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ABSTRACT

Objective: The aim of this study was to assess the impact of catechins from purified gambier and vitamin C on the MDA levels of male white mice
following maximum physical activity.

Methods: This research employed an experimental approach using a Post Test Only Control Group Design with male white mice. The interventions
included purified gambir catechin and vitamin C alongside physical fatigue-inducing activity. The primary focus was assessing serum MDA levels in
these mice, measured using the Thiobarbituric Acid Reactive Substance (TBARS) method. The test subjects were divided into five groups and
average serum MDA levels were measured in each group, followed by an analysis checking for normal distribution and homogeneity. Subsequently,
One Way Analysis of Variance (ANOVA) was conducted. If significant differences were observed among the groups, further analyses were performed
with a significance level of p<0.05. All tests maintained a confidence level of 95% (a = 0.05).

Results: The average serum MDA values for the treated groups were 1.63 nmol/ml for the negative control, 2.47 nmol/ml for the positive control,
1.75 nmol/ml for purified gambier catechin 200 mg/kgBW, 1.93 nmol/ml for Vitamin C 65 mg/kgBW, and 1.65 nmol/ml for purified gambier
catechin 100 mg/kgBW and vitamin C 32.5 mg/kgBW. Based on the Kruskal-Wallis test analysis, there was a significant difference in serum MDA
levels (p<0.05) with a significance value of 0.004 of each group. However, the Mann-Whitney test showed that the negative control group
significantly differed from the positive control group and there was a significant difference between the positive control and the treatment groups.

Conclusion: The administration of catechins from purified gambier and vitamin C reduced MDA levels following maximum physical activity. Further

study is recommended to investigate the efficacy of various antioxidants and their combinations in reducing MDA levels.
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INTRODUCTION

Physical activity is now widely recognized as a lifestyle component,
much like traditional medicine. Light exercise activities and an active
lifestyle have shown numerous benefits in primary and secondary
disease prevention, such as cardiovascular disease [1], type Il diabetes
mellitus [2], metabolic syndrome [3], and neurodegenerative diseases
like Alzheimer's [4, 5]. Malondialdehyde (MDA) levels serve as a
measure for assessing the body's oxidative stress. Gambier contains
polyphenolic compounds which are extracted from the leaves of the
Gambier plant. Gambier extract contains chemical compounds, including
catechin (7-33%), katechu tannic acid (20-55%), pyrocatechol (20-
30%), red katechu (3-5%) quercetin (2-4%), gambier fluorescent (1-3),
wax (1-2%), fixed oil (1-2%) [5]. The main components in Gambier
consist of catechins (catechin acid), catechin tanat acid (catechin
anhydride), and quercetine.

The polyphenolic compounds found in gambier extract are catechins
which function as antioxidant, antimicrobial and anti-inflammatory
compounds. The catechins in gambier are included in the secondary
metabolites of the flavonoid group. Catechins from purified gambier are
obtained by isolating gambier leaf extract so that catechin isolates will be
produced with levels that meet the requirements of the Indonesian
Herbal Pharmacopoeia that the catechin content should not be less than
90% [6].

In addition, another source of antioxidants is vitamin C. Vitamin C as a
natural antioxidant, can prevent oxidation in the body, and vitamin C is
a water-soluble vitamin. Vitamin C is commonly used as an antioxidant
because of its effectiveness in inhibiting free radicals, thereby
preventing oxidative stress [7]. Vitamin C or ascorbic acid is a source
of natural antioxidants which are synthesized in vivo from glucose in
the liver. Humans cannot synthesize vitamin C in their own bodies due
to the absence of the gulonolactone oxidase enzyme, namely 2-keto-1-
gulonolactone [8].

Physical activity is a body movement performed by skeletal muscles
that requires energy in the form of daily physical activities such as
walking, cycling, swimming, or sports that are carried out in a
structured manner [9]. Physical exercise has many benefits for the
health of the body when done regularly and properly, including
reducing the risk of degenerative diseases [10]. Maximum physical
activity that is carried out requires up to 100-200 times more
oxygen which will later become reactive oxygen compounds [11].

