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In silico molecular docking of gallic acid as
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Check for
updates

Ni Kadek Diah Parwati Dewi(®), Kadek Dinda Suryadewi
Kadek Lia Andini®), Ni Putu Linda Laksmiani

Departement of Pharmacy, Faculty of Mathematics and Natural Science, Udayana University, Bukit Jimbaran, Badung, Bali 80361,
Indonesia

"Corresponding author: Bukit Jimbaran Campus, Udayana University, Badung, Bali 80361, Indonesia. Email: laksmini@unud.ac.id

, Diah Mawarni Fitriari®),

Abstract: Skin aging caused by excessive exposure to ultraviolet is known as photoaging. The mechanism underlying skin
photoaging relates to collagen degradation in the extracellular matrix (ECM) by overexpression of matrix metalloproteinases-1
(MMP-1). Gallic acid is a phenolic antioxidant found in many types of plants and can be used as an anti-photoaging agent due
to its antioxidant activity. This study aims to determine the potential effect of gallic acid as an anti-photoaging against MMP-1
using in silico molecular docking. The stages included gallic acid structure optimization using the HyperChem 8, preparation of
protein target MMP-1 (PDB ID: 966C) using the Chimera1.10.1, validation the molecular docking protocol, and docking gallic
acid on MMP-1 with the Autodock 1.5.6. The results showed that gallic acid had an affinity for MMP-1 with a binding energy
of -6.0 kcal/mol. There are similar amino acid residues in hydrogen bonds between the RS2 native ligand with MMP-1 and
gallic acid with MMP-1, namely ALA 182, LEU 181, and HIS 218. The results suggest that gallic acid has the potential as the

anti-photoaging agent through the inhibition of the MMP-1 enzyme.
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Introduction

Aging is a physiological process that is caused by
intrinsic and extrinsic factors. Intrinsic factors occur
naturally with age, while extrinsic factors are associated
with external exposure, such as ultraviolet light. Skin
aging is caused by exposure to ultraviolet rays known
as photoaging. Exposure to ultraviolet radiation causes
the formation of reactive oxygen species (ROS) in
the skin layer that triggers activator protein-1 (AP-1)
activity. ROS inhibit the activity of receptor protein
tyrosine phosphatases (RPTPs) by binding to cysteine
at the catalytic site of RPTPs, increasing the level
of phosphorylated receptor tyrosine kinases (RTKs)
and triggering the activation of mitogen-activated
protein kinase (MAPK), which in turn activates
nuclear factor kappa-B (NF-kB) and transcription
factor AP-1. Induction of AP-1 will activate matrix
metalloproteinases (MMPs) [1,2].

MMPs are a group of enzymes that have activity
for degrading collagen. Excessive activity of MMPs can
cause wrinkling, loss of skin elasticity, and sagging. The
type of MMPs that play a significant role in collagen
degradation in the extracellular matrix (ECM) structure
is MMP-1. MMP-1 is an enzyme that can degrade type

I and type III collagen in the ECM [3]. Prevention
of photoaging due to the overactivity of MMP-1 can
be inhibited by anti-photoaging compounds, such as
gallic acid.

Gallic acid or 3,4,5-trihydroxy benzoic acid is a
phenolic compound found in most plants but is found
in large amounts in green tea. Gallic acid is a phenol
group of antioxidants with various pharmacological
activities such as antioxidant, anti-inflammatory,
anti-tyrosinase, anti-carcinogenic, anti-bacterial, anti-
fungal, and photoprotective effects [4]. Its antioxidant
activity can protect biological cells in the body from
damage caused by oxidative stress [5-7]. Emblica
officinalis aqueous extract containing gallic acid
could protect human skin against oxidative stress by
increasing the mitochondrial activity of human skin
fibroblasts and increasing procollagen production
[8]. Another study reported that grape stem extract
containing gallic acid could reduce oxidative
damage caused by UVB rays and prevent epidermal
thickening, pigmentation, mast cell infiltration, and
collagen degradation [9].

Inhibitory activity of gallic acid to MMP-1 can
be determined through a preliminary test using the
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Figure 1. Result of optimized gallic acid structure.
gallic acid

in silico molecular docking. This method is used
to design and optimize drug lead compounds by
computer and to calculate and predict the interaction
between the molecule and protein [10]. Therefore, this
study aims to determine the potential effect of gallic
acid to inhibit MMP-1 using the molecular docking
method.

Methods
Gallic acid structure optimization

The structure of gallic acid was downloaded from
https://pubchem.ncbi.nlm.nih.gov/. Optimization of
gallic acid was carried out using the HyperChem 8
program using Austin Model (AM1) semi-empirical
computational method with single-point calculations
and geometry optimization.

Protein preparation

The structure of protein target MMP-1 was
downloaded from https://www.rcsb.org/. MMP-1
(PDB ID: 966C) was prepared by separating the
protein from its native ligand using Chimera 1.10.1. A
chain contains the native ligand, an MMP-1 inhibitor,
N-hydroxy-2-[4-(4-phenoxy-benzenesulfonyl)-
tetrahydro-pyran-4-yl]-acetamide (ID: RS2) was used
for docking study.

