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Abstract: Skin aging is a condition caused by reactive oxygen species (ROS) and advanced glycation
end products (AGEs). Indonesian gingers (Zingiber officinale), which consists of Gajah (GG), Red
(MM), and Emprit (EE) ginger, are thought to produce anti-skin aging compounds through enzyme
inhibition. The enzymes used in the molecular docking study were collagenase, hyaluronidase, elas-
tase, and tyrosinase. This study aimed to determine the compounds contained in Indonesian ginger
rhizome ethanolic extracts using liquid chromatography—mass spectrometry/mass spectrometry to
differentiate metabolites contained in the different Indonesian ginger rhizome extracts. A principal
component analysis (PCA) and a heat map analysis were used in order to determine which com-
pounds and extracts contained potential anti-skin aging properties based on a molecular docking
study. Ascorbic acid was used as a control ligand in the molecular docking study. Ninety-eight
compounds were identified in three different ginger rhizomes extracts and were grouped into three
separate quadrants. The most potent compound for anti-skin aging in the Indonesian ginger rhizome
extracts was octinoxate. Octinoxate showed a high abundance in the EE ginger rhizome extract.
Therefore, the EE ginger extract was the Indonesian ginger rhizome extract with the greatest potential
for anti-skin aging.
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1. Introduction

Aging is a natural process to grow old in an organism. According to Rose et al., aging
is a progressive condition throughout life; or after a certain stage, the probability that a
given individual will die during the next unit of time from randomly distributed causes [1].
The World Health Organization states that aging results from the accumulated impact
of various molecular and cellular damages over time. This leads to a gradual decline in
physical, psychological, and mental capacities, and to social changes, whereby increasing
the risk of disease and ultimately death [2]. These changes are related to a person’s age in
years. Aging can occur in cells [3], tissues [4], and organs [5]. Skin is one of the tissues that
experiences aging, and skin aging is a concern because the signs are clearly visible, thereby
reducing the aesthetics of the body’s appearance.

Skin is a body tissue consisting of the epidermis, dermis, and hypodermis layers. The
skin’s main function is to protect the body from the external environment. Skin tissue
is one of the most frequently cared for parts of the body because people want to look
healthy. This is evident from the Central Bureau of Statistics, Republic of Indonesia (2021),
which stated that skin care sales in an e-commerce store grew 5.59% in the first quarter of
2021. The skincare products in demand included a range of topical products for significant
problems such as acne, hyperpigmentation, and skin aging. Skin aging is the process of
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changes in the skin over time. Skin aging is characterized by the appearance of wrinkles
and hyperpigmented spots on the outermost layer of the skin [6].

Intrinsic and extrinsic factors cause skin aging. The intrinsic factor that causes skin
aging is that the natural cycle of skin cell production during a person’s life slows down.
Skin cells will undergo a regeneration process, namely replacing old skin cells with new
ones, every 14-28 days [7]. Genetic, hormonal, gender, and biochemical changes in the
body are also intrinsic factors of skin aging, while pollution and ultraviolet (UV) light are
extrinsic factors that cause skin aging [8]. Excessive exposure to pollution and UV rays can
cause skin aging. The process of skin aging is called photoaging [9]. Photoaging occurs
due to the formation of free radicals in the skin. These free radicals accelerate photoaging
because free radicals are unstable molecules, so they are reactive and damage surrounding
cells [10]. Generally, these reactive molecules are called reactive oxygen species (ROS).
In addition to ROS, other compounds, namely advanced glycation end products (AGEs),
accelerate the aging process. This compound is the Maillard reaction’s product in the body.
AGEs cause stiffness and loss of skin elasticity through the mechanism of connective tissue
accumulation in melanocytes [11].

