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�   Introduction
Melanin is a light-absorbing polymer present in the animal  

and plant kingdoms. It is one of the primary pigments that are 
present in vertebrates' surface structures. The primary function 
of melanin is to protect the skin from ultraviolet radiation com-
ing from the sun. This pigment is further used for commercial 
purposes such as a component of photoprotective creams and 
as a prospective target for anti-myeloma therapy. Products that 
make up this polymer, such as indoles, are all derived from ty-
rosine oxidation.¹ Oxidation of tyrosine caused by the enzyme 
tyrosinase leads to dopa-dopaquinone couple generation, which 
consequently forms melanin pigments.² Melanin is produced 
by melanocytes as a response to UV exposure. These melanin 
are transferred to neighboring keratinocytes, commonly known 
as skin cells, in form of melanosomes to protect the DNA from 
UV damage. However, when these melanocytes become hyper-
active, skin may suffer the consequence of hyperpigmentation 
including melasma, freckles, and senile lentigines.³

Hydroquinone can be defined as a bleaching agent. About 
35,000 tons of hydroquinone are manufactured annually 
around the world with various usages: cosmetic ingredient for 
skin lightening, photographic developer for black and white 
film, stabilizer for paints, motor oils, varnishes, etc.⁴ Amongst 
these usages, hydroquinone is used most effectively as a skin 
lightening ingredient in the field of dermatology and for treat-
ing disorders such as hyperpigmentation or melasma, where 
hydroquinone effectively inhibits enzymatic oxidation of ty-
rosine and its conversion to melanin by acting as a competitor 
for enzyme tyrosinase in presence of dopa.⁴ This reduction of 

melanin in skin cells leads to skin lightening. However, some 
unpropitious consequences of the usage of hydroquinone may 
be irritant contact dermatitis and exogenous ochronosis. These 
detrimental effect of hydroquinone can be explained as a re-
sult of free-radical production caused by tyrosinase-promoted 
phenol oxidation, which may lead to lipid peroxidation.² An-
other possible explanation might be that the rapid oxidation of 
hydroquinone by tyrosinase induces a temporary depletion of 
intracellular oxygen, which may disrupt essential functions of 
melanocytes.⁵ Despite these side effects, hydroquinone is still 
widely used as one of the few safe skin lightening and depig-
menting agents.⁴

 To enhance the efficacy of hydroquinone’s melanogenesis 
inhibition effect while mitigating the unwanted side effects, 
another compound that may relieve oxidative stress needs to 
be used concurrently. Previous studies have found EGCG as 
a potential protective agent against UVB-induced apopto-
sis through reducing intracellular oxidative stress.⁶-⁸ EGCG 
is found in green tea as a significant source of catechin, ac-
counting for more than 50% of it. In addition, green tea also 
consists of epicatechin-3-gallate, epigallocatechin, epicatechin, 
and catechin. EGCG is a source of abundant polyphenol as 
well. Previous studies have shown EGCG’s roles as potent 
antioxidant and anti-inflammatory reagent that affects prolif-
eration, differentiation and apoptosis of skin cells.⁸ According 
to preclinical evidence derived from expanding bodies of study, 
EGCG has great potential to impact and cure various human 
diseases positively.⁹
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Alpha-melanocyte stimulating hormone (α-MSH) is a 
major component in the response of melanocytes to ultravi-
olet radiation (UV) and is required for hyperpigmentation in 
mammals.¹⁰,¹¹ It stimulates melanogenesis by activating mi-
crophthalmia-associated transcription factor (MITF), which is 
a melanocyte-specific transcription factor. This hormone can 
therefore be introduced to cells to mimic hyperpigmentation 
conditions and also can be a promising target for melanin in-
hibition. The objective of the experiment was to test the effect 
of hydroquinone and EGCG on α-MSH dependent melanin 
synthesis in intracellular B16F10 cells.
�   Methods
Cell Culture and Maintenance:
Frozen B16F1, which originated from the skin of a mouse, 

was thawed and placed into a cell culture plate with RPMI 
1640 medium to maintain the cells and used for the down-
stream experiment. The cells were maintained in a 37 oC, 5 
% CO2 incubator. The cell media was changed every 2-3 days 
after cell seeding.
α-MSH Treatment:
5 μM stock solution of α-MSH was prepared with 0.2 mg 

of α-MSH and 24 ml of deionized water. The final concen-
tration of 0-50 μM α-MSH was prepared and diluted in a 
culture medium to final concentrations and incubated for 72 
h to synthesize melanin. 

Imaging of B16F1:
Image data of melanin-producing cells were acquired after 

the trypsinization of cells and centrifugation in 5000 rpm for 
5 minutes. Then, cells were washed with PBS buffer solution 
in 1.5 ml EppendorfTM tubes.

Treatment of Hydroquinone:
100 mM of stock solution of hydroquinone was prepared 

by dissolving 11.1 mg of hydroquinone in 1 ml DMSO. The 
final concentration of 0-100 μM was tested for downstream 
experiments to inhibit melanin synthesis.

Treatment of EGCG:
100 mM of stock solution of EGCG was prepared by dis-

solving 1 mg of EGCG into DMSO.
Procedure for Forming Standard for Melanin Quantifica-

tion by a Microplate Reader:
A standard melanin stock solution was made in order to be 

used in melanin quantification by a microplate reader. 1 ml 
of NaOH, which was used to dissolve melanin in the stock 
solution, was mixed with 20 mg of melanin powder in order 
to make the 20 mg/ml stock solution. Varying amounts of 
this stock solution were put in each of the wells of the 96 well 
plate along with the corresponding amount of NaOH. 7 dif-
ferent concentrations of the stock solution were placed in the 
wells (0-500 μg/ml). The well plate containing the standard 
stock solutions was put into the microplate reader in order to 
have its melanin quantification measured. 

