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e Continuous Training by 1mg/kg until it reached 15mg/kg in the sixth week. The study protocol consisted
e Methamphetamine of six weeks of moderate-intensity continuous training on a treadmill for 60 minutes

per day, five times per week. During the initial three weeks, the speed was set at
60% of the maximum running speed, which was increased to 70% for the remaining
three weeks. The data were analyzed using a one-way ANOVA with a significance
level of P<0.05.

Results. The results demonstrated that methamphetamine usage enhances the
expression of serotonin, superoxide dismutase (SOD), and malondialdehyde (MDA)
in comparison to the control group (P<0.001). Compared to the methamphetamine
group, the training group, and the combination of the methamphetamine and
training groups, the expression of genes encoding serotonin, SOD, and MDA
significantly declined in all three groups (P<0.001).

Conclusion. Pulmonary toxicity and free radical production resulting from
methamphetamine use may cause damage to lung tissues in individuals with lung
diseases.

Practical Implications. Training as a beneficial strategy can reduce the harmful
consequences of methamphetamine use.
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Extended Abstract

Background

Methamphetamine (METH) is a globally abused
illegal psychostimulant. Meth-induced neurotoxicity
results in serotonergic dysfunction, and ultimately,
serotonin  imbalance.  Many  studies  have
demonstrated that the use of methamphetamine
causes pulmonary toxicity, characterized by elevated
inflammatory responses and oxidative stress (OS). In
contrast, other studies have found that METH raises
reactive oxygen species (ROS) levels in the lungs of
rats. Non-pharmacological interventions, such as
exercise, can stimulate endogenous antioxidants that
are already present in appropriate cellular locations
and regulate the imbalanced redox status. Superoxide
dismutase (SOD) is a vital defensive enzyme, and its
activity has become a crucial indicator for measuring
its ability to inhibit oxygen free radicals.

These free radicals attack cells and produce
significant amounts of lipid peroxides, including
malondialdehyde (MDA), which is an essential
indicator that indirectly reflects changes in free
radical content. Moderate-intensity training improves
both the body’s total antioxidant capacity and its
resistance and tolerance against OS.

Methods

Thirty-two male Wistar rats with an age of six
weeks and an average weight of 200+10g were
randomly assigned to four groups of eight, including
control (injection of 1 mL of 0.9% normal saline
twice a day), METH, methamphetamine treatment
and simultaneous continuous training
(METH-+training), and continuous training. The rats
were administered methamphetamine twice daily
over six weeks. The research implementation time
was 6 weeks. During the initial week, 10mg/kg in
each dose was administered intraperitoneally,
dissolved in 0.9% normal saline. In the following
weeks, the dose was increased by 1mg/kg every
week until it reached a maximum of 15mg/kg in the
sixth week. The maximum running speed (MRS) test
was conducted to evaluate the rats’ basic aerobic
capacity. During this test, the speed was increased by
3m/min every three minutes until the rats reached

exhaustion, defined as the moment when they could
no longer maintain the treadmill speed.

The maximum speed achieved was recorded as
the MRS. The rats then conducted moderate-intensity
continuous training on the treadmill five times a
week for six weeks. In the initial three weeks, they
were trained for 60 minutes a day at 60% MRS,
followed by a second MRS test and another three
weeks of training at 70% MRS and 60 minutes a day.
Eventually, 24 hours after the end of each protocol,
in an aseptic environment, the rats were anesthetized
with a combination of ketamine and xylazine in a
ratio of five to two, and then underwent surgery, and
the lung tissue was removed. Next, RNA extraction
and real-time polymerase chain reaction were
conducted, and the obtained data were analyzed
accordingly. A one-way ANOVA test was utilized to
determine the difference between groups (P<0.05).

Results

According to our findings, the METH group
significantly increased its serotonin expression
compared to the control and exercise groups
(P<0.001). Meanwhile, the training group
demonstrated a significant decrease in serotonin
expression in comparison to the control group
(P<0.005) and the METH-+training group (P<0.004).
Additionally, the serotonin expression in the
METH-+training group was significantly lower
compared to the METH group (P<0.001).

The expression of SOD increased significantly in
the METH group compared to the control and
training groups (P<0.001). In addition, SOD
expression in the METH+training group significantly
decreased in comparison to the METH group
(P<0.001). The training group represented a
significant decrease in SOD expression compared to
the control group (P<0.029).

Finally, MDA expression in the METH group
was significantly higher in comparison to the control
and training groups (P<0.001). The training group
exhibited a significant decline in MDA expression
compared to the control group (P<0.01). Moreover,
the METH+training group had a significantly
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reduced expression of MDA in comparison to the
METH group (P<0.001).

Conclusion

The use of addictive drugs is likely to result in
pulmonary complications, as the lung is the primary
organ exposed to their products. In rats, chronic
pulmonary toxicity can be induced by long-term and
high-dose METH administration, and the increase in
serotonin concentration in the rat lung is attributed to
increased synthesis, decreased metabolism, increased
accumulation, and increased secretion from the
lungs. Therefore, the involvement of the serotonin

mechanism in METH-induced chronic lung toxicity
can be postulated. Research suggests that
methamphetamine consumption leads to lung
toxicity through the promotion of OS, thus increasing
cellular ROS levels. In general, the redox imbalance
caused by the use of methamphetamine is a crucial
factor in its toxicity. The production of free radicals
may be responsible for tissue damage in various
cardiopulmonary diseases. Hence, the prevention and
treatment of methamphetamine-induced toxicity may
benefit from consideration of the antioxidant aspect.
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