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Abstract: Background: This study aimed to explore the effect of aerobic combined
with resistance exercise on the level of 5-HT in the peripheral blood of
methamphetamine (METH) withdrawal patients, improving cue-induced craving and
impulse.

Methods: Fifty methamphetamine withdrawal patients were included. The patients
underwent eight weeks of aerobic combined with resistance exercise. The sessions
lasted an hour and were conducted five times a week. Impulsivity (BIS-11), craving
(VAS craving), and control (VAS control) were assessed before and after the
intervention. ELISA was used to detect peripheral blood 5-HT levels.

Results: The results showed that peripheral blood 5-HT and VAS control significantly
increased after the exercise. In contrast, VAS craving and BIS-11 significantly
decreased after the exercise.

Conclusions : We present that eight weeks of aerobic combined with resistance
exercise can alter the peripheral blood 5-HT levels of METH withdrawal patients and
improve the cue-induced craving and impulse levels.
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Advantages and limitations:

In this work, we explored the relationship between peripheral 5-HT and addiction and
impulsivity in methamphetamine withdrawal patients. Interestingly, they have a high
correlation between them. And the linear regression is significant. At the same time,
we found that exercise as an external factor can play a certain role in improvement. As
far as we know, this study is a prospective human experiment, and most of the
previous studies were animal studies. This article alone has certain limitations.

Peripheral 5-HT cannot pass through the blood-brain barrier. After all, it cannot
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represent the condition of the central nervous system. At the same time, the number of
subjects is small and the duration of exercise intervention is relatively short, which

affects the effect of the data to a certain extent.

Introduction

Dopaminergic and glutamatergic neural circuits have been reported to play a
significant role in the neuroplasticity of addiction in recent years. Besides, the
serotonergic mechanism promotes addiction. Methamphetamine (METH) and other
amphetamine derivatives can release 5-HT, which causes degenerative changes in
5-HT axons throughout the cerebral cortex, striatum, and hippocampus [1-3].
Serotonin (5-HT) plays a mediating role in neurotoxicity and addiction induced by
METH [4]. METH can damage the 5-HT system regulating impulsive behaviour,
causing neurotoxicity, changing impulsive behaviour, and thus affecting the
development of addiction [5].

Serotonin (5-HT) is a monoamine neurotransmitter. Most peripheral 5-HT is
found in platelets, while a small amount is found in cell-free plasma [6]. Moreover,
5-HT involves various cognitive and behavioural responses. For instance, 5S-HT plays
a crucial role in impulsive responses [7]. Impulsive features in mammals involve the
monoaminergic system of the midbrain, including 5-HT neurons, which form the
basis of the complex interaction between the prefrontal lobe and the orbital cortex and
the basal ganglia [8-9]. Impulse is essential for the development, maintenance, and
recurrence of drug addiction [10]. Impulse mainly includes lack of thought before

action, sensory seeking, motor and cognitive impulse behaviour, and poor ability to



delay gratification [11-12].

A good impulse is associated with the best decisions. However, a high level of
impulse can lead to undesirable consequences, such as drug addiction [13]. Studies
have shown that SUD individuals who use stimulants, opiates, and alcohol have a
higher level of impulsivity than the non-psychotic controls [14]. Similarly, some
scholars believe that impulsivity is a potential marker of SUD [15]. Therefore, further
research is needed to assess whether impulsivity can be an effective treatment for
SUD.

Drug abuse can cause certain cognitive impairments in the brain. However,
exercise can improve memory, inhibition, control, and attention in adults with mild
cognitive impairment [ 16]. Besides, exercise can treat drug addiction and relapse [17].
Eight weeks of aerobic combined with resistance exercise can reduce anxiety and
depression of METH withdrawal patients, reducing the use of METH after discharge
from the hospital. Several [18-20]studies have shown that aerobic exercise can reduce
the related cravings of METH-dependent individuals, enhancing inhibitory control
[21]. Although many studies have proven that exercise can improve impulse or
addiction, its peripheral biological mechanism is unknown. This prospective study
aimed to explore the role of peripheral 5-HT in impulsiveness and cue-induced
cravings of METH withdrawal patients. Therefore, this study can provide a theoretical

reference for the diagnosis and treatment of drug addiction and relapse.

Research objects and methods
Research subjects

A total of 960 males from compulsory drug rehabilitation centres in Bainihu
Compulsory Isolation and Detoxification Center in Hunan Province were used as the
screening subjects. The selection criteria were: 1) All participants underwent
structured diagnostic interviews based on the "Diagnosis and Statistics Manual of
Mental Disorders-5th Edition". The participants had to meet the MA dependence
standards. In addition, they had: 2) No mental illness; 3) No bone and muscle disease,

cardiovascular, cerebrovascular, and immune disease; 4) No history of major trauma



and surgery; 5) No exercise habits (three Moderate-intensity physical activity for less
than 30 minutes a day and less than three days a week for three months) [22]. Lastly,
the participants filled the PAR-Q+ (physical activity preparation questionnaire) to
ensure they were suitable for the exercise.See Figure 1 for the screening process.