Free radicals are molecules in their outer orbit that have an
unpaired electron. These free radicals are reactive and can oxidize or
reduce other atoms in the body. Examples of free radicals are lipid
peroxyl (LOO), peroxyl (ROO-), hydroxyl (OH-), superoxide (02-),
and nitrogen dioxide (NO2-). Free radicals in moderation function as
the body's defense system against pathogenic microorganisms and
help in cell development. It is different if there is an increase in free
radicals in the body which can cause damage to tissues [12, 13].

Oxidative stress is a condition where there the amount of oxidants
(free radicals) and antioxidants in the body is not balanced, which will
cause damage. Some free radicals in the body are oxygen derivatives
and nitrogen derivatives. These oxygen derivatives are usually called
Reactive Oxygen Species (ROS), while nitrogen derivatives are called
Reactive Nitrogen Species (RNS) [14]. Excessive ROS will affect lipid
peroxidation so that it can cause cell death. Lipid peroxidation is a
process that involves the formation of free radicals from
Polyunsaturated Fatty Acid (PUFA) or unsaturated fatty acids [15].

Antioxidants are compounds that are able to stabilize free radicals
before they cause damage to normal cells, so they are needed by the
body. Antioxidants in stabilizing free radicals will complement the
lack of electrons from free radicals and prevent reactions that can
cause oxidative stress. Antioxidants are divided into two, namely
enzymatic antioxidants and non-enzymatic antioxidants [16].
Enzymatic antioxidants include the enzymes superoxide dismutase
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(SOD), glutathione peroxidase (GPx), and catalase (CAT). Non-
enzymatic antioxidants are further divided into two, namely first,
water-soluble antioxidants, including ascorbic acid, metal-binding
proteins, heme-binding proteins, and uric acid. Second, fat-soluble
antioxidants, including tocopherols, carotenoids, flavonoids,
bilirubin, and quinones [17].

Malondialdehyde (MDA) as a product of lipid peroxidation is a
biomarker that can be used to determine the state of oxidative stress
in the body. Lipid peroxidation occurs when ROS generated under
conditions of oxidative stress interact with polyunsaturated fatty acids
(PUFAs) in the lipid bilayer of cell membranes [18]. Increased levels of
MDA in the blood indicate that there are many free radicals and
unsaturated fats in the body. This makes MDA one of the parameters of
antioxidant activity as an antidote to oxidative stress. Providing
antioxidants will reduce MDA levels which help the body ward off free
radicals [15]. The goal of this research was to evaluate how catechins
sourced from purified gambier, combined with vitamin C, affect the
levels of MDA in male white mice after they engage in intense physical
activity. In this study, Gambier and vitamin C are natural antioxidants
that serve as the body's defense system against oxidative stress
conditions. It is expected that this research can demonstrate the
administration of a combination of antioxidants, namely catechins
from purified Gambier and vitamin C, can inhibit the formation of
MDA, which means it can hinder the occurrence of oxidative stress.

MATERIALS AND METHODS
Material

The materials utilized were catechin from purified gambier
containing>90% catechin obtained from PT. Andalas Sitawa Fitolab,
Padang. This gambier has an analysis certificate meeting the specified
requirements under No. 01/PE-FP/2020, along with vitamin C, 1%
TBA reagent, 5% TCA reagent, and MDA standard with a concentration
of 3.65 nmol/ml.

Methods

This research was conducted experimentally using a Post Test Only
Control Group Design on male white mice. The treatments
administered included purified gambir catechin and vitamin C,
followed by inducing oxidative stress through physical fatigue
activity involving swimming. Meanwhile, the measured outcome was
the serum MDA level in male white mice.

