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Catechins are flavonoid compounds that are the main components in gambir plants and are reported to have antioxidant
activity. Research on the depigmenting agent effect of gambir catechins has not been done much. Melanogenesis
inhibition effect of a compound can be done by looking at the decrease in tyrosinase (TYR) enzyme activity and

melanin levels. This study aimed to test in vitro the melanogenesis inhibitory activity of catechins isolated from
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gambir in cell culture, including testing of cell viability, TYR activity, and decreased levels of melanin in B16F0
cells. The results showed that gambir catechins affect the viability of BI6F0 cells without causing toxicity to cells.
Increasing the concentration and duration of the test significantly decreased TYR activity and melanin levels in B16F0
cells (p < 0.05). Based on the research conducted, it can be concluded that in vitro gambir catechins have an effect as

INTRODUCTION

Ultraviolet (UV) radiation causes the process of
melanogenesis to start producing melanin. Its bio-radical character
and susceptibility to UV radiation make melanin a natural
photoprotector of the skin against damage caused by UV radiation.
UV radiation causes damage to the skin where the absorbed UV
will form reactive oxygen species (ROS), a free radical found in
the skin (Berman and Cockerell, 2013). Melanin is the only natural
UV radiation protection on the skin by eliminating the effects of
free radicals, but the result is a brownish tint to the skin. If the
formation of melanin is not evenly distributed on the skin, it will
cause black spots or patches on the skin (Herrling et al., 2007,
Mujahid et al., 2017). Depigmenting agents generally have a
mechanism of action by inhibiting melanin formation by inhibiting
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tyrosinase (TYR) including inhibition of maturation and increased
degradation, down-regulation of melanocortin 1 receptor activity,
inhibition of microphthalmia-associated transcription factor
(MITF), disturbances in the process of maturation and transfer of
melanosomes, and a decrease in melanocytes. The inhibition of
MITF activity by depigmenting agents will inhibit the work of
TYR, TYR-related protein-1, and TYR-related protein-2 so that
the rate of melanogenesis process can also be inhibited (Ando,
2017; Hsiao and Fisher, 2014).

Depigmenting agent used can be derived from synthetic
materials or natural materials. Synthetic depigmenting agents that
are often used are hydroquinone and its derivatives. Hydroquinone
when used continuously with levels below 2% can cause contact
leukoderma and exogenous ochronosis (Burger et al., 2016;
Coiffard and Couteau, 2016). Hydroquinone has an inhibitory effect
on melanogenesis, where the enzyme TYR oxidizes hydroquinone
and produces benzoquinone which is toxic to melanocyte cells,
which can cause contact leukoderma (Palumbo et al., 1991).
Depigmenting agents from natural ingredients are usually in the
form of herbal extracts or phytochemical compounds, which are
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tested as depigmenting agents that are safer and more effective
against cells (Masaki, 2017). Several studies have shown that plant
extracts are able to inhibit melanogenesis in vitro and furthermore
show potential after the isolation of active compounds (Burger
et al., 2016). Catechins are phytochemical compounds that are
included in the secondary metabolites of flavonoids. Catechins
are the main components of gambir plants. Isolation of gambir
(Uncaria gambir (Hunter) Roxb.) can produce catechins with a
purity of 96.1% (Rahmawati ef al., 2012).

Research on catechins as inhibition of melanogenesis
was carried out on several compounds contained in tea (Camelia
sinensis), where the depigmentation effect that occurred in the
administration of catechins was caused by direct inhibition of TYR
activity on B16 cells. The results showed that epigallocatechin-3-
gallate (EGCG), EGC, catechin (C), and gallic acid had insignificant
inhibitory activity of melanin synthesis (Sato and Toriyama, 2009).
Catechins protect keratinocytes against UVB radiation and ROS.
Catechins prevent damage to keratinocytes mainly through UVB
and ROS induction, which is very different from the mechanism
of action of EGCG (Wu et al., 2006). Catechins are less cytotoxic
than EGCG. Catechins found in red wine (Vitis vinifera) in vitro
have activity as depigmenting agents. TYR inhibitory activity was
observed in the fraction containing oligomeric proanthocyanidins
which contained catechins and epicatechins. This compound can
inhibit melanin synthesis on B16 cells (Fujimaki et al., 2018).