Procedure for Testing Microplate Reader for Measuring 
Melanin Quantification Based on Cell Samples:

A solution of 1 N NaOH and 10 % DMSO was mixed 
with each of the cell samples collected beforehand in order 
to break the cell walls and help melanin release. A heat block 
was used in order to completely melt the clumped cells into 

each of its solutions. When the cells were fully melted, 100 
μL from each of the solutions was placed into the wells of 
the 96-well plate previously used. The well plate was put into 
the microplate reader in order for its melanin quantification 
to be measured. TAn absorbance of 490 nm was measured 
for all prepared samples. The results of melanin quantification 
based on cell samples were compared with that of the stan-
dard stock solution. 

Cell Viability Test:
The cells were trypsinized at the indicated time and the 

percentage of viable cells was measured by counting cells, 
which were stained by acridine orange/propidium iodide, an 
apoptosis indicator, with the Luna-FL Dual Fluorescence 
Cell CounterTM (Logos Biosystems). This instrument is in-
tegrated with dual fluorescence microscope optics. Live and 
dead cells are stained with the green (live) and red (dead) 
fluorescence dye and labeled cell images are analyzed with 
integrated image analysis software. 
�   Results and Discussion
First, α-MSH-dependent melanogenesis of B16F1 cell line 

was investigated in a conventional 2D monolayer culture en-
vironment. B16F1 cells are melanoma cell lines derived from 
C57BL/6 mice, which are transgenic mice that are often used 
to study melanin pigmentation. To quantify melanin pigmen-
tation, a melanin concentration dependent standard line graph 
was generated by measuring the absorbance of cell pellet (Fig-
ure 1A and B). As α-MSH concentration increased, melanin 
concentration increased correspondingly. It is shown that the 
control group (α-MSH-free) had significantly lower melanin 
concentration compared to the experimental groups with 5, 10, 
20, and 50 nM of α-MSH (Figure 1C). It could be concluded 
that α-MSH successfully increases the melanin concentration 
in B16F1 cells after 72 h of treatment.

Secondly, cell cytotoxicity of hydroquinone and EGCG in 
various concentrations (0-100 mM) was measured. Cell viabil-
ity decreased with increasing concentrations of hydroquinone 
(Figure 2A). This reduction in the number of live cells became 
significant at 25 μM of hydroquinone treatment, and the cell 
viability drastically decreased further with increasing con

Figure 1: Effect of α-MSH treatment on melanin synthesis in B16F1. (A) 
A pellet of melanocyte aggregate indicated the increase of melanin produced 
by α-MSH treatment for 72 h. (B) The standard curve was obtained from 
synthetic melanin to detect the concentration of melanin using 490 nm 
absorbance. (C) The amount of intracellular melanin was increased after 
α-MSH treatment.
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�   Conclusion
In conclusion, a combined treatment of α-MSH, EGCG, 

and hydroquinone on B16F1 demonstrated each treatment's 
roles. α-MSH treatment (10 nM) effectively mimicked hy-
perpigmented melanocytes by increasing melanin synthesis in 
B16F1 cells, which showed significant differences in melanin 
concentrations from each experiment, while hydroquinone 
and EGCG had the effect of inhibiting melanin synthesis 
when used together. The most significant decrease in mela-
nin concentrations was observed when both 25 μM EGCG 
and 10 μM hydroquinone were treated on hyperpigment-
ed B16F1 cells. This reduction was significantly higher than 
when the same concentration of hydroquinone was used alone. 
As proposed previously, EGCG may influence melanogenesis 
via different pathways. One possible explanation is through 
down-regulation of microphthalmia-associated transcription 
factor (MITF), which is known to be induced by α-MSH to 
increase melanogenesis.⁴ Also, it has been demonstrated that 
EGCG may reduce the detrimental effect of UVB on mTOR 
signaling, which is known to regulate autophagy to effectively 
remove damaged components in cells.⁶ Further studies need 
to be conducted to fully analyze the effectiveness of EGCG as 
a potential cohort of hydroquinone to maximize the efficiency 
of the drug. 
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Figure 3A and B show the depigmenting effect of isolat-
ed and combined treatment of hydroquinone and EGCG 
on α-MSH-derived hyperpigmented B16F1 cells. Overall, 
the highest melanin concentrations were observed in B16F1 
with 10 nM of α-MSH treatment and B16F1 with 10 nM of 
α-MSH and 25 μM of EGCG treatment. The α-MSH treat-
ment increased the melanin concentration in the B16F1 skin 
cell by increasing the amount of melanin in the cell. EGCG 
treatment (25 μM) did not seem to have a significant effect 
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hydroquinone treatment (10 μM) successfully reduced mela-
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Figure 2: Significant reductions in cell viability were measured at 
concentrations of (A) 25 μM or higher for hydroquinone and (B) 50 μM or 
higher for EGCG. Student t-test, n=3, 0.05 < p-value (ns), 0.05 > p-value (*), 
0.01 > p-value (**).

Figure 3: Effect of combined treatment of EGCG and hydroquinone on 
melanin synthesis. (A) A pellet of melanocyte aggregate after treatment of 
EGCG, hydroquinone, and both. (B) Change in melanin concentration on 
B16F1 after treatment of EGCG, hydroquinone, and both. Student t-test, 
n=3, 0.01 > p-value (**).
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