&%, IJRP.ORG

Inte escarch Public
ISSN: 2708-3578 (Online)

228

Moderatelntensity Swimming Exercises Decrease Body Weight
andLee’s Obesity Index in Female Mice (Mus musculus)

Muhamad Fauzi Antodi Purwo Sri RejeRP’, Sulistiawati, Adi Pranotd, Sugiharté

“Corresponding Authopurwo-s-r@fk.unair.ac.id

a Sport Health Science, Faculty of Medicine, Univaisifirlangga, Surabaya, Indonesia
b Physiology Division, Department of Physiology and l¢atiBiochemistry, Faculty of Medicine, Universitaglangga, Surabaya,
Indonesia
¢ Department of Public Health, Faculty of Medicin@ikérsitas Airlangga, Surabaya, Indonesia
d-Doctoral Program of Medical Science, Faculty of Mate, Universitas Airlangga, Surabaya, Indonesia
€ Department of Sport Sciendeaculty of Sport Science, Universitas Negeri Malaviglang, Indonesia

Abstract

This study aims to analyze the effect of moderate-intensity swimmingisxevbich performed in the morning and at night
on reducing body weight and Le@besity index in female mice (Mus musculus). This study used thexpaeiment method
with the randomized control group post-test-only design. A totd8Ddemale mice (Mus musculuz)3 months of age, and
weighing 30- 40 grams (Lee's Obesity Index Value > 0.3) were divided randomolyhiree groups of 10, namely CTRL (n
=10, control without intervention), MISEM ( n = 10, moderatefiaily swimming exercise in the morning), and MISEN (n
= 10, moderate-intensity swimming exercaaight). Body weight and Léeobesity index was measured twice, namely pre-
exercise and 4 weeks post-exercise. Then, data was analyzed adtajrédd Samples T-Test with the Statistical Package for
the Social Sciences SPSS version 21 software.The results show thardgedody weight on CTRL between pre-exercise
vs. post-exercise (33.60+£2.17 vs. 39.20+3.82 grapes=0.001)), MISEM (33.90+2.33 vs. 30.70+3.53 gr (p-valuds:)),

and MISEN (33.40+3.47 vs. 26.00+2.26 gr (p-values=0.000))sleeerage obesity index on CTRL between pre-exercise vs.
post-exercise (0.39+0.02 vs. 0.44+0.02 gr/mm (p-values=0.0005EM (0.40£0.02 vs. 0.42+0.01 gr/mm (p-values=0.000)),
MISEN (0.41+ 0.01 vs. 0.37+0.02 gr/mm (p-values=0.002)). Bas¢deoresults of the study, it was concluded that moderate-
intensity swimming exercise in the night was more effective in reduadg Wweight and Lee's obesity index than moderate-
intensity swimming exercise in the morning and control without intervention.
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1 Introduction

Nowadays, obesity has been recognized as a global health problem (Houdebjr#®&9glbecause it can
adversely affect almost all physiological functions of the body and also becaigesfiaant public health threat
(Chooi et al., 2019). Obesity can increase the risk of various diseadiions, such as diabetes mellitus (Singh
et al., 2013), cardiovascular disease (Singh et al., 2013; Czernichow281.4),, certain types of cancer (Lauby-
Secretan et al., 2016), various musculoskeletal disorders (Anandacoomarasdm@0i8), and poor mental
health (Anstey et al., 2011), all of which have negative effects on quality ofvtifd, productivity, and rising
healthcare costs (Chooi et al., 2019).

Proper physical exercise not only has an impact on changes in body shgpeysicdl fitness, but also
prevent and treat several diseases, including cancer (Jakicic et al., 2018; Hojm&0&8aHansen et al., 2018;
Zanuso et al., 2017; Zhang et al., 2016; McKeough et al., 2016; Adaetsal., 2015). In addition, conduct
physical exercise regularly also plays an important role in reducing obesity ®asmg energy output
(Houdebine et al., 2019). Although many therapies and medications havedvedped to treat most diseases,
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physical exercise remains a natural alternative and a convenient, safe, and affordehéntrmethod for the
community (Hjorth & Febbraio, 2018; LU et al., 2016; Bouchard et al.,)2015

Today, there are many choice of physical exercise, such as brisk walkinmgsuswimming, cycling,
football, and weightlifting (Guo et al., 2020). Differences in physical exercsaneters, such as frequency,
intensity, type, and time, can influence the effect of physical exercise on preventiceatment of disease
(Driediger et al., 2018). For example, vigorous-intensity jogging fapths significantly reduced body weight,
waist circumference, body fat, and blood pressure in patients with obesity araldgbolic Fatty Liver Disease
(NAFLD), whereas moderate-intensity physical exercise had no such effect (Zlzn@@16).