Ginger is a plant often used as a base for traditional medicines. Ginger in Indonesia is
divided into three main varieties, namely Gajah ginger (Zingiber officinale var. roscoe, GG),
Emprit ginger (Z. officinale var. amarum, EE), and Red ginger (Z. officinale var. rubrum, MM).
Treatment using ginger was first carried out in China to treat nausea [12] and increase im-
munity [13]. The ginger rhizome contains many active compounds that can be found in its
extracts. Geranial compounds in ginger rhizome essential oil have antibacterial activity [14].
The compounds «-zingiberene, camphene, sesquiphellandrene, and bisabolene in ginger
rhizome essential oil have antioxidant activity [15]. The compound 6-shogaol in ginger
rhizome extract reduced the effects of wrinkling and age in experimental rats that had been
exposed to UV B radiation for eight weeks [16]. Ginger extract has been used in several
skin care products with claims of providing soothing benefits, regenerating skin, and acting
as a bleaching agent. In addition, ginger can be applied as a mask to increase collagen
production and prevent acne. Exploration of the anti-skin aging potential in ginger rhizome
extract still has to be done because there are still many compounds whose potential is
not yet known. One of the methods to determine anti-skin aging activity is the molecular
docking study.

The anti-skin aging activity determination of ginger rhizome extracts can be predicted
using the molecular docking study. Molecular docking is a computational method that can
estimate the interactions between compounds and receptors [17,18]. Molecular docking is a
direct and rational drug discovery approach, and a low-cost and effective screening [19,20].
The interaction between a small molecule and a protein at the atomic level can be modeled
using the molecular docking approach, allowing us to characterize the behavior of small
molecules in the binding site of target proteins as well as elucidate fundamental biochemical
processes [21]. Molecular docking can predict an optimized orientation of the ligand on
its target [22]. It can predict different binding modes of ligands in the groove of the
target molecule. This can be used to develop more potent, selective, and efficient drug
candidates [23].

In this study, the receptors and their binding compounds are expected to be able to
inhibit aging activity on the skin. The receptors used in this study were collagenase (2TCL),
hyaluronidase (2PE4), elastase (3F19), and tyrosinase (SM8R). Collagenase is an enzyme that
plays a role in the process of cleavage of the extracellular matrix, especially collagen types
1,2, and 3. If the collagenase enzyme is inhibited, the partition of the extracellular matrix
that causes collagen degradation can be prevented [24]. The hyaluronidase enzyme plays
a role in the breakdown of hyaluronic acid, which causes dry skin. If the hyaluronidase
enzyme’s activity is inhibited, then hyaluronic acid’s breakdown will also be inhibited, so
skin moisture is hoped to be maintained [25]. Elastase is an enzyme that has the function of
degrading elastin whereby causing the skin to become stiff. Excess elastase activity can
be inhibited so that skin elasticity can be maintained [26]. The enzyme that plays a role
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in producing melanin in the skin is tyrosinase. Excessive melanin production will cause
hyperpigmentation, making the skin look aged. Melanin production will be reduced if this
enzyme is inhibited so that hyperpigmentation can be prevented [27].

A full exploration of the compounds in the three Indonesian ginger rhizome extracts
remains to be done. Therefore, this study aimed to identify only those compounds showing
a potential for anti-skin aging based on a molecular docking study and to differentiate the
metabolites contained in the extracts of the three types of Indonesian ginger rhizome (GG,
EE, MM).

2. Materials and Methods
2.1. Preparation and Sample Extraction

The types of ginger used were GG, EE, and MM, aged >8 months, referring to the
guidelines of the Agricultural Technology Study Center, The Ministry of Agriculture of the
Republic of Indonesia [28] regarding Ginger Plant Cultivation. These ginger samples were
obtained from Nagrak, Sukabumi, West Java, Indonesia (6°52'11.6" S 106°48'27.1” E) in a
fresh state. A quantity of 25 g of fresh ground ginger rhizome was extracted using ultrasonic
waves by Ultrasonic Bath 60 Hz (Ovan, Barcelona, ES) (Barcelona, Spanyol). The solvent
used was ethanol absolute for analysis from Merck 1.00983.2500 (Darmstadt, Germany) in a
quantity of as much as 125 mL. Extraction time lasted for 30 min at a temperature of £35 °C.
The extract was filtered and stored in the refrigerator prior to the next step of analysis.