This research was conducted following the Helsinki declaration, and it (number:
2020-233) was approved by the Review Committee of the Ethics Institution of Hunan
Normal University. Fifty subjects volunteered to participate in the trial and signed an
informed consent form. The subjects were randomly divided into control and exercise
groups (25 each) after the baseline test. Two subjects withdrew from the control group
(withdrawal rate, 8%), and three from the exercise group (withdrawal rate, 12%). The

basic conditions of the subjects are shown in Table 1.

960 participants from Bai nihu rehabilitation center

l

Filling the basic-case questionnaire, determining METH drug type usage. A total
of 560 people were screened (58.3%) (560/960) .

340 people were screened based on the hospital physical examination report and
they filled PAR-Q+ to ensure their suitability for the exercise(60.7%) (340/560).

Finally, 50 subjects voluntarily participated and all signed an informed consent
form(14.7%) (50/340) .

FIGURE 1: A flowchart of the participants screening process



Table 1 The Basic Situation of Research Objects

Variable Control group (n=22) Exercise group (n=22)
Age(years) 29.834+5.96 32.86+5.56
Height (cm) 165.60+31.12 171.34+5.79
Culture

Primary School or less 7 (31.8) 7 (31.8)
Junior high school 6 (27.3) 8 (36.3)
Senior middle school 9 (40.9) 5 (22.7)
College or above 1 (4.5 2 (9.1
Occupation

Unemployed 8 (36.3) 5 (22.7)
Self-employed 3 (13.6) 5 (22.7)
Service 1 (4.5 4 (18.2)
Manual Worker 3 (13.6) 1 (4.5
General Staff 3 (13.6) 1 (4.5
Other 4 (18.2) 2 (9.1)

Marital Status

Married 7 (31.8) 5 (22.7)




Single 6 (27.3) 10 (45.5)

Widowed 1 (4.5 5 (22.7)
Divorced 8 (36.4) 2 (9.1
Regions

Urban 10 (45.5) 10 (45.5)
Rural 12 (55.5) 12 (55.5)
Drug data

Heroin use at one time (g) 0.56+0.40 0.51+0.42
Times per month 12.36+£9.42 13.98+9.64
Duration (months) 87.454+65.33 96.41+34.20

Exercise intervention

The American College of Sports Medicine (ACSM) recommends an exercise
intervention combining aerobic exercise and resistance training ("Abstracts from the
37th Annual Meeting of the Society of General Internal Medicine, 2014, San Diego,
CA, USA," 2014). Participants in the control group received routine nursing work in
the drug rehabilitation centre and did not participate in any sports. The subjects in the
exercise group received structured and progressive exercises following the FITT-VP
(Frequency, Intensity, Time, Type) mode of the American Society of Sports Medicine.
The maximum heart rate (206.9-0.67xage) and weight (IRM) of each person were
determined before each exercise cycle. The exercise intervention was conducted five
times a week for eight weeks (60 minutes for each exercise). Besides, a 5-minute
warm-up exercise, 30-minute treadmill aerobic training, 20-minute strength resistance
training (arms, chest, back, buttocks, legs, and core muscles), and a S5-minute
stretching and relaxation training were conducted. Resistance training involves core
muscles and lower limb muscles. Strength resistance training improves muscle
strength and explosive power. Each set was conducted 8-12 times at a 60-second
interval.See Figure 2 for the flow chart of exercise intervention.

Type of exercise: Aerobic combined resistance exercise with increasing load. Duration of
exercise: 90min/day; 5 day/week; 8 weeks. Exercise program: Smin warm-up exercise,

30minute treadmill aerobic training, 20min strength resistance training, Smin stretching and

relaxation training.




The first stage: adaptation stage —>| 1 - 2 weeks; aerobic exercise: 57%-63%HRumax,
resistance training: 60% 1-RM.

The Second stage: adjustment stage 4 - 6 WeekS; aerobic eXerCise: 64%-70% HRmax,

resistance training: intensity could load 1-2 times
on the basis of completing the training tasks of

the previous stage.

The third stage: promotion stage —>| 7 - 8 weeks; aerobic exercise: 71%-80% HRax,
resistance training: intensity could load 1-2 times

on the basis of completing the training tasks of

the previous stage.

FIGURE 2: Exercise Intervention Flow Chart

PAR-Q(Physical Activity Readiness Questionnaire)

PAR-Q provides a safe initial screening of candidates for exercise testing and exercise
prescriptions, ensuring that the subjects are suitable for sports activities.

