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Introduction:  Neurotransmitters and PGCla enhance neurological disorders, regulate
mitochondrial function, and oxidative stress in the central nervous system, while toxic
cadmium damages nervous system structures. In the present study, the effect of eight weeks
of high-intensity interval training combined with pollen consumption on the levels of
serotonin, dopamine, and PGC-1a. proteins in the hippocampus of rats exposed to cadmium
was investigated.

Materials & Methods: The study involved 25 Sprague-Dawley rats, randomly divided into
groups based on their health status, exposure to cadmium, pollen, high-intensity interval
training, and pollen+high-intensity interval training. The rats were fed pollen and cadmium
chloride daily. Data analysis was conducted using SPSS V.26, two-way variance test,
independent t-test, and Mann-Whitney test at a significance level of 0.05.

Results: Cadmium levels in the healthy control group were significantly lower than in the
others (P=0.001). Also, a significant decrease in cadmium levels was observed in the
exercise+pollen group compared to the cadmiump (P=0.031). However, these changes were
insignificant compared to the pollen and exercisep (p < 0.05). The main and interaction effects
of high-intensity interval training and pollen were not significant for serotonin, dopamine, and
PGC-1a levels (p > 0.05). In the pollen, exercise, and pollen+exercise groups, there was no
significant difference compared to the cadmium group for serotonin, dopamine, and PGC-1a.
levels (p>0.05).

Conclusion: High-intensity interval training and eating pollen, either separately or together,
did not significantly raise the levels of serotonin, dopamine, and PGC-1a proteins in rats that
were exposed to cadmium.
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Introduction

pollutants, and after it enters the food chain, it
has a long biological half-life that leads to

With the rapid growth of population and
changing lifestyles, various pollutants and
hazardous urban, industrial, and agricultural
wastes have entered the environment and are
considered a serious threat to the health of
individuals, as well as animals and plants (1, 2).
Cadmium is one of the most common

neurological, renal, ocular, respiratory, bone
damage, and cancer in humans (2). Cadmium
affects pathological and behavioral functions
and many functions of the nervous system and
generally disrupts enzymes involved in
synthesizing neurotransmitters (1). It also helps
induce damage to various cells by stimulating
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the formation of reactive oxygen species (ROS)
(2). It causes abnormal expression of
antioxidants in cells, increased damage to
deoxyribonucleic acid (DNA), disruption of
mitochondria, induction of apoptosis, and lipid
peroxidation (3). Research has shown that
exercising can help boost the levels of PGC-1a
and increase the production of dopamine,
serotonin, and neurotrophic growth factors in
the striatum and hippocampus. Furthermore,
pollen, which is rich in phenolic acids and
flavonoids and has a wide range of biological
functions, including  antioxidant,  anti-
inflammatory, anti-oxidative, antimicrobial,
anti-allergic, anti-tumor, anti-inflammatory,
and  anti-atherosclerotic  properties, has
favorable effects on the central nervous system
and nervous system functions, immune, and
inflammatory systems (15). Therefore, this
study aimed to explore how eight weeks of
high-intensity interval training along with
taking bee pollen affects the levels of serotonin,
dopamine, and PGC-la proteins in the
hippocampus of rats that were exposed to
cadmium.

Methods

T In this study, 25 male Sprague-Dawley
rats, about eight weeks old and weighing around
250 grams, were randomly split into 5 equal
groups: a healthy control group, a cadmium
group, a pollen group, a high-intensity interval
training group, and a pollen + high-intensity
interval training group. They performed high-
intensity interval training 3 sessions per week
for 8 weeks at an intensity of 80 to 110%
(VO2max). At the same time, pollen (200 mg
dissolved in 4.2 cc of normal saline) and
cadmium chloride (40 mg/kg/w/d dissolved in
drinking water) were fed daily. For all groups,
48 hours after the last training session, pollen
supplementation and cadmium administration
were anesthetized with ketamine and xylazine.
Then, hippocampal tissue was carefully
extracted for the measurement of cadmium and
serotonin, dopamine, and PGC-1a. proteins and
then stored at -70°C. Two-way analysis of
variance, independent t-tests, and Mann-
Whitney tests were used to analyze the data at a
significance level of P<0.05.

Results

The results of the independent t-test
showed a significant decrease in the changes in
cadmium values in the exercise + pollen group

compared to the cadmium group (P = 0.031).
However, these changes were not significant
compared to the pollen and exercise groups (p <
0.05). Furthermore, there was no significant
difference in the changes in cadmium values in
the pollen and exercise groups compared to the
cadmium group (p < 0.05). Also, the results of
this test showed that the relative values of
serotonin in the pollen (P = 0.265), exercise (P
= 0.074), and pollen + exercise (P = 0.163)
groups were not significant compared to the
cadmium group. The results of the Mann-
Whitney test for the relative values of dopamine
did not show a significant difference for the
pollen (P = 0.599), exercise (P = 0.599), and
pollen + exercise (P = 0.074) groups compared
to the cadmium group. The results of the same
test showed that there was no significant
difference in the relative PGC1-a values in the
pollen group (P=0.599), exercise group
(P=0.753), and pollen + exercise group
(P=0.074) compared to the cadmium group.
Also, there was no significant difference
between the other intervention groups for the
values of serotonin, dopamine, and PGC1l-a
(p<0.05). The results of the two-way analysis of
variance test for the interactive effect of exercise
with pollen on the values of serotonin
(P=0.504), dopamine (P=0.452), and PGC1l-a
(P=0.951) did not show a significant difference.

Conclusion

The results of this study suggest that high-
intensity  interval training and pollen
consumption, whether done alone or together,
do not increase the levels of serotonin,
dopamine, and PGC-lo proteins in mice
exposed to cadmium. However, researchers
suggest that the positive effects of exercise
activities and the numerous properties of pollen
on the CNS and nervous system functions,
especially the variables considered in previous
studies, should be taken into account.
Researchers should investigate different
durations and intensities of high-intensity
interval training, along with various doses of
pollen and cadmium, to clarify how these
factors affect the variables in the present study.
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