Ethical aprroval

This research has received ethical approval for health research from
the Faculty of Pharmacy, Andalas University, with no. 06/UN.16.10.
D. KEPK-FF/2023.

Determination of purified gambier dosage

The dose of purified gambier given to mice test animals is in
accordance with previous research that the optimal dose for reducing
serum MDA levels is 200 mg/kgbb [20]. To determine the
administrative volume of gambier is done using the following formula:

BW X Dosage/KgBW

Drug administration volume = ™E
Concentration (ﬁ)

Determination of vitamin C dosage

The vitamin C given to the test animals is 500 mg of vitamin C which
will later be converted to the mice dose [21]. After being converted,
the dose of vitamin C used was 65 mg/kgBW.
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Grouping and treating the test subjects

25 male white mice (Mus musculus L.) were split into 5 groups for
varied treatments. The first group acted as the control, receiving
no experimental treatment. The second group solely engaged in
physical fatigue activity. The other groups underwent
experimental treatments involving purified gambir and vitamin C,
combined with physical fatigue activity. The third group had
purified gambir at 200 mg/kgBW, the fourth group received
vitamin C at 65 mg/kgBW, and the fifth group had purified gambir
at 100 mg/kgBW combined with vitamin C at 32.5 mg/kgBW. The
dosage of the test formulation administered was half of the dosage
given in groups 3 and 4 to prevent the occurrence of prooxidants.
Prooxidants, in this context, refer to the test formulations
administered that do not potentially reduce MDA levels but rather
increase them, leading to oxidative stress. The physical fatigue
involved swimming until signs of exhaustion and reduced limb
movement appeared, lasting a maximum of about 45 min. Test
solutions were orally given for 7 d, and on day eight, groups 2 to 5
engaged in physical fatigue activity. Following this, the mice were
dried in sunlight anesthetized with inhaled ether, and blood
samples were collected from their carotid arteries to measure
serum MDA levels by using Thiobarbituric Acid Reactive Substance
(TBARS) Method.

Assessment of MDA levels with the Thiobarbituric Acid Reactive
Substance (TBARS) method

e Preparation of Test Animal Blood Serum

Blood samples flowing it into a centrifugation tube than centrifuge
for 10 min at 3000 rpm. Then, the serum was taken and put into a
microtube, which was stored at-200C until testing for MDA levels
was carried out

e Procedure for Inspection of MDA Levels

Serum sample of 0.2 ml is then taken put into a test tube. Add 1
ml of 5% TCA reagent then mix using a vortex for 1 minute until
homogeneous. After that, centrifuge the solution at 3000 rpm for
10 min. Then, take the supernatant2 and put it in another test
tube, then add 1 ml of 1% TBA reagent. Heat the solution in a
water bath at 95 °C-100 °C for 30 min. The solution is cooled to
room temperature. After that, measure the absorbance using a
UV-Vis spectrophotometer at a wavelength of 532 nm [23]. Then,
determine the value of MDA levels using the formula [22]:

Absorbance Sample

MDA levels = x Konsentrasi Standar (nmol/ml)

Absorbance Standard

Data analysis

After obtaining the serum MDA levels for each treatment group,
the average and standard deviation of these serum MDA levels
were then calculated. The assessment commenced by examining
the serum MDA level data for normal distribution and
homogeneity. Following this, a One-Way Analysis of Variance
(ANOVA) was conducted for normally distributed data or Kruskal-
Wallis for non-normally distributed data. If significant differences
were observed among the groups, further analyses were carried
out at a significance level of p<0.05. All assessments maintained a
confidence level of 95% (a = 0.05).