The melanogenesis inhibitory effect of a depigmenting
agent can be done by looking at the activity of the TYR enzyme.
Decreased enzyme activity can affect the formation of melanin.
Expression of the TYR gene can be associated with protein
formation in cultured B16F10 cells. The decrease in the amount
of melanin is due to a decrease in the expression of the TYR gene
in the mRNA transcription process (Hartman and Czyz, 2015).
There was no difference in the TYR mRNA level; the difference
in TYR expression arose from the post-translational modification
of the enzyme leading to its activation or inhibition in B16F10
cells (Rodriguez-lopez et al., 1992). Mouse melanoma cells are
a melanoma cell model that is often used in testing the effect
of a depigmenting agent on the melanogenesis process in vitro
(Beaumont et al., 2014). B16 cells are the stem cells of mouse
melanoma. The use of B16F0 cells was more effective than B16
cells in an in vitro experiment (Nakamura et al., 2002). In vitro
assays on the activity of quantitative depigmenting agents in
cell culture include inhibition of TYR activity, decreased levels
of melanin, and analysis of microscopic images of melanin. One
of the three test methods can be carried out to analyze the effect
of depigmenting agents (Kim et al., 2019). In addition to these
three parameters, tests on cytotoxicity, solubility, absorption,
and penetration into the skin as well as the stability of the test
substance can also be considered in the test (Solano et al., 2006).

This study aims to determine the effect of depigmenting
agent catechin isolated from gambir with different purity (90% and
98%). Tests were carried out in vitro including cell viability, TYR
activity, and melanin content using B16F0 cells. The results of this
study are expected to provide information about the potential of
gambir catechins as depigmenting agents. In this study, 3-isobutyl-
I-methylxanthine (IBMX) was used to stimulate the process of
melanogenesis in B16F0 cells (Cha and Kim, 2013). This study
provides an additional list of compounds that can be formulated in
cosmetic preparations as lightening agents.

MATERIALS AND METHODS

Materials

Catechin 90% (C90, PE-001) and catechin 98% (C98,
PE-003) isolated from U. gambir were obtained from Andalas
Sitawa Fitolab, West Sumatra, Indonesia. Other materials are as
follows: kojic acid (KA, Sigma Aldrich), mouse melanoma
B16F0 cells from the European Colection of Cell Cultures
(B16F0, ECACC 92101204, United Kingdom), Dulbecco’s
modified eagle’s medium (DMEM, Sigma Aldrich), fetal

bovine serum  (FBS, Sigma Aldrich), penicillin-
streptomycin, amphotericin B (Sigma Aldrich), phosphate
buffer saline (PBS, Bioneer), 3-(4,5-dimethyl-thiazol-2-

yl1)-2,5-diphenyl tetrazolium bromide (MTT, Merck), trypsin-
ethylene diamine tetra acetic acid (Corning), dimethylsulfoxide
(Sigma-Aldrich), IBMX (Sigma Aldrich), sodium dodecyl
sulfate (SDS, Sigma Aldrich), trichloroacetic acid (Sigma
Aldrich), 3.,4-dihydroxy-L-phenylalanin (L-DOPA, Sigma-
Aldrich), Tris—=HCl and Triton X-100 (Merck), TYR from
mushroom (T3824, Sigma Aldrich), melanin synthetic
(M8631, Sigma Aldrich), HCI, NaOH, and NH,OH.

Equipment

Equipment is as follows: incubator (Thermo), laminar
air flow cabinet (Nuaire), ELISA reader (Benchmark Bio-
Rad), centrifuge (Thermo), microscope (Olympus FE 125),
hemocytometer (Neubauer), vortex, and water bath.

Cell culture

B16F0 cells were cultured in DMEM media using 10%
FBS, 2% penicillin-streptomycin, and 0.5% amphotericin B. The
culture was maintained at 37°C and in an atmosphere containing
5% CO,. The cell culture density was 5 x 10 cells/ml. Every 2
days the media is replaced with a new one and cells are counted
and replanted to get the desired density.

