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In silico molecular docking of luteolin as a
potential antihyperpigmentation agent
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Abstract: Excessive melanin synthesis, often triggered by overexposure to UV rays, is catalyzed by melanogenesis enzymes
such as tyrosinase, tyrosinase-related protein 1, and D-dopachrome tautomerase. Derived from natural sources, the
flavonoid compound luteolin is explored for its antihyperpigmentation potential. This study assesses luteolin’s efficacy as an
antihyperpigmentation agent by analyzing its affinity and bond interactions with melanogenesis enzymes through an in silico
approach. Molecular docking, facilitated by HyperChem 8 for test compound optimization and Chimera 1.11.1 for protein
preparation, alongside method validation and docking with AutoDockTools 1.5.6, established the protocol’s validity with an
RMSD value of <3 A. Docking results reveal luteolin’s higher affinity for the target proteins compared to native ligands,
with binding energies of -5.63 kcal/mol for tyrosinase, -6.18 kcal/mol for tyrosinase-related protein 1, and -6.54 kcal/mol for
D-dopachrome tautomerase. The interaction between luteolin and these proteins involves hydrogen, hydrophobic, electrostatic,
and Van der Waals bonds, with amino acid residues His61, Lys129, Arg132 (tyrosinase); His192, His224, Val89 (tyrosinase-related
protein 1); and lle64, Asn73 (D-dopachrome tautomerase) participating in hydrogen bond formation. These findings suggest

luteolin’s significant potential as an antihyperpigmentation agent by inhibiting melanogenesis enzymes.
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Introduction

Skin serves as the body’s primary defense against
environmental factors. It is particularly susceptible
to ultraviolet (UV) radiation, which, if exposure is
excessive, can lead to uneven skin color, dryness,
and the appearance of blackish-brown patches [1].
Hyperpigmentation, characterized by increased
melanin production resulting in skin darkening, is
more prevalent in Asia (21%) compared to other
continents [2]. In Indonesia, the high incidence of
hyperpigmentation is attributed to the predominance
of skin types IV and V in the Fitzpatrick scale,
which are less prone to burning but more likely to
darken quickly [3]. This condition is exacerbated
by Indonesias tropical climate and intense sun
exposure.

Increased local melanin synthesis or uneven
distribution can cause localized pigmentation or dark
spots on specific skin areas. Contributing factors
changes, inflammation,
acne, eczema, certain medications, and UV exposure
[4]. Antihyperpigmentation agents work by inhibiting
melanin synthesis [5], a process catalyzed by enzymes

include hormonal injury,

such as tyrosinase, D-dopachrome tautomerase, and
tyrosinase-related protein 1. Additionally, compounds
with antioxidant activity, by inhibiting reactive oxygen
species (ROS), can indirectly prevent hyperpigmentation.
UV light, particularly in the dermis layer, can
generate ROS, triggering melanogenesis through lipid
peroxidation of melanocyte membranes [6].

Flavonoids are noted for their strong antioxidant
activity [7]. Legundi leaves (Vitex trifolia), rich in
flavonoids including luteolin (Figure 1), have been
identified for their high antioxidant potential. Research
indicates that luteolin can inhibit melanin synthesis in
cells by targeting the tyrosinase enzyme [8]. However,
literature reviews suggest that the specific potential of
luteolin as an antihyperpigmentation agent, through
the inhibition of melanogenesis enzymes, has yet to
be reported. Thus, preliminary tests using molecular
docking methods are necessary to ascertain luteolin’s
effectiveness as a melanogenesis enzyme inhibitor.
Molecular docking can predict interactions between
proteins and compounds, providing affinity values and
interaction models crucial for determining luteolin’s
potential as an antihyperpigmentation agent.
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Figure 1. Chemical structure of luteolin

Methods
Three-dimensional structure optimization of test
compound

The 3-dimensional structure of luteolin in simple
data format (SDF) was obtained from the PubChem
server (https://pubchem.ncbi.nlm.nih.gov). Then, the
structure was converted using Protein Data Bank
(PDB) using Open Babel Gui and optimized using the
HyperChem8 program. The structural optimization
used the Austin Model (AMI1)
computational method with single-point calculation
and geometry optimization.

semi-empirical

Protein target preparation

The target protein structures were obtained from
http://www.rcsb.org/pdb/home/home.do and selected
based on their structures in the active form bound to
the native ligand. The protein targets used tyrosinase
(PDB ID: 2Y9X), tyrosinase-related protein 1 (PDB
ID: 5M8M), and D-dopachrome tautomerase (PDB
ID: 3KAN). The preparation of the target protein was
conducted using the Chimera 1.11.1 program.

