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Abstract:

Introduction: Parkinson's disease is a progressive neurological disorder. This study aimed to
investigate the effect of exercise training with the consumption of olive extract on maximal oxygen
consumption (VO2 max), phosphatase and tensin homolog on chromosome 10 (PTEN), and protein
kinase B (AKT) in rats with Parkinson's.

Material & Methods: The samples of this experimental study included male Wistar rats (n = 30,
8 weeks old, 200 + 50 g). Animals were randomly divided into six groups: control (C), Parkinson's
(P), Parkinson's with olive extract (P+OE), Parkinson's with exercise (P+E), Parkinson's with olive
extract and exercise (P+OE+E), and olive extract with exercise (OE+E) group (n = 5 per group).
The training groups performed aerobic and resistance exercises for eight weeks (5 sessions per
week) and were given olive extract by gavage. VO2 max was assessed at the end of the fourth and
eighth weeks of exercise. One day after the intervention, rats were sacrificed, and tissues were
removed and examined for real-time PCR. One-way analysis of variance and Tukey's post hoc test
were used to analyze the data.

Results: The results showed that a period of exercise training combined with the consumption of
olive extract significantly increased the VO> max in rats with Parkinson's disease (P < 0.05). The
expression of the PTEN gene decreased in OE+E, P+OE+E, and P+E groups compared to P+OE
and Parkinson's groups (P<0.05). AKT gene expression in all intervention groups significantly
increased compared to the Parkinson's group (P<0.05).

Conclusions: The results suggest that a period of exercise with the consumption of olive extract
probably can increase the VO2 max and AKT and decrease PTEN in rats with Parkinson's disease.
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1. Introduction

Parkinson's disease (PD) is a common and progressive disease of the destruction of the nervous
system in adults. This mainly occurs in people over 50 years old and is one of the common causes
of disability in older people. In general, this disease is caused by the destruction of dopamine-
producing cells in the substantia nigra of the midbrain. Considering that the loss of neurons in this
disease causes movement and cognitive disorders, but the onset of movement disorders is observed
when about 80% of the dopamine-producing cells in the midbrain are destroyed, and the nerve
transmission in the basal ganglia of the brain is disturbed (1). The most important symptoms of
Parkinson's disease include slow movements, muscle stiffness, tremors, balance disorders, and
muscle weakness (2).

Phosphatase and tensin homolog on chromosome 10 (PTEN) is a dual-specificity phosphatase that
acts as a tumor suppressor, with protein phosphatase and lipid phosphatase activity that disrupts
PI3K activity (3). AKT is a protein serine/threonine kinase that regulates numerous cellular
processes. The PISBK/AKT pathway transduces a signal that controls various events involved in
cell survival and multiple functions. PTEN overexpression may be closely related to activation of
the proteolytic cascade for apoptosis, which could be associated with reduced activation of the cell
survival kinase AKT (4). Accordingly, neuronal cell death may be partially attributable to changes
in PTEN expression (5). Regulation of apoptosis has been considered in the pathogenesis of many
neurodegenerative disorders. Therefore, it is essential to identify the neural pathways controlling
apoptosis. AKT stimulation reduces levels of oxidative stress and cell death, suggesting that AKT
activation by PTEN inactivation is vital for maintaining its neuroprotective effect, which may form
part of the brain's defense machinery against oxidative damage (6-8). PTEN deficiency has been
shown to increase several mitochondrial activities, including activation of the PI3K/AKT signaling
pathway, of which PTEN may be a negative regulator (9). Furthermore, a ubiquitously expressed
PTEN-induced molecular kinase 1 (PINK1) has been shown to play a physiological role in
mitochondrial protection, suppression of mitochondrial oxidative stress, oxidative DNA damage,
and autophagy (10, 11). Knockdown of PINK1 increases neuronal apoptosis, whereas
overexpression of PINK1 reverses it (12-14). PINK1 plays a vital role in regulating mitochondrial
function and dynamics, and mutations in PINK1 are associated with the genetic form of
Parkinson's disease (15). The protective role of PINK1 in neurons against oxidative stress has also
been suggested to develop new strategies for treating neurodegenerative diseases. NADPH
oxidase-mediated production of reactive oxygen species (ROS) has been shown to induce
oxidation and inactivation of PTEN, leading to upregulation of signaling (16). Similarly, PTEN is
oxidized and inactivated by acidosis-induced ROS (17). Inhibition of PTEN by ROS is required to
recruit downstream signaling molecules such as AKT in insulin-mediated signaling (18). Recent
animal studies show that training with a very intense contraction intensity equivalent to one
training session of intense swimming for 120 minutes leads to a sudden increase in
phosphorylation and key molecular activities of AKT (19).

26



Pharmacologically, oleuropein, a phenolic compound, is the most active part of olive oil. Various
studies have shown that oleuropein has antioxidant and anti-inflammatory effects and can prevent
lipid oxidation in laboratory conditions (20).