Cell viability test

The cell viability was determined by the MTT
assay. The 96-well plate was filled with BI6F0 cells with a
density of 5 x 10° cells/well. It was incubated for 24 hours at
37°C and in an atmosphere containing 5% CO,. After 24
hours of changing the medium, it was incubated for 24 hours.
C90, C98, and KA were each dissolved with distilled water
and made a series of concentrations of 25-500 pg/ml. The
test solution was put into the well about 100 pl, and we
incubated the cells in an incubator at 37°C and in an
atmosphere containing 5% CO, for 72 hours. We discarded cell
media, washed with PBS, and added 100 pl MTT reagent to
each well, including media control (without cells). It was
incubated for 2—4 hours in an incubator at 37°C, and in an
atmosphere containing 5% CO,, if formazan has clearly formed,
add a stopper (10% SDS in 0.01 N HCI). After incubation
overnight, cell density was determined by reading the absorbance
at a wavelength of 595 nm, The percentage of cell viability is
calculate@g%;ﬁ&fgl%?g%ﬂ%&ﬁé@fm%m 20345 2020):

Abs control — Abs media
Create a concentration graph with cell viability,

determine the linear regression equation, and calculate the IC,;
value.
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Assay of TYR activity
Inhibitory activity of mushroom TYR

A cell-free assay system was used to test for the direct
effects of catechin on mushroom TYR activity. C90, C98, and
KA were each dissolved with distilled water and made a series
of concentrations of 5-80 pg/ml. An aliquot of 70 pl of each test
solution was added into the well. Then 20 pl mushroom TYR
200 U/ml was added, and we let it stand for 10 minutes, left in
a dark place. Then 10 pl of 10 mM L-DOPA solution was added,
and we let it stand for 10 minutes, left in a dark place. Absorption
was measured at a wavelength of 475 nm as dopachrome. The
percentage of inhibition was calculated using a blank. Graph the
concentration with TYR inhibition, determine the linear regression
equation, and calculate the IC, value.

Assay of cellular TYR activity

We measured cellular TYR activity assay using B16F0
cells. Each well added B16-F0 cells with a density of 5 x 103 cells/
well, incubated for 24 hours. Media was replaced and incubated
again for 24 hours. An aliquot of 100 pl of each test solution with
various concentrations (5-80 pg/ml) was added to the wells; 50 pl
IBMX 0.1 mM was added and incubated for 24, 48, and 72 hours.
Cells were washed with PBS and lysed using Tris—HCI 0.1%
Triton X-100 (pH 7.5). Lysates were collected at each sample
concentration and then centrifuged at 1,500 rpm for 10 minutes at
4°C. Each precipitate formed was dissolved with the medium and
then put into the well. 10 ul L-DOPA 10 mM was added to each
well, allowed to stand for 60 minutes, and left in a dark place.
Measure the absorption at a wavelength of 475 nm as dopaquinone.
The absorbance obtained was calculated as the percentage of the
control, that is, cells that were only treated with IBMX.

Measurement of melanin content

Measurement of extracellular melanin content and microscopy

Each well added B16FO0 cells with a density of 5 x 10°
cells/well, and incubated for 24 hours; the medium was changed
and incubated again for 24 hours. An aliquot of 100 pul of each
test solution with various concentrations (5-80 pg/ml) was added
to the wells; 50 pul IBMX 0.1 mM was added and incubated for
24, 48, and 72 hours. Absorption was measured at a wavelength
of 400 nm. The test results were calculated as a percentage of the
control, that is, cells that were only treated with IBMX. Before
measuring the melanin content, cells were observed under a light
microscope and photographed using a digital camera.

