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Introduction

It is generally known that exercise can
have both positive and negative impact on the body.
Exercise that is properly and regularly performed
can prevent some chronic diseases. However, an
excessive exercise can trigger oxidative stress due to
an imbalance between reactive oxygen species (ROS)
and antioxidants of the body [1], [2]. During exercise,
the increased activity of muscle contraction leads to an
increase in ROS production [3] and under the conditions
of oxidative stress, ROS causes lipid peroxidation in

Abstract

BACKGROUND: Excessive and heavy physical activity could lead to the oxidative stress in the body. This condition
can affect several blood parameters such as malondialdehyde (MDA), glutathione peroxidase (GPx), leukocytes,
and its type counts. One way to overcome the effects of oxidative stress due to strenuous physical activity is by
giving natural antioxidants. Mangosteen rind (Garcinia mangostana L.) contains considerable antioxidants, namely,
xanthones and procyanidin.

AIM: This research aimed to investigate the effect of mangosteen rind extract (MRE) on oxidative stress parameters,
leukocyte count, and leukocyte count in male rats (Rattus norvegicus) that received excessive physical activity.

METHODS: This study was purely experimental research with a post-test only control group design, using 29 white
rats (R. norvegicus) as experimental animals, which were divided into four groups. The first group (P1) received
distilled water and the other group received MRE at a dose of 50 mg/KgBW (Body Weight) (P2), 100 mg/KgBW (P3),
and 200 mg/KgBW (P4) for 3 weeks, respectively. Swimming as a physical activity was carried out 3 times a week
in all groups. Examination of leukocyte count and species was carried out on the last day of treatment after the rats
swam to fatigue.

RESULTS: MDA levels did not decrease significantly while GPx activity increased significantly. Moreover, the
average leukocytes and lymphocytes showed a decrease but not significant. A significant decrease in the percentage
of neutrophils and basophils was obtained by P4 group compared to others. In addition, a significant decrease in
the average percentage of eosinophils for P3 and P4 groups was obtained. Furthermore, P3 and P4 group exhibit
significant increase of the average percentage of monocytes.

CONCLUSION: MRE as an antioxidant affects the levels of neutrophils, basophils, eosinophils, and monocytes but
not in MDA, GPx, leukocytes, and lymphocytes.

Body has a defense mechanism against ROS,
namely, enzymatic and non-enzymatic antioxidants.
Enzymatic antioxidants are important defense
antioxidants, where the main function is carried out
by superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx). SOD converts superoxide
radicals to H,O,, which is catalyzed to be H,O through
the action of CAT and GPx. GPx can also be an
electron donor to reduce peroxidase [6]. In the oxidative
stress state of the body’s endogenous antioxidants, it
decreases as the results of a previous study which
stated that GPx activity dropped significantly 15 min
after anaerobic exercise [7].

cell membranes [4]. Then, malondialdehyde (MDA) is

resulted because of lipid peroxidation that is caused
by free radicals during physical exercise. Therefore,
many studies used MDA as a measure of oxidative
stress [2]. The previous studies have suggested that
aerobic exercise increases MDA levels in both trained

and untrained samples [5].

Oxidative stress can also affect the immunity.
Research results showed that oxidative stress due to
the physical activity resulted in decreased immunity [8]
and changes in leukocyte values [9]. The effect of
exercise on leukocyte values and leukocyte counts
has been observed by several researchers before.
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Severe physical exercise in untrained people causes
leukocytosis,  lymphocytosis,  neutropenia, and
monocytopenia [10]. Other research’s also found that
strenuous physical exercise performed on athletes and
not athletes causes leukocytosis, neutrophilia, and
monocytosis [11].

Itis not yet fully known whether the disturbance
of the balance between free radicals and endogenous
antioxidants in the body causes the need for the
consumption of exogenous antioxidants. More than
40% of people who do exercise are taking antioxidant
supplements to maintain health [12]. Antioxidant
supplements consist of both synthetic and natural
ingredients. The advantages ofusing natural antioxidants
are that they have smaller and less expensive side
effects. Various studies of antioxidant-rich medicinal
plants were carried out to prevent oxidative stress from
physical activity. Some studies that have been studied
include lycopene from tomatoes, rhodiola rosea, grape
seed extract, ginger, ixora parviflora, dragon fruit, and
red fruit oil [13], [14], [15], [16], [17], [18], [19].

