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A b s t r a c t

Parkinson’s disease (PD) is a chronic neuronal loss of dopamine and drugs used for its management has several limita-
tions. The present report determines the effect of exercise on mitochondrial autophagy against PD. Parkinson’s disease 
was induced by 15 doses of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP; 30 mg/kg, i.p.) for 3 weeks, on five 
consecutive days in a week. Exposure of exercise was provided for 40 min for a period of 2 weeks after PD confirmation. 
Assessment of behaviour was performed to evaluate the effect of exercise on motor function and cognitive function in PD 
rats. Levels of reactive oxygen species (ROS) and inflammatory cytokines were assessed in PD rats using enzyme linked 
immunosorbent assay (ELISA). Expression of myocyte-specific enhancer factor 2D (MEF2D) and NADH dehydrogenase 6 
(ND6) was estimated in PD rats. Exposure to exercise ameliorates the altered motor function and cognitive function in PD 
rats. There was a reduction in ROS and cytokine levels in the brain tissue of the exercise group compared to the negative 
control group. Exercise ameliorates the altered expression of apoptotic proteins and mRNA expression of MEF2D and ND6 
in the brain tissue of MPTP induced PD rats. In conclusion, data of study reveal that exercise protects the mitochondrial 
autophagy in PD rats by reducing inflammatory cytokines and oxidative stress.
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Introduction
Parkinson’s disease (PD) is one of the major pro-

gressive disorders of neuronal loss commonly occurring 
above 65 years of age [14]. Degeneration of dopaminer-
gic neuron in the substantia nigra region of brain, alters 
the non-motor and motor function in PD patients [1]. 
Phosphorylation of α-Synuclein lead to its deposition 
which causes increase in oxidative stress and inflam-
mation, alters cell membrane as it activates mito-
chondrial autophagy that leads to dysfunction [7]. 
Inflammatory cytokine release enhances due to micro- 
glia activation and contributes to neuroinflammation. 
Moreover, neuroinflammation is the major cause of 

activation of apoptosis and dysregulation of autophagy, 
which develops into neurodegenerative disorder [2]. 
Inflammasomes activate due to over production of 
reactive oxygen species (ROS) and contribute to acti-
vation of the mitochondrial caspase pathway, which 
alters the cellular functioning and activates cellular 
apoptosis [12].

Management of chronic disorders needs a  multi-
ple approach including lifestyle change, and exercise is 
an essential requirement of healthy life. The literature 
reveals that physical activity or regular exercise gives 
symptomatic relief to the patient suffering from PD [9]. 
Moreover, exercise is reported to improve mitochondri-
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al function, reduces neuroinflammation, and promotes 
neurogenesis by enhancing the neurotropic factor [21]. 
Physical activity improves motor function like balanc-
ing and muscle strength in PD as well [3]. The inflam-
matory pathway is also regulated by inflammasomes, 
and Toll-like receptor 4 (TLR4) expression and physical 
activity regulates the inflammatory pathway by reduc-
ing these factors to manage PD [4]. Thus, the present 
report determines the effect of exercise on PD.

Material and methods

Animals
Sprague Dawley rats (either sex, age: 8 weeks,  

250-300 gm) were housed as per the conditions given 
in the guidelines (humidity: 55 ±5%, temperature:  
22 ±2°C, light-dark cycle of 12 h each). All the animals 
were fed with water and standard pellet diet. The pro-
tocol was reviewed and approved by the ethical com-
mittee of Shaanxi Provincial People’s Hospital, China 
(650/02/C/CPCSEA/12/2018).

Experimental protocol
The protocol was designed for three groups (n = 6) 

such as control group; the negative control group 
receives 15 doses of MPTP 30 mg/kg, i.p. for 3 weeks, 
on five consecutive days in a week. The exercise treat-
ed group receives exercise for two weeks after the 
induction of PD.

Treadmill exercise
Exercise training was provided for 14 days to each 

rat after induction of PD using rodent treadmill. Every 
day 40-min training was given at 8 m/min with incli-
nation of 0 degree, which includes 5 min at 2 m/min 
speed, then 2 m/min speed for 5 min and at the end 
8 m/min for 30 min. Biochemical, neuronal and beha- 
viour activities were estimated within 48  h after the 
last session of exercise.