Measurement of extracellular melanin concentrations

Each well added B16-F0 cells with a density of 5 x 10°
cells/well, incubated for 24 hours; the medium was changed and
incubated again for 24 hours. An aliquot of 100 pl of each test
solution with various concentrations (5-80 pg/ml) was added
to the wells; 50 pul IBMX 0.1 mM was added and incubated for
24, 48, and 72 hours. Cells were washed with PBS, then lysed
using 20 mM Tris-0.1% Triton X-100 (pH 7.5), and incubated for
5 minutes. Cell lysates were collected, transferred to tubes, and
centrifuged at 4°C for 10 minutes at 1,200 rpm. The supernatant
was transferred to the well, adding Bradford reagent; the
absorbance was measured at a wavelength of 450 nm. Calculate

the protein content of melanin in cells (%). The precipitate was
dissolved with NaOH 1 N and incubated at 60°C for 60 minutes;
the solution was centrifuged at 4°C for 10 minutes at 12,000 rpm,;
the supernatant was transferred to a well; the absorbance was
measured at a wavelength of 400 nm. Standard curve of synthetic
melanin (0—400 pg/ml) was prepared.

Statistical analysis

All measurements were presented as group mean + SD,
which was replicated three times. The data were processed
statistically using two-way analysis of variance. Tukey’s post hoc
test was applied to clarify the change in group mean; statistical
significance was defined as p < 0.05.

RESULTS AND DISCUSSION

Research on the effects of catechins and their benefits
for the skin has been carried out, including antioxidants, anti-
microbials, anti-inflammatory, anti-allergic, anti-diabetic, anti-
obesity, anti-cancer, and others including nutraceuticals and
biocosmetics on the skin (Bae e al., 2020; Saad et al., 2020). There
is no research on catechins derived from gambir as inhibitors of
melanogenesis or depigmenting agents. Uncaria gambir Roxb. or
often referred to as gambir is included in the Rubiaceae family
and is a plant that contains high levels of catechins. Research on
the isolation and purification of catechin isolates derived from the
first quality gambir extract obtained from West Sumatra obtained
the purity of catechin isolates which obtained 99.80% =+ 0.132%.
The content of catechins is the main determinant of the quality of
gambir (Kurniatri e al., 2019).

This study used KA for comparison to see the effect of
the depigmenting agent. KA has the same mechanism of action as
hydroquinone, which is to competitively inhibit the TYR enzyme
and is used at a concentration of 1%-4%. Patients who do not
respond to hydroquinone can be treated with KA. The carcinogenic
effect of hydroquinone can be replaced by KA (Sarkar et al.,
2012). KA and hydroquinone have very strong inhibitory activity
against B16BL6 cells which have IC_; < 100 puM compared to
arbutin and vitamin C which have weak inhibitory activity of 100
and 400-500 pM, respectively. In vitro assays on BI6FBLG6 cells,
hydroquinone, KA, and arbutin have a very strong inhibitory effect
on melanogenesis compared to vitamin C (Park ez al., 2003).

The study was conducted using B16F0 cells to see the
activity of catechins derived from gambir against melanogenesis
inhibition. Research on the effect of depigmenting agents on
extracts and phytochemical compounds in biomolecular terms
uses cell-line mouse melanoma for in vitro testing, which can see
the activity of several groups of enzymes involved in the process
of melanin pigment synthesis. Cell culture is an in vitro model
for melanoma in humans (Overwijk and Restifo, 2001). Cell-
line mouse melanoma has several characteristics based on its
metastatic ability and mortality, namely, B16F0, B16F1, B16F10,
and B16BL6 (Nakamura ef al., 2002).

Cell viability was defined as the number of live cells in the
sample. In particular, the viability test is used to evaluate the effect
of the developed material on the cells. A standardized evaluation
to determine whether a material contains a biologically hazardous
(toxic) substance is called a cytotoxicity test. The conditions that
must be met for a cytotoxicity test system include the fact that the
test system must be able to produce a dose-response curve that is
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Figure 1. Cell viability assay using the MTT assay, B16F0 cells were treated with C90, C98, and KA at different
concentrations (25, 50, 100, 200, 300, 400, and 500 pg/ml) in 72 hours. Error bars represent the standard deviation (n = 4).

