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Abstract

Objectives: Stroke is a neurological disorder and the second leading cause of death
worldwide. Recently, studies on neuroprotective treatments for stroke have become a hot
topic globally. The present study aimed to investigate the effect of a combination of
aerobic exercise and adenosine on the expression of the A2a receptor gene and the
consequences of stroke injury in the hippocampus of male rat. Materials and Methods:
50 male Wistar rats (8-10 weeks old, weighing 240-270 grams) were randomly divided
into five groups: (sham, control+ischemia, ischemia+exercise, ischemia+adenosine, and
ischemia+adenosine +exercise). After inducing ischemia, rats ran on a treadmill five days
per week according to the training protocol. This exercise started at a speed of 20 meters
per minute with a zero slope for 18 minutes in the first week and, following the principle
of gradual increase, reached a speed of 30 meters per minute with a slope of 10 degrees
for 50 minutes in the eighth week. Adenosine (0.3 mg/kg) once per day to Adenosine-
treated groups were injected. 48 hours after completing the exercise protocol, the rats were
euthanized, and hippocampal tissue was collected for cell death, examined by Nissel tissue
staining and measuring of the A2a gene expression using the RT- PCR method. The data
were analyzed using one-way analysis of variance (ANOVA) and post hoc Bonferroni’s
test. Results: The number of dead cells increased in the ischemia group compared to the
sham and decreased in the ischemia+adenosine+exercise and ischemia+exercise groups
compared to the ischemia group. The A2a expression in group
ischemia+adenosine+exercise, ischemiatexercise, and ischemiat+adenosine showed
respectively the highest increase, with a significant difference compared to the sham
(P<0/001) and control+ischemia (P<0/001) groups. Conclusion: Aerobic exercise and
adenosine, interacting together as a neuroprotective compound, can serve as a
neuroprotective combination by increasing the expression of the A2a receptor gene and
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stimulating the signaling and mechanisms related to the reduction of cell death, providing
therapeutic and protective effects against ischemic stroke-induced consequences.

Keywords: Neuroprotective; Adenosine; A2a Receptor; Cerebral stroke; Aerobic
Exercise; Hippocampus.

Extended Abstract

Background and Purpose

Stroke is one of the main causes of neurological disability worldwide and the
second cause of death, with high social and economic burden (1). Research on
neuroprotective therapy for cerebral ischemia has been a hot topic worldwide (2,
3). Numerous studies have demonstrated that exercise can produce protective
effects on cerebral ischemia, and that exercise may protect the integrity of the
blood-brain barrier, promote neovascularization, reduce neuronal apoptosis, and
eventually lead to an improvement in neurological function after cerebral
ischemia. (4, 5). Additionally, numerous authors have proposed adenosine and its
receptors (Al, A2A, A2B, and A3ARS) as an important target for therapeutic
implementation in the treatment of stroke (6). Among them, stimulation of A2A
has been reported to reduce the secretion of proinflammatory cytokines in various
neurological disease conditions (7). In recent years, it emerged that both central
and peripheral A2A receptors play important roles at different times of brain
ischemia (6, 7). Therefore, the aim of this study was to investigate the
neuroprotective effect of the combination of aerobic exercise and adenosine on
the A2AR gene expression and complications of cerebral stroke in the
hippocampus of an adult male rat.

MATERIALS AND METHODS

Experimental Animals

Fifty adult male Wistar rats (8-10 weeks old, weighing 240-270 grams) were
randomly distributed into five groups, including the sham (n = 10),
control+ischemia (n = 10), ischemia+exercise (n = 10), ischemia+adenosine (n =
10), and ischemia+adenosine+exercise (n = 10). The experimental groups
received a subcutaneous injection of adenosine (0.3 mg/kg of body weight) for 3
h before the test. For 3 days before the experiment, the rats were housed under
controlled room temperature (approximately 22+3°C), with a relative humidity of
approximately 55/7+3%, and a 12 h light-12 h dark cycle (07:00 a.m. to 19:00
p.m.) with sufficient access to food and water. Exercise protocol consisted of
acclimatized treadmill training for 3 days at speeds of 15m/min, 10-15 min/day,
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at an inclination of 0°, and subsequently, formal treadmill running, 5 days per
week, started at 20 m/min, at an inclination of 0° for 18 minutes and increased by
the end of the 8 week, reaching a maximum of 30 m/min, at an inclination of 10°,
50 min/day. The entire pretreatment was conducted at room temperature during
the daytime. Animals in the non-exercise groups were left on the treadmill for the
same period of time without running. No electrical shock or aversive stimuli were
present and the treadmill was designed to prevent the animals from falling off.
Relative gene expression was quantified by the Livak method (2-AACT). SPSS26
software was applied for data analysis. Data were analyzed by one-way ANOVA,
followed by Bonferroni’s post hoc analysis for comparisons among groups and at
the significance level of p < 0.05.