2.2. Identification Compounds in Indonesian Ginger Rhizome Extracts Using Liquid
Chromatography-Mass Spectrometry/Mass Spectrometry (LC-MS/MS)

Ginger rhizome extracts were analyzed using the UHPLC Vanquish Tandem Q Ex-
active Plus Orbitrap HRMS Thermo Scientific instrument (Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The extracts were dissolved in methanol (LC-MS grade) and filtered
by a PTFE 0.2 uym membrane. The column used was Accucore C18 Thermo Scientific
(2.1 mm x 100 mm, 1.5 pm) (Thermo Fischer Scientific, Waltham, MA, USA) operated
at 30 °C. The mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic
acid in acetonitrile (B). The flow rate used was 0.2 mL/minute, and the injection volume
was 2.5 pL. The type of elution used was gradient elution. At 0-1.00 min, the eluent
composition was 5% B. At 1.01-25.00 min, the eluent composition changed linearly to 95%
B. Finally, at 25.01-28.00 min, the eluent composition was maintained at 95% B. Finally, the
composition of the eluent became 5% B at 28.01-30.00 min. The analysis time used was
30 min. Electrospray Ionization (ESI) was the ionization source, with a spraying voltage of
5500 V. A quadrupole-orbitrap mass analyzer was used.

2.3. Statistical Analysis

The abundance values for each compound were analyzed using an ANOVA: single
factor. The significant differences in compound abundance among the three extracts (GG,
EE, and MM) were determined using a t-test. An ANOVA and a t-test analysis were
performed using Microsoft Excel, while Orange data mining software was used for a PCA
and a heat map analysis to differentiate the three extracts. Imported data were preprocessed
using normalized data from the software. The data obtained were grouped using the heat
map analysis and the PCA with a percentage of the variance of both PCs of at least 70%.

2.4. Ligands and Receptors Preparation for Molecular Docking

The test ligands used in this study were compounds chosen from the ginger rhizome
extract based on an LC-MS/MS analysis using ascorbic acid as a control ligand. The test and
control ligands were downloaded from the PubChem (https:/ /pubchem.ncbinlm.nih.gov/)
(accessed on 26 August 2022) in *sdf. The 3D ligand structure was partially charged using
the Gasteiger charge method in AutoDock Tools 1.5.7 software and saved in *pdbqt. The
3D crystal structures of the collagenase (2TCL), hyaluronidase (2PE4), elastase (3F19), and
tyrosinase (SM8R) were downloaded from the Protein Data Bank (https://www.rcsb.org/)
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(accessed on 19 April 2022) in *pdb. The downloaded structure was checked for missing
residues. Water and natural ligands were removed using UCSF Chimera. The prepared
structure was saved in *pdb format using UCSF Chimera. The receptor structure was
optimized using AutoDock Tools 1.5.7 and then saved in *pdbqt format.

2.5. Molecular Docking Simulation, Visualization, and admetSAR Analysis

Molecular docking simulation was carried out by targeted docking because the re-
ceptor’s active site was already known. The gridbox was made according to the size of
the test ligand and then adjusted to the receptor’s crystal ligand binding site area. The
files were collected in a folder containing the ligands to use and the configuration script
containing the gridbox description. The molecular docking simulations were run with
Autodock Vina. The molecular docking results were analyzed to obtain the test ligand
with the highest negative affinity energy. Ten compounds with the highest negative affin-
ity energy from each receptor would be entered into the visualization and admetSAR
test stages. Ligands that appear in 2 or 3 receptors were selected as ligands with great
potential as anti-skin aging compounds. After being docked using LigPlus, the com-
plex was screen-captured. Next, selected ligands were tested by admetSAR using the site
http:/ /Immd.ecust.edu.cn/admetSAR2/ (accessed on 12 October 2022) and then tested using
the advance predict option. The SMILES ligand format was used in this test which can be
downloaded from the site https:/ /pubchem.ncbi.nlm.nih.gov (accessed on 12 October 2022).

3. Results
3.1. Compounds in Indonesian Ginger Rhizome Extracts

In general, the separation pattern of the compounds in Figure 1 showed almost the
same pattern. The only difference was in the height of the peaks. The five peaks empha-
sized here were the peaks of the identified compounds, all of which also had a fairly high
abundance (Figure 1). There were 98 compounds identified in the Indonesian ginger rhi-
zome extracts based on the LC-MS/MS analysis results. Choline was the compound which
had the highest abundance in the GG extract (4.0408 + 2.0042%), while D—(+)—pipecolinic
acid had an abundance in the MM (7.6154 + 3.1640%), and the EE (7.9358 + 0.0000%)
ginger rhizome extracts. Ginger-characterizing compounds such as gingerol and shogaol
were also extracted, but had a low abundance (Table S1). Almost none of the components
differed significantly between the groups based on the multivariate analysis, except for 17—
a—21-dihydroxypregnenolone, isoamyl-4-methoxycinnamate, bisoprolol, ubiquinone-2,
D-glutamine, y—aminobutyric acid, L-(+)-arginine, and octinoxate (Table S1).

