsy or muscle contractions, and the Morris water maze test was
used to evaluate the spatial memory of rats, which are the most common tests to evaluate the Parkinson's model (4). After
confirming the induction of Parkinson's disease by the results of behavioral tests, the treatment protocol was started
according to the grouping.

Exercise protocols

During the first week, animals were familiarized with the exercise protocol on a motorized treadmill (0%, 6 - 10 m.min
1,5 - 10 min.d"!") for one week. Then, an incremental exhaustive exercise test was implemented to assess the maximal
speed, commenced with 10 m.min"!, with an increase of 3 m.min"! every 2 min until failure. Failure was defined when
the rats could not continue running despite electric shocks and when they were unable to upright themselves when placed
on the back (5).

Findings

The findings showed, 12 weeks of high intensity interval training had a significant effect on increasing thioredoxin
reductase one (p=0.005), and caused a decrease the level of alpha-synuclein in the substantia nigra of the brain of rats in
training group compared to the Parkinson's control group, although this decrease was not significant. (p=0.114) Also, the
results of this study showed that performing high intensity interval training and simultaneous consumption of acetyl L-
carnitine supplement in Parkinson's model rats induced with 6-hydroxydopamine had the most significant effect in the
thioredoxin reductase one (p=0.001) as well as the most significant decrease in alpha-synuclein (p=0.002) compared to
Parkinson's control group.

Conclusion

Few studies have investigated the effect of HIIT and acetyl L-carnitine supplementation on pathways related to the
progression of Parkinson's disease. The results of the present study showed that after a period of high intensity interval
training and acetyl L-carnitine supplementation, TRX levels in the brain's substantia nigra increased significantly in the
training + supplementation group compared to the Parkinson's control group. Regular exercise, a chronic physical stress,
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is able to produce appropriate adaptations in response to increased ROS production. These adaptations are related to
several systems, among which the thioredoxin system plays a major role (6). The thioredoxin system protects the cell
against oxidative stress by eliminating reactive oxygen species through a variety of direct and indirect mechanisms (7).
The activation of Nrf2 transcription factor due to exercise and acetyl L-carnitine supplementation inhibits lipid
peroxidation and reduces alpha-synuclein levels (8). Acetyl-L-carnitine treatment also prevents age-related changes in
mitochondrial respiration and reduces oxidative stress biomarkers by up-regulating HO-1 (heme oxygenase-1), Hsp70
(heat shock protein 70), and superoxide dismutase in aged mice (9).

Article message

The present study suggests that high intensity interval training with acetyl L-carnitine supplementation leads to an increase
in TRX and a decrease in alpha-synuclein accumulation in the brain tissue of desert rats with Parkinson's disease. These
changes seem to be effective in improving the severity of Parkinson's disease. Doing HIIT exercises along with taking
acetyl-L-carnitine can be considered as an auxiliary and alternative treatment for those suffering from this type of disease.
However, it seems necessary to conduct more studies in this field.

Keywords: Intense interval training, thioredoxin, alpha-synuclein, 6-hydroxydopamine, Parkinson
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