Validation of molecular docking method

The molecular docking method was validated
using AutoDock Tools 1.5.6, which was equipped with
AutoDock4 and AutoGrid4 programs. The method
validation involved redocking the native ligand of
each target protein onto the target protein after
removing its native ligand. The validation parameter
for the molecular docking method was a Root Mean
Square Deviation (RMSD) value < 3.0 A, indicating
an acceptable protocol and allowing the docking of
test compounds onto the target protein [9].

Docking of luteolin on target proteins

The optimized structure of luteolin was subjected
to docking into a protein target from which the native
ligand of the protein target had been removed. This
process was carried out using AutoDockTools 1.5.6
application equipped with AutoDock4 and AutoGrid4
programs, employing a validated method. The docking
results include binding energy values and the types of
hydrogen bonds formed between the test compounds
and the target proteins. Subsequently, data analysis was
performed through a visualization process.

Data analysis

The analysis of the data employed descriptive methods.
Findings obtained from molecular docking included
information about binding energy and the type of bond
formed between the compound (luteolin) and the protein
target (tyrosinase, tyrosinase-related protein 1, and
D-dopachrome tautomerase). The energy value indicates
the affinity between the compound and the protein
target. A more negative energy value signifies a stronger
binding affinity of the ligand to the protein target.

Results
Three-dimensional structure optimization of test
compound

Optimizing the 3-dimensional structure of the
test compound includes single-point calculation and
geometry optimization. The structure of the single-point
calculation results and the optimization geometry of the
test compound are shown in Table 1. Compared to the
single-point calculation results, the test compounds
geometry optimization results (luteolin) show lower
total energy. The optimization of the luteolin 3D
structure effectively reduces the overall energy during
the optimization process. This leads to a stable structure
with lower energy than the initial energy in single-point
calculations.

Protein target preparation

Preparation was conducted on the 3D structure of
target proteins (tyrosinase, tyrosinase-related protein 1,
and d-dopachrome tautomerase. The preparation aims
to separate the protein structure from the native ligand.
Protein targets preparation were carried out on the 3D
structure of the protein targets, namely tyrosinase (PDB ID:
2Y9X), tyrosinase-related protein 1 (PDB ID: 5M8M), and
D-dopachrome tautomerase (PDB ID: 3KAN) which were
obtained from http://www.rcsb.org/pdb/home/home.do.

Pharmacy Reports 3(1): 61 | https://doi.org/10.51511/pr.61

2/8


https://doi.org/10.51511/pr.61
https://pubchem.ncbi.nlm.nih.gov
http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do

Pharmacy Reports In silico molecular docking of luteolin as a potential antihyperpigmentation agent

Figure 2. Optimization of luteolin structure. (A) Single point luteolin conformation, (B) Geometric optimization. The red circle
shows the changes in the conformation of luteolin after geometric optimization

Table 1. Single point calculation results and optimization of test compound geometry

Total molecular energy (kcal/mol)
Compound
Single-point calculation Geometry optimization
Luteolin -3606.99 -3614.88

Figure 3. Target protein chain structure and native ligand. (A) Tyrosinase protein, (B) B chain tyrosinase without native ligand,
(C) native ligand OTR, (D) Tyrosinase related protein 1, (E) Tyrosinase linked protein A chain 1, (F) native ligand KOJ, (G)
D-dopachrome tautomerase protein, (H) chain C D-dopachrome tautomerase, (I) native ligand RW1; color in native ligand,
red = O atom; blue = N atom
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Table 2. The grid box setting on the target protein

