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Abstract

Serotonin is a neurotransmitter that important in maintaining the integrity of badsidns, regulating mood,
emotion, sleep, appetite, and regulating memory function. However, changestémiseaad its receptors are
associated with the development of anxiety, depression, and psychiatric disrdewss schizophrenia. Exercise
is suggested as a treatment for several psychiatric disorderstidy aims to prove the effect of moderate-
intensity swimming exercise for 4 weeks on increasing serotonin levels imnitagMus musculus). The study
was a true experiment with research design from a randomized control grpagttest-only designs using 20
male mice (Mus musculus), eight weeks of age, weighing 30-35 granraradwhly divided into two groups,
that is CTL @ = 10, control group), MIE (n = 10, moderate-intensity swimming exerdidejlerate-intensity
swimming exercise is carried out with a frequency of 3 times/a weeks for 4 Wideksurement of serotonin
levels using the Enzyme-Linked Immunosorbent Assay (ELISA) method. Datalized using the Independent
Samples T-Test with a significant level{®.01). The results showed a significant difference in serotonin levels
between MIE and CTL (100.61+20.08 vs. 57.06+5.13 ng/mk (p001)). Based on the results of the study
concluded that moderate-intensity swimming exercise increases serotonin levels.
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1. Introduction

Serotonin is an important neurotransmitter in emotional processing (Hatnatr, 2008) and memory
function regulator in the hippocampus (Haider et al., 2006). It maintainistéggity of body functions and
influences the physiological and metabolism of the body (Hassan & Amif).2@laddition, it controls mood,
emotion, sleep, and appetite, and regulates memory and motivation (Sussel0&bal.ABo regulates several
metabolic processes that affect the concentration of glucose in the blood @& dMatson, 2014). Several studies
have confirmed that serotonin contributes to the development of hyperglyceayiagsult of increased levels of
adrenal catecholamines, it is caused by the hypoglycemic properties of serbthgardxytryptamine; 5-HT)
that affect the process of glucose utilization to the peripheral tissue cellglagsmuscle and fat (Kondro et al.,
2015). Serotonin and its receptors regulate nearly all brain functiodighe dysregulation of the serotonergic
system is involved in the pathogenesis of many psychiatric and neurologicdkedss(Smith et al., 2020).

A decrease in serotonin levels impacts increases health disorders, suclkssiaegriemat-Far et al., 2012),
cognitive function decline, and increase anxiety (Pusponegoro, 2@0dlsol causes a decrease in neuron

hippocampus and cortex, neuronal maturation, and impaired formation drfitderand synapses (Whitaker-
1JRP 2022, 93(1), 238-244; doi:.10.47119/1JRP100931120222781 WWw.ijrp.org
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Azmitia, 2001). Decrease in circulating serotonin levels in the brain may lead hggierphd weightagin (Lam,

et al., 2010), that risk to obesity (Nam et al., 2018). Impaired séncdon its receptors are associated with the
developing anxiety, depression, and psychiatric disorders, such as schimofhirest al., 2013). Therefore, it
takes the right ways to prevent lower serotonin levels.

Exercise can modulate circulating serotonin levels both in the blood and in thelbending on the brain
region, and is influenced by the intensity and duration of exercise (Lin 2048). Treadmill exercise performed
at moderate intensity for 4 weeks significantly lowers serotonin levels without aff¢fotirmetabolism of 5-HT
in the hippocampus (Chen et al., 2008). In contrast, seven days ahteghity treadmill exercise significantly
increased serotonin levels in the hippocampus (Chennaoui et al., 206883 rfare, moderate-intensity treadmill
exercise for 4 weeks did not affect changes in serotonin levels in the amygdala{@hegR008). The results of
a study conducted by Flora et al. (2016), reported that swimming exercises witdraity of 65%-75% HRmax
for 30 minutes significantly increased serotonin levels. Matsunaga et al. €0ay also reported that swimming
exercises for 4 weeks significantly increased serotonin levels in Wistar-type mieevétohow the fundamental
effects of exercise intensity and duration on serotonin levels have not been exploited

Based on before, the purpose of this study was to prove the effentslefate-intensity swimming exercises

performed for 4 weeks on increased serotonin levels in male mice (Masalogus

2. Materialsand Methods

The study was a true experiment with research design from a randomized cantpbfjposttest-only
designs using 20 male mice (Mus musculus), eight weeks of age, weighBtggd@ms and randomly divided
into two groups, that is CTL (n = 10, control group), MIE (n 5 h@derate-intensity swimming exercise). The
study was conducted at the Animal Biochemistry Laboratory, Faculty of Medicine, Ajdddgiversity for5
weeks consisting of one week of acclimatization and four weeks of exercise ititarvéfice are placed in
standard conditions (light-dark cycle: 12 h/12 h, temperature: 23 + Lif@dity: 50 £ 10%) with food and water
ad libitum (Daniele et al., 2017). The study follows the principles of animal welfafished) by the European
Convention for the Protection of Vertebrate Animals. The Health Research Ethics Commigki® Faculty of
Medicine, Universitas Airlangga at Surabaya has approved all applied procedurestindis

Moderate intensity swimming exercise is done with a weight of 5% of total body w&igétréiro et al.,
2015). Exercise is carried out for 70% of the maximum swimming time witgaency of 3 times/week for 4
weeks (Matsunaga et al., 2021; Pranoto et al., 2020). Swimming exercisasrae out on a glass tub with a
length of 100 x 40 x 60 cm and a water depth level of 30 cm. At tleedtirmoderate-intensity swimming exercise
intervention, the water temperature is maintained in the range 3 30-

Weight measurements are taken before exercise (pretest) and after 4 weeks of exstigst (ming the
Digital Harnic HL-3650 Heles scale (scale 0-5 kg). A blood sample is collectedtlfieheft ventricle of the
squeak as much as 1 mL. Blood collection is done 2x24 hours after atesdeensity swimming exercise
intervention for 4 weeks. Blood is checked for 15 minutes at a spe3aDofrpm. The serum is separated and
stored at a temperature-oB0 °C for the analysis of serotonin levels. Measurement of serotonin levejghssin
Enzyme-Linked Immunosorbent Assay (ELISA).