Estimation of motor function
Motor function and muscle balance was estimated 

using rotarod apparatus. All the animals were mounted 
on the apparatus which rotates and the time to fall was 
recorded as the latency period. 

Behavioural studies
Apomorphine-induced rotation behaviour was as- 

sessed to determine the changes over the dopaminergic 
system in PD rats. Apomorphine reduces the dopamine 
level which alters the number of rotations in PD rats. 
Contralateral rotation was induced by the administra-

tion of 3 mg/kg, s.c. and changes in behaviour were 
monitored for the duration of 1 h.

Morris Water Maze test
Cognitive function in rats was estimated using  

Morris Water Maze (MWM) test as per previously pub-
lished reports [22]. The MWM apparatus dimensions 
are as follows: circular pool: 120 cm, height: 50 cm, 
depth: 30 cm. The pool was separated into four differ-
ent quadrants and a platform was placed in one quad-
rant, trials were given on 5 consecutive days. The plat- 
form was removed on day 6 and the time spent in  
the target quadrant was observed.

Preparation of brain tissue 
homogenate and estimation  
of cytokines
All the animals were sacrificed to isolate brain and 

homogenize it in phosphate buffer, which was centri-
fuged at 3000 rpm for the duration of 15 min. Super-
natant solution was used to determine biochemicals. 
ELISA method was used to estimate the level of inter-
leukin (IL)-1β, IL-10, IL-6 and tumour necrosis factor α 
(TNF-α) in the tissue.

Assessment of ROS
MitoSOX red mitochondrial superoxide indicator 

was used to assess the production of ROS. MitoSOX red 
(5 µM) staining was used to stain the tissue homoge-
nate in the dark at 37°C for 30 min. The intracellular 
level of ROS was estimated at wavelength of 510 nm 
and 580 nm for excitation and remission using a fluo-
rescence plate reader.

qRT-PCR
qRT-PCR method was used for the estimation the 

mRNA expression of MEF2D and ND6. The TRIzol kit 
was used to isolate the total RNA from brain tissue 
homogenate as per the manufacturer’s directions. Sin-
gle-strand cDNA synthesis was performed and qRT-PCR 
was performed as per the Fast Start Universal SYBR 
Green Master; analysis was executed with ABI 7300 
Real Time PCR System. Below are the details of primers 
used in the study (Table I).

Western blot assay
In brain tissue homogenate, extraction of total pro-

tein was performed with RIPA lysis buffer, a  commer-
cial kit was used for its extraction and separation was 
attained through sodium dodecyl sulfate-polyacrylamide 
gels (12% w/v). Thereafter separated protein was fil-
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tered through filter paper and incubated with primary 
antibodies like caspase 3, Bcl2 and TLR4 for overnight 
at 4°C, which was later incubated with IIry antibody. 
Densitometry of blots was assessed with the image lab 
software after development of blot with ChemiDoc MP 
Imaging System.

Statistical analysis

Data of the report are represented as mean ±SEM; 
the study compared all the data statistically with one 
way ANOVA, and further Dunnett Post hoc test (Graph-
Pad Prism software, ver. 6.1; USA).

Results

Assessment of the effect of exercise  
on motor function

The exercise effect was observed on the motor 
function in MPTP induced PD rat model using apomor-
phine-induced rotation behaviour and rotarod appa-
ratus. The negative control group shows a  significant 
increase in the total number of rotation/40 min and 
number of fall/min compared to the control group. 
Exercise reduces the number of rotation/40 min (apo-

morphine-induced rotation behaviour) and fall/min in 
MPTP induced PD rats (Fig. 1A, B).

�Assessment of the effect of exercise  
on cognitive function

Cognitive function was assessed in exercise exposed 
MPTP induced PD rats using MWM apparatus as shown 
in Figure 2. Escape latency was enhanced in the negative 
control group during the 5 days’ training period com-
pared to the control group. The negative control group 
shows a  reduction in the percentage of time spent in 
the target quadrant and number of crossings compared 
to the control group of rats. However, exercise expo-
sure ameliorates the altered cognitive function in MPTP 
induced PD rats.