3.2. Principal Component Analysis

A principal component analysis (PCA) is a multivariate analysis with the principle
of subtracting variables from several observations. The PCA aims to classify and identify
a reduced set of data in order to represent the original data with fewer variables without
losing essential information [29]. This study used the PCA to find patterns and differentiate
compounds in three Indonesian ginger rhizome extracts (GG, MM, and EE ginger).

The peak area data for each compound were used in the PCA. The output of the PCA
is the score plot representing the variety of the analyzed data. The farther a group is from
another group, the more different the composition of the metabolites. Based on the plot
of scores obtained, the PCA could classify the Indonesian ginger rhizome extract. The
total PC score in this plot score was 79%, with PC 1 and PC 2 at 62% and 17%, respec-
tively. The three Indonesian ginger rhizome extracts were grouped very well in different
quadrants (Figure 2). The heat map was used to determine differential metabolites among
the three Indonesian ginger rhizome extracts because it can visualize and differentiate the
distribution of experimental data [30]. The row represented the metabolites’ abundance
in each sample, and the column represented the metabolites” abundance in different sam-
ples. The abundance of D—(+)—pipecolinic acid was very high in the Red ginger rhizome
extract (MM), while it was low in the other samples (Figure 3). The abundance of 20—«—
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dhydrodydrogesterone and (E,E)-«—farnesene in the EE extract was higher than in the
other samples. Intriguingly, both compounds were significantly lower in the GG ginger
rhizome extract than in the MM and EE ginger rhizome extracts (Figure 3).
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Figure 1. LC-MS/MS chromatogram of (a) GG, (b) MM, (c) EE rhizome extract, peak 1 (choline),
peak 2 (D—(+)-pipecolinic acid), peak 3 (6—paradol), peak 4 (6—gingerol), and peak 5 (8—shogaol).
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Figure 3. Heat map of LC-MS/MS metabolite profile of Indonesian ginger rhizome extracts.

3.3. Molecular Docking for Anti-Skin Aging Activity Evaluation

The test ligands used in this study were compounds found in Indonesian ginger

extracts. The control ligand used was ascorbic acid. Ascorbic acid was chosen as a control
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ligand because it can prevent aging by inhibiting the formation of reactive oxygen species
and stratum corneum formation so that dead skin cells can be replaced quickly [31]. In
addition, ligand preparation produces ligands whose geometric structure is optimized.
These conditions are expected to increase the accuracy and validity of the molecular docking
results. The results of the ligand preparation are saved in *pdbqt format. The results of the
preparation of the test and control ligands used are listed in Table S2. The receptors used
were collagenase (2TCL), hyaluronidase (2PE4), elastase (3F19), and tyrosinase (5M8R).
Information about the coordinates of each receptor’s active site was generated in the grid
box from Autodock Vina. The coordinates of each active site can be seen in Table 1.

Table 1. Active site coordinates of the receptor.

Coordinates
Receptor
X Y z
Collagenase (2TCL) 73.986 8.655 9.279
Hyaluronidase (2PE4) 41.877 —22.142 —16.287
Elastase (3F19) —11.338 —4.481 —18.305
Tyrosinase (5M8R) —30.322 —4.944 —24.773

Most of the test ligands’ affinity energies in each complex had higher negative values
than the crystal and control ligands (Table S3). This indicated that the test ligands that
were used had the potential to be inhibitors of the selected receptor. For example, the
d-Corlin ligand appeared in four receptor complexes with the highest negative affinity
energies for the collagenase, hyaluronidase, elastase, and tyrosinase complexes, namely
—14.6; —13.9; —16.0; and —13.4 kcal/mol (Table 2). The 20-x-dhydrodydrogesterone also
appeared in four receptor complexes with an average affinity energy of —14.6 kcal/mol
(Table 2), but was most likely not chosen because the compound is listed as a potent
drug causing miscarriage and bleeding in pregnant women [32]. The catechin ligand
appeared in four complexes, namely the collagenase complex with an affinity energy of
—8.8 kcal/mol, the hyaluronidase complex with an affinity energy of —7.9 kcal/mol, the
elastase complex with an affinity energy of —9.7 kcal/mol, and the elastase complex with
an affinity energy of —8.4 kcal/mol (Table 2). Unfortunately, despite having a low affinity
energy, the abundance of d-Corlin and catechin in Indonesian ginger extracts was low.
Therefore, this study selected ligands showing a reasonable negative affinity energy and a
high enough abundance in Indonesian ginger rhizome extracts.