Grid box .
Target proteins RMSD (A)
Grid size Grid center
Tyrosinase X i 20 X i 2798
(PDB ID: 2Y9X) y =50 y=7111 0.99
’ z=>54 z =-8.073
. . x =70 x =-11.972
Tyrosinase related protein 1
Y (PDB ID: 5M8F7\/l) y = 50 y = 3.361 225
’ z =60 z = -7.806
D-dophachrome tautomerase X B 60 X - 2472
(PDB ID: 3KAN) y = 60 y =-6.222 2.42
’ z =60 z = 1.361

Table 3. Docking results between target protein and test compound

. . Bond energy Amino acid Group in hydrogen
Protein target Ligand (kcal/mol) residue bonds (protein-ligand)
Native ligand -4,92 His61 HE2-OA2
Tyrosinase (2Y9X) ) Lys129 HZ2-0
Luteolin -5,63 Arg132 HH22-0
- His192 HE2-06
Tyrosmaie(;‘,?\}g&? protein Native ligand -5,15 His224 HE2-06
Luteolin -6,18 Val89 HN-O
D-dopachrome Native ligand -6,46 lle64 HN-N3
tautomerase (3KAN) Luteolin -6,54 Asn73 HD21-0

Note:

The number after the amino acid residue indicates its sequence within protein’s amino acid chain; Example: His61 (61 order histidine amino
acid residue); His (histidine); Lys (lysin); Arg (arginine); Val (valine); lle (isoleucine); Asn (asparagine); HE2-OA2 (Hydrogen atom (H) position E
(epsilon) number 2 on the amino acid residue binds to the oxygen atom position A2 on ligand); HZ2-O (Hydrogen atom position Z (zeta)
number 2 on the amino acid residue binds to the oxygen atom in on ligand).

Validation of molecular docking method

From the ten conformations of the native ligand
within the binding site of the protein target, the most
favorable conformation characterized by the lowest
RMSD value was chosen. This specific conformation
was selected due to its adherence to the RMSD
requirement of < 3 A, indicating a close alignment of
the native ligand’s coordinates with its initial position
within the active site of the protein target [9].

Docking of luteolin on target protein

The docking process for the luteolin resulted in
ten conformations showing interaction with each
target protein: tyrosinase, tyrosinase-related protein
1, and D-dopachrome tautomerase. Table 3 presents
the values of the most negative bond energies and
the hydrogen bonds formed through docking in the
selected conformation of luteolin with their respective
target proteins tyrosinase, tyrosinase-related protein 1,
and D-dopachrome tautomerase.

Discussion

Luteolin has been identified to offer numerous
health benefits, with preclinical studies highlighting
its broad pharmacological potential, notably its
antioxidant properties and capacity to scavenge
reactive oxygen species (ROS) [10]. In vivo study
involving mice has shown that luteolin effectively
inhibits melanin synthesis, an effect attributed to the
presence of additional hydroxyl groups on its B ring,
specifically at the 3’ carbon position. The structural
nuances of flavonoid compounds, such as luteolin,
are critical in determining their specific biological
activities, with variations in structure influencing their
efficacy in the melanogenesis pathway.

Further investigations into luteolins effects have
suggested its utility as a skin-whitening agent, attributable
to its inhibitory action on tyrosinase activity and the
a-MSH-mediated cAMP signaling pathway upstream. A
notable study reported a significant increase (17.0-fold) in
Agouti-signaling protein (ASIP) mRNA levels in human
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Figure 4. Visualization of native ligand and test compounds on target proteins. (A) Hydrogen bonding between tyrosinase target
protein and native ligand OTR, (B) luteolin and, (C) Hydrogen binding between the target protein tyrosinase-related protein
1 and the native ligand KOJ, (D) luteolin, (E) hydrogen binding between the target protein of the enzyme D-dopachrome

tautomerase and the native ligand RW1, (F) luteolin

A375 melanoma cells treated with luteolin [11]. ASIP
acts as an antagonist to a-MSH, thereby inhibiting the
melanin synthesis pathway [12]. Current understanding
highlights the cAMP-PKA-MITF-tyrosinase schema in
melanin synthesis, with the microphthalmia-associated
transcription factor (MiTF) playing a pivotal role as
the primary transcription factor. It activates not only
tyrosinase but also dopachrome tautomerase and
tyrosinase-related protein 1, in response to signals from
melanocortin receptor 1 (MCIR). The anti-melanogenic
effects of luteolin are predominantly mediated through
its influence on the transcriptional factor MiTF and
the melanogenesis enzymes—tyrosinase, dopachrome
tautomerase, and tyrosinase-related protein 1 [13].

