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Chlorogenic acid and kojic acid as
anti-hyperpigmentation: in silico study
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Abstract: Hyperpigmentation is a skin problem caused by excessive melanin production due to continuous ultraviolet (UV)
radiation. Kojic acid that inhibiting melanin synthesis is a prevalent treatment for hyperpigmentation. This study aims to
determine the potential of chlorogenic acid and kojic acid as an anti-hyperpigmentation against tyrosinase using in silico
molecular docking. The docking process involved optimizing chlorogenic acid and kojic acid structures, preparing tyrosinase
protein (PDB ID: 5M80), validating the molecular docking method, and docking of chlorogenic acid and kojic acid on tyrosinase.
The binding energy of chlorogenic acid and kojic acid were -4.59 kcal/mol and -3.75 kcal/mol, while the binding energy of 0TR
native ligand was -5.02 kcal/mol. The interaction of chlorogenic acid to tyrosinase involved ARG 321 and ARG 374 residues.
The results suggest that chlorogenic acid and kojic acid has the potential as anti-hyperpigmentation agents through inhibition

of the tyrosinase enzyme.
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Introduction

UV radiation exposure can cause hyperpigmentation
that results in excessive melanin production [1].
Melanin is responsible for various pigmentation found
in animal and human skin, hair, and eyes. Melanin
biosynthesis is catalyzed by tyrosinase, an enzyme
that plays a role in the formation of skin pigment
(melanogenesis). Tyrosinase acts as a catalyst in two
different reactions: the hydroxylation of tyrosine to
dihydroxy-phenylalanine (L-DOPA) and the oxidation
of L-DOPA to DOPAquinone [2].

Tyrosinase activity can be inhibited by tyrosinase
inhibitors such as kojic acid, which are developed in the
cosmetic and pharmaceutical industries [3]. However,
kojic acid has several adverse effects on the skin, such
as allergic reactions, skin redness, burning, and itching.
Recently, anti-hyperpigmentation agents from natural
ingredients have been studied [4,5]. Chlorogenic acid
(5-caffeoylquinic acid) is a well-known plant phenolic
compound found in coffee, apples, and pears [6].
Chlorogenic acid suppresses melanogenesis in B16
melanoma cells incubated with 8-methoxy psoralen
(8-MOP). 8-MOP stimulates the expression level
of microphthalmia-associated transcription factors
(MITF), which stimulates tyrosinase expression [7].

Chlorogenic acid analog consisting of pyridine,
pyrimidine motifs, and cyclohexyl ester analog showed

strong inhibitory activity against melanin production
in B16 melanoma cells on a-MSH stimulation. The
study showed that the pyridine and diacyl chlorogenic
acid cyclohexyl ester analog had a significantly
superior inhibitory potential than kojic acid [8].
Other chlorogenic acid derivatives containing thiazole
possess anti-hyperpigmentation activity evaluated
through a-MSH-induced melanogenesis in B16 mouse
melanoma cells. The result showed a significantly
high inhibitory effect with an IC_  of 0.90 uM. The
inhibitory activity was improved by replacing an a,f-
unsaturated carbonyl with a thiazole ring to mitigate
poor metabolic stability and bioactivation [9].

However, research on chlorogenic acid inhibiting the
tyrosinase enzyme by in silico molecular docking has
not been investigated. This method is used to calculate
and predict the interaction between the molecule and
protein. Therefore, this study aims to determine the
potential of chlorogenic acid in inhibiting tyrosinase
enzymes by in silico molecular docking.

Methods
Optimization of chlorogenic acid and kojic acid
structures

Chlorogenic acid and kojic acid structures were
downloaded from PubChem (https://pubchem.ncbi.
nlm.nih.gov/). Austin Model 1 (AM1) semi-empirical
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Figure 2. The results of protein preparation. (a) tyrosinase target protein without native ligand, (b) OTR native ligand

computational method and single-point calculations
and geometry optimization were used to optimize
both structures by HyperChem 8.