Recently, several reviewers have summarized the benefits of different typlegstfal exercise on several
diseases, such as Alzheimer's disease (AD), stroke, Parkinson's disease (Rntargton's disease (HD)
(Shepherd et al., 2018; Crozier et al., 2018; Mo et al., 2016; Patten ét1at. N2o et al., 2015). However, there
was still limited study about the diseases and types of physical exercise, and omlyeaiésvs include the
benefits to improve some physiological functions of the body (Febbi@ld, Dverall et al., 2016; Kostrzewa &
Kas, 2014; Hatchard et al., 2014).UBhit is needed to review thoroughly regarding the benefits of various
physical exercise protocols in treating disease and improving physiologicaiofis of the body (Guo et al.,
2020). Based on this issue, the purpose of this study was to attedyeffect of moderate-intensity swimming
exercise in the morning and at night on reducing body weight and the dlsesity index in female mice (Mus

musculu$.

2 Materials and Methods
2.1 Experimental design

This research is a true experiment with the randomized control group pastitesiesign. A total of 30
female mice (Mus musculus) at 3 months age, and weighidg 8tuns (Lee’s Index Value > 0.3) were divided
randomly into three groups of 10, namely CTRI=(L0, control without intervention), MISEM € 10, moderate-
intensity swimming exercise in the morning), and MISEN-(10, moderate-intensity swimming exercise in the
night). Mice (Mus musculus) were placed in temperature-controlled steel cagég {€p55-65% humidity)
with a 12-h light/dark cycle (Haslan et al., 2021). This research has followed animal watiaiigles published
by the European Convention for the Protection of Vertebrate Animals. All researobdpres have been

approved by the Health Research Ethics Commission, Faculty of Medicine, AirlanggadiiniSurabaya.

2.2 Protocol of exercise

Swimming exercises were carried out 3 times in a week for 4 weeks with an inten&iiyobb6dy weight
and the duration was 70% of maximum time (Prasetya et al., 2018). Morningngvgrexercise was held at
08.00-09.00 AM, while night swimming exercise was held at 20.00-21.0(PPanoto et al., 2020; Kweet al.,
2020). The mice were given intervention of moderate-intensity swimming exerdtse imorning and at night

with water temperature maintained at 30 + 2°C (Wierzba et al., 2006).

2.3 Data collection
Body Weight measurements were carried out pre-exercise and post-exereisedeks using a digital
Harnic HL-3650 Heles Scale (0-5kg scale) (Widiatmaja et al., 2021; Rejeki et al., @@2hwhile, Leés obesity
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index for each mice was measured by dividing the cube root of thenmsghyt (gr)by the naso-anal length (émn
and multiplying the whole expression by 10,000 (Haslan et al., 2021).

2.4 Statistical analysis
Statistical analysis was conducted using Statistical Package for the Social SG&®®s¢ftware version

21 (SPSS Inc., Chicago, IL, USA). The researcher used Shapiro-Wilk tewirfoality, while Levene test for
homogeneity test. The difference was analyzed by using Paired Samples T-Test, QkQVaY, followed by
Tukey's Honestly Significant Difference (HSD) post-hoc test. All data are presentediedttn + Standard

Deviation(SD). All statistical analyzes used a significance lepet (.05).

3 Results
The analysis results of the average body weight pre-exercise vs. post-exer@serage results of Lee's

obesity index pre-exercise vs. post-exercise in each group is presented irLREgdrEigure 2.
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Fig. 1. Average body weight pre-exercise vs. post@se in each group
Note: CTRL: control without intervention; MISEM: mode-intensity swimming exercise in the morning; MISEN:derate-intensity
swimming exercise in the night. Body weight data wexrs@nted as average of Mean with Standard Devia8@). ( Significant was

considered with g 0.05. (*) significant vs pre-exercise (i 0.05).