in line with the effects that appear in vivo. One of the commonly
used methods to determine the number of cells is the MTT method
(Kamiloglu et al., 2020). The biochemical mechanism of MTT
assay involves the nicotinamide adenine dinucleotide phosphate-
dependent cellular oxidoreductase enzyme which converts yellow
MTT to purple formazan by the action of mitochondrial reductase.
The intensity of the purple color is directly proportional to the
number of cells, thus indicating cell viability (Han ez a/., 2010). One
of the cell viability tests is to determine the IC, parameter, which is
to show the potential toxicity of a test compound. The IC, value is
also used as a basis for determining the maximum concentration of
the test compound to be tested (Kumar ez al., 2018). The activity of
€90, C98, and KA on the viability of BI6F0 cells is shown in Figure
1. Based on the results of cell viability, the IC, value of catechins
was obtained as shown in Table 1, so the maximum concentration
for the next test was around 170 pg/ml.

The IC,; values of C90 and C98 in this study were
different from those obtained for catechins from green tea, where
at a concentration of 20 uM cell viability ranged from 60% to 80%
against B16 melanoma cells for 5 days (Sato and Toriyama, 2009).
Extracts of black tea, green tea, and white tea were tested for cell
viability with a concentration of 50 pg/ml on Melan-A cells for
48 hours and cell viability was 62%—76% (Kim et al., 2015). To
determine the anti-melanogenesis effect of green tea compound
EGCG, UVA irradiated B16 cells at a concentration of 100 pg/
ml showed cell viability of 67.09% =+ 3.27% (Liang et al., 2014).
This shows that C90 and C98 are less toxic to cells than catechins
derived from tea.

The most common approach to look at the effects of
depigmenting agents on the skin in vitro is to involve inhibition
of the enzyme TYR, which is a copper-containing enzyme that
catalyzes the process of melanogenesis. The use of TYR enzyme
has been widely used for research on natural ingredients as a TYR
inhibitor in vitro, where the results obtained have an effect that is
close to a TYR inhibitor on human skin (Panzella and Napolitano,

Table 1. The linear regression equation and IC, value of cell viability.

Sample Equation R IC,, (ug/ml)
C90 y=-0.0782x + 63.450 0.9563 171.9949
C98 y=-0.1050x + 71.471 0.9842 204.4857
KA y=-0.1001x + 50.585 0.9591 5.8442

2019). Although in vitro test results are not always reproduced on
human skin, this method is widely used in melanogenesis research,
especially as a first step to identify potential depigmenting agent
activity. Testing of TYR inhibitors was done using mushroom
TYR without using cultured cells. Activity is assessed based
on the formation of dopachrome which can be measured
spectrophotometrically at a wavelength of 475 nm where the test
is to see the IC, value (Zolghadri ez al., 2019).

Research conducted using the mushroom TYR enzyme
showed that increasing concentrations of C90, C98, and KA
would increase the percentage of enzyme inhibition; this is
shown in Figure 2. Based on the results of the concentration and
percentage of enzyme inhibition, an equation was obtained to
determine the IC, value where the IC, value of C98 with KA
was almost the same (Table 2). The results obtained fall within
the range of IC, values of catechins reported by Panzella and
Napolitano (2019), where the IC, values of catechins range from
20 to 150 pM (~5.8-43.5 pg/ml). C98 derived from gambir in
this study showed a better value than catechins derived from
tea, which had an IC,  value of 57.12 uM (~16.57 pg/ml),
but not for C90 (Tang et al., 2018). The inhibitory effect on
mushroom TYR depends on the dose used significantly, where
the KA concentration of 3.91-250 pg/ml shows an effect as TYR
inhibition (Lajis et al., 2012).

The reaction of the TYR enzyme to dopaquinone is a
rate-limiting step in the melanogenesis of melanin formation.
These reactions are rate-limiting steps in melanogenesis of melanin
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Figure 2. Percentage of inhibition of C90, C98, and KA on mushroom tyrosinase enzymes with different concentrations
(5, 10, 20, 40, and 80 pg/ml). Error bars represent the standard deviation (n = 3).

Table 2. The linear regression equation and IC, value of

inhibition TYR.