�Assessment of the effect of exercise  
on the level of cytokines

The level of cytokines was assessed in the brain tis-
sue of exercise exposed MPTP induced PD rats using 
ELISA as shown in Figure 3. The negative control group 
shows an increase in IL-1β, IL-6 and TNF-α levels and 
reduction in IL-10 compared to the control group of 

Table I. Details of primers

No. Primer Forward Reverse

1 ME2FD 5’-ATGGCAACAGCCTAAACAAAGT-3’ 5’-GTGGTGAGCGAGTGGGTAGA-3’

2 ND6 5’-ATTAAACAACCAACAAACCCAC-3’ 5’TTTGGTTGGTTGTCTTGGGTT-3’

3 β-actin 5’-AAGGACTCCTATAGTGGGTGACGA-3’ 5’-ATCTTCTCCATGTCGTCCCAGTTG-3’

Fig. 1. Assessment of the effect of exercise on the motor function in MPTP induced Parkinson’s disease 
rat model. A) Assessment of apomorphine-induced rotation behaviour; B) Assessment of the number of 
fall/min using rotarod apparatus. Mean ±SEM (n = 6); ##p < 0.01 vs. the control group, **p < 0.01 vs. the 
negative control group.

To
ta

l n
et

 r
ot

at
io

n/
40

 m
in

N
um

be
r 

of
 f

al
l/

m
in

300

250

200

150

100

50

0

6.0

5.0

4.0

3.0

2.0

1.0

0
Control	 Negative control	 Exercise Control	 Negative control	 Exercise

A B



429Folia Neuropathologica 2023; 61/4

Exercise ameliorates autophagy in Parkinson’s disease

rats. Exposure to exercise attenuates the level of cyto-
kines in brain tissue of MPTP induced PD rats.

Assessment of the effect of exercise  
on reactive oxygen species

The effect of exercise was observed on the production 
of ROS in the brain tissue of MPTP induced PD rats. There 
was a significant increase in ROS production in the nega-
tive control group compared to the control group of rats. 
Exposure to exercise reduces significantly the ROS pro-
duction in brain tissue of MPTP induced PD rats (Fig. 4).

Assessment of the effect of exercise  
on mRNA expression of MEF2D and ND6

The effect of exercise was estimated on the rela-
tive mRNA expression of MEF2D and ND6 in the brain 
tissue of MPTP induced PD rats using qRT-PCR method 

Fig. 2. Exercise ameliorates cognitive behaviour in MPTP induced Parkinson’s disease rats. Mean ±SEM  
(n = 6); ##p < 0.01 vs. the control group, **p < 0.01 vs. the negative control group.
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Fig. 3. Exercise ameliorates the cytokine level in 
brain tissue of MPTP induced Parkinson’s disease 
rats. Mean ±SEM (n = 6); ##p < 0.01 vs. the control 
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as shown in Figure 5. There was a significant reduction 
in relative mRNA expression of MEF2D and ND6 in the 
negative control group compared to the control group. 
Moreover, relative mRNA expression of MEF2D and ND6 
was significantly enhanced in exercise exposed MPTP 
induced PD rats.

Assessment of the effect of exercise  
on the expression of protein

Expression of proteins such as caspase 3, Bcl2 and 
TLR4 was estimated in the brain tissue of exercise 
exposed MPTP induced PD rats. The negative control 
group shows alteration in expression of TLR4, caspase 3 

and Bcl2 protein compared to the control group. How-
ever, exposure to exercise reduces the expression of 
caspase3 and TLR4 protein and increases Bcl2 protein 
in the brain tissue of MPTP induced PD rats.

Discussion
Parkinson’s disease is one of the major chronic neu-

rodegenerative disorders in which alteration in motor 
function occurs. Mitochondrial autophagy is involved 
in the development of PD [13]. There are several con-
ventional drugs available for the management of PD, 
however for the effective management of PD, there is 
a  need of assessment of an alternative approach.  
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Fig. 4. Exercise reduces ROS production in the 
brain tissue of MPTP induced Parkinson’s disease 
rats. Mean ±SEM (n = 6); ##p < 0.01 vs. the con-
trol group, **p < 0.01 vs. the negative control 
group.

Fig. 5. Exercise improves mRNA expression of 
MEF2D and ND6 in the brain tissue of MPTP 
induced Parkinson’s disease rats. Mean ±SEM 
(n = 6); ##p < 0.01 vs. the control group,  
**p < 0.01 vs. the negative control group.