Preparation tyrosinase target protein

Tyrosinase (PDB ID: 5M80) was downloaded from
https://www.rcsb.org/structure/5M80 and prepared
by separating the protein from 2-hydroxycyclohepta-
2,4,6-trien-1-one (0TR) (tropolone) native ligand
using Chimera 1.10.1 [10].

Molecular docking validation

Redocking the O0TR native ligand was used for
validation of the docking procedure using Autodock
4.2. The root mean square deviation (RMSD) value
was used for measuring the validity of the procedure
(valid if < 3.0 A) [11]. The adjusted grid box size (x
=40 A, y =40 A, z = 40 A) and grid center (x =

-13.284 A, y = 2.746 A, z = -25.24 A) were applied
for the validation step.

Docking of chlorogenic acid and kojic acid

The docking of chlorogenic acid and kojic acid
using Autodock 4.2 was performed with grid box
size and grid center, same as in validation step. The
docking procedure produced the binding energy and
interaction of the docked chlorogenic acid and kojic
acid to tyrosinase.

Results
Optimization of chlorogenic acid and kojic acid
structures

The single-point calculation and geometry
optimization yielded the most stable structure of
chlorogenic acid and kojic acid. Chlorogenic acid

had a single-point energy calculation of -4418.89 kcal/
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Table 1. The parameters of validation procedure

. . RMSD Binding energy Amino acid Groups in
Ligand Conformations (A) (kcal/mol) residues hydrogen bonds
1 0.80 -5.02 HIS 215 HE2-OA1
2% 0.79 -5.02 HIS 215 HE2-OA1
3 0.82 -5.03 HIS 215 HE2-OA1
HIS 215 HE2-OA1
4 0.80 -.02 HIS 192 HE2-OA1
HIS 215 HE2-OA1
> 0.81 =03 HIS 192 HE2-OA1
HIS 215 HE2-OA1
OTR 6 0.81 -.02 HIS 192 HE2-OAT
HIS 215 HE2-OA1
/ 0.81 .03 HIS 192 HE2-OA1
HIS 215 HE2-OA1
8 0.81 =03 HIS 192 HE2-OA1
HIS 215 HE2-OA1
? 0.81 -.03 HIS 192 HE2-OAT
HIS 215 HE2-OA1
10 081 03 HIS 192 HE2-OA1

mol and geometry optimization of -5333.74 kcal/mol,
while the two parameters for kojic acid were -2059.63
kcal/mol and -2091.26 kcal/mol, respectively (Figure
1). Decreasing the energy after optimization indicates
that a more stable structure was constructed.

Preparation of tyrosinase target protein

The preparation of tyrosinase protein included the
separation of 0TR native ligand from the protein and
removing the solvents. The tyrosinase protein without
0TR native ligand and a separate 0TR native ligand
are visualized in Figure 2.

Molecular docking validation

The validation process by redocking procedure
produced ten conformations of OTR native ligand
with different RMSD values and binding energies.
Conformation 2 was selected with the lowest RMSD
value (0.79 A, < 3.0 A) and binding energy of -5.02
kcal/mol (Table 1).

Docking of chlorogenic acid and kojic acid

The docking of chlorogenic acid and kojic acid
against tyrosinase produced 10 conformations with
various binding energy values. The lowest binding energy
of chlorogenic acid and kojic acid was -4.59 kcal/mol and
-3.75 kcal/mol, respectively (Table 2 and 3).

Interaction analysis

The OTR native ligand, chlorogenic acid, and
kojic acid are bound to tyrosinase through hydrogen
bonds. The 0TR native ligand interacted to tyrosinase
by hydrogen bonding through HIS 215 residue, while
chlorogenic acid through ARG 321 and ARG 374
residues. Kojic acid coordinated to tyrosinase by HIS
215, HIS 192, and SER 394 residues (Figure 3).

Discussion

Chlorogenic acid and kojic acid have the potential
as anti-hyperpigmentation agents suggested from their
binding energy, which is -4.59 kcal/mol and -3.75 kcal/
mol. The binding energy of the OTR native ligand
was -5.02 kcal/mol. Chlorogenic acid interacted with
tyrosinase through hydrogen bonding with ARG 321
and ARG 374 residues.

