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Swimming training on moderate intensity significantly reduces total
cholesterol and bodyweight on hypercholesterolemic rat model
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Abstract: It is well established that regular exercise has many positive benefits on health. Exercise at the
appropriate intensity and level has been shown to improve lipid profile and reduce the risk of
cardiovascular disease. This study investigates the effect of swimming training on total cholesterol levels
and body weight in male Wistar rats. Thirty rats weighing 150-200 grams were randomly divided into one
control (C) and two treatment groups (ST=swimming training, SED=sedentary activity). Rats in control (C)
group were fed a standard diet, while rats in both treatment groups were fed high-fat diet-induced
hypercholesterolemia for three weeks. Rats in ST were then swim-trained at moderate intensity for 30
minutes/day, six days a week for three weeks, and rats in SED were left without exercise stimuli. Body
weight was measured weekly. At the end of the experimental period, intracardiac blood samples were
drawn to measure the total cholesterol level. Findings revealed that rats’ bodyweight (p=0,045) and blood
cholesterol (p=0,034) in ST group were significantly lower compared to SED. It indicates that swimming
exercise is shown to be effective in weight loss and reducing blood cholesterol level in
hypercholesterolemic rats.
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INTRODUCTION

Hyperlipidemia is a condition occurred due to lipid metabolism disorder in the human body,
resulting in elevation of one or more plasma lipid concentration in blood, including the increase of
triglycerides (TC) or hypertriglyceridemia; total cholesterol (TC) or hypercholesterolemia, low
density lipoprotein or hyper-LDL cholesterolemia, and very low density lipoprotein (VLDL), along
with the decrease of high density lipoprotein (HDL) (He & Ye, 2020; Shattat, 2014; Vafa et al.,
2011). The alterations of these different forms of lipids cause atherosclerosis which is characterized
by the accumulations of plaques on the arterial walls, resulting in the narrowing and blockage of
blood vessels (Sim et al., 2018; Wu et al., 2017). Atherosclerosis is associated with an increased risk
of cardiovascular diseases, a number one leading cause of death and morbidity worldwide, taking
over 17,9 million lives each year globally (Roever et al., 2017; WHO, 2017).

At present, the main treatment for atherosclerosis is drug intervention, but this treatment has its
limitation and side effect (Wang & Xu, 2017). Therefore, there is a need to find another safer, cheaper,
and harmless option to prevent atherosclerosis. Thus, numerous studies have been done to investigate
the risk factors of atherosclerosis, which is found later that the major risk factors is strongly associated
with lifestyle, such as poor diet, smoking, and sedentarism (Lechner et al., 2020). Several meta
analyses have also found that modification of lifestyle could improve the lipid and lipoprotein levels
(lgarashi et al., 2019). And being physically active is one way to improve these lipid profiles.

It is well established that physical activity and regular exercise have beneficial effects in
lowering the risk of chronic disease such as cancer, obesity, and type Il diabetes (Sholikhah et al.,
2018). Numerous studies have also demonstrated a positive effect of regular exercise to prevent the
development of atherosclerosis (Khosravani et al., 2016), as well as improve immune part of healthy
lifestyle. Regular exercise contributes to physical and physiological health (Ohuruogu, 2016), as well
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as mental well-being (Sosso & Raouafi, 2017). Studies found that regular exercise improves immune
system against free radical that can cause oxidative damage. When the volume and intensity are also
taken into account, researchers agree that exercise with moderate intensity gives more positive benefits
to health (Kyral et al., 2019; Ohuruogu, 2016; Riahi & Riahi, 2016). Many professional authorities
have suggested daily physical activity and aerobic exercise in moderate intensity to maintain physical
fitness and lower the risk of non-communicable disease including hypercholesterolemia and obesity by
engaging in running, walking, or swimming exercise.

Aerobic exercise is defined as any form body movement or activity that involves oxygen to
produce the energy. Findings of previous studies revealed that aerobic exercise practices at regular
basis changed lipid profiles on adults; it increased HDL level and decreased TC and LDL levels by 4
mg/dl and 2 mg/dl, respectively (lgarashi et al., 2019). Significant differences in TG, TC, and HDL
were shown between exercised and non-exercised subjects (Elsayyad et al., 2020). Regular aerobic
exercise also helps to reduce visceral fats, and it has been widely used to maintain and shape
bodyweight. Studies on human and rats model using several method of training with low and moderate
intensity resulted in adaptation mechanism on muscular and cardiorespiratory system, fat oxidation
and weight loss (Nakhaei et al., 2019; Rocha et al., 2016). Thus, we conduct the study to investigate
the effect of aerobic exercise in swimming training at moderate intensity on bodyweight and total
cholesterol (TC) of rats fed with high-fat diet. Swimming training was chosen because swimming does
not cause too much pressure on the body. Moreover, the four factors in swimming which are water,
water pressure, water temperature, and buoyancy are used to present the stability and effect of this
exercise can be optimized better than the effects of doing ground exercise (Lee & Oh, 2015).