Data analysis using software statistics packet for social science (SPSS) L@rdimrmality tests use
the Shapiro-Wilk test. Meanwhile, difference-tests use the Paired Samples T-Test laépeadent Samples

WWw.ijrp.org
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T-Test. All data is displayed with Mean * Standard Deviation (SD). All statistical analyses udeasigféfvels
(p<0.01).

3. Reaults
Based on the results of the study showed that there was an alteration in weight betweeanbdefoveeks

after moderate-intensity swimming exercise in each group that can be seerrénlkigu
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Fig. 1. Weight between before and after interveniioboth groups
Note: CTL: Control group; MIE: Moderate-intensity swimming gro@f). Significart vs. Pretesty< 0.001)

Based on Fig 1 shows that there is an increase in body weight between pretesttasdqm€TL, while
MIE shows a weight loss between pretest and posttest. The results of the Paired Sdarepteanalyst showed
a significant difference in weight gain between pretest and posttest at CTL (32488%137.30+£2.31 gr (p
0.001)), while in MIE showed a significant loss in weight between pretest attelgp¢32.00+1.49 vs. 29.80+1.99
gr (p<0.001)). The results of an analysis of the serotonin levels between @TNI&mare presented in Fig 2.
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Fig. 2. Serotonin levels between the control graup moderate-intensity swimming exercise
Note: CTL: Control group; MIE: Moderate-intensity swinmg group. (*) Signifi@art vs. CTL 0 <0.001)
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Based on the results of the study presented in Figwsleo®/s that serotonin levels in MIE are higher
compared to CTL. Independent Samples T-Test analysis showed significant difeienserotonin levels
between MIE and CTL (100.61+20.08 vs. 57.06+5.13 ng/mk ¢@01)).

4. Discussion

This study aims to prove the effect of moderate-intensity swimming exercidaated 3 times/week for 4
weeks on the increase in serotonin levels in male mice (Mus musculus). Baélsedesults showed that serotonin
levels in MIE are higher compared to CTL (Figure 2). Independent Samples T-@bstisashows significant
differences in serotonin levels between MIE and CTL. The results are in lintheigiudy by Park et al. (2020)
which reported that swimming exercise with an intensity of 5% of body weight sigtlifi¢acreased serotonin
expression. Also, research conducted by Furgaani et al. (2018) reporteddesht®-intensity aerobic exercise
conducted for 4 weeks significantly increased serotonin levels in the braalérlWistar rats (Rattus norvegicus).
A study by Gerin et al. (2008), concluded that exercise significantly increases\setetels by 41%. 3 weeks
of swimming exercise also significantly increased serotonin levels in Sprague-Dapéeyitse (Dremencov et
al., 2017). Daniele et al. (201@lso reported that exercise has been associated with increased serotonin levels.
Therefore, the increase in serotonin levels in moderate-intensity swimming exerpisgsably due to the effects
of exercise. Exercise leads to increased activity of the sympathetic nervous N8)(Clarke et al., 2014).
Increased SNS activity stimulates increase epinephrine for the mobilization of fateteiuspiSugiharto, 2012),
increasing the amino acid tryptophan (Clark &Mach, 2016). Increasew awid tryptophan leads to increased
serotonin levels (Boroumand & Hashemy, 2015).

Serotonin is a neurotransmitter synthesized from amino acid tryptophan, treaisigorted through the
blood-brain barrier by serotonin receptors then hydroxylated by thom axt tryptophan hydroxylase. Increased
levels of amino acid tryptophan in blood circulation support an increase icotfeentration of amino acid
tryptophan in the central nervous system (CNS), therefore any conditiondfegtses the amino acid tryptophan
in the blood circulation will induce an increase in serotonin biosynthesis in théSDi8er et al., 2001). Elevated
serotonin levels may play a role in emotion processing (Harmer et al), 2088egulation of memory function
in the hippocampus (Haider et al., 2006). In addition, increased siertévels can also play a role in maintaining
the integrity of body functions including regulating metabolism in the bbdggan &Amin, 2011), regulating
food intake and body weight (Lam et al., 2010). Another role ot@arois as a regulator of mood, emotions,
sleep, and appetite, and regulates memory and motivation (Susser et al. S2dd®nin also plays a role in
regulating several metabolic processes, which can affect the concentration oé gtutios blood (Longo &
Matson, 2014). Several confirmed that serotonin may contribute to the deesibpf hyperglycemia, which is
most likely the result of increased levels of adrenal catecholamines, which is caues Hypoglycemic
properties of serotonin (5-hydroxytryptamine; 5-HT) can affect the psockglucose utilization by peripheral
tissue cells, such as muscle and fat (Kondro et al., 2015). Serotahits aaceptors are also important in the
regulation of nearly all brain functions, and dysregulation of the sexm system involves in the pathogenesis
of many psychiatric and neurological disorders (Smith et al., 2020). ®herehe results of this study may
support the proposition that exercise is effective in relieving anxiety and protawtifgain from wild stress
(Greenwood & Fleshner, 2008; Greenwood et al., 2007; Greenwood et &)., 200
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5. Conclusion
Overall, our results showed that moderate-intensity swimming exercise conducted #@®4maximum
swimming time with a frequency of 3 times/week for 4 weeks lost weight and increaséahin levels.
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