Table 2. The affinity energy of the ligand-receptor complex.

Affinity Energy (kcal/mol)

Ligand 2TCL 2 2PE4 3 3F19 4 5MSR >
Ascorbic acid —6.4 —-5.6 —6.1 —6.0
d-Corlin —14.6 —-13.9 —-16.0 —-13.4
DG! —-10.6 —11.4 —13.0 -10.6
Catechin —8.8 -7.9 -9.7 -84
6-Gingerol —6.1 —6.7 —8.0 —6.8
8-Shogaol —6.0 —6.9 —8.0 —6.4
4-Shogaol —6.1 —6.8 —7.6 —6.3
10-Shogaol —-5.5 -7.0 -77 —6.6
6-Paradol —5.7 —6.8 —-79 —55
Octinoxate —6.1 -7.2 —-7.8 —6.3
6-Gingerdione —-5.9 —6.4 -79 —6.6
p-Cymene -59 —6.6 —6.5 —5.8
Ethyl cinnamate —6.1 —6.1 -7.0 —5.5

1 20-a-Dhydrodydrogesterone, > Collagenase, 3 Hyaluronidase,  Elastase, and ® Tyrosinase.
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The 6-gingerol, 8-shogaol, 4-shogaol, 10-shogaol, and 6-paradol had an average affinity
energy of —6.9; —6.8; —6.7; —6.7; and —6.5 kcal/mol, respectively (Table 2). The decrease in
affinity energy of gingerol, shogaol, and paradol compounds possibly occurred due to the
decreasing the -OH group in gingerol and the double-bond change in shogaol. In another
study, the different constituents of gingerol, shogaol, and paradol caused differences in
their antioxidant activity. According to Dugasani et al., 6-gingerol has higher antioxidant
activity than shogaol and paradol compounds [33]. However, this study found that the
abundance of 6-gingerol, 8-shogaol, 4-shogaol, 10-shogaol, and 6-paradol was very low.
The compounds octinoxate, 6-gingerdione, p-cymene, and ethyl cinnamate had an average
affinity energy of —6.9; —6,7; —6.2; and —6.2 kcal/mol (Table 2). Based on the results of
the molecular docking analysis, octinoxate, 6-gingerdione, p-cymene, and ethyl cinnamate
were most likely to be potential anti-skin aging compounds in the Indonesian ginger
rhizome extracts. These four compounds had negative affinity energies and showed a
high abundance in the three Indonesian ginger rhizome extracts. However, octinoxate,
6-gingerdione, p-cymene, and ethyl cinnamate still had to pass the physicochemical tests.

3.4. Visualization and Determination of Physicochemical Properties of Ligands Based on
admetSAR Parameters

A comparison of the test and control ligand complex’s interaction is one of the appro-
priate parameters to determine which test ligands have the greatest potential as anti-aging
compounds. The comparison resulted in the percentage of binding site similarity (%BSS),
which was observed from the similarity of amino acid residues that interacted between the
test and control ligands. The similarity of binding sites is helpful in drug development,
the analysis of protein-ligand complexes, and drug function prediction in chemistry [34].
Ligand-receptor interactions can occur in hydrophobic or hydrogen bonds. Hydrophobic
interactions occur because of the contact between the alkyl chains in both the ligands and
the receptors. Hydrogen bonds are formed due to the electrostatic attraction between hy-
drogen atoms attached to more electronegative atoms or groups and other electronegative
atoms with lone pairs of electrons. In this case, a hydrogen bond occurred between the
amino acid residue from the receptor and the ligand.