Sample Equation R IC,, (ng/ml)
C90 y=0.4763x +40.928 0.9686 19.0468
C98 »=10.5569x +43.444 0.9832 11.7723
KA y=0.5957x +42.967 0.9822 11.8063

formation; therefore, depigmenting agent activity was measured
by directly assessing TYR activity. Many other factors were found
that regulate melanogenesis such as the activity of additional
enzymes (dopachrome tautomerase, peroxidase, and so on) and
certain metal ions, especially copper and iron. An additional level
of genetic control is involved in melanin synthesis; therefore, TYR
activity is an important, but not the only, factor for determining
the level of melanin production (Hu, 2008). Measurement of
TYR activity in melanocytes in cell culture was measured as
dopaquinone at a wavelength of 475 nm. The depigmenting agent
activity resulted in the formation of less dopaquinone compared to
the control (Kim et al., 2019).

The research that was conducted found that C90, C98,
and KA could reduce the dopaquinone content in B16F0 cells,
which are presented in Table 3. The results of testing the effects
of C90, C98, and KA on TYR activity showed that the higher
the concentration and duration of the test were, the lower the
dopaquinone content was significant (p = 0.000); this is shown
in Figure 3. At tunhe 24 unhours duration of the test, all
concentrations had a significant difference in reducing the
dopaquinone content (p = 0.000). At the test duration of 48
hours, there was no significant difference between C90, C98,
and KA in reducing the dopaquinone content with
concentrations of 20 pg/ml (p = 0.510) and 40 pg/ml (p =
0.417). There was no significant difference between C98 and
KA (p > 0.05) at a concentration of 80 pg/ml. In the 72 hours
test duration, all concentrations had a significant

difference in reducing dopaquinone content (p = 0.000); except
for C98 with KA there was no significant difference (p > 0.05).

The research showed that, at a concentration of 10 pg/
ml for 48 hours, C90 and C98 decreased dopaquinone in B16F0
cells, where the results obtained were almost the same as EGCG
contained in tea at a concentration of 12.5 pg/ml for 48 hours
by 45%—-58%; the test was carried out on Melan-A cells (Kim
et al., 2015). EGCG can significantly inhibit the concentration-
dependent increase in TYR (Sato and Toriyama, 2009).

Melanin, the main pigment in melanocytes, is synthesized
in response to various cellular and environmental factors. There
are two parameters used to measure the melanin content, namely,
the extracellular melanin content and the intracellular melanin
content. The extracellular melanin content was determined by
comparing the density of the treated melanin with the density in the
untreated cells. The intracellular melanin content is determined by
counting the amount of melanin in the cells. These two parameters
can be used to determine the melanin content or one of the two
parameters (Chung et al., 2019; Hu, 2008).

Measuring melanin  content extracellularly and
intracellularly, the results obtained are presented in Table 4 and
Figure 4. Increasing the concentration and duration of the test at
C90, C98, and KA showed a significant difference in reducing the
extracellular melanin content in B16F0 cells (p = 0.000). At the
24 hours test duration, there was a significant difference between
C90, C98, and KA in reducing melanin content (p = 0.000);
except at a concentration of 80 pg/ml, there was no significant
difference between C90, C98, and KA in reducing melanin content
(p = 0.066). At the 48 hours test duration, there were significant
differences in all samples in reducing the melanin content
(» =0.000 and p = 0.001). At the test duration of 72 hours, there
was a significant difference in all samples in reducing the melanin
content (p = 0.000 and p = 0.032).

C90 with increasing concentration and duration of the
test showed a significant difference in reducing the melanin content
(p =0.000); except at a concentration of 40 pg/ml, the duration of



242 Widyastuti et al. / Journal of Applied Pharmaceutical Science 13 (06); 2023: 237-245

Table 3. The dopaquinone content on B16F0 cells.