Molecular docking validation

The validation of the molecular docking was
carried out by redocking the RS2 native ligand to the
prepared MMP-1 protein using Autodock 4.2. The grid
box size set and adjusted to x = 60 A, y = 60 A, z
= 60 A; grid center x = 9.166 A, y = -10.353 A, z =
38.398 A. The value of root means square deviation
(RMSD) < 3 A indicates the protocol is accepted, and

[

a) single point calculation of gallic acid, (b) geometry optimization of the

the docking of the test compound on the target protein
can be carried out [11].

Gallic acid docking on MMP-1

The optimized gallic acid test compound was then
docked to the prepared MMP-1 using Autodock 4.2
with the same grid box size during the validation
step. The result of molecular docking is the binding
energy and visualization of interaction [12]. The lower
the bond energy, the stronger the interaction formed,
which indicates the potential of the compound as an
anti-photoaging agent [13].

Results
Gallic acid structure optimization

In the optimization process, single-point calculations
and geometry optimization were carried out to obtain
the most stable structure of gallic acid with the lowest
total energy. The total energy generated from the
single-point calculation of gallic acid compounds was
-2481.58 kcal/mol. After geometric optimization, there
was a decrease in the structural energy of gallic acid to
-2498.62 kcal/mol (Figure 1), indicating that a stable
structure and lower energy were obtained.

MMP-1 Protein preparation

In this process, the MMP-1 protein was separated
from RS2 native ligand to make the binding site available
for the docking process of gallic acid. This process
also aimed to obtain the RS2 native ligand structure
used for the method validation process. One protein
chain was selected to facilitate the determination of the
coordinate space of the binding site where gallic acid
binds during docking process. The prepared MMP-1
target protein without RS2 is displayed in Figure 2.
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Figure 2. Protein preparation of MMP-1. (a) chain A of MMP-1 without RS2 native ligand, (b) RS2 native ligand

Table 1. The result of redocking RS2 on MMP-1

. . . Bonding energy P Amino acid Groups in
Protein Ligand Conformation (kcal/mol) RMSD (A) residue hydrogen bonds

HIS 128 038-HE2

MMP-1 RS2 1 -8.79 2.27 HIS 228 038-HE2
LEU181 HN-025

ALA182 025-HN

2% -9.64 1.00 LEU 181 026-HN
HIS 218 031-HE2

HIS 218 031-HE2

HIS 228 031-HE2

3 1055 1.06 HIS 222 031-HE2
ALA 182 025-HN

HIS 218 031-HE2

4 -10.87 1.02 HIS 228 031-HE2
ALA 182 025-HN

HIS 218 031-HE2

HIS 228 031-HE2

> -10.71 103 LEU 181 026-HN
ALA 182 025-HN

HIS 228 038-HE2

6 -8.72 2.18 LEU 181 025-HN
ASN 180 031-HD21

HIS 218 031-HE2

HIS 228 031-HE2

/ -10.60 1.02 HIS 222 031-HE2
ALA 182 025-HN

HIS 218 031-HE2

HIS 228 031-HE2

8 -10.26 1.10 HIS 222 031-HE2
ALA 182 025-HN

HIS 218 038-HE2

? 945 2:48 HIS 228 038-HE2
LEU 181 026-HN

10 201 2.74 ALA 182 025-HN
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Figure 3. Docking of gallic acid to MMP-1. a) visualization of RS2 native ligand interaction with MMP-1, (b). visualization of

gallic acid interactions with MMP-1

Molecular docking validation

The validation was carried out by redocking RS2
to MMP-1 to evaluate the deviations between the
position or conformation of the native ligand before
and after being re-docked. The minimum deviation
can minimize errors in predicting the interaction
during the molecular docking process. The validation
process was started by the addition of hydrogen atoms
to the target protein MMP-1. This step purposed to
adjust the docking pH atmosphere as in the body [14].

The coordinates were arranged as grid center and
grid size to determine the position of the protein
binding site [25]. The redocking process was carried
out using the semirigid method for macromolecules
[15]. The redocking process was accepted and valid if
RMSD value < 3 A. The redocking process produced
ten conformational RS2 native ligand in the binding
sites of target protein MMP-1 with different RMSD
values and binding energies. Table 1 indicates that
conformation 2 produced the lowest RMSD value (1.00
A) and met the validation requirements (RMSD < 3 A).

Gallic acid molecular docking

The optimized gallic acid structure was docked to
the MMP-1 target protein using the same grid box size
during validation to ensure the compound was docked
at the active site. Table 2 indicates conformation 7
had the lowest binding energy (-6.00 kcal/mol) with
the lowest RMSD.

Interaction analysis

The RS2 native ligand and gallic acid bound to
MMP-1 through hydrogen bonds share similar amino

acid residues. The hydrogen bonds occur in the amino
acid residues alanine (ALA 182), leucine (LEU 181),
and histidine (HIS 218) (Figure 3, Table 3). This
similarity indicates that gallic acid occupied the target
proteins active site in the same position as the RS2
native ligand.