Table 1: The average serum MDA levels for each treatment group

Group Treatment N The average serum MDA levels+SD (nmol/ml)
I (Negative Control) No experimental treatment 5 1.63+0.17
II (Positive Control) Swimming 5 2.47+0.30
I Purified gambir at 200 mg/kgBW and swimming 5 1.75+0.16
v Vitamin C at 65 mg/kgBW and swimming 5 1.93+0.24
\' Purified gambir at 100 mg/kgBW combined with 5 1.65+0.19

vitamin C at 32.5 mg/kgBW and swimming
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RESULTS

According to table 1, the highest average serum MDA levels were
observed in the second (II) group, reaching 2.47 nmol/ml+0.30. This
group, identified as the positive control, was solely engaged in
physical fatigue activity. This indicates that such activity might
trigger oxidative stress, evident from the elevated serum MDA levels.
Following this, the fourth group received vitamin C at 65 mg/kgBW
alongside physical activity, resulting in an average serum MDA level
of 1.93 nmol/ml+0.24, which is lower than the levels observed in the
positive control. This suggests that vitamin C might inhibit oxidative
stress, consequently reducing serum MDA levels.

The negative control group displayed an average serum MDA level of
1.63 nmol/ml, notably distinct from the positive control group
engaged in physical fatigue activities, showing 2.47 nmol/ml. This
suggests swimming can heighten MDA levels. In the treatment
groups, those receiving the purified Gambir test showed 1.75
nmol/ml, Vitamin C administration reached 1.93 nmol/ml, and the
combination yielded 1.65 nmol/ml. These findings imply that the
test preparation pre-physical fatigue might possess antioxidants,
mitigating the rise in free radicals. This is supported by lower serum
MDA levels in the test groups compared to the solely physically
fatigued positive control.

Based on the Kruskal-Wallis test analysis, there was a significant
difference in serum MDA levels (p<0.05) with a significance value of
0.004 of each group. The analysis proceeded with the Mann-Whitney test
to determine the significance of each group. Results showed that the
negative control group significantly differed from the positive control
group. The treatment group given a dose of 65 mg/kgBW of vitamin C
exhibited no significant difference compared to the negative control
group. Similarly, the treatment group receiving 200 mg/kgBW of
Gambier did not significantly differ from the negative control group.
Likewise, the treatment group receiving a combination of 100 mg/kgBW
of Gambier and 32.5 mg/kgBW of vitamin C showed similar results. The
positive control group significantly differed from both the negative
control group and the treatment groups administered with 200
mg/kgBW of Gambier, 65 mg/kgBW of vitamin C, and the combined
doses of 100 mg/kgBW of Gambier and 32.5 mg/kgBW of vitamin C.
These findings indicate that the administration of purified gambir
catechins and vitamin C, either individually or in combination, effectively
reduced serum MDA levels.

DISCUSSION

Catechins function by impeding MDA formation through the
initiation of free radicals, halting the oxidative reaction. They hinder
both the progression and cessation phases in the typical lipid
peroxidation process, promoting a non-radical process [25].
Structurally, catechins feature a hydroxyl functional group (-OH)
that can scavenge free radicals by donating hydrogen. The-OH group
binds with the lipid radical, releasing its H+to create an RH complex
that inhibits the initiation phase. In other processes, peroxyl radicals
also bond with H+groups, forming ROOH or hydroperoxide
complexes, subsequently decomposed by metal chelating agents to
thwart the propagation process. These actions highlight how the
functional groups in catechins function as antioxidants, countering the
impact of free radicals [26]. The treatment group 4 which was given
vitamin C at a dose of 65 mg/kgbb had an average serum MDA level
lower than the positive control group. This proves that vitamin C can
reduce serum MDA levels of mice subjected to physical fatigue. In
accordance with research conducted by Ghanwat et al. (2016) showed
that administration of vitamin C as an exogenous antioxidant helps
reduce oxidative stress [21]. Research conducted by Yimcharoen et al.
(2019) also showed the same thing that Vitamin C reduces free
radicals which can inhibit the process of lipid peroxidation thereby
preventing cell damage [27]. Vitamin C in its active form, namely
ascorbic acid, will donate its electrons to radical compounds, in this
case, vitamin C acts as a free radical reducing agent. The antioxidant
properties of vitamin C come from the hydroxyl group it has by
donating H+along with electrons so that it counteracts the occurrence
of free radicals [25].