Various studies have shown that sports training causes neurobiological adaptations and has a
neuroprotective effect that increases neurogenesis and angiogenesis (21). Exercise increases the
healing process of striatum damage and changes dopaminergic neurotransmission in the striatum
system (22). Also, sports activity increases the production of ROS. Reactive oxygen species
quickly oxidize macromolecules such as lipids, proteins, carbohydrates, and nucleic acids. On the
other hand, the body's antioxidant level decreases to deal with this oxidative stress (23).

Based on the presented research, exercise and olive extract can benefit Parkinson's disease, so the
present study investigated the effect of aerobic and resistance training with olive extract on VO2
max, PTEN, and AKT in rats with Parkinson's disease.

2. Materials and methods

The samples of this research included 30 male Wistar rats (8 weeks old, 200 + 50 g), which were
obtained from the Pasteur Institute of Iran. This experimental research was conducted with six
groups. After transferring the rats to the laboratory environment, animals were housed in
communal cages at 22 + 1° under a 12-h light/dark cycle (lights on at 07:00) with free access to
food and water. All the ethical principles of the present research have been approved by the Animal
Ethics Committee of Islamic Azad University, Rasht Branch (Ethical code:
IR.IAU.RASHT.REC.1400.028).

Stereotaxic surgery

First, the injection of 6-hydroxydopamine (6-OHDA) into the brains of rats was carried out
stereotaxically. In this method, mice were first anesthetized by intraperitoneal injection of xylazine
and ketamine. Then, according to the coordinates of the dense region of the substantia nigra, 6-
hydroxydopamine (6-OHDA) was slowly injected into each side of the substantia nigra using a
Hamilton syringe at a concentration of 5 mg/ml by hand pump. Five minutes after the injection,
the needle was slowly removed from the brain.

Exercise program and consumption of olive extract

After transferring to the laboratory environment and getting familiar with the new environment
and how to work on the treadmill, the rats were randomly assigned to 6 groups of 5: control,
Parkinson's, Parkinson's with olive extract (P+OE), Parkinson's with exercise (P+E), Parkinson's
with olive extract and exercise (P+OE+E), and olive extract with exercise (OE+E).

In the olive extract groups, the extract was given by gavage. The intake of olive extract 2 to 3 hours
before training was 0.4 cc.
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Aerobic and resistance exercises were performed for eight weeks and five weekly sessions (aerobic
exercise in the morning and resistance exercise in the evening). Familiarity with aerobic exercises
was done in the morning on the treadmill for 15 minutes at a speed of 15 meters per minute. Next,
in the first, second, third, fourth, and fifth to eighth weeks, respectively, at a speed of 17 meters
per minute, 20 minutes at a speed of 20 meters per minute, 25 minutes at a speed of 22 meters per
minute, 25 minutes at a speed of 24 meters per minute and 25 minutes at a speed of 24 meters per
minute was performed (24).

After the first week of familiarization with the ladder, a resistance training program on the ladder
three times, including climbing the ladder four times, with a 30-second rest between each time,
was considered. The state of the resistance training load was as follows:

The second, third, fourth, fifth, sixth, seventh and eighth weeks, respectively, were carried out with
a load of 30%, 70%, 100%, 110%, 120%, 130% and 140% of the mouse's body weight (25).
Maximal oxygen consumption (VO2 max) values were evaluated using a treadmill. The zero slope
was used to determine the VO, max. The speed obtained in the last stage when the rat was unable
to run was calculated as the maximum running speed of the rat, which was ten stages; each step
was increased by 3%, and the time in each set was 3 minutes. The VO, max was determined at the
end of the fourth and eighth weeks of training.

Tissue preparation

One day after the end of the intervention, the rats were anesthetized after 12 hours of fasting by
intraperitoneal injection of anesthetic xylazine and ketamine after 2 to 8 minutes and then
underwent surgery. The tissues were removed and placed in 10% formalin, and the other half was
placed in a microtube (nitrogen bank) and stored at -80 degrees for real-time PCR.

PTEN and AKT gene expression by Real-Time PCR method

RNA extraction was performed in all investigated groups according to the manufacturer's protocol
(Qiagen, Germany) to conduct molecular investigations at the gene expression level. After
extracting RNA with high purity and concentration from all studied samples, cDNA synthesis steps
were performed, and then the synthesized cDNA was used to perform the reverse transcription
reaction. The quantitative Real Time-PCR method measured the expression levels of PTEN and
AKT. The primers were verified by the NCBI BLAST Tool. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) gene was used as a control gene. The cycle threshold evaluated the
expression ratio of the studied genes in this study (CT: Cycle Threshold) comparative method.

Statistical analysis

A one-way analysis of variance (ANOVA) was conducted to compare the mean differences among
groups on all variables. Tukey’s multiple comparison test was used to distinguish the difference in
the means between the groups. All values are expressed as mean + standard deviation (SD). A
level of P < 0.05 was set for the statistical significance of all tests. Statistical analysis was done
using Prism version 6 software.
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3. Results

Results of VO2 max changes

The statistical analysis results showed that VO2 max in the OE+E group and P+OE+E group, as
well as the P+E group, showed a significant increase compared with the P+OE and the Parkinson's
group (P < 0.05). The increase in VO2 max in the OE+E group was also significant compared to
the P+E group (P < 0.05). Also, all the intervention groups showed a significant difference
compared to the control group (P < 0.05) (Figure 1).
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Figure 1. The VO2 max changes of different studied groups. The values are displayed as the means
and SD of the means (means + SD). Other signs represent statistically significant differences
between the mean values (P < 0.05), but the same signs do not.