Figure 1 shows that there is an increase in the average body weight betweenqise-ardrpost-exercise
on CTRL, while MISEM and MISEN show a decrease in body weight between présexand post-exercise.
The results of the Paired Samples T-Test analysis on CTRL showed that there wdangidifference in the
average increase in body weight between pre-exercise vs. post-exerc@®433% vs. 39.20+3.82 gr (p-
values=0.001)), while the results of the Paired Samples T-Test analysis on MISEM shde@éase in body
weight between pre-exercise vs. post-exercise (33.90+2.33 vs. 3G3@3(p-values=0.011)). Likewise, the
results of the Paired Samples T-Test analysis at MISEN also showed a decreasewieightipetween pre-

exercise vs. post-exercise (33.40+3.47 vs. 26.00+£2.26 gr (p-valuééy0.0
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Fig. 2. Average Lee's obesity index pre-exercise vs-@aatise in each group
Note: CTRL: control without intervention; MISEM: modée-intensity swimming exercise in the morning; MISEN:derate-intensity
swimming exercise in the night. Lee’s obesity index data were presented as average of Mean with Standard Deviation (SD). Significant was

considered with g 0.05. (*) significant vs pre-exercise (¥ 0.05).

Based on Figure 2, it shows that there is an average increase in Lee's obhesibetween pre-exercise and
post-exercise on CTRL and MISEM, while MISEN shows a decrease in Lee's obésitypatween pre-exercise
and post-exercise. The Paired Samples T-Test analysis on CTRL showed that thesggniéisaant difference
in increasing Lee's obesity index between pre-exercise vs. post-exerc&e0(023vs. 0.44+0.02 gr/mm (p-
values=0.000)). Likewise, the results of Paired Samples T-Test analysis on MISEM aled simoincrease in
Lee's obesity index between pre-exercise vs. post-exercise (0.40+0M2249.01 gr/mm (p-values=0.000)).
While, the results of the Paired Samples T-Test analysis on MISEN showed a decrezse obésity index
between pre-exercise vs. post-exercise (0.41+0.01 vs. 0.37+0n0@ gp-values=0.002)). The analysis results

of body weight and Lee's obesity index based on time in each groppeaented in Table 1.

Tablel. The analysis results of body weight and Lee's obesigx based on time in each group

Group Time Mean+SD p-values
Body Weight (gr)

CTRL 33.60+2.17

MISEM Preexercise 33.90+2.33 0.918
MISEN 33.4043.47

CTRL 39.2043.82

MISEM Post-exercise 30.70£3.53* 0.000
MISEN 26.002.26*+

CTRL 5.60+3.53

MISEM Delta (A) -3.20£3.19* 0.000
MISEN —7.404#4.38*}

Lee’s obesity index (gr/mm)

CTRL 0.39+0.02

MISEM Preexercise 0.40+0.02 0.601
MISEN 0.41+0.01

CTRL 0.44+0.02

MISEM Post-exercise 0.42+0.01* 0.000
MISEN 0.3740.02*f

CTRL 0.05+0.02

MISEM Delta (A) 0.01+0.01* 0.000
MISEN —0.0440.03*F

Note: Body weight anflee’s obesity index data were presented as average of Mean with SthBdaiation (SD). Significant was considered

with p<0.05. (1) significant vs MISEM (i< 0.05), and (*) significant vs CTRL (p< 0.001). y
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Based on Table 1, the Oifgay ANOVA test showed that there was no significant difference in mean body
weight pre-exercise in all groups £0.05), while 4 weeks postercise and delta (A) showed significant
differences in mean body weight in all groups<(@.001). The results of Tukey's HSD post-hoc test showed that
there was a significant difference in the average decrease in body weight at 4estekepcise between MISEM
and CTRL (p=0.000), MISEN and CTRL (p=0.000), and MISEN and MISpM0].009). The results of the
Tukey's HSD poshoc test showed that there was a significant difference in the mean delta (A) reduction in body
weight MISEM with CTRL (p=0.000), MISEN with CTRL (p=0.000), and MISEN wittS&M (p=0.046).

4  Discussions

The results of this study show that there was an increase in the average bodyeteighh pre-exercise
and post-exercise on CTRL, while MISEM and MISEN showed a decrease in bodly betigeen pre-exercise
and post-exercise. The results of the Paired Samples T-Test analysis on @Wet #iat there was a significant
difference in the average increase in body weight between pre-exercise and pusé.extile the results of the
Paired Samples T-Test analysis on MISEM and MISEN showed a decrease in body weigg Ipeeaexercise.
with post-exercise (Figure Ifhe One-Way ANOVA test results show that there was no significant difference in
the average pre-exercise body weight in all groups, while 4 weeksxeosite and delta (A) showed a significant
difference in the average body weight in all groups (Table 1). These remliits line with the research from
Prasetya et al. (2018), which reported that Moderate-Intensity Exercise (MEWeeks reduced body weight
in mice.Likewise research conducted by Houdebine et al. (2019), whichtegpbat swimming training
significantly reduced body weight compared to the control group. labak (2015) in their research reported
that mild exercise (ME) and intense exercise (IE) significantly reduced body weigptred to controls (CONT).
Research conducted by Kim et al. (2013) also reported that moderate-intensity eeehotsal weight loss
compared to the control group. The weight loss in MISEM and MISEN may btodbe effects of physical
exercise carried out for 4 weeks. During physical exercise there is a reductidecaease in food intake as an
energy source which causes the utilization of stored energy sourcesbindshincreased, especially body fat
stores, thereby causing weight loss.