In silico molecular docking study of cinnamic
acid against tyrosinase (PDB ID: 5M80) resulted in
a -4.59 kcal/mol energy binding [12]. Other phenolic
compounds such as caffeic acid, cinnamic acid, ferulic
acid, and p-coumaric acid also showed inhibition
of the tyrosinase enzyme.In silicostudy of these
molecules to tyrosinase enzyme (PDB ID: 5138) with
grid coordinates x = 2.127 A, y = 101.824 A, z = 25.596
A produced binding energies of -6.4, -6.1, -5.9, and
-6.1 kcal/mol for caffeic acid, cinnamic acid, ferulic
acid, and p-coumaric acid, respectively [13].

Pharmacy Reports 1(2): 23 (2021) | https://doi.org/10.51511/pr.23

3/6


https://doi.org/10.51511/pr.23

Pharmacy Reports Chlorogenic acid and kojic acid as anti-hyperpigmentation

a SN b ARG374 ARG321 c
S s TS

J N HIS215

E2

<]
—

HIS215

f

HIS192

SER39

Figure 3. Visualization interaction of docking results on tyrosinase. (a) OTR native ligand, (b) chlorogenic acid, (c) kojic acid

Table 2. The result of molecular docking of chlorogenic acid on tyrosinase

Cotoratons S Aot Gomn
1 -2.16 - -
2 -3.22 TYR 362 HH-O
3 -2.99 TYR 362 HH-O
4 -3.79 SER 394 HG-O
5 -3.76 ARG 374 HE-O
Chlorogenic acid 6 -1.65 TYR 362 HH-O
7 -3.67 - -
8 -4.38 ARG 374 HH21-O
9 -1.77 - -
ARG 374 HE-O
10* -4.59 ARG 321 HH21-O
ARG 321 HH22-0

Table 3. The result of molecular docking of kojic acid on tyrosinase

. . Binding energy Amino acid Groups in hydrogen
Ligand Conformations (kcal/mol) residues bonds
1 -3.60 SER 394 HG-O
HIS 192 HE2-0
2 321 HIS 215 HE2-O
HIS 215 HE2-O
3% -3.75 SER 394 HG-O
HIS 192 HE2-0
HIS 192 HE2-O
4 325 HIS 215 HE2-0
5 -3.68 SER 394 HG-O
Kojic acid HIS 192 HE2-O
6 314 HIS 215 HE2-O0
HIS 192 HE2-0
7 -330 HIS 215 HE2-O
HIS 192 HE2-O
8 318 HIS 215 HE2-O
HIS 192 HE2-0
9 328 HIS 215 HE2-0
HIS 192 HE2-0
10 313 HIS 215 HE2-0
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The in  vitro anti-hyperpigmentation  study of
chlorogenic acid was evaluated by measuring the
impacts of this compound on the 8-MOP-treated
B16 melanoma cells. Chlorogenic acid suppressed the
melanogenesis in B16 melanoma cells by inhibiting
enzymatic oxidation of a diphenol, especially in B16
melanoma cells activated by 8-MOP. Chlorogenic acid
was involved in melanogenesis and affected tyrosinase
activity by suppressing cell proliferation accelerated by
8-MOP [7].

Another phenolic compound, such as gallic
acid, also has tyrosinase inhibitory activity in vitro.
Tyrosinase inhibition activity was determined using
the modified dopachrome method with L-DOPA as
the substrate. The inhibition of tyrosinase by this
compound is possibly due to the ability of hydroxyl
groups to lower the enzymatic activity by hydrogen
bonding formation at the active site [14]. These
findings support the evidence that chlorogenic acid
has anti-hyperpigmentation activity by inhibiting
tyrosinase, which could be helpful in cosmetic and
pharmaceutical preparations.

Conclusion

Chlorogenic acid has potential as anti-
hyperpigmentation agent in silico through inhibition of
the tyrosinase enzyme and promising to be developed

as a tyrosinase inhibitor in hyperpigmentation therapy.
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