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Exercise improves the body function and protects the neuronal
injury in Parkinson’s disease rats by activating calpain 1
and kallikrein 6
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Abstract

Parkinson’s disease (PD) is a neurodegenerative disease, which alters body and cognitive functions. The present study eval-
uates the effect of exercise on body function and neuronal injury against a 6-hydroxydopamine hydrobromide (6-OHDA)
induced PD rat model and postulates a possible molecular mechanism of its action. Parkinson’s disease was induced by
administration of (20 ug/5 pl at the rate of 1 ul/min) 6-OHDA and exercise training was given to mice by motorized rodent
treadmill for a period of 14 days after the confirmation of PD. Behavioural changes were observed by apomorphine-induced
rotation and motor function was assessed using the rotarod apparatus. The effect of exercise was observed on the level
of neurochemicals and the expression of calpain-1 (CAPN1) and kallikrein 6 (KLK6) was estimated in brain tissue of PD rats
using western blot assay. A more significant improvement in the motor and cognitive function was observed in the PD + exer-
cise group than in the PD group of rats. Exercise attenuates the altered level of y-aminobutyric acid (GABA), dopamine (DA)
and glutamate in brain tissue of PD rats. Intracellular concentration of Ca* ion was reduced significantly in brain tissue
of the PD + exercise group compared to PD rats. Moreover, exercise activates the expression of KLK6 and CAPN1 protein in
brain tissue of PD rats. In conclusion, data of the study reveal that exercise protects neuronal injury by reducing intracellular
concentration Ca* ion and activates KLK6 and CAPN1 in brain tissue of PD rats and thereby improves motor and cognitive
functions.
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Cytoplasmic inclusion and neuronal nuclear proteins

Introduction are the major features of PD. Impairment of clearance

Parkinson’s disease (PD) is a neurodegenerative
disorder; loss of dopaminergic neuron occurs in sub-
stantia nigra and reduces the dopamine level in stri-
atum [1]. Bradykinesia, rigidity, and tremor are clas-
sical symptoms of PD. There are several pathogenic
pathways involved in the development of PD including
inflammation and a-synuclein (a-syn) [18]. Aggrega-
tion of a-syn in an abnormal level on the glia, neurites
and neuronal cells contribute to neurodegeneration in
PD, which leads to multiple system atrophy (MSA) [11].

of this protein contribute to the pathogenesis of PD as
dysregulation of autophagy-lysosomal pathway (ALP)
and ubiquitin-proteasomal pathway (UPS) affects the
clearance of a-syn. Calpain-1 (CAPN1) and kallikrein-6
(KLK6) are the non-lysosomal proteases which regulate
the level of a-syn through its cleavage [15]. Aggregation
of a-syn within the non-amyloid-p component (NAC)
region causes PD, and CAPN1 and KLK6 are the cle-
avage enzymes which break this protein aggregation [8].
The literature suggests that fragmentation of this pro-
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tein ceases the aggregation of a-syn and is less toxic
to neurons [10]. Oligodendrocytes and neurons are
reported to express KLK6, which degrades a-syn extra-
cellularly [15]. CAPN1 is localized in cytosol with a-syn,
expressed neuronally, which degrades fibrillar a-syn.
Moreover, several studies suggest that reduced activity
of these enzymes causes an increase in aggregation of
a-syn and contributes to the pathogenesis of PD [12].
Conventional therapies available for the man-
agement of PD slow the progression of disease and
improves the motor function. Exercise has been report-
ed to result in a significant improvement of multiple
organ function, which is also beneficial for PD patients
[14]. A preclinical study reveals that exercise also
improves a nigrostriatal DA level in PD, which improves
the control over the movement [6]. Exercise improves
the production of neuroprotective molecules which
protects the dopaminergic neurons [19]. Regular exer-
cise promotes motor function in PD rats by regulating
the neurotransmission of glutamate in the corticostri-
atal region. The literature suggests that exercise also
protects dopaminergic neuron by enhancing the neu-
rotrophic factors i.e. glial cell line-derived neurotrophic
factor (GDNF) and brain-derived neurotrophic factor
(BDNF) [5]. BDNF regulates neuroprotection by reduc-
ing neuronal inflammation and stimulation of its level
is regulated by CAPN 1 and KLK6 [2]. Thus, the present
report evaluates the protective effect of exercise on PD.