Physical exercise has a positive effect in reducing the risk of overweight and dlyestjucing body fat
stores. During physical exercise, the decrease in blood glucose resinsulém decrease and stimulates an
increase in the hydrolysis of triglycerides into glycerol and Free Fatty Acid (&Ah energy source (Polak et
al., 2008). In addition, exercise could stimulate an increase in growthoher (GH) which has a role in
metabolism to stimulate fat into an energy source (Chaves et al., 2013). Egerfismed at moderate intensity
for 30 minutes can increase the production of FFA as an energy skarstoft et al., 2016), thereby potentially
reducing visceral fat accumulation and body weight (Wewege et al., 2017).itioradegular physical exercise
also plays an important role in reducing the obesity by increasing engmt (Houdebine et al., 2019) mediated
by the hormone irisin (Bostrom et al., 2012). Physical exercise stimulates thee refeiisin through the
activation of peroxisome proliferation-activated receptor coactiviatgRPGC-1a) (Bostrom et al., 2012) which
can stimulate the expression of fibronectin type Il domain-containing p®{&NDC-5) (Fatouros, 2018) and
proteolytic cleavage of the FNDC-5 membrane protein in skeletal muscle, resultiegeétetise of irisin into the
blood circulation (Moreno-Navarrete et al., 2013). The release of irisin iblttoel circulation induces the
browning process in white adipose tissue by stimulating the expressiarcadipling protein-1 (UCP-1) via
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signaling p38 mitogeiactivated protein kinase (p38-MAPK). Thus, it increased energy outputemneased fat
accumulation, which can be a factor in weight loss in MISEM and MISEN (Fat@@b3;, Perakakis et al., 2017;
Bostrom et al., 2012).

The results of this study showed that there was an average increase in ks#isinbdex between pre-
exercise and post-exercise on CTRL and MISEM, while MISEN showed a decrease abesiysindex between
pre-exercise and post-exercise. The results of the Paired Samples T-Test an&ydd.cand MISEM showed
that there was a significant difference in increasing Lee's obesity index betwesxeprise vs. post-exercise.
Meanwhile, the results of the Paired Samples T-Test analysis at MISEN showed a dedrea'seoimesity index
between pre-exercise vs. post-exercise (Figure 2). The One-Way ANOVA teststesuéid that there was no
significant difference in the average Lee's obesity index pre-exercise inwgsgrehile 4 weeks post-exercise
and delta (A) showed significant differences in the average Lee's obesity index in all groups (Table 1). These
results are in line with research conducted by Zein et al. (2017), which rephateatbw-type interval training
significantly lowered Lee's obesity index compared to controls. The declireela dbesity index might be due
to the physical exercise. During physical exercise there is an increase in lipolysfdl teniellgy needs, which
lead to a decrease in fat deposits in the subcutaneous and visceral tissuedudtien of fat deposition in the
subcutaneous and visceral tissues leads to weight loss, resulting in a eledréae's obesity index. The
significant decrease in the value of Lee's obesity index in MISEN may alsolpaasdecrease in the size and
number of adipocytes, resulting in a decrease in fat tissue mass (Sco2@tHl. This condition was proved by
a higher weight loss in MISEN than in MISEM and CTRL.

5 Conclussions

The results of this study showed that moderate-intensity swimming exatoight and moderate-intensity
swimming exercise in the morning performed 3 times per week for 4 weglksreduced body weight compared
to control without intervention. Moderate-intensity swimming exereaiseight could decreased Lee's obesity
index, while moderate-intensity swimming exercise in the morning and control wititeavention actually
increased Lee's obesity index.ushmoderate-intensity swimming exercise in the night was more effective in

reducing body weight and Lee's obesity index than moderate-intensity swiraxergse in the morning.
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