The optimization of the test compound (luteolin)
was optimized using the AM1 semi-empirical method
via the HyperChem8 software. This optimization
involved a two-stage process: initially, a single-point
calculation was performed, followed by geometry
optimization. The results shown in Table 1 indicate
that 3D structure optimization for luteolin has been
successfully carried out because the lower energy of
the compound can maximize its ability to donate

electrons; hence, the compound is more accessible
to bind to the target protein. Low energy values
also indicate interactions in the form of greater
attraction between atoms. In contrast, the repulsive
forces between atoms become minimal so that the
compounds’ conformation is more stable [14].

The preparation of the 3D structures of the target
proteins—tyrosinase, tyrosinase-related protein 1, and
D-dopachrome tautomerase—was aimed at separating
these proteins from their native ligands. These
selected proteins, comprising multiple chains, were
initially bound to specific native ligands known for
their inhibitory activities. For instance, the tyrosinase
protein, with its four chains (A, B, C, and D), was
bound to tropolone (0TR), a compound recognized
for its tyrosinase inhibition properties [15]. Similarly,
D-dopachrome tautomerase, consisting of three chains
(A, B, and C), was associated with 4-phenyl pyrimidine
(RW1), an inhibitor of the protein’s activity. Lastly,
tyrosinase-related protein 1, also with four chains (A, B,
C, and D), was linked to 5-hydroxy-2-(hydroxymethyl)-
4H-pyran-4-one (KOJ), a known inhibitor of this
enzyme’s activity [16].
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For the molecular docking study, the selection of
protein chains was specific: the B chain of tyrosinase
with its native ligand tropolone (0TR), the A chain
of tyrosinase-related protein 1 with the native ligand
KOJ, and the C chain of D-dopachrome tautomerase
with its native ligand 4-phenyl pyrimidine (RW1). We
removed all non-selected chains and separated the
native ligands from each target protein. Subsequently,
we eliminated water molecules from the target
proteins, following the detachment of native ligands.
Figures 2 and 3 respectively illustrate the results of
the target protein preparation and the structure of the
target protein chain alongside its native ligand.

The validation of our docking method relied on the
Root Mean Square Deviation (RMSD) value as a critical
parameter. RMSD values gauge the similarity between
the docked native ligands and their crystallographic
positions on the protein, with lower RMSD values
indicating a more accurate representation of the
ligand’s native conformation and binding site affinity.
A docking method is considered valid if it achieves
an RMSD value of < 3 A [9].

We then proceeded to configure the grid box,
adjusting its size to encompass both the native ligand
and the test compound, ensuring the native ligand
was centrally positioned within the grid box. The
grid box’s dimensions (x, y, z) were tailored to create
an optimal docking space, with its location on the
protein macromolecule adjusted through the centers
(x, y» z). It is noted that an increase in grid box size
could potentially elevate the RMSD value [17]. Table 2
provides the grid size coordinates and the grid center in
the target protein’s grid box. The chosen conformations
for tyrosinase, tyrosinase-related protein 1, and
D-dopachrome tautomerase demonstrated RMSD
values of 0.99 A, 2.25 A, and 2.42 A, respectively.

From the docking study, the conformation exhibiting
the lowest (most negative) bond energy was selected out
of the top ten conformations. Specifically, conformation
9 was chosen for tyrosinase, conformation 2 for
tyrosinase-related protein 1, and conformation 1 for
D-dopachrome tautomerase. The interaction obtained
shows hydrogen bond are formed. Table 3 presents
the docking results, including interactions between the
native ligands, the test compound (luteolin), and the
target proteins. Notably, the docking of luteolin with
each target protein resulted in the formation of hydrogen
bonds, indicating interaction between the compound
and the proteins. The results of the visualization of the

overall interaction between the test compound and each
target protein are shown in Figure 4.