BIS-11 (Barratt Impulsiveness Scale)

Barratt-11 has 26 items with three dimensions: attention impulsivity, motor
impulsivity, and unplanned impulsivity. A 4-level scoring method (1-4 points) was
used for scoring. The higher the score, the stronger the impulsivity. The Cronbachs'
alpha coefficient of the Chinese version of BIS-11 was 0.759.

Visual Analog Scale (VAS)

VAS is often used to measure subjective feelings. Herein, VAS craving and VAS

control were used to evaluate the cue-induced craving and self-control ability. The
scale was scored from 0-100 points, where 0 indicates no drug desire and no sense of
self-control and 100 represents a high level of drug desire and a high sense of
self-control. Participants indicate how they feel by making a mark on the horizontal
line. The images, objects and videos about METH were observed for five minutes
prior to answering the following questions. "What is your craving for drugs at this
moment?" and "What is your sense of self-control over drug use at this moment?"
Enzyme-linked immunosorbent assay (ELISA)
Blood samples were collected from 7:00 to 8:00 a.m. daily before and after the
exercise intervention. The subjects were starved from 8 p.m. the day before the blood
collection. Venous blood (2ml) was collected in an ADTA anticoagulant test tube,
mixed with an anticoagulant, and centrifuged at 4000rpm for four minutes. The
supernatant was stored in an ultra-low temperature refrigerator at -80 °C for further
analysis. A Shanghai Enzyme Association assessed the blood indicators.



Statistical analysis

The demographic data are expressed as mean + standard deviation (M+SD), frequency,
and percentage. The normality was assessed by testing the normal plot of the residuals
in the analysis of the variance model. A mixed analysis of variance was used for
comparison between multiple groups. Bonferroni method was used for pairwise
comparison between groups (P<0.05). SPSS20.0 software was used for statistical
analysis. GraphPad Prism 5 (GraphPad Software, San Diego, CA, USA) was used for
graphic presentations.

Results

The effect of exercise on peripheral blood 5-HT

The mixed analysis of variance method was used to analyze the effects of exercise
and time on peripheral blood 5-HT. The results showed that the interaction effects of
time and time* group altered peripheral 5-HT (p<0.001). The peripheral 5-HT was not
significantly different between the control and the exercise groups before exercise
(p>0.05). However, the 5-HT level was significantly lower in the control group than
in the exercise group after exercise (p<0.01)(TABLE 2).

TABLE 2: The effect of exercise on 5-HT

Group Pre-exercise Post-exercise Intergroup Time Interaction
(pg/ml) (pg/ml)
Control group 226.15+£29.65 228.96+27.66 p=0.196 p<0.001  p<0.001
Exercise group | 220.35+28.22 255.35+24.54 F=1.728 F=37.21  F=27.05
Al

A Ap<0.01 compared with the same time point of Control group; **p<0.01
compared with the same group at pre-exercise.

Exercise improves VAS craving

The mixed analysis of variance method was also used to analyze the influence of
group and time on VAS craving. The results showed that the interaction effect of time
and time*group affected VAS craving (p<0.05). The VAS craving was not
significantly different between the control and the exercise group before exercise
(p>0.05). However, the VAS craving was significantly reduced in the exercise group
than in the control group after exercise (p<0.01)(TABLE 3).

TABLE 3: The effect of exercise on VAS craving

Group Pre-exercise Post-exercise Intergroup Time Interaction
Control group  41.73£27.47 41.68+23.24 p=0.359 p<0.05 p<0.05
Exercise group = 40.64+27.65 29.91+18.54 F=0.861 F=4.41 F=4.33

k3

*#p<0.01 compared with the same group at pre-exercise.

Exercise improves VAS control

The mixed analysis of variance method was used to analyze the effect of group and
time on VAS control. The results showed that: the interaction effect of time and
time*group affected VAS control (p<0.05). The VAS control was not significantly
different between the control group and the exercise group before exercise (p>0.05).




In contrast, VAS control was significantly enhanced in the exercise group than in the
control group after exercise(p<0.01)(TABLE 4).
TABLE 4: The effect of exercise on VAS control

Group Pre-exercise Post-exercise Intergroup Time Interaction
Control group 22.86+18.06 24.45+16.61 p=0.127 p=0.089  p<0.05
Exercise group | 27.00+17.61 35.91+19.19 F=2.42 F=3.04 F=6.52

A

Ap<0.05 compared with the same time point of Control group;**p<0.01 compared
with the same group at pre-exercise.