METHOD

A total of thirty male Wistar rats (Rattus norvegicus) weighing between 150-200 grams were
used in this study. All rats were housed in standard cages and assigned to adapt under controlled
conditions (25+1°C temperature; 50+1% relative humidity; and 12-h alternate light/dark cycle).
During one week of acclimatization period, they were fed normal diet and tap water ad libitum.
Afterward, they were divided into three weight-matched groups; one control (standard diet, no
intervention) and two treatment groups (ST and SED). ST group was given high-fat diet and then
submitted to aerobic exercise which is swimming training at moderate intensity every morning.
Meanwhile, rats in SED group were only given high-fat diet with no exercise stimuli. High fat diet
was prepared by adding 10% of liquid mixture of reused cooking oil and egg yolk to standard rat
chow.

The swimming session was done in a tank filled up with water that was sufficient enough for
rats to swim simultaneously without touching the bottom of the tank. The swimming training at the
first week began with acclimatization in the water for 15 minutes. Then, the duration was increased by
5 minutes every day until each rat could swim continuously for 30 minutes. Swimming training was
performed regularly, six days a week for three weeks (Riahi & Riahi, 2016). After each swimming
session, rats were hair-dried to prevent hypothermia stress.

During experimental period, average food intake of each group was recorded daily and
bodyweight was measured weekly. At the end of the last week, all rats were euthanized following a
12-h fasting period. Intracardiac bloods were drawn to measure serum total cholesterol level.

Data were analyzed with statistical software and were presented as mean values and standard
deviation (SD). One way Annova was performed to compare bodyweight and total cholesterol level
between groups. Paired t-test was performed to compare the initial and final bodyweight. Pearson
correlation was performed to determine the correlation between bodyweight and total cholesterol level.
P < 0,05 was considered statistically significant.

RESULT AND DISCUSSION

This study investigated the effects of swimming training on bodyweight and total cholesterol
level in animal model. All rats in three groups were healthy and did not show any significant changes
after a week of acclimatization and they completed the whole protocol until the end of experimental
period.
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Figure 1. The changes in bodyweight by week. C=control group-normal diet; ST=swimming training-high fat
diet; SED=sedentary activity-high fat diet. Data were presented as mean + SEM

Figure 1 showed the changes in bodyweight during three weeks of experimental period.
Bodyweight was measured at the first day of each week. We observed the increases of bodyweight in
all groups during three weeks of experiment, but control group did not show significant increase.
Bodyweight in swimming training and sedentary group started to increase significantly in week 2
(p<0,05) and week 3 (p<0,05). However, weight gain in swimming training group was lower than in
sedentary peers, and it was found that exercise significantly contributed to reduce weight gain in high-
fat diet rats.

Table 1. Effect of swimming training and high-fat diet on the changes of initial and final bodyweight

Bodyweight (g) . . .
Group First Week Last Week Weight Gain (g) Sig.
Control-Normal Diet (C) 181,95+7,30 200,37 £7,01 18,42 £ 6,39 0,066
Swimming Training-High Fat Diet (ST) 182,71 +5,08 215,80+7,85 33,10 £ 6,01 0,045*
Sedentary-High Fat Diet (SED) 185,63 +5,76 233,30 + 6,38 47,67 +£4,96 0,034*

*significant at 0,05
Data were represented as mean + SD

The initial bodyweight of rats in control, swimming training, and sedentary group was 181,95 +
7,30 gram, 182,71 £+ 5,80 gram, and 185,63 + 5,76 respectively. And after three weeks of intervention,
rats in all groups started to gain weight. However, results showed an insignificant increment of
bodyweight gain in control group (p=0,066, p>0,05). Meanwhile, significant different of bodyweight
were found in ST (p=0,045, p<0,05) and SED (p=0,034, p<0,05). High fat diet-induced
hypercholesterolemia significantly increased bodyweight, however when hypercholesterolemic rats
were given swimming training at moderate intensity, the weight gain was lower compared to sedentary
group (p<0,05).

