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ABSTRACT

Objective: This study aims to examine the compounds contained in herbs for the treatment of anti-alopecia by in-silico computation.

Methods: JAK (Janus Kinase) regulates the activation of key hair follicle populations such as the hair germ and improves the inductivity of cultured
human dermal papilla cells by controlling a molecular signature enriched in intact, fully inductive dermal papillae. JAK2 which was a member of Janus
family was used in this study as a receptor (PDB code: 4C61) and 15 compounds normally found in five herbals traditionally used as hair growth as
ligands. Molecular modeling of bioactive compounds was performed using MarvinSketch and Prediction of physicochemical properties by ligand scout
software. Molecular docking was performed using ligand scout, AutoDock Vina, and PyMOL. Binding affinity (Ei), inhibition constant (Ki), hydrogen
bond interaction, and hydrophobic interaction were evaluated to find which of herbs potentially for anti-alopecia.

Results: Among 15 compounds studied three of them, 6-hydroxy genistein, coreximine, and scoulerine interacted well with JAK2’s active pocket so it
can inhibit JAK- signal transducer and activator of transcription. 6-hydroxy genistein interacted with Asp994, Gly993 Met929, Val863, Leu983, Ala880,
and Leu855 whereas coreximine and scoulerine interacted with Leu932, Pro933, Tyr931 and Pro933, Tyr931, Ala880, Val863, Leu983, Leu855,
respectively.

Conclusion: These results predicted that three compounds, namely, 6-hydroxy genistein, coreximine, and scoulerine which come from Dadap leaves
(Erythrina variegata var. orientalis (L.) Merr.) were strongly had the link with JAK2 indicating that this plant extract may be used as hair growth agent/
anti-alopecia. As compounds studied was based on the literature survey, our results suggest compounds from six herbals studied should firstly be
tested in-vivo for its anti-alopecia activity, fractionated, elucidated, to check as to whether their compounds responsible for anti-alopecia using the

method developed in this paper.
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INTRODUCTION

Hair as one of the organs of the human body has an important role.
Hair has the function of them to protect the skin from the surrounding
environmentand has the aesthetic function to supportone’s appearance.
For women, the hair is considered a crown whereas for men the hair can
play a role in improving self-confidence baldness caused by hair loss
can lead to a decrease in confidence to the frustration of a person [1-4].
Hair is often used as a symbol to show relationships to groups, tribes, or
cultures and acts as a form of identity [5].

Some plants in Indonesia have traditionally been widely known
and used to help stimulate hair growth. Some of them have been
scientifically reported, such as aloe vera [6], hibiscus flowers [7], red
onion [8], garlic [9], tea [10], ginseng [11], and celery [12]. Here are
some plants that are also thought to be nutritious hair growth. Igbal and
Sulistyorini [13] reported that leaves, flowers, and roots of Hibiscus rosa
sinensis contain flavonoids, saponins, and polyphenols, flowers contain
polyphenols, their roots also contain tannins, saponins, scopoletin,
cleomiscosin A, and cleomiscosin C. The katuk (Sauropus androgynus)
leaf contains 1.14-tetradecanediol, 1-octadecin, 1-hexadecin, ductid
acid, ethyl ester, phytol, pyrene, hexadecahydro, 2 (1H) naphthalenone,
3,5,6,7,88a-hexahidro- 4,8a -dymethyl-6- (1-methylethenyl) -,
azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl- (1-methenylene) -,
[1- Metiletenil) -, squalene [14]. Chemical content in the Sunan herbs
(Reutealis Trisperma (Blanco) Airy Shaw) is a 50% «-oleo stearic
acid that has the properties of toxins. In addition, there are other
dominant contents in the oil that is triglyceride compounds such as

oleic acid, palmitic acid, and linoleic acid [15]. Research conducted by
Kusmardiyani et al. [16] showed A flavonoid was isolated from aqueous
fraction of green grass jelly (Cyclea barbata Miers) leaf extract. On