Malondialdehyde is formed from unsaturated fats (poly unsaturated
fatty acids) which have double bonds in the cell membrane. When
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the levels of free radicals in the blood are high, exceeding the
endogenous antioxidants, this condition is called oxidative stress.
The free electrons in these free radicals will bind to unsaturated fats
in the cell membrane so that the double bond becomes a saturated
double bond. Under these conditions, free radicals, such as reactive
peroxide, reactive oxygen, reactive hydrogen, and other free radicals
will bind to the lipid bilayer of the cell membrane so that they will
form MDA which is a marker of oxidative stress [15]. The decrease in
MDA levels could have been caused by a decrease in free radical
production, an increase in antioxidant activity or it could be due to
both so as to prevent or reduce oxidative stress.

When the body's MDA level is elevated, there's a tendency for
increased interaction between free radicals and unsaturated fats.
Conversely, a reduced MDA level indicates a lesser interaction
between these elements. This suggests a direct relationship between
MDA levels and the quantity of free radicals in the body [18].
Vigorous physical activity elevates oxygen demand, leading to the
release of free radicals, particularly superoxide radicals [23]. From
the results obtained the average value of MDA levels in the positive
control group was higher than the negative control group. This
indicates that the physical fatigue activity given to the positive
control group test animals causes an increase in free radicals so that
higher antioxidants are needed as an antidote to oxidative stress. In
accordance with research conducted by Sandhiutami et al. (2016)
also stated that there was an increase in free radicals in mice test
animals after being given maximum physical activity in the form of
swimming [24].

The average value of MDA levels in the treatment group 3 was lower
than that of the positive control group which was given a physical
fatigue activity in the form of swimming. This shows that the
purified gambier given has antioxidant activity which can counteract
the occurrence of free radicals so that MDA levels decrease in the
body. In accordance with research conducted by Irramah et al
(2017) that administration of standardized gambier can reduce
ethanol-induced serum MDA levels. Irramah et al's study used
variations in doses of 50 mg/kg, 100 mg/kg, and 200 mg/kg, so that
the results of purified Gambir at a dose of 200 mg/kg could reduce
MDA levels more than the other two variations of doses [20].

Based on a comparison of the average serum MDA levels between
the other two treatment groups, namely treatment group 3 and
treatment group 4, treatment group 5 was able to reduce MDA levels
higher. The combination dose of purified gambir catechins and
vitamin C which was carried out in this study showed a lower
decrease in serum MDA levels than single dose administration.

The treatment group that was given gambir at a dose of 200 mg/kgbb
was not significantly different from the treatment group that was given
vitamin C at a dose of 65 mg/kgbb, and the treatment group that was
given a combination of gambir at a dose of 100 mg/kgbb and vitamin C
at a dose of 32.5 mg/kgbb. This shows that the three treatment groups
can have the same effect on reducing MDA levels in the body. The
treatment group given a dose of 65 mg/kgbb of vitamin C was not
significantly different from the treatment group given a combination of
100 mg/kgbb of gambir and 32.5 mg/kgbb of vitamin C. From the Mann
Whitney test, it was found that the group that provided the best
antioxidant activity to ward off free radicals was the treatment group
that was given a combination test preparation of purified gambier at a
dose of 100 mg/kgbb and vitamin C at a dose of 32.5 mg/kgbb.

CONCLUSION

Physical fatigue activity increased serum MDA levels in male white
mice, whereas catechins from purified gambier, vitamin C, and their
combinations reduced these levels in mice subjected to physical
fatigue. The combination dose exhibited a more substantial
reduction in MDA levels compared to the others. Further research is
recommended to investigate the efficacy of various antioxidants and
their combinations in reducing MDA levels.
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