Table 2. Effect of swimming training and high-fat diet on changes in total cholesterol level

Group Total Cholesterol Level (mg/dl)
Control-Normal Diet (C) 52,86 + 1,08%¢
Swimming Training-High Fat Diet (ST) 56,87 + 0,65*°
Sedentary-High Fat Diet (SED) 62,68 + 0,87°¢

a = Significant different between control and swimming training high-fat diet (p<0,05);
b = Significant different between swimming training high-fat diet and sedentary (p<0,05);
¢ = Significant different between control and sedentary (p<0,05)
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The results showed that diet enriched far given for three weeks affected rat’s lipid profile (Table
2). It marked with a significant increase of total cholesterol levels in rats which fed high-fat diet (SED)
compared to control group (p<0,05). But when hypercholesterolemic rats were given swimming
training for three weeks (ST), the increase of total cholesterol levels was significantly lower compared
to hypercholesterolemic group with no exercise at all (SED) (p<0,05). Weight gain was positively
correlated with total cholesterol level of rats, both in control group and treatment group (ST and SED)
with p<0,05 and r=0,828 (Table 3).

Table 3. The overall correlation between weight gain and total cholesterol level

Weight Gain () Total Cholesterol Level (mg/dI) r Sig.

33,06 + 13,38 57,47 +4,19 0,828 0,000

Effect of swimming training on bodyweight in rats fed high-fat diet

Diet manipulation which given in this research was the mixture of reused cooking oil and egg
yolk. Reused cooking oil contains high trans isomers saturated fatty acids. Due to several reheating
process, unsaturated fatty acid undergo chemical changes that generated several oxidized products,
leading to deleterious effects on the vascular function (Leong et al., 2015). This research also used egg
yolk, which contains 13,2 gram monounsaturated fatty acid, 3,4 gram polyunsaturated fatty acid, 8,7
gram saturated fatty acid, and 1.120 mg per 100 gram of fresh egg yolk (Faitarone et al., 2013). The
combination of these high-fat diet will increase the fat accumulation in body, which later promotes
weight gain.

The high-fat diet given to rats in ST and SED group resulted in greater increase of bodyweight
compared to rats in control group that were fed normal diet. This finding was similar to Nissa &
Madjid (2016) that observed an increase of bodyweight in rats fed fat-enriched diet consisted of flour,
coconut oil, duck yolk, and lard. High-fat diet is known to induce positive fat balance that leads to
adipose mass accumulation (Coelho et al., 2011) and enlarged the size of adipocyte cells (Cani et al.,
2007). High-fat diet also do not stimulate fat oxidation rate in the same way in obese and lean subjects
(Westertep et al., 2008). The type of dietary fat also seems to be a possible determinant in the
elevation of body fat. For example, diets rich in saturated lipids can increase body fat stores to a
greater extent when compared to omega-3 and omega-6-rich diet (Coelho et al., 2011). Present study
also found that the decrease in total cholesterol level could be expected upon weight loss.

The result was also supported by a previous study conducted by Cani et al. (2008) that stated the
induction of a high-fat diet in mice was able to promote bodyweight through the modulation of
intestinal microbiota, resulting in increased intestinal absorption ability and its permeability. Increased
free fatty acids that accumulate in the tissues will increase the accumulation of long-chain acyl-CoA
and its metabolites including intracellular ceramides, diacylglycerol (DAG), and triacylglycerol
(TAG). Ceramides accumulation triggers dephosphorylation of protein kinase B/Akt (PKB/Akt).
PKB/Akt dephosphorylation induces glucose transport to tissues through increased glucose
transporter-4 (GLUT-4) activity resulting in an increase in glycogenesis (King, 2013). PKB/Akt
dephosphorylation also inhibits tissue lipolysis and gluconeogenesis (Vardatsikor et al., 2013).
Increased glucose uptake to tissues and glycogenesis and also downregulation of lipolysis and
gluconeogenesis cause an increase in body mass. This mechanism explains why a high-fat diet can be
used as an induction of hyperlipidaemia as it could significantly increase bodyweight (Nissa &
Madjid, 2016).

Meanwhile, when high-fat fed rats performed regular exercise, the weight gain was slightly
lower than those in sedentary peers. In accordance with this finding, another study also showed that
physical activity reduced bodyweight in rats given fat-enriched diet (Rocha et al., 2016). It can be
explained because a stress agent generated during exercise may modulate the release of anoretic
hormones and/or increase its receptors sensitivity. These conditions lead to the suppressing of appetite
and manage to shift the energy balance during exercise or physical training (Blundell et al., 2015;
Schubert et al., 2012).