Discussion

Our results showed that gallic acid has an affinity
for the MMP-1 with binding energy -6.0 kcal/mol.
Gallic acid and RS2 native ligand shared hydrogen
bonding to MMP-1 with similar amino acid residues
(ALA 182, LEU 181, HIS 218), suggesting that gallic
acid docked to MMP-1 in the same coordinates of
RS2 native ligand in the target protein.

Gallic acid exhibits skin protection from UVB-
induced aging through negative modulation of MMP-1
secretion and positive regulation of type I procollagen
in hairless mice [16]. Gallic acid was able to reduce
the formation of wrinkles, thicken the epidermis,
and increase skin hydration as well as regulate the
expression of proteins responsible for the aging process.
The latter is achieved by increasing the regulation of
type I procollagen and elastin through stimulation of
TGF-1 and reduction of MMP-1 expression thus has
activity as an anti-photoaging agent [17].

Other phenolic compounds such as caffeic acid,
chlorogenic acid, and ferulic acid, also showed
inhibition activities towards MMP-1 protein. Using the
similar methods and protein target (MMP-1, PDB ID
966C) with grid size x = 30 A, y =30 A, z = 30 A of
RS2 native ligand, the binding energy of caffeic acid,
chlorogenic acid, and ferulic acid were -7.1, -9.1, and
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Table 2. The result of molecular docking of gallic acid on MMP-1

Bonding

. . . 2 Amino acid Groups in
Protein Ligand Conformation energq)gl()kcall RMSD (A) residue hydrogen bonds
1 -5.93 0.05 THR 241 O-HN
ASN 180 O-HD22
LEU 181 O-HN
2 "6.00 0.02 HIS 228 O-HE2
HIS 218 O-HE2
ASN 180 O-HD22
LEU 181 O-HN
3 -5.99 0.11 ALA 182 O-HN
HIS 228 O-HE2
HIS 218 O-HE2
ASN 180 0O-HD22
LEU 181 O-HN
4 -5,99 0.15 ALA 182 O-HN
HIS 228 O-HE2
HIS 218 O-HE2
ASN 180 O-HD22
MMP-1 Gallic acid LEU 181 O-HN
5 -6.00 0.02 ALA 182 O-HN
HIS 228 O-HE2
HIS 218 O-HE2
6 -5.93 0.04 THR 241 O-HN
ASN 180 0-HD22
LEU 181 O-HN
7* -6.0 0.00 ALA 181 O-HN
HIS 228 O-HE2
HIS 218 O-HE2
8 -5.94 0.00 THR 241 O-HN
9 -5.93 0.04 THR 241 O-HN
ASN 180 0O-HD22
LEU 181 O-HN
10 -5.99 0.02 ALA 182 O-HN
HIS 228 O-HE2
HIS 218 O-HE2

Table 3. Interaction of RS2 native ligand and gallic acid on MMP-1

Protein Ligand BO?E;:?/;zﬁrgy A?:;;guics'd Groups in hydrogen bonds
ALA182 025-HN
RS2 native ligand -9.64 LEU 181 026-HN
HIS 218 031-HE2
MMP-1
ALA 182 O-HN
Gallic acid -6.0 LEU 181 O-HN
HIS 218 O-HE2
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-7.0 kcal/mol, respectively [18]. Another study using
same protocol showed that ellagic acid has inhibition
activities of MMP-1 protein, result in the binding
energy was -9.01 kcal/mol [19]. These two findings
support that gallic acid as a phenolic compound is
able to inhibit MMP-1 protein.

An in vitro study on the anti-skin aging activity of
gallic acid was carried out through loaded gallic acid in
neutral and cationic CTAB niosomes with vitamin C as
a positive control. The cationic CTAB niosomes loaded
with gallic acid demonstrated the highest anti-skin
aging activity, including antioxidant (87.03 £ 0.99% cell
viability) and inhibition of matrix metalloproteinase-2
(38.46 £ 1.53% of control) [20]. Another in vitro study
on the inhibitory activity of gallic acid against MMP-1
in human nasopharyngeal carcinoma cells showed that
gallic acid was able to inhibit the excessive production
of ROS induced by UV light and was able to inhibit the
activity of MMP-1 [21]. Other study examined gallic
acid glucoside’s potential as a cosmetic ingredient,
including its antioxidant and anti-aging effects exerted
by MMP-1 and collagen content. Gallic acid glycoside
showed stronger anti-lipid peroxidation, anti-tyrosinase
activity, and anti-aging function, with lower MMP-1
production but higher collagen content [22]. These
findings support the evidence that gallic acid has anti-
photoaging activity by inhibiting MMP-1, which could
be useful in cosmetic and pharmaceutical preparations.

Conclusion

Gallic acid has potential as anti-photoaging agent
in silico through the inhibition of the MMP-1. Further
study is required such as molecular dynamics to
support the anti-photoaging activity of gallic acid
against MMP-1.
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