This research utilized mangosteen rind extract
(MRE) as an exogenous antioxidant, as it is well known
that mangosteen peel contains high antioxidants,
namely, Xanthones and Procyanidin [20], [21]. Research
on the efficacy of mangosteen rind is currently limited
to health and only a little number of researches was
performed in sport sciences. Based on the above
explanation, this study focused on the effect of MRE
on MDA as a marker of oxidative stress, the activity
of GPx, leukocytes, and the count of leukocytes in
male rats (Rattus norvegicus) which were treated with
excessive physical activity.

The results of this study are expected
to contribute to science and technology, as well
as becoming the basis for further research and
development in the use of natural plants to improve
public health, especially athlete health. Moreover, the
results of this study can be applied to athletes after
further development so that they can be consumed
during training programs or during competitions that
can support development programs in the field of sports
achievement and health.

Methods

This research is purely experimental with
a post-test-only control group research design.
The samples in this research were 29 male white
rats (R. norvegicus), 2 months old with a body
weight of 180-200 g. Rats were acclimatized for 1
week in experimental animal’'s cage and given food
and drink to their heart’'s content. Room light was
controlled exactly 12 h bright (06.00-18.00) and 12
h dark (18.00-06.00), while the temperature and

humidity of the room were left in the natural range.
For the use and handling of experimental animals,
this research has received “Ethical clearance”
from the ethics committee of FMIPA-Universitas
Sumatera Utara, Indonesia (approval number 0012/
KEPH-FMIPA/2018).

The sample was divided into four groups, the
first group (P1) which is referred as a control group
was treated with distilled water only. Then, the second
(P2), third (P3), and fourth (P4) groups were treated
with (MRE) at a dose of 50 mg/kgBW, 100 mg/kgBW,
and 200 mg/KgBW, respectively. All samples were
subjected to the excessive physical activity. All samples
swam as hard as possible until almost drowning or
showing visible signs of fatigue in the form of sinking
almost all of the body except the nose and weakening
of limb movements. Swimming was done 3 times a
week for 30 min (Week ), 35 min (Week Il), and 40 min
(Week III).

MRE was made by maceration method using
concentrated ethanol 96%. The mangosteen fruit
was obtained from local farmers. The mangosteen
rind was first peeled, washed, and cut into small
pieces and dried in a drying cabinet. After drying, it
was smoothed using a blender machine to produce
mangosteen rind powder. MRE was isolated by
maceration method using ethanol (96%) which has
been distilled 10 times of the weight of mangosteen
rind powder. Ethanol was added into a mangosteen
rind powder in a container with a ratio of 1:7
(powder:ethanol), and then the mixture was left for 3
days then filtered and closed tightly. The maceration
results were collected in a container then processed
by a rotary evaporator at a temperature of 45° C
until the extract was thickened. The less thickened
extract was then evaporated in a water bath until
a thick extract was finally obtained. Then, as much
as 100 mg of MRE was mashed using a pestle
and mortar to obtain a fine extract. After that, 0.5%
carboxymethylcellulose (CMC) solution was added
slowly and ground until a homogeneous phase was
reached. Finally, the suspension was added to the
10 mL volumetric flask until it reaches the mark line.
The extract was given every day, 30 min before the
swimming activity.

Blood tests to measure levels of MDA, GPx,
leukocytes, and count types were carried out on the
last day of treatment after the rats swam to exhaustion.
Rats were turned off and their blood was taken from the
heart. MDA and GPx measurements were carried out
by the enzyme-linked immune sorbent assay (ELISA)
method at a wavelength of 450 nm, while leukocytes
and type count were conducted through the Hematology
Analyzer method. Finally, the data obtained were
tested by ANOVA analysis and followed by LSD and
Kruskal-Wallis and Mann—Whitney test. In this study,
the statistical test decision was taken to be significant
with P < 0.05.
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Results

Research has been conducted with the aim
to see the antioxidant potential of mangosteen peel
extract (Garcinia mangostana L.) on levels of MDA,
GPx, leukocytes, and count types.