The reduce of bodyweight is also associated with energy balance. Exercise is known to be
directly impacted the energy expenditure and modulation of energy intake (EI), thus it has negative
effects on energy balance (Riahi & Riahi, 2016). Physical activity and exercise elevates energy
expenditure and the contribution of fat oxidation to energy expenditure is most pronounced when
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exercise was performed in low and moderate intensity (Van Baak, 1999). Thus, subjects who engaged
in exercise and physical training showed lower adiposity tissue than subjects who took part in
sedentary activity.

During aerobic exercise, fat is the most used to provide energy for muscle contraction (Eberle,
2013). This energy comes from the breakdown of ATP reserves. ATP in muscle fibers is obtained
through 3 ways; (1) direct phosphocreatine-ATP pathway; (2) the glycolytic pathway; and (3) the
oxidative pathway. Oxidative pathways are the main source of ATP production. ATP is produced by
oxidation of free fatty acids derived from the hydrolysis of triglycerides from adipose tissue and from
the diet. For each molecule, fat oxidation requires more oxygen. In light intensity aerobic exercise
(LNT), due to sufficient time, the cardiovascular system is still able to meet the oxygen demand of the
contracting muscle, which lead to the continuous use of fat as the main energy source. The fat as an
energy source can be obtained from the unloading of storage fat tissue, such as subcutaneous and
visceral fat tissue. The use of body fat in aerobic activity with low to moderate intensity will cause a
reduction in storage fat, thus it automatically reduces the overall bodyweight (Van Baa k, 1999).

Effect of swimming training on total cholesterol level in rats fed high-fat diet

Cholesterol is a substance that mostly found in animal products such as poultry, meat, and dairy
products (Shazamawati et al., 2013). It presents in all tissues in the form of free cholesterol or a
combination of long-chain fatty acid. Cholesterol is synthesized from acetyl-co-A in liver which then
released through the bile. This substance is pretty much needed in the body to produce certain
hormones, insulate nerves, and form cell membranes. But, high cholesterol in serum plasma will
causes a built-up plaque that can narrowing the arterial wall and blocking the blood flow (Ma & Shieh,
2006). The concentration of cholesterol in blood will increase, resulting a state of
hypercholesterolemia. In Wistar rats, hypercholesterolemia occurs when blood cholesterol is beyond
54 mg/dl (Harini & Astirin, 2009).

Study about the effects of dietary cholesterol on health has been developing over the past four
decades ago. Studies on animal model revealed that cholesterol-enriched diet consisted of egg yolk
that were given to animal include rhesus monkey resulted in the increase of lipid profile (Spence et al.,
2010). The present study showed that total cholesterol level increased after rats were given high-fat
diet for three consecutive weeks. The significant increase of TC level was also observed by Harini &
Astirin (2009) after feeding rats with lard rich in saturated fatty acid. The elevation of TC level due to
the increase accumulation of fat in the liver, resulting in rising number of acetyl-co-A in liver cells to
produce cholesterol. Acquired high cholesterol due to high-fat diet combined with sedentary activity
will lead to hypercholesterolemia, a condition that underlies the morbidity and deaths caused by
vascular disease such as CHD.

The results of present study showed that swimming exercise altered TC level in
hypercholesterolemic rats. Total cholesterol level in rats assigned to swimming exercise was lower
than rats given no exercise. These findings were similar to Harini & Astirin (2009) and Rocha et al.
(2016) who obtained an increase of serum lipid profile including total cholesterol after rats being fed
high-fat diet. Study in human also reported that exercise at moderate intensity is assumed to be
sufficient to improve lipid profiles in East Asian subjects (lIgarashi et al., 2019). Previous meta
analysis studies observed the significant elevation of lipid and lipoprotein levels as a result of regular
aerobic exercise (Kelley et al., 2012, 2013). The mechanism regarding how exercise improved lipid
and lipoprotein is still unclear, however, several processes may take into account for this such as
adipocytokine and insulin resistance. Nevertheless, it is important to understand that exercise itself
may promote blood lipid consumption, therefore it can reduce lipid levels.

Previous studies revealed that the exercise-induced changes in blood lipids also associated with
exercise duration, volume, and intensity. Kraus et al. (2002) explained in their research that exercise
intensity and total energy consumption were the main factor affecting the alteration of lipid profile.
Further results observed by O’Donovan et al. (2005) found that in the same amount of exercise, the
changes in blood lipid were more pronounced in exercise with higher intensity. Thus, many studies
suggested moderate intensity exercise than high and low intensity to induce the changes in blood lipid
in general, including total cholesterol level.
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CONCLUSION

This study revealed the beneficial effect of moderate-intensity swimming training on reducing
bodyweight and total cholesterol level in hyperlipidemic rat model. The results suggest an efficient
non-medicine strategy to control bodyweight and total cholesterol changes associated with high-fat
diet.
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