Exercise improves impulse

The mixed analysis of variance method was used to analyze the influence of group
and time on impulse. The results found that the interaction effects of group, time, and
time* group improved impulse (p<0.05). The impulse was not significantly different
between the control group and the exercise group before exercise (p>0.05). However,
the impulse was significantly reduced in the exercise group than in the control group
after exercise(p<0.01)(TABLE 5).

TABLE 5: The effect of exercise on implus

Group Pre-exercise Post-exercise Intergroup Time Interaction

Control group | 70.41+6.09 70.55+5.03 p<0.001 p<0.01 p<0.01

Exercise group = 69.55+6.71 60.27+7.47 F=15.86 F=11.78  F=11.11
Dl

A Ap<0.01 compared with the same time point of Control group; **p<0.01
compared with the same group at pre-exercise.

Correlation analysis among 5-HT, VAS craving, VAS control, and impulse
Pearson correlation analysis was used to analyze the correlation among 5-HT, VAS
craving, VAS control, and impulse. The results found that 5-HT was negatively
correlated with VAS craving (r=-0.549, p<0.001) and impulse (r=-0.393, p<0.01) and
positively correlated with VAS control (r=0.483, p<0.01). VAS craving was positively
correlated with impulse (r=-0.660, p<0.001) and negatively correlated with VAS
control (r=0.567, p<0.001). VAS control was negatively correlated with impulse
(r=-0.576, p<0.001)(TABLE 6).

TABLE 6: Correlation analysis between 5-HT and VAS craving, VAS

control, impulse

Dimension S-HT VAS craving VAS control Implus

5-HT r=1 r=-0.549** r=0.483%* r=-0.393**

VAS craving r=1 r=0.567** r=-0.660**

VAS control r=1 r=-0.576**

Implus =1
Discussion

Herein, exercise regulated peripheral 5-HT levels and improved addiction and



impulsivity. This is the first study using human subjects to assess the effect of
peripheral 5-HT on addiction and impulsivity of METH withdrawal patients. The
study provides insights into peripheral biomarkers of addiction and impulsivity to
increase the accuracy of diagnosis and treatment.

The relationship among 5-HT, addiction, and impulsivity in METH withdrawal
patients

Clinical experiments have shown that addiction is correlated with a lack of impulse
control. High levels of impulse are considered a risk factor for substance use disorders
and may lead to all aspects of the addiction cycle [23]. Besides, 5-HT significantly
promotes the vulnerability of addiction. 5-HT also promotes impulse [24]. METH can
penetrate the blood-brain barrier and enter the central nervous system of the brain.
This damages the 5-HT system, producing neurotoxicity [5], and affecting the
development of addiction. Herein, a baseline assessment of the impulsivity level of
the existing personnel was conducted. The mean value of BIS-11 in the control group
(70.41+6.09) and exercise group (69.55 = 6.71) was in the range of high impulsivity
[25] (=72 points). Besides, the average craving degree was above 40 points, indicating
moderate craving [26] (40-60 points). Although the number of subjects was small,
which can affect the completeness of data interpretation, the consumption of METH
was associated with significant subjective impulsive responses and cue-induced
cravings.

Previous researches focused on the role of 5-HT in the central nervous system (CNS)
since 5-HT is mostly found in the central nervous system. Serotonin drugs have been
used to treat various mental disorders, such as depression and obsessive-compulsive
disorder [28]. However, 5-HT also promotes peripheral blood circulation. Most 5-HT
in peripheral blood is found in platelets, and a small amount is found in cell-free
plasma [31]. A human pathological gambling study showed that serotonin function
could change due to decreased peripheral 5-HT levels [29]. Besides, peripheral 5-HT
reuptake transporter is decreased in pathological gamblers [30]. These studies are
based on the uncertain relationship between plasma 5-HT and brain 5-HT [32-33].
However, it is unknown whether the level of 5-HT in peripheral blood is associated
with the desire and impulse of METH withdrawal. Herein, 5-HT was negatively
correlated with VAS craving and impulse and positively correlated with VAS control,
further validating our hypothesis. The low correlation with impulse could be because
VAS is a single-dimensional measurement, with less error in the evaluation process,
and impulse has to be evaluated in multiple dimensions.

The effect of exercise on S-HT, VAS craving, VAS control, impulse

Exercise can improve METH-dependent emotional state, cognitive control, and
cravings [34]. Herein, eight weeks of aerobic combined with resistance exercise
significantly reduced the anxiety and depression symptoms of METH withdrawal [35].
Also, the exercise improved the heart rate variability of METH addicts. [36]. Taken
together, these results indicate that exercise can improve the defects of drug addicts.
Moreover, exercise increased the peripheral Blood 5-HT levels, similar to animal
studies [37].



Conclusion
Eight weeks of aerobic combined with resistance exercise can regulate the peripheral
5-HT levels of METH withdrawal patients and positively affect cue-induced craving
and impulse.
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