Table 1: The MDA level of samples in various groups

Parameter Group
P1 P2 P3 P4

0.659 £0.09 0.657+0.06 0.611£0.01 0.572+0.18 0.134

p-value

MDA (nmol/mL)

Based on Tables 1 and 2, the high average
MDA was found in the P1 group, while non-significant
decrease was pointed by other groups. The average GPx
experienced an increase with the highest average was
found in the group who received a dose of 200 mg/KgBW
(P4). However, this increase is insignificant.

Table 2: The GPx level of samples in various groups

Parameter Group
P1 P2 P3 P4

GPx (mU/mL) 47.60+12.61 48.04+9.39 48.69+8.19 49.16+17.71

p-value

0.996

Based on the difference of leukocyte count of
the sample described in Table 3, it can be seen that
the control group (P1) obtained the highest average
leukocytes count with a decreasing trend along with the
increasing of MRE dosages.

Table 3: The leukocytes count difference of samples in various
groups

Parameter Group

P1 P2 P3 P4

p-value

Leukocytes (1071)  11.23+4.95 10.22+4.70 9.86+5.84 8.30+2.65 0.713

In Table 4, a significant decrease of neutrophil,
eosinophil, and basophile was obtained, while the non-
significant decrease was assigned to lymphocytes and
significant increase was found for the monocytes.

Table 4: The leukocytes type count of samples in various
groups

Parameter Group p-value
P1 P2 P3 P4

Neutrophil (%) 1342+350 11.14+7.40 6.62+4.03 4.00+2.23  0.005*

Eosinophil (%) 314+157 157 +1.51 1.13+£1.72 0.71+048  0.025*

Basophile(%) 271+0.75 2.00+2.76 0.38+0.51 0.14+0.37  0.001*

Lymphocytes (%) 77 +2.82 75.71+10.93 74.38+9.84 70.43+9.10 0.909

Monocytes (%)  3.71+2.98 957 +11.37 1225+4.20 13.71+249 0.001*

Figure 1 shows that the administration of MRE
at a dose of 200 mg/KgBW gave a better decrease in
the percentage of neutrophils compared to others. This

1 2 3 4

Group
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was obtained from the LSD test results where significant
differences were found between the P1 treatment
groups compared to the P3 and P4 groups (P < 0.05).
Furthermore, there were significant differences between
groups P2 and P4 (P < 0.05).

Figure 2 reveals that giving 200 mg/KgBW of
MRE gave a better reduction in basophil percentage
compared to a dose of 50 mg/KgBB and 100 mg/KgBB.
This was obtained from the Mann—-Whitney test results
where significant differences were found between the
P1 treatment groups compared to the P2, P3, and P4
groups (P < 0.05). There were significant differences
between groups P2 and P4 (P < 0.05) as well.
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Figure 2: The comparison of basophile in every group

In Figure 3, giving MRE with doses of
100 mg/KgBW and 200 mg/KgBW both provide a better
reduction in eosinophil percentage. This was obtained
from the Mann—Whitney test results where significant
differences were found between the P1 treatment
groups compared to the P3 and P4 groups (P <0.05).
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Figure 3: The comparison of eosinophil in every group

Finally, Figure 4 describes that MRE with
doses of 100 mg/kgBB and 200 mg/kgBB both
increase the percentage of monocytes. This was
obtained from the Mann-Whitney test results where
significant differences were found between the P1
treatment groups compared with the P3 and P4 groups
(P < 0.05). There was a significant difference between
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Figure 1: The comparison of neutrophil in every group

Figure 4: The comparison of monocytes in every group
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the P2 treatment group compared to the P3 and P4
groups (P < 0.05).