P+OE: Parkinson's plus olive extract, P+E: Parkinson's plus exercise, P+OE+E: Parkinson's plus
olive extract plus exercise, OE+E: olive extract plus exercise.

Gene expression of PTEN and AKT

The results of statistical analysis showed that the expression of the PTEN gene in the OE+E group
and P+OE+E group, as well as the P+E group, showed a significant decrease compared with the
P+OE and Parkinson groups (P < 0.05) (Figure 2).

29



PTEN

2.5
2 H
g
.8 *
%15 E 3
o *
&
]
g 1 1.85
8 : 1.7
1.39
05 0.88
0
Control Parkinson P+OE P+E P+OE+E OE+E

Figure 2. The mRNA expression of PTEN in different studied groups. The values are displayed as
the means and SD of the means (means £ SD). Other signs represent statistically significant
differences between the mean values (P < 0.05), but the same signs do not.

P+OE: Parkinson's plus olive extract, P+E: Parkinson's plus exercise, P+OE+E: Parkinson's plus
olive extract plus exercise, OE+E: olive extract plus exercise.

Also, the gene expression changes in AKT from different research groups are shown in Figure 3.
The results showed a significant increase in AKT in the OE+E, P+OE+E, P+E, and P+OE groups,
compared with the Parkinson's group (P < 0.5).
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Figure 3. The mRNA expression of AKT in different studied groups. The values are displayed as
the means and SD of the means (means £ SD). Other signs represent statistically significant
differences between the mean values (P < 0.05), but the same signs do not.
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P+OE: Parkinson's plus olive extract, P+E: Parkinson's plus exercise, P+OE+E: Parkinson's plus
olive extract plus exercise, OE+E: olive extract plus exercise.

4. Discussion

The results of the present study showed that a period of exercise with the consumption of olive
extract increases VO2 max and AKT and decreases PTEN in rats with Parkinson's disease.

In line with the present research conducted by De Souza et al., he investigated the effect of three
types of endurance, strength, and endurance-strength training protocols on the expression of the
AKT gene in the skeletal muscles of rats. The research findings showed that in the combined
training group, an increase of 87% in AKT protein was observed (26).

Regular exercise is a well-known method of preventing age-related neurodegenerative diseases.
There is evidence that regular exercise training has beneficial effects, including neuroprotection
and improvement of spatial memory, on the brain in laboratory animals (27).

Regular exercise reduces the level of oxidative stress, and this can also reduce the expression level
of PTEN (28). Therefore, exercise can induce a chronic response and reduce oxidative stress (29).
A physiological explanation for this phenomenon is related to the production of neuroprotective
factors that optimize antioxidant mechanisms, thus slowing the progression of Parkinson's (30).
Previous studies have reported the reduction of parameters related to oxidative stress in human
(31) and animal (32) models under aerobic and strength training, respectively. In a study conducted
with Wistar rats suffering from induced Parkinson's, aerobic exercise (8 weeks) increased the level
of antioxidant enzymes (superoxide dismutase and catalase) and reduced oxidative damage to
lipids and proteins (32). Based on these results, it seems that chronic exercise can create beneficial
adaptations regarding the production of free radicals, increase antioxidant protection in patients
with Parkinson's disease, and protect them against the harmful effects of ROS. Research suggests
exercise can reduce the risk of neuronal damage in Parkinson's (33).

Research has reported that olive leaf extract is rich in polyphenol compounds (34, 35) and has a
vigorous neuron protection activity that improves animal oxidative stress and nerve damage (36).
The flavonoids of this plant can protect nerve cells through various mechanisms, such as
stimulating the regeneration of damaged neurons and increasing the function of the remaining
neurons. On the other hand, flavonoids may affect protein modulation and lipid kinase signaling
pathways by inhibiting the MAP kinase signaling cascade (37). In this regard, Hosseini et al.
showed that swimming exercise with the consumption of olive extract has interactive effects in
increasing the activity of glutathione peroxidase and reducing malondialdehyde in rats (38).

In a different study from the present study, Thomas et al. reported that no significant difference
was observed after six weeks of intense interval training in the total antioxidant capacity and
malondialdehyde of liver and heart tissue (39). Acikgoz et al. reported that acute activity does not
significantly affect brain malondialdehyde (40). Research studies show that exercise changes the
antioxidant activity of tissues according to the type of exercise protocol, exercise volume, and the
rest periods between exercise programs (41, 42).
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5. Conclusion

In general, the results of the present study showed that exercise with the consumption of olive
extract can change the factors involved in Parkinson's disease. Therefore, it is possible that the
interactive effects of training and the consumption of olive extract can effectively improve VO2
max, PTEN, and AKT levels in Parkinson's disease.
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