Time (hour) Conc. (ng/ml) Dopaquinone (%) p<0.05
C90? C98® KA®
5 43.517 +£0.538 47.053 +0.491 38.998 + 0.659 ab*, ac*, bc*
10 40.864 = 0.269 44.499 £+ 1.065 34.872 +£0.945 ab*, ac*, bc*
24 20 37.033 +1.233 41.945 £0.227 28.389 £+ 0.602 ab*, ac*, bc*
40 34.479 +0.269 40.472 £ 0.269 24.165 +0.822 ab*, ac*, bc*
80 33.988 +0.269 37.033 £0.745 12.967 +0.892 ab*, ac*, bc*
5 63.447 £0.478 57.731 +£0.745 60.932 £ 0.626 ab*, ac*, bc*
10 57.388 +0.239 56.588 £0.157 57.445 £ 0.326 ab*, ac, bc*
48 20 55.730 £ 0.478 55.502 = 0.256 55.787 £ 0.433 ab, ac, bc
40 54.358 +£0.326 54.587+0.383 54.358 £0.157 ab, ac, bc
80 51.443 £0.383 51.329 +0.286 53.787 £ 0.745 ab, ac*, bc*
5 21.290 +0.362 19.396 + 0.388 19.396 + 0.140 ab*, ac*, bc
10 17.400 £ 0.280 18.577 £0.140 18.833 £ 0.140 ab*, ac*, bc
72 20 16.326 £ 0.140 15.763 £0.140 15.558 £0.140 ab*, ac*, bc
40 15.404+ 0.181 14.688 £0.214 14.125 £ 0.256 ab*, ac*, bc*
80 13.562 £ 0.280 12.538 £0.280 12.641 £0.214 ab*, ac*, bc

* The mean difference was significant at p <0.05.
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Figure 3. The reaction of the TYR enzyme to dopaquinone is a rate-limiting step in the melanogenesis of melanin

formation.

the test did not show a significant difference (p = 0.051). The same
thing also happened to C98, where with increasing concentration
and duration of the test showed a significant difference in reducing
the melanin content (p = 0.000 and p = 0.016); except at a
concentration of 40 pg/ml, the duration of the test did not show
a significant difference (p = 0.114). This result is different from
KA, which shows that with increasing concentration and duration
of the test there is a significant difference in decreasing melanin
content (p = 0.000).

The decrease in extracellular melanin content was
also evidenced by morphological observations (Fig. 5) using
concentrations of C90, C98, and KA of 80 pg/ml. The picture

shows that giving IBMX will increase the formation of melanin
cells in B16F0 cells. Administration of C90, C98, and KA will
reduce the amount of melanin in the visual observations for the
duration of the test.

C90 and C98 atatest duration of 72 hours showed better
results in reducing the melanin content than the water extract
of Cordyceps militaris, where at a concentration of 5 mg/ml for
72 hours the melanin content was 59.8% in B16F0 cells (Cha
and Kim, 2013). This result is different when compared with
EGCG from tea extract, where at a concentration of 12.5 pg/
ml for 72 hours the melanin content in cells ranges from 20%
to 52% in Melan-A cells (Kim ef al., 2015), compared to C90
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Table 4. The extracellular and intracellular melanin content on B16FO0 cells.

243

Time

Conc.

Melanin content on B16F0 cells

(hour) (ug/ml) Extracellular (%) <005 Intracellular (ng/ml) p<0.05
C90? Cc98® KA* C90? C98® KA«

5 64.952+£2.065 36.952+1.067 34.222+1.529  ab* ac*,bc* 68.90+1.67 63.90+0.55  62.30+1.00 ab*, ac*, bc
10 38.540 £ 1.358  34.921 +£0.809 31.556+0.577  ab*, ac*, bc* 58.50+2.68 56.70+0.89  53.90+0.55 ab, ac*, bc