Discussion

The results of this research indicate differences
in MDA levels as indicators of oxidative stress and GPx as
enzymatic antioxidants after toward excessive physical
activity. MDA levels experienced a significant decrease
while GPx activity gave a significant increase. Previous
research on the effect of exercise on MDA and GPx
activities has been carried out. MDA levels increased
significantly in untrained individuals who receive aerobic
and anaerobic exercise [22]. The increasing in MDA
levels can be categorized as an indicator of oxidative
stress that is results from lipid peroxidation. Lipid
peroxidation occurs because of hydroxyl radicals react
with unsaturated fatty acids and forms lipid peroxyl
radicals. Moreover, reduced membrane fluidity, cell
swelling, inability to maintain ionic gradients occur in cells
due to lipid peroxidation [23], [24]. Ebele et al. (2016)
and Berzosa et al. (2011) found that strenuous physical
exercise significantly decreased GPx activity [25], [26].
Thirurmalai et al. (2011) found that GPx activity dropped
significantly in the skeletal muscles of rats that were
stretched to exhaustion [27]. This GPx activity is
considered significant as it is an enzyme that reduces
H,O, to H,0 by oxidizing glutathione (GSH) [28].

The administration of MRE showed a
significant decrease for MDA levels and an increase
in GPx levels. Mangosteen rind has a bioactive
component that acts as an antioxidant that can prevent
oxidative damage, namely, xanthones, flavonoids, and
proanthocyanidins [29]. Furthermore, MRE significantly
inhibits the production of H,O,-induced ROS in cells [30].

The results showed that the average leukocyte
count in the control group was higher than the group
that received mangosteen rind extract. Physical activity
affects the value of leukocytes as in the previous studies
which found that physical activity of moderate intensity
increases the average leukocyte count [31]. Moreover,
physical exercise increases the average of white blood
cells, compared to between before and after physical
exercise [32]. Other researchers argue that the increase
in the number of leukocytes due to heavy physical
activity which trigger the number of free radicals
exceeding the ability of antioxidant defense capacity.
This imbalance can cause oxidative stress which can
ultimately stimulate the activity of leukocytes cells [33].

However, the average leukocyte count
decreased in the group that received MRE even though
the difference was not significant. MRE has the potential
as an antioxidant [34], where the antioxidant activity of
mangosteen rind will reduce oxidative stress so that the
stimulation of leukocyte cell activity is reduced.

The same thing is applied to leukocyte counts.
The percentage of neutrophils and basophils showed
a decrease in the group that received MRE with
the optimum dosage of 200 mg/KgBW to result the
best reduction in the percentage of neutrophils and
basophils. Furthermore, the percentage of eosinophils
decreased in the group that received mangosteen rind
extract. However, both dosages of 100 mg/KgBW and
200 mg/KgBB gave the best decrease in eosinophil
percentage. Finally, the lymphocyte percentage also
decreased in the group that received MRE but was not
found to be significant.

In contrast to the monocytes, the percentage
of monocytes increased in the group that received
mangosteen rind extract. Several studies have been
conducted to see the effect of physical activity on
monocytes. Heavy exercise can increase monocyte
concentration in untrained people [11]. This increase
was due to acute response to exercise to changes
in hemodynamic blood vessels or changes in
monocyte interactions in endothelial cells mediated
by catecholamines [31]. Therefore, the increase in
monocytes percentage because of MRE need further
research to investigate.

Previously, Sinaga and Susanti (2020), found
that red fruit oil can reduce MDA levels, increase GPx,
and endurance and delay fatigue induced by maximal
physical activity in mice [35]. The results of recent
studies related to the benefits of mangosteen fruit in the
field of sports found that concentrated mangosteen drink
can increase GPx and CAT activity, reduce oxidative
stress in muscles, and increase lactate clearance, and
hence are beneficial for reducing muscle fatigue after
exercise. This study was conducted on a sample of mice
that received exercise was running on a treadmill [36].
Whereas in our study, it was not only observing effect
of mangosteen rind on oxidative stress conditions that
occurred due to exercise but also assessing the changes
in body immunity from leukocytes and their type count.

The results of this study indicate that the MRE
influences the counts of types of leukocytes that play
a role in body immunity. Provision of MRE which is
further developed can be suggested for consumption
by athletes who are prone to immune disorders due
to strenuous exercise so that it can support athlete’s
performance and health.

Conclusion

It can be concluded that the extract of
mangosteen rind (G. mangostana L.) as an antioxidant
affects changes in the number of leukocytes counts but
not for lymphocytes, leukocytes, MDA, and GPx in male
rats (R. norvegicus) which were treated with excessive
physical activity.
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