The amino acid residues of collagenase that interacted hydrophobically with ascorbic
acid were Leu-81, Val-115, Tyr-137, Ser-139, and Tyr-140, as well as Ala-82, Arg-114, His-118,
Glu-119, and Pro-138 which hydrogen-bonded (Figure 4a). The Leu-81, Ala-82, His-118, Pro-
138, and Tyr-140 residues are directly involved in the ligand binding process on collagenase.
Molecular docking to collagenase yielded various %BSS. The octinoxate ligand had a
90%BSS because it interacted with nine amino acid residues (Leu-81, Ala-82, Arg-114,
Val-115, His-118, Glu-119, Pro-138, Ser-139, and Tyr-140) that interacted with ascorbic acid
(Figure 4b). Only the N-atom at Leu-81 in collagenase hydrogen-bonded with the O-atom
in octinoxate, and the distance between them was 2.97 A (Figure 4b).

The amino acid residues Pro-62, Met-71, Ile-73, Val-127, Tyr-202, and Trp-321 of
hyaluronidase interacted hydrophobically while Asn-37, Tyr-75, Asp-129, Glu-131, Tyr-247,
and Tyr-286 hydrogen-bonded with ascorbic acid (Figure 4c). According to Chao et al,,
Tyr-75, Asp-129, Glu-131, Tyr-202, Tyr-247, Tyr-286, and Trp-321 are residues that play a
critical role in hyaluronidase’s active site [35]. The octinoxate ligand had hydrophobic
interactions with amino acid residues Asn-37, Pro-62, Ile-73, Tyr-75, Asp-129, Glu-131,
Tyr-202, Tyr-247, and Tyr-286; it hydrogen-bonded with Asn-39 at a distance of 3.04 A
and with Trp-321 at a distance of 2.99 A (Figure 4d). The %BSS for the octinoxane ligand
was 83%.

Ascorbic acid interacted hydrophobically and hydrogen-bonded with amino acid
residues in the elastase enzyme. The amino acid residues His-218, His-222, His-228, Phe-
237, and Tyr-240 were hydrogen-bonded, while the residues Thr-215, Pro-238, and Thr-239
interacted hydrophobically (Figure 4e). The octinoxate ligand had only hydrogen-bonded
with Leu-181 at a distance of 2.52 A (Figure 4f). Octinoxate had a 50%BSS because it only had
four of the eight interactions that were the same as the ascorbic acid—elastase interaction.
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In tyrosinase, ascorbic acid hydrogen-bonded with His-192, His-215, His-224, Glu-360,
His-377, Asn-378, His-381, Gly-389, and Ser-394; it interacted hydrophobically with Phe-362,
Glu-390, and Val-391 (Figure 4g). The octinoxate had a 46%BSS because it only interacted
with six of the thirteen ascorbic acid-tyrosinase interactions (Figure 4h). This was due to
ascorbic acid ligands hydrogen-bonding with amino acid residues of tyrosinase, whereas
octinoxate only interacted hydrophobically.
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Figure 4. Visualization of the binding of: (a) ascorbic acid and (b) octinoxate to the collagenase (2TCL);
(c) ascorbic acid and (d) octinoxate to the hyaluronidase (2PE4); (e) ascorbic acid and (f) octinoxate to
the elastase (3F19); and (g) ascorbic acid and (h) octinoxate to the tyrosinase (5M8R).

The structure and shape similarity between ligand and substrate [36], as well as the
interaction of the ligand and amino acid residues [37], are the things that determine the
inhibitory ability of the ligand-receptor activity. Most of the interactions formed between
the test ligands and the receptors were hydrophobic interactions. In contrast to the test
ligands, most of the interactions between the control ligand and the amino acid residues
of the receptors were hydrogen bonds. All hydrogen bonds formed between ligands and
amino acid residues are >1.85 A long.

In addition to the parameters previously described, several parameters are related
to the physicochemical properties of compounds in the body. These parameters are con-
tained in Lipinski’s rules and the admetSAR test. Lipinski’s rules and the admetSAR test
have several parameters, including relative atomic mass, partition coefficient value (log p),
number of hydrogen-bond acceptors and donors, number of rotatable bonds, mutagene-
sis, carcinogenicity, and eye irritation. All ligands with the potential for anti-skin aging
passed Lipinski’s rules (Table 3). However, all ligands, except for octinoxate and 20-«-
dhydrodydrogesterone, could cause eye irritation, while catechin, 8-shogaol, 6-gingerdione,
and 10-shogaol had the potential to cause mutation. Therefore, the use of these ligands
must be considered in order to avoid adverse effects on the body. Based on the values of
compound abundance, affinity energy, Lipinski’s rules, and the admetSAR test, octinoxate
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in the Indonesian ginger rhizome extracts was the only compound with anti-skin aging
activity potential and was abundant in the EE ginger rhizome extract. Therefore, the
EE ginger rhizome extract was the ginger rhizome extract with the greatest potential for
anti-skin aging.