Material and methods
Animal

We used healthy Sprague-Dawley rats (female, age:
6 weeks, weight: 190-210 g) housed under controlled
conditions (temperature: 25 +2°C, humidity: 55 +5%)
with a 12 h light/dark cycle as per the guideline. All the
protocol based on animals were approved by the insti-
tutional animal ethical committee of P. Wadhwani Col-
lege of Pharmacy, India (650/02/C/CPCSEA/22/2019).

Chemicals

6-OHDA was procured from Merck Limited, Guang-
zhou, China. ELISA kits, Fura 2-AM dye and antibodies
used for western blot assay were procured from Thermo-
Fisher Scientific Ltd., USA.

Experimental development
of Parkinson’s disease model

Allthe rats were separated into four different groups
(n = 10) such as the sham group, the exercise group, the
PD group, and the PD + exercise group. PD was induced
in rats, after anesthesia placed them on the stereotaxic

302

frame. The skull of rats was drilled to form a hole of the
coordinates: 0.0 mm anterior to the coronal suture, 3.0
mm lateral to the midline, depth 6.0 mm deep from the
surface of the brain, where the 26-gauge needle was
implanted into striatum. 6-OHDA was administered 20
ug/5 pl at the rate of 1 pl/min. Further, the needle was
withdrawn slowly from the surface. However the sham
operated groups were administered a physiological salt
solution.

Treadmill exercise

Exercise training was given to mice by motorized
rodent treadmill for a period of 14 days after the con-
firmation of PD. Training was provided for 40 min every
day with an inclination of 0° at a speed of 8 m/min,
i.e. the first 5 min at a speed of 2 m/min, the next
5 min at 5 m/min and the last 30 min at a speed of
8 m/min. Sedentary mice were regularly transported to
the training room without exercise, so that these mice
were exposed to the same environment. Behavioural,
biochemical, and neuronal activities were determined
48 h after the exercise session to avoid misinterpreta-
tion of data.

Apomorphine-induced rotation

Lesions over the dopaminergic system were
assessed by observing the behaviour in the PD rat
model. The extent of dopamine depletion relates to
the number of rotations under apomorphine in PD
rats. Apomorphine 3 mg/kg administered s.c. induces
the contralateral rotation and monitor it for a period
of 60 min.

Assessment of motor function

The rotarod apparatus was used to determine the
motor coordination and balance. Animals were mounted
on the rod of the rotarod, which rotates at a speed of 18
RPM and latency period was recorded for the rats to fall.

Assessment of cognitive function

Morris water maze test was performed for the as-
sessment of the cognitive function as per a previously
reported study [13]. The apparatus used in the report
had the following dimensions: 120 cm circular pool,
depth of 30 cm and height of 50 cm. The pool was sep-
arated into four quadrants and a platform was kept
in each quadrant for first 5 days at a constant place.
Assessment of spatial memory was performed by giv-
ing the trial for 5 consecutive days and on 6™ day after
removing the platform, time spent in the target quad-
rant was determined by using DigBehav System.
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Preparation of brain tissue
homogenate

All the animals were sacrificed using cervical dislo-
cation and isolated brain tissue was homogenized in
0.1 M phosphate buffer (pH = 7.4). Brain tissue homog-
enate was centrifuged for a period of 15 min at 3000 rpm
and supernatant was used for the estimation of bio-
chemical parameters.

Estimation of dopamine, glutamate,
and y-aminobutyric acid

The level of glutamate, y-aminobutyric acid (GABA),
and dopamine in brain tissue homogenate was mea-
sured using the respective assay kits as per the direc-
tions given by the manufacturer of kits.

Estimation of intracellular influx
of Ca* ion

The brain was isolated from each animal and
blood vessels and membranes of the brain were
removed from the brain. D-Hank’s solution was used
three times to wash the striatal tissue of the brain.
Pancreatin (0.1%) was added to the chopped striatal
tissue and the digestion was stopped by transferring
the tissue to an ice cold stop solution. Fura-2/AM
(with the final concentration of 5 mol/l) was added
to the cell suspension at 37°C for 45 min and the cell
suspension was centrifuged for 5 min at 800 RPM to
separate out the supernatant. Fluorescence intensity
was estimated at 510 nm to determine the intracel-
lular influx of Ca*.

Estimation of kallikrein 6

Kallikrein 6 activity was estimated in the isolated
brain tissue using ELISA as per the directions of the
manufacturer of the kit.