Transient global ischemia induction

A bilateral neck incision was made after anesthetizing the gerbils with ketamine
(60 mg/kg body weight) and xylazine (4-5 m/kg body weight). Then two common
carotid arteries were exposed and closed using arterial clamps for 45 minutes.
After removing the clamps, a five-minute period of re-establishment of blood flow
in the carotid arteries began, which was confirmed by observation, and after re-
perfusion, the wounds were sutured. During the surgery, the rectal temperature of
the rats was maintained at 36.5+£0.5 degrees centigrade using a feedback heating
system. After surgery, the animals were returned to their cages with free access to
food and water.

Treatment

Based on preliminary data and previous studies, adenosine drug (Wockhardt
Company, Ukraine) at the rate of 0.3 mg/kg of body weight was injected
intraperitoneally (IP) three hours before exercise to ischemia+adenosine and
ischemia+adenosine+exercise groups. The control group was also injected with
normal saline in the same amount and method.

Findings

The results of Nissel staining showed more death of hippocampal CA1 neuronal
cells in the ischemia group compared to the sham group and a decrease in cell
death in the ischemiatexercise+adenosine, ischemiatexercise, and
ischemia+adenosine groups compared to the ischemia group (P<0.05). The results
of the analysis of variance for gene expression in the experimental groups showed
statistically significant differences among the 5 groups. Figure (3), used for inter-
group comparisons with the post hoc Bonferroni test, demonstrated that gene
expression of A2A in the group of ischemiat+adenosine+exercise differed
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significantly from that in the sham and control groups, but not from the groups of
ischemia+exercise and ischemiatadenosine. The group of ischemia+exercise
showed significant differences from the sham and ischemic control groups, but
not from the groups of ischemia+adenosine+exercise and ischemia+adenosine.
Additionally, the group of ischemia+adenosine showed no significant differences
from the groups of ischemia+adenosine+exercise and ischemia+exercise, but
displayed significant differences compared to the sham and ischemic control
groups. In this study, the groups of ischemia+adenosine+exercise,
ischemia+exercise, and ischemia+adenosine exhibited the highest A2A gene
expression.

Conclusion

The beneficial effects of aerobic exercise and adenosine, following multiple
analyses and controlling for risk factor changes, were observed. It has been
reported that low-intensity aerobic exercise and various pharmacological
compounds increase AMPK activity in the hippocampus of animals in
ischemia/hypoxia conditions. AMPK leads to increased expression of HIF-1a and
target genes like HIF-1a, including the enzyme acto-5 nucleotidase, a key enzyme
in saffron production, and A2AR, resulting in improved neurological outcomes
after ischemic stroke. The results of this study also suggest that eight weeks of
aerobic exercise and adenosine injection can effectively improve the
consequences of cerebral infarction. When used independently or in a
neuroprotective combination after ischemic stroke, they exhibit multiple
protective effects due to increased A2AR gene expression and associated
signaling mechanisms, potentially serving as effective strategies to mitigate
cerebral consequences of ischemic stroke. This effect may be due to the impact of
exercise and adenosine on the regulation of genes influencing angiogenic and
biogenic regulators, glutamatergic and GABAergic neurotransmitters, and brain
cell function. However, further studies are required to validate these findings. It
is recommended to investigate different doses of adenosine simultaneously in
future research. Moreover, using various endurance exercise parameters may
provide more accurate insights into the effects of exercise on these variables.

Article Message

The message of the article suggests that if the positive effects observed in this
study are replicated in human subjects, aerobic exercise as a non-pharmacological
A2AR agonist and adenosine as a pharmacological A2AR agonist can
synergistically contribute to effective therapeutic interventions for reducing the
effects of cerebral infarction.
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Figure 1- The stages of implementing the research protocol
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Figure 2- (a). Photomicrographs of Nissel staining in the CALl region following
ischemia stroke (The black arrow shows healthy neurons). (b). Comparison of the
percentage of healthy neurons in the CALl region in the five research groups (A.
shows the comparison of the sham group with ischemia, and B. shows the difference
between the ischemia+adenosine+exercise, ischemia+exercise, and
ischemia+adenosine groups with the ischemia group).
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Figure 3- The relative gene expression changes graph for A2a in the five groups of the
study revealed significant differences. (A- indicates significant difference between group
ischemia+adenosine+exercise from the sham and control+ischemia groups. B- indicates
significant difference between group ischemiatexercise from the sham and
control+ischemia groups. C- indicates significant difference between group
adenosine+exercise from the sham and control+ischemia).
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