Table 3. Ligand evaluation using Lipinski’s rules and admetSAR parameters.

Lipinski’s Rules admetSAR Parameters
Ligand Enzyme Inhibitor
a,b,cde Mutagenicity Carcinogenicity Eye Irritation
Catechin Pass + - + 0.47
6-Paradol Pass - - + 0.18
6-Gingerol Pass - - + 0.38
EC! Pass - - + —045
p-Cymene Pass - - + —0.78
Octinoxate Pass - - - 0.02
8-Shogaol Pass + - + 0.27
6G 2 Pass + - + 0.21
4-Shogaol Pass - - + 0.27
10-Shogaol Pass + - + 0.25
DG 3 Pass - - - 0.56

! Ethyl cinnamate, 2 6-gingerdione, ® 20-a-Dhydrodydrogesterone, a—molecular weight, b—rotatable bonds,
c—hydrogen-bond acceptors, d—hydrogen-bond donors, e—partition coefficient, (-)—non-mutagen/non-
carcinogen/non-irritating, and (+)—mutagen/carcinogen/irritant.

4. Discussion

Ginger rhizome extract was analyzed using liquid chromatography-mass spectrome-
try/mass spectrometry (LC-MS/MS). This was non-targeted because the aim was to find
all the compounds contained in Indonesian ginger rhizome extracts. The output of the
LC-MS/MS analysis was a chromatogram that provided information on retention time,
separation pattern, and abundance. The retention time and separation pattern were the
initial pieces of information needed for identifying compounds. The retention times and
separation patterns on the identical chromatograms with available databases indicated the
same compounds. Peak intensity was interpreted as the abundance of a compound in a
sample. The higher the peak formed, the more abundant the compound in the analyzed
sample. Based on this study, choline was the high-abundance compound in the GG ginger
rhizome extract, and D-(+)-pipecolinic acid in the MM and the EE ginger extracts. Using a
principal component analysis (PCA), Indonesian ginger rhizome extracts could be grouped
based on their components. The plot scores proved that the Indonesian ginger rhizome
extracts were well separated into three groups in three different quadrants. The compounds
D-(+)-pipecolinic acid, 20-x-dhydrodydrogesterone, and (E,E)-x-farnesene were screened
out as differential metabolites because these compounds had significantly unique and
distinctive patterns in the heat map analysis.

Before the molecular docking process started, several preparatory steps had to be
carried out for a specific purpose. First, the removal of water molecules and their natural
ligands from the receptor aimed to prevent interference with the interaction of the receptor
with other molecules that could cause inaccuracies in the molecular docking result. The
tyrosinase structure used was only ring A. This was because the other rings were identical
to each other, the binding site was not in the space between the rings, and the ring collection
did not bind to each other, so it could be ascertained that it would not affect the molecular
docking results. The use of either ring could also shorten the docking time.

Molecular docking was used to determine the components in ginger rhizome extracts
that had the potential for anti-skin aging. Affinity energy was based on the output data
for the molecular docking. The affinity energy indicates the spontaneity of the interaction
between the ligand and the receptor [38]. The test ligand—receptor complex is categorized
as a good complex if it has an affinity energy of less than or the same as the affinity energy
of the control ligand-receptor complex [17]. Test ligands were derived from Indonesian
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ginger rhizome extracts, and the control ligand was ascorbic acid. Those compounds were
docked to collagenase, hyaluronidase, elastase, and tyrosinase enzymes. The affinity energy
in this study varied from one ligand to another and one receptor to another. This was
due to differences in the presence of hydrogen bonds and hydrophobic interactions. If
traced more deeply, the difference was also influenced by the ligand’s structure that binds
to the amino acid residues on the receptor. Unfortunately, there are no reports on the
structure-dependent in silico method.