Western blotting

The expression levels of calpain-1 and kallikrein 6
were assessed by western blotting of brain homoge-
nates. A BCA assay kit was used to quantify the protein
level in each homogenate, and the proteins were sepa-
rated via 10% (w/v) sodium dodecyl sulphate—polyacryl-
amide gel electrophoresis (SDS-PAGE) and electroblot-
ted onto nitrocellulose membranes, which was blocked
with 5% (w/v) blocking solution (non-fat milk) and incu-
bated in blocking buffer with primary antibodies (Ther-
moFisher Scientific Ltd., USA) such as anti-kallikrein 6
(dilution 1 : 500) and anti-calpain-1 (dilution 1 : 1000)
overnight at 4°C. Goat secondary antibodies conjugated
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with horseradish peroxidase were added, and a chemi-
luminescence kit was used to detect the proteins.

Statistical analysis

Results were expressed as mean + SEM (n = 10).
The statistical analysis was performed using one-way
ANOVA followed by Dunnett test for multiple compari-
sons (GraphPad Prism software, ver. 6.1; USA). The level
of statistical significance was set at p < 0.05.

Results

Exercise attenuates behavioural
changes in PD rats

The exercise effect was observed on the behavioural
changes such as apomorphine-induced rotation and
motor function in 6-OHDA induced PD rats as shown in
Figure 1A, B. Total net rotation was observed in 6-OHDA
induced PD rats by apomorphine-induced rotation as
shown in Figure 1A. There was a significant increase
in the number of rotations in the PD group compared
to the sham and exercise group of rats. However, num-
ber of rotations were reduced in exercised exposed PD
rats compared to the PD group. The effect of exercise
was observed on the number of falls per min in 6-OHDA
induced PD rats using the rotarod apparatus (Fig. 1B).
There was an increase in the number of falls per min in
the PD group than the exercise and sham group of rats,
treatment with exercise reduces the number of falls per
min in PD rats.

Exercise attenuates cognitive
dysfunction

Cognitive function was estimated in exercise treat-
ed 6-OHDA induced PD rats using Morris water maze.
Percentage of time spent in the target quadrant and
the number of crossings were lower in the PD group
than the sham and exercise alone group. There was
a significant improvement in percentage of time spent
in the target quadrant and number of crossings in exer-
cise treated PD rats. Escape latency was enhanced sig-
nificantly (p < 0.01) in the PD group compared to the
sham and exercise group and treatment with exercise
improves escape latency in PD rats (Fig. 2).

Exercise attenuates level of GABA,
DA and glutamate

The level of DA, GABA and glutamate was estimated
in brain tissue of exercise treated 6-OHDA induced PD
rats. The level of DA and GABA is reduced significantly,
and the glutamate level is enhanced in brain tissue of
the PD group compared to the exercise and sham treat-
ed group of rats. There was an increase in the level of
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Fig. 1. Effect of exercise on the behavioural changes in 6-OHDA induced PD rats. A) Exercise reduces apo-
morphine-induced rotations in 6-OHDA induced PD rats. B) Exercise reduces the number of falls in 6-OHDA
induced PD rats using the rotarod apparatus. Mean +SEM (n = 10); #p < 0.01 compared to the sham and
exercise group; **p < 0.01 compared to the PD group.
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Fig. 3. Effect of exercise on the level of GABA,
DA and glutamate in brain tissue of 6-OHDA
induced PD rats. Mean +SEM (n = 10); #p < 0.01
compared to the sham and exercise group;
**p < 0.01 compared to the PD group.

GABA and DA and reduction in the level of glutamate
in brain tissue of the PD + exercise group compared to
the PD group of rats (Fig. 3).

Exercise attenuates intracellular influx
of Ca* ion

The intracellular concentration of Ca* ion was
determined in the brain tissue of exercise treated-
OHDA induced PD rats as shown in Figure 4. There was
a significant (p < 0.01) increase in intracellular con-
centration of Ca* ion in brain tissue of the PD group
compared to the sham and exercise group of rats and
treatment with exercise reversed the concentration Ca*
ion in the brain tissue of PD rats.