Fig. 6. Exercise ameliorates expression of proteins in the brain tissue of MPTP induced Parkinson’s disease rats.
Mean ±SEM (n = 6); ##p < 0.01 vs. the control group, **p < 0.01 vs. the negative control group.
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The motor nervous system controls the voluntary move-
ment of skeletal muscle and exercise involve movement 
of skeletal muscle, which contributes to the promotion 
of motor function [16]. There are several reports reveal-
ing that exercise shows the beneficial effect in the man-
agement of PD [18], however exact molecular pathway 
involved in the beneficial effect of exercise on PD. Thus, 
the present study evaluates the beneficial effect of 
exercise on PD by regulating mitochondrial autophagy 
through the inflammatory pathway.

Cellular energy production primarily occurs in the 
mitochondria, while production of energy cell generates 
H2O2, which contributes to the oxidative stress [11]. 
Production of ROS gets enhanced due to generation 
of oxidative stress. Accumulation of ROS in an excess 
amount activates the mitochondrial apoptotic pathway 
[17]. Moreover, oxidative stress has higher sensitivi-
ty towards the DA neurons which are involved in the 
pathogenesis of PD. Production of ROS is enhanced 
in the negative control group compared to the con-
trol group of rat and exposure to exercise reverses it. 
Pathogenesis of PD also reveals the involvement of 
the autoimmunity and inflammatory pathway, as TLR4 
is reported to be involved in the activation of microg-
lia and activates the immune system, which leads to 
neuronal injury and neuroinflammation [10]. It also 
enhances the production of cytokines in the neuronal 
tissue which stimulates the deposition of α-synuclein. 
Moreover, TLR4 is reported to be upregulated in MPTP 
treated rats [15] as data of the present study also sup-
port. There was a reduction in the level of cytokines and 
TLR4 expression in brain tissue of the exercise exposed 
group compared to the negative control group of rats.

Neuronal injury and neuronal inflammation alter 
the normal neurological functioning of other neuro-
nal cells due to release of a  number of mediators of 
inflammation, which leads to alteration in the protein 
synthesis in neuron [8]. These changes contribute to 
the activation of the apoptosis pathway and also auto-
phagy, which further leads to progression of neuro-
degeneration. Autophagy terminology is used in the 
context of cell damage in which lysosomal component 
breaks down the cellular components [6]. Mitochondria 
is majorly involved in the generation of energy, which is 
utilized by the cell for normal functioning, due to stress 
function of mitochondrial function alters due to stress 
that activates autophagy by lysosomal dysfunction [23]. 
Several proteins such as caspase and Bcl2 family are 
involved in the cellular injury and data of the study 
reveal that administration of MPTP alters the expres-
sion of caspase 3 and Bcl2 in the brain tissue, however 
exposure to exercise ameliorates this altered expres-
sion of protein in MPTP induced PD rats.

Cellular nuclei contain DNA, mitochondrial DNA 
(MtDNA) is the only DNA available outside the nucleus. 
ND6 is an essential component of mitochondrial 
complex 1 [5]. The literature suggests that myocyte 
enhancer factor-2 (MEF2) protein contributes to the 
proliferation and survival of neuronal cells and alter-
ation in its expression involved in the deposition of 
a-synuclein and neuronal injury, develops into PD [19]. 
MEF2 binds to mitochondrial complex 1 at the site cod-
ed with ND6 [20]. Moreover, it is well documented that 
MPTP induces PD in rats by dysregulating MEF2D and 
ND6 expression [24] and data of the presented report 
also reveal it. The exercise exposed group shows a sig-
nificant increase in the expression of MEF2D and ND6 
protein. These data support that exercise is involved 
in the prevention of PD development and also show  
the exercise beneficial effect against PD.

Conclusions
In conclusion, data of the study reveal that exer-

cise prevents neuronal degeneration in MPTP induced 
PD rats, as it reduces production of ROS which leads 
to activation of inflammatory cytokines and activates 
the autophagy reaction by promoting the expression of 
MEF2D and ND6 protein. These data support that exer-
cise reduces the inflammatory pathway, which reduces 
neuronal degeneration in MPTP induced PD rats.
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