After the molecular docking process, the ligands that had anti-skin aging potential
were tested for their physicochemical properties. One of the tests was performed using
Lipinski’s rules. Lipinski’s rules describe the solubility and permeability of a ligand in drug
development [39]. The parameters of Lipinski’s rules are that the compound has a relative
atomic mass of <500 g/mol, a log p value < 5, some hydrogen-bond acceptors <10, some
hydrogen-bond donors <5, and some rotatable bonds <10. The compound must have a
relative atomic mass of <500 g/mol to pass through the cell membrane by passive diffusion
to reach the receptor [40]. The log p value describes the compound’s solubility in nonpolar
and polar species. This value can predict the hydrophobicity of compounds associated with
the admetSAR process. The greater the log p value, the more hydrophobic a compound
will remain in the lipid bilayer [41]. The number of hydrogen-bond acceptors and donors
is related to the number of hydrogen bonds formed. According to Cheng et al., the ideal
number of hydrogen-bond acceptors and donors was 10 and 5, respectively [42]. A great
number of hydrogen bonds causes the compound to be more bound to polar solvents so
that the absorption process into cells to reach the receptor is inhibited. The ideal number of
rotatable bonds in a compound is <10 because more will cause the affinity energy between
the ligand receptors to decrease [43]. All ligands that have anti-skin aging potential passed
the Lipinski’s rules test.

The other physicochemical test carried out in this study was the admetSAR test. The
admetSAR test describes the absorption, distribution, metabolism, excretion, toxicity, and
structure—activity relationships of a compound in the body or test organism. This test is
included in the pharmacokinetic and pharmacodynamic analysis in drug development.
The admetSAR test enables drug developers to understand the safety and efficacy of drug
candidates. This is required to approve regulations for issuing distribution permits for
prospective drugs. The admetSAR parameters were considered, namely mutagenesis,
carcinogenicity, and eye irritation. The enzyme inhibitor parameter indicates the general
strength of the compound against the enzyme.

After considering several aspects, namely affinity energy, compound abundance,
Lipinski’s test results, and the admetSAR test results, octinoxate was the compound in the
Indonesian ginger rhizome extracts that hadthe greatest potential as an anti-skin aging
agent. In addition, the EE ginger rhizome extract can be considered an anti-skin aging agent
for future development. However, there are some disadvantages of molecular docking
which include the lack of a synergistic computational model [44], the lack of a quality
database [45], the lack of method standardization and validation [46], and the lack of n
accurate scoring function [47]. Molecular docking simulation progresses in small steps
and thus has difficulties in stepping over high energy-conformational barriers, which may
lead to inadequate sampling [48]. The challenges include the need for greater emphasis
on protein docking to molecules of different types, proper accounting for conformational
flexibility upon binding, new promising methodologies based on residue co-evolution and
deep learning, affinity prediction, and further development of a fully automated docking
server [49].

There are suggestions for the continuation of this research in the future. Optimization
of Indonesian ginger rhizome extraction needs to be performed because it is suspected that
many compounds still have not been extracted. The condition of the analytical instrument
also needs to be considered so that the detected compounds can be more diverse. Com-
pounds that have potential anti-skin aging activity need to be tested in vitro and in vivo
to validate the molecular docking results. For further research, it would be better to use
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different receptors from the receptors used in this study in order to further explore the
enzymes that cause aging.

5. Conclusions

Indonesian ginger rhizome extracts contain ninety-eight compounds and can be
grouped into three different quadrants. The differential metabolites among the Indonesian
ginger rhizome extracts were D-(+)-pipecolinic acid, 20-x-dhydrodydrogesterone, and
(E,E)-a-farnesene. The compound that had the greatest potential for anti-skin aging, as
found in Indonesian ginger rhizome extracts, was octinoxate. Octinoxate was able to inhibit
all receptors, and showed a high abundance in the EE ginger rhizome extract. Therefore,
the EE ginger rhizome extract had the greatest potential as an anti-skin aging ingredient
compared with the other Indonesian ginger rhizome extracts.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cosmetics9060128 /s1, Table S1: Compounds in ginger rhizome
extracts based on the results of a liquid chromatography-mass spectrometry/mass spectrometry
analysis, Table S2: Examples of test and control ligand structures, Table S3: The affinity energy of the
ligand-receptor complex.
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