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ABSTRACT: UV radiation can generate Reactive oxygen species (ROS), thereby damaging neutrophils, leading to the uncontrolled
release of elastase, and causing aging. This study aims to examine the antioxidants and anti-elastase activity of the Garcinia
dulcis Roxb-Kurz (Mundu) fruit and in the serum gel extract preparation. Extraction of Garcinia dulcis was carried out using
microwave-assisted extraction (MAE) using ethanol, and the antioxidants activity test was done using the ABTS (2,2’-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) method. Preparation of serum gel uses three formulas (F1, F2, and F3) that contained extract
ethanol of Garcinia dulcis with the concentrations 100x, 200x, and 300 x IC,, value, consecutively. The test results for the three
formulas showed the IC, of antioxidants were 88.61, 71.47, and 66.26 ug/ml. The anti-elastase activity of serum gel obtained
150.32, 134.47, and 111.48 pg/ml, respectively. This shows that the best activity is the F3 of serum gel, indicating that the higher
the extract concentration in the formulation provides better activity in the serum gel preparation. In addition, evaluation of serum
gel for three formulas were carried out, including pH, viscosity, and spreadability, and F3 was the best formula. In conclusion, the
Mundu fruit extract has antioxidant and anti-elastase activity and, after being applied to serum gel preparations, still provides
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good antioxidant and anti-elastase activity results.
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Introduction

Skin aging is a skin problem that concerns some
people. Based on its structure, the skin is the outermost
layer that functions to protect the organism, so it has the
consequence of being exposed to UV rays. As a result, skin
can experience change because of UVB and UVA and can
cause DNA damage by generating free radicals or reactive
oxygen [1]. The primary mechanism of damage to DNA
due to reactive oxygen species (ROS) is the formation
of oxidized nitrogen bases [1]. Biological factors caused by
UV radiation include burn effects on the skin, decreased
skin elasticity, pigmentation, and even premature aging [2].
ROS are created when the components of skin cells absorb
UV radiation energy. Furthermore, damage to neutrophils
brought on by excess reactive oxygen species might result
in the uncontrollable release of elastase. This enzyme can
damage tissues, including collagen and elastin [3].

Therefore, the role of antioxidants and anti-elastase

is needed. Antioxidants prevent reactions caused by
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free radicals by inhibiting or deactivating oxidants and
radicals [4]. Meanwhile, Elastase is a protease enzyme
responsible for degrading elastin by hydrolyzing the
protein components in connective tissue. Under oxidative
stress conditions, ROS can trigger an excessive increase in
elastase production, which contributes to the aging process
[5]. Thus, to prevent skin aging, it is necessary to inhibit
elastase [6]. The Garcinia duleis Roxb. Kurz. plant is known
to have secondary metabolites of biflavonoids and their
derivatives, so they have antioxidant activity [7]. One of
the prevention methods for premature aging can be done
by applying an appropriate dosage form that contains

antioxidant and anti-elastase properties. The intended

dosage forms should be easy to Ml

apply and can be absorbed well to Received: 06 Jul 2024
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obtain maximum results. Serum

gel that has antioxidants and anti- .
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elastase provides some advantages,
including absorbing quickly into

the skin, thus providing comfort
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to the user, and it has a low viscosity, so it is easy to spread
on the skin surface [8].

Previous research by Santosa ¢/ a/. on the antioxidant
activity of Garenia duleis, Blumea mollis, Siegesbeckia
orientalis, and Salvia riparia found that the highest
antioxidant activity was obtained from Gareinia duleis with
an 1C, value of 38.613 pg/ml [9]. In Ambarwati's 2024
study, antioxidant activity testing was conducted on the
extract of G. dulis fruit using the microwave-assisted
extraction (MAE) method, which showed a phenolic
content of 13.98 mg GAE/g The antoxidant activity
measured by the DPPH method, with an electron donation
or hydrogen atom transfer mechanism [10], yielded an
IC,, value of 137.721 ug/ml for the 70% ethanol extract
of G. dulcis and 481.948 ug/ml for G. forbesii [11]. The
antioxidant activity of G. duleis is better than G. forbesii, as
indicated by the smaller IC_ value, which means greater
antioxidant activity [12].

Another specific and sensitive antioxidant test can be
conducted on various types of free radicals such as ABTS
(2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)
[13]. ABTS measurements can be performed on forming
radicals in both hydrophilic and lipophilic media [14]. In the
human body, oxidative reactions that trigger the formation
of free radicals can occur in both the aqueous and lipid
compartments. Thus, the ABTS antioxidant activity can
function more complexly than DPPH. In addition, serum
gel preparations applied to the skin are more effective
when delivered through hydrophilic molecules, as they
work on intercellular and intracellular pathways that can
enhance hydrophilic and lipophilic permeation [15].

In previous research, the ethanol extract of Gareinia
mangostana 1.. using the maceration method exhibited
antioxidant activity with a DPPH method IC, value of
35.80 pg/ml. This extract was then formulated into a
serum gel at concentrations of 3%, 4%, and 5%, resulting
in DPPH method IC, | values of 169.3 pg/ml, 38.76 ug/
ml, and 31.92 pg/ml, respectively. These results indicate
that the antioxidant activity present in the G. mangostana
extract is retained in the serum cosmetic formulation [16].

Thus, due to its antioxidant activity and anti-elastase
properties, Garcinia duleis has the potential as a skin care
agent. Its ability to protect cells from oxidative damage
and inhibit the enzyme elastase can slow down the aging
process and help maintain skin elasticity. Therefore, in this
study, serum gel containing extract ethanol of Gareinia
dnleis was formulated into a serum gel. The antioxidant
activity test was conducted using the ABTS method, and
the serum gel was also evaluated, including pH, viscosity,

and spreadability.

Methods

Materials

Mundu (Garcinia duleis (Roxb.) Kurz) fruit extract
(the fruits from Bogor, Indonesia), Carbomer 940 (BOC
Sciences, USA), Propylene Glycol (Keanchem, Shanghai),
Triethanolamine (PT Laju Usaha Gemilang, Indonesia),
Sodium Metabisulfite (Henan Fengbai Industrial Co., Ltd.,
China), Potassium Sorbate (Topinchem, China), Distilled
Water (PT. Anugrah Visi Cemerlang, Indonesia), ABTS
(SIGMA-ALDRICH, USA, 30931-67-0),
Persulfate (Hebei Fiza Technology Co., Ltd.), Elastase from
Porcine Pancreas (SIGMA-ALDRICH, USA, 39445-21-1),
N-Succinyl-Ala-Ala-Ala-p-nitroanilide elastase substrate
(SIGMA-ALDRICH, USA, 52299-14-6), Trizma® base —
Primary Standard and Buffer (SIGMA-ALDRICH, USA,
77-86-1).

Potassium

Preparation of Mundu (Garcinia dulcis Roxb. Kurz.)
Fruit Extract

Extraction was conducted using a microwave-
assisted extraction (MAE) (Sharp-in modified, R-230R(S),
Thailand) method with a power of 30% from 399 W (119.7
W). This is done by dissolving the simplicia of mundu

fruit in 50% ethanol and then stirring for 10 minutes.

Evaluation of Mundu Fruit Extract (Garcinia dulcis
Roxb. Kurz.)

Evaluation of mundu fruit extract was done by
organoleptic test, pH (HANNA, H2211, English),
homogeneity, viscosity, and  spreadability. The
homogeneity test was performed by looking at particles
of prepared glass. Viscosity and flow properties were
carried out using a Brookfield LV viscometer (USA), and
spreadability was carried out by weighing 0.5 grams of the
sample and then placing it on a spreadability test tool with
a weight of 100 grams, 150 grams, or 200 grams, then let

stand for 1 minute.

Antioxidant Activity Test of Mundu Fruit Extract
(Garcinia dulcis Roxb. Kurz.) using the ABTS
(2,2-azinobis (3-ethylbenthiazoline-6-sulfonic acid))
Method

The ABTS reagent was prepared by weighing
seven mM ABTS liquified in 5 ml of distilled water, then
weighing 2.45 mM K S O, dissolved in 5 ml of distilled
water, putting the mixture in a dark glass bottle, and then
observing for 12 to 16 hours. 1 ml of ABTS solution
was pipetted, and pro-analysis ethanol was added until it

reached a volume of 5 ml.
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Then, 20 pl of the extract was mixed with 180
pl of ABTS solution, incubated at room temperature,
and protected from light for 45 minutes. Absorption
measurements were carried out using a microplate reader
(ELISA Reader, China) at a wavelength of 734 nm. The
antioxidant activity is done using the ABTS method tested
Mundu fruit extract, with vitamin C as a positive control
[17]. The concentrations used in the positive control are
20, 30, 40, 50, and 60 ppm. The concentrations used in the
gel serum extract were 600, 700, 800, 900, and 1000 ppm.

Anti-elastase Activity Test of Mundu Fruit Extract
(Garcinia dulcis Roxb. Kurz.)

Tris HCl buffer, N-Suc-(Ala) -pNA 4.4 mM substrate,
and elastase enzyme were prepared. The sample activity
was done by pipetting 140 ul of 0.1 M Tris HCI buffer,
pH 8.0, into a 96-well microtiter plate. Then, pipetting 20
pl of sample and 20 pl of elastase enzyme solution was
carried out. Incubation was carried out for 15 minutes
at 25°C. After that, 20 pl of N-Suc-(Ala),-pNA substrate
was added and then incubated for 15 minutes at 25°C [11].
The concentration of mundu fruit extract was 3000, 3500,
4000, 4500, and 5000 ppm.

% Inhibition of Elastase : (C-S)/C x 100% [18].

Description :

C = Absorbance of the control (without sample
addition)

S = Absorbance of the sample (S,) - the sample
blank (S )

S, = Absorbance of the sample (sample + enzyme)
S, = Absorbance of the sample blank (sample

without enzyme)
IC,, is calculated using a linear regression equation, where

the x represents the sample concentration (in logarithm)

and the y represents (% inhibitions) thus y = a + bx.

Optimization Process of Serum Gel Preparations

The speed optimization of the serum gel was
performed by weighing Carbomer 940, then adding it
gradually to distilled water (in a ratio of 1 20), allowed to
stand for 24 hours, developing carbomer with a stirrer, and
then adding triethanolamine gradually to form a gel base,
then added propylene glycol and stirred, added potassium
sorbate and sodium metabisulfite dissolved in distilled
water to the gel base, speed optimization was performed
at 100, 300, 400 rpm, and stirring time optimization was
performed at 5, 10, and 15th minute.

Preparation of Gel Serum Formulation

The formulation of the Mundu fruit extract gel
serum is shown in Table 1. The procedure begins with
preparing and weighing the required materials. Gradually
add carbomer 940 into distilled water at a ratio of 1:20 and
let it sit for 24 hours until it fully swells. After swelling,
homogenize the carbomer 940 using a stirrer. Slowly
add Triethanolamine until the pH is neutral, allowing
the carbomer 940 to expand and form a gel base fully.
Next, propylene glycol is added to the gel base, stirring
continuously until homogeneous. Dissolve potassium
sorbate and sodium metabisulfite in distilled water, stirring
until fully dissolved, and then add this solution to the
prepared gel base. Finally, add the mundu fruit extract, pre-
dissolved in pure water, and stir at 300 rpm for 10 minutes.
Until the mixture is homogeneous, once the gel serum

preparation is complete, proceed with the evaluation test.

Evaluation of Gel Serum Formulation from Mundu
Fruit Extract (Garcinia dulcis (Roxb.)Kurz.,)
Organoleptic Test

The organoleptic test conducted included observing

Table 1. Formulation of serum gel of mundu fruit extract (Garcinia duleis 1..).

Raw Materials

Concentrations (%)

Blank Formula 1 Formula 2 Formula 3
Mundu fruit extract - 100xIC, 200xIC, | 300xIC,
Carbomer 940 0.3 0.3 0.3 0.3
Propylene glycol 10 10 10 10
Triethanolamine 0.3 0.3 0.3 0.3
Sodium metabisulfite 0.1 0.1 0.1 0.1
Potassium sorbate 0.1 0.1 0.1 0.1
Oleum rose 0.1 0.1 0.1 0.1
Distilled water ad 100
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Table 2. Stirring optimization of serum gel base.

Stirring time (minutes) Stirring speed (Rpm) Observation results

5 300 TH (-)
100 TH (-)

10 300 H()
400 H (+)

15 300 H (+)

Description: TH: Not homogeneous -: Not bubbly
H :Homogeneous + : Bubbly

the color, smell, and shape of the gel serum preparation

[19].

Homogeneity Test

The homogeneity test is conducted by applying the
gel serum preparation onto a glass slide and then observing
the coarse particles by touch [19].

Viscosity and Flow Properties Test

This is conducted using a Brookfield LV viscometer.
A certain amount of gel serum s placed into a containeras a
glass cylinder (beaker), and the appropriate spindle number
3 is installed up to a predetermined limit, then rotated
at a specific speed until the viscometer needle indicates
a constant value on a scale [20]. The flow characteristics
can be determined by creating a curve between rpm and
force (dyne/cm) based on the obtained data, which is then
plotted on graph paper with force (x) and rpm (y), after

which the flow properties are determined.

Spreadability Test

The spread testis conducted to ensure the distribution
of the gel serum on the skin. A sample of gel serum
weighing 0.5 grams is placed on a spreading test apparatus
consisting of a round glass plate or another transparent
material along with weights so that the total weight of the

round glass plate or transparent material and the weights

Table 3. The result of serum gel evaluation.

is 100 grams 150 grams, and 200 grams. It is left for 1
minute, then the spreading diameter is recorded [21].

Stability Testing of Mundu Fruit Extract Gel Serum
(Garcinia dulcis)

The stability test was conducted through an
accelerated test at a temperature of 40 °C. The mundu fruit
extract gel serum was evaluated weekly for four weeks.
The evaluation included organoleptic test, homogeneity,

viscosity, spreadability, and pH.
Result and Discussion

The result of the antioxidant test of positive control
(Vitamin C) was the IC, value of 4.68 ppm. The IC,
value shows the concentration of the sample solution used
as 50% inhibition of ABTS free radicals [22]. The IC|
value of less than 50 ppm indicates that the antioxidant
is very strong [23]. Then, the extract of Mundu fruit was
carried out in which the reaction shown by a decrease in
the intensity of the green-blue to colorless in the sample
[24]. The IC, value of extract Mundu fruit was 28.81
ppm, which is classified as very strong antioxidant ability.
The smaller the IC,  value obtained, the greater the ABTS
radical capture activity.

This study tested anti-elastase activity because anti-

elastase can maintain skin elasticity by reducing elastin

Evaluations
Formula
pH value Viscosity(cps) Spreadability (mm?)
Blank 5.98 +0.01 4888.5 +3166.95 2376.79
Formula 1 5.72+0.02 4335.71+2771.09 3422.57
Formula 2 5.62+0.01 4020 +2550.84 3850
Formula 3 5.40£0.02 3675.71 + 2241.31 4419.64
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Table 4. IC,, values of ABTS antioxidant and anti-elastase serum gel preparations of Mundu fruit extracts.

Activity Formula 11C_; (ug/ml) Formula 2 IC_ (ug/ml) Formula 3 1C_; (ug/ml)
Antioxidant 88.61 71.47 66.26
Anti-elastase 150.32 134.47 111.48

degradation and using luteolin as the standard [25]. The
concentrations used were 62.5, 125, 250, 500, and 1000
ppm, with an IC,  value of 63.32 ppm. This indicates that
luteolin has a strong anti-elastase activity ability. The 1C_|
value of the mundu fruit extract was 82.21 ppm. They
noted that mundu fruit extract has a strong ability in anti-
clastase activity [26]. The antioxidant and anti-elastase
activity test results on mundu fruit extract showed very
strong 1C,_ values. Consequently, mundu fruit extract can
be an anti-aging agent by shielding the skin from reactive
oxygen species (ROS) and preventing UV-induced cell
damage [15].

Before the preparation of the serum gel, the stirring
speed of the serum gel base was optimized, as seen in
Table 2. The optimization results show that a good stirring
speed is found at 300 rpm because the good results are
homogeneous and not bubbly. In addition, the stirring
time of the serum gel base was also optimized, which
can be observed in Table 2. Then, the serum gel base was
stirred at 300 rpm for 10 minutes.

The result for the evaluated serum gel extract is three
formulas. The organoleptic test findings are semi-solid,
with a yellow color and the smell of oleum rose. The pH
test findings are displayed in Table 3. A suitable pH on
the skin ranges from 4.0 to 7.0 [27]. Based on Table 3, it
is known that the pH values of the three formulas’ satisfy
the specifications. Thus, formula 3 has the most acidic
pH value, so a more acidic pH can protect the skin from
bacterial growth. At the same time, dryness and irritation
might result in a somewhat alkaline skin pH. In addition,

a homogeneity evaluation was carried out, obtaining

homogeneous results in the three formulas. After that, a
viscosity evaluation was carried out, which can be observed
in Table 3. In all three formulas, the viscosity value meets
the requirements.

Meanwhile, the viscosity requirement is 2.000 to
4.000 cps [21]. If the viscosity value obtained is too large,
it will cause a small spreadability, making it challenging to
apply to the skin [20]. The findings of the spreadability
assessment are displayed in Table 3. The requirements for
spreadability are 50 mm to 70 mm [28]. The spreadability
test is designed to evaluate how well the preparation can
spread on the skin; the more significant this ability, the
larger the surface area it can cover [20]. The flow properties
of the preparation are plastic thixotropic.

The antioxidant and anti-elastase activity were
tested on the three formulas. The IC, | results on the
three formulas can be seen in Table 4. The smaller the
1C, value, the greater the antioxidant activity. Based on
the appearance of Table 4, it is concluded that formula
3 has higher antioxidant activity and is included in the
potent antioxidant ability. This shows that the serum
gel preparation of mundu fruit extract still maintains
antioxidant activity despite adding other excipients. In
addition, the excipients added to this serum gel are found
to be antioxidant agents, namely sodium metabisulfite [29].

In addition, an anti-clastase activity test was
conducted, which can be observed in Table 4. This is
positively correlated to the results of antioxidant activity,
which shows the best activity in formula 3. The evaluation
results of the preparation confirm the pH value, viscosity,

and spreadability. Stability testing was carried out on the

Tabel 5. Results of pH stability evaluation on serum gel preparation of mundu fruit extract

Time (Week) Blank Formula 1 Formula 2 Formula 3
0 5.98 5.72 5.62 5.40
1 5.79 5.66 5.50 531
2 5.78 5.65 5.49 5.30
3 5.77 5.64 5.48 5.28
4 5.75 5.63 5.47 5.27
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Tabel 6. Results of viscosity stability evaluation on serum gel preparation of mundu fruit extract

Viscosity (cps)
Formula Time (Week)
0+SD 1+SD 2+SD 3+SD 4+SD
Blank 4888.57+0 4510+ 141.42 4052.86+0.70 3861.43+1.41 3478.57+0.71
1 4335.7143+0 3988.57+70.71 3605.71+70.71 3230+£0.71 2832.86+6.36
2 40200 3527.14 +0,07 3132.86+4.24 2921.43+70.71 2512.86+70.71
3 3675.7143 0 3175.71+£3.53 2690+ 70.71 244429 + 3.53 2225.71+70.71

four-week preparation at 40 °C. The stability test aims to
test the durability of product quality determined during the
period of use and storage to ensure a product’s strength,
quality, and purity [30].

The results of the stability evaluation for three
formulas on the organoleptic preparation remained the
same color, shape, and odor from week one to week
four. Furthermore, the pH test was carried out on the
preparation stability test, observable in Table 5. The gelling
agent is acidic, so the TEA cannot compensate for this
acidic nature during storage [31]. The reduction in pH of
the preparation remains within the skin’s pH range, which
is still acceptable. The gel preparation is homogeneous,
with a qualified viscosity and good spreadability value. The
values of viscosity and spreadability can be seen in Tables
6and 7.

As Garcinia duleis has a chromophore group that can
absorb UV light, its structure has a conjugated aromatic
system [32]. That results in a very strong antioxidant
ability, which helps counteract free radicals caused by UV
exposure. In addition, anti-elastase activity testing was
carried out, showing strong activity. This demonstrates that
mundu fruit extract has the potential to the prevention of
self-aging due to its antioxidant and anti-clastase activities.
After this, it was still demonstrated that the best formula

had the highest extract concentration.

Formula 3 has a pH value close to the normal skin
pH, precisely 5.40, and a wider spreadability compared to
Formula 1 and Formula 2, with a coverage area of 4,419.64
mm? Antioxidant activity tests indicated that Formula
3 exhibited the best IC, value at 66.26 ug/ml and anti-
elastase activity at 111.48 pug/ml. The antioxidant activity
was classified as strong, while the anti-elastase activity was
moderate [23].

One of the primary factors contributing to skin
aging is exposure to ultraviolet radiation (UVR). UVR
can increase ROS production and inhibit the skin’s natural
antioxidant mechanisms, leading to the degradation of
collagen and elastin. This results in skin structure and
elasticity changes, which can lead to premature aging [33]
antioxidants function by stabilizing and deactivating free
radicals, which helps to inhibit or delay the oxidation
process [34].

The gel serum derived from the mundu fruit also
demonstrates anti-elastase activity. Elastase is an enzyme
that breaks down elastin, a protein that maintains skin
elasticity. Prolonged UV exposure can cause collagen and
elastin damage in the dermis, ultimately leading to the
formation of wrinkles and premature aging. This process
also induces the production of matrix metalloproteinases
(MMP) enzymes [35]. By inhibiting elastase activity, skin

aging can be effectively prevented. So the gel serum extract

Tabel 7. Results of spreadability stability evaluation on serum gel preparation of mundu fruit extract

Spreadability (mm2)

Formula Time (Week)
0 1 2 3 4
Blank 2376.79 2828.57 3118,5 3422.57 3850
1 3422.57 3850 4419.64 4780.29 5283.14
2 3850 4419.64 4903.64 5544 6364.29
3 4419.64 5028.57 5676.79 6364.29 6795.64
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demonstrates excellent activity on the skin, offering strong
antioxidant and moderate anti-clastase properties that

effectively protect against oxidative stress and premature

aging.

Conclusion

In conclusion, Mundu fruit extract exhibits strong
antioxidant and anti-elastase activities. The serum gel
containing mundu fruit extract also showed strong
antioxidant and moderate anti-elastase activities. This study
found that a higher extract concentration in the serum gel
resulted in better antioxidant and anti-elastase activity,
as demonstrated by the F3 formulation (300xIC_ value).
Furthermore, F3 displayed the best physical properties
regarding pH, viscosity, and spreadability.
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