Exercise attenuates calpainl
and kallikrein 6

The effect of exercise was observed on the expres-
sion of KLK6 and CAPN1 proteins and the level of KLK6
in brain tissue of 6-OHDA induced PD rats. The level of
KLK6 was estimated in brain tissue of 6-OHDA induced
PD rats using ELISA as shown in Figure 5A. There was
a significant decrease in the level of KLK6 in the PD
group compared to the exercise and sham group of rats
and exercise reversed the level of KLK6 in the PD rats.
Expression of CAPN1 and KLK6 protein was estimated
in brain tissue of exercise treated PD rats by western
blot assay (Fig. 5B). There was a significant decrease in
expression of KLK6 and CAPN1 protein in brain tissue
of the PD group compared to the sham and exercise
group of rats. However, exercise attenuates the expres-
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Fig. 4. Effect of exercise on the intracellular
concentration of Ca* ion in the brain tissue of
6-OHDA induced PD rats. Mean +SEM (n = 10);
##p < 0.01 compared to the sham and exercise
group; **p < 0.01 compared to the PD group.

sion of CAPN1 and KLK6 protein in brain tissue homog-
enate of 6-OHDA induced PD rats.

Discussion

Parkinson’s disease is a degenerative disorder of
dopaminergic neurons characterized by bradykinesia,
rigidity, and tremor [18]. Deposition of a-syn around
the neurons, which disturb the neuronal homeosta-
sis leads to its degeneration [7]. A conventional drug
available for the management of PD regulates symp-
tomatic relief, however its effective management needs
development of a new therapeutic approach. Thus,
the present report evaluates the effect of exercise on
development of PD and its effect on deposition of a.-syn.
The effect of exercise was observed on the change in
the behaviour and cognitive function in PD rats. More-
over, the effect of exercise was determined on the level
of neurochemicals, intracellular level of Ca* and expres-
sion of KLK6 and CAPN1 in brain tissue of PD rats.

Dopamine analogue like 6-hydroxydopamine report-
ed to be observed in the brain tissue of patients suffer-
ing from PD [17]. 6-OHDA is reported to cause a loss of
dopaminergic neurons by increasing oxidative stress as
it promotes production of ROS [16]. A PD animal model
was produced by administration of a unilateral injec-
tion of 6-OHDA, which clinically matched disease [9]
and present report supports it. PD also involves alter-
ation of neurotransmitters including dopamine, gluta-
mate and GABA in the brain. These neurochemicals are
also reported to be altered in 6-OHDA induced PD rats
[3] and the present study supports it. Effective man-
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Fig. 5. Effect of exercise on the expression of CAPN1 and KLK6 in the brain tissue of 6-OHDA induced PD
rats. A) Exercise attenuates the level of KLK6 in brain tissue of 6-OHDA induced PD rats using the ELISA
method. B) Exercise attenuates relative expression of KLK6 and CAPN1 proteins in brain tissue homogenate
of 6-OHDA induced PD rats using western blot assay. Mean +SEM (n = 10); ##p < 0.01 compared to the sham
and exercise group; “p < 0.01 compared to the PD group.

agement of PD is reported to be achieved by regulating
these altered neurotransmitters and exercise balances
the level of neurotransmitters in PD too, which is also
suggested by the present study.

Cognitive dysfunction is always observed in neuro-
degenerative disorders including PD, however there are
several reports revealing that neurodegeneration in PD
is also associated with cognitive dysfunction [4] and
the present report also suggests it. Prevention of PD
also improves the cognitive function in PD and present-
ed that exercise improves cognitive dysfunction and
also improves symptoms of PD too.

KLK6 belongs to a family of kallikrein which is a ser-
ine protease enzyme abundantly present in the brain
tissue. The literature suggested that KLK6 degrades
a-syn, which prevents its deposition around the neu-
ron [10]. Pathogenesis of PD suggests that deposition
of a-syn around the neurons, which alters the permea-
bility of cellular membrane, leads to neuronal injury [7].
Moreover CAPN1, a cytosolic enzyme, degrades a-syn
protein which prevents its deposition around neurons.
The literature suggests that activation of KLK6 and
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CAPN1 enzyme promotes degradation of a.-syn around
the neurons, which prevents neurodegeneration and
activation of them are beneficial for the prevention
of PD [14]. The present study suggests that activity of
CAPN1 and KLK®6 is reduced in PD and exercise enhanc-
es activity of CAPN1 and KLK6, which prevents neuro-
degeneration in PD rats.

Conclusions

In conclusion, data of the study reveal that exer-
cise protects neuronal injury which ameliorates the
activity of KLK6 and CAPN1 leads to reduction in
deposition of a-syn around neurons in PD rats. More-
over, exercise improves the cognitive and body func-
tions in PD rats.
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