The bond energy values obtained from the docking
of luteolin with the three target proteins were negative,
signifying the affinity (or bond strength) between the
test compound and the proteins [18]. A comparison
of the bond energy outcomes, as detailed in Table
3, shows that the binding energy of luteolin is more
negative than that of the native ligands. This implies
a stronger and more stable affinity of luteolin as an
inhibitor of the melanogenesis enzyme activity in the
target proteins.

Furthermore, the analysis highlights the occurrence
of hydrophobic interactions, which arise when nonpolar
groups from a compound and a receptor are enveloped
by water molecules [19]. These interactions underscore
the diversity of bonds that can form in such molecular
docking processes, including hydrogen, Van der Waals,
hydrophobic, and electrostatic bonds.

In this study, the amino acid residues His61, Lys129,
and Argl32 were identified as crucial for hydrogen
bond formation between luteolin and the tyrosinase
enzyme. This finding contrasts with an in silico study
of 2-methoxyphenyl derivative compounds docked with
tyrosinase, which implicated His61, His259, Pro277,
Ser282, and Val283 in protein-ligand interactions.
Notably, Val283, His263, and Phe264 are reported as
major residues within the active site of tyrosinase, with
additional active site residues including His244, Glu256,
Asn260, and Ala286, among others [20]. The discrepancy
in amino acid involvement suggests variations in ligand
binding due to differences in physicochemical properties
such as size, shape, charge, polarity, and hydrophobicity.
These variations influence the nature of interactions,
including electrostatic interactions, hydrogen bonds,
Van der Waals forces, and hydrophobic interactions,
thereby affecting the compound’s inhibitory potential
on tyrosinase.

For tyrosinase-related protein 1, the amino acid
residues His192, His224, and Val89 were involved in
hydrogen bond formation with luteolin. Tyrosinase-
related protein 1 is structured into four domains, with
amino acid residues such as Arg374, His377, His381,
His404, Ser394, His224, His215, His192, Thr391, and
Tyr362 situated on the active site and interacting
directly with substrates [21]. This delineation implies
that luteolin’s interaction involves active site residues
of tyrosinase-related protein 1, indicating potential
inhibitory activity.
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With D-dopachrome tautomerase, the residues
Ile64 and Asn73 participated in forming hydrogen
bonds with luteolin, underscoring the specificity of
luteolin’s interaction with different melanogenesis
enzymes.

These findings suggest luteolins potential as an
antihyperpigmentation agent, evidenced by its inhibitory
interactions with the active sites of melanogenesis
enzymes—tyrosinase, tyrosinase-related protein 1, and
D-dopachrome tautomerase. This in silico study serves
as a preliminary assessment, predicting the ligand-
receptor interactions and highlighting luteolin’s capacity
to inhibit melanin synthesis. However, to validate
luteolin’s efficacy, further in vitro and in vivo studies
are recommended.

Conclusion

Luteolin demonstrates a notable affinity for the target
proteins associated with melanogenesis—tyrosinase,
tyrosinase-related protein 1, and D-dopachrome
tautomerase—as evidenced by the negative bond
energy values obtained from docking studies. Notably,
the bond energy values for luteolin with each of these
target proteins are more negative than those for their
respective native ligands, indicating a stronger affinity.
The interactions between luteolin and the target proteins
involve various types of bonds, including hydrogen,
Van der Waals, hydrophobic, and electrostatic bonds.
Specifically, the amino acid residues His61, Lys129, and
Argl32 are implicated in the formation of hydrogen
bonds in the
tyrosinase. In the case of tyrosinase-related protein 1,
the residues His192, His224, and Val89 are involved
in hydrogen bonding. For D-dopachrome tautomerase,
Ile64 and Asn73 participate in forming hydrogen bonds

interactions between luteolin and

with luteolin.

These docking results underscore luteolin’s potential
as an effective antihyperpigmentation agent, primarily
through its inhibitory action on enzymes crucial for
melanin synthesis. The specificity and strength of its
interactions with these melanogenesis enzymes suggest
that luteolin could serve as a potential inhibitor,
providing a foundation for further research into its
application in treating hyperpigmentation.
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