24 20 35.683+£0.994 32.127+1.014 29.968 +£0.619  ab* ac* bc* 40.90+1.81 43.30+1.22  40.90+0.55 ab*, ac, bc*
40 33.841£0.968  30.603 +0.362 29.016+0.174  ab* ac* bc* 25.50+1.48 30.30+1.00 29.90+0.55 ab*, ac*, bc
80 30.222+£0.989 28508 +1.923  28.191+0.724 ab, ac, bc 1770 £ 1.14 1850+ 0.84  13.50+0.45 ab, ac*, bc*
5 91.825+2.294  70.947+1.793 30.485+1.124  ab* ac* bc* 64.70+0.55 59.10+£0.45  58.70+0.55 ab*, ac*, bc
10 69.099 £3.440 45774+ 0.810 27.852+0.839  ab* ac* bc* 56.70+0.55 50.70+0.55  50.70 £0.55 ab*, ac*, bc

48 20 40.785+3.508  34.550+£3.900 25912+0.556  ab* ac* bc*  39.50+0.84 38.70+0.55  34.90+0.55 ab, ac*, bc*
40 31.363£2.728  30.069 +£0.532  23.695 + 0.501 ab,ac*,bc*  27.70+£0.89 22.90+0.55 24.90+0.55  ab*, ac*, bc*
80 24342 +£1.686 26.559+2.424 20.924 +0.620 ab, ac*, bc* 18.70+£0.55 10.90+0.55  16.90+0.55  ab*, ac*, bc*
5 92.798 £0.925  85.221+2.381 28470+0.962  ab* ac*,bc* 60.50+0.55 5290+045 51.50+0.55 ab* ac*, bc*
10 76.707 £2.329  62.153+2.291 26.632+0.384  ab* ac*, bc* 53.50+0.55 47.70+0.55 42.70+£0.55  ab*, ac*, bc*

72 20 4591242426 41.635+2.504 25206+ 0.681  ab* ac* bc*  30.30+0.45 32.50+0.55 26.70+0.55  ab*, ac*, bc*
40 30.345+£2.040 29.332+1.387 23.143+£0.336 ab,ac*, bc*  20.70+0.55 19.70+£0.55 14.70+£0.55  ab*, ac*, bc*
80 21.305+1.527 23.931+1.906 21.680+0.709 ab*, ac, bc 18.50+0.55  4.50+0.55 6.70 £0.55 ab*, ac*, bc*

* The mean difference was significant at p < 0.05.
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Figure 4. Effect of C90, C98, and KA on melanin content extracellular (A) and intracellular (B) in B16F0 cells
at different concentrations (5, 10, 20, 40, and 80 pg/ml) with the test duration of 24, 48 and 72 hours. Error
bars represent the standard deviation (n = 3).
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Time ()

sample

Figure 5. Morphological form of decreased extracellular melanin content from
€90, C98, and KA at a concentration of 80 pg/ml.

and C98 where at a concentration of 10 ug/ml for 72 hours
the melanin content was 76.7% and 62.1% in B16F0 cells,
respectively.

Measuring melanin content intracellularly using a straight
line equation of synthetic melanin concentration, in this study the line
equation y = 0.001x + 0.0143 with R? of 0.9967 was obtained.From
the obtained equation, absorbance values were entered to calculate
the intracellular melanin content (Table 4). The results showed that
increasing concentrations and duration of testing at C90, C98, and
KA significantly decreased intracellular melanin levels in B16FO cells
(p = 0.000). There was no significant difference in the test duration
at C90 concentration of 80 pg/ml (p = 0.152); this was different
from C98 and KA where the concentration and duration of the test
significantly affected intracellular melanin levels (p = 0.000).

The research is still in the in vitro testing stage using
B16F0 cells. Further testing of other cell cultures related to the
process of melanogenesis can be carried out to strengthen the data
regarding in vitro studies of gambir catechins, for example using
B16F16, B16BL6, Melan-A cells, and also with other in vitro
methods on melanogenesis as a depigmenting agent effect.

CONCLUSION

C90 and C98 affect the viability of BI16F0 cells without
being toxic to cells. C98 has a mushroom TYR (IC,)) inhibition
value which is almost the same as KA. C90 and C98 decreased
TYR activity and melanin content in B16F0 cells significantly
(p = 0.000) depending on concentration and duration of the assay.
The melanogenesis inhibitory activity of C98 was not significantly
different from that of C90 and KA. Based on in vitro testing, C90
and C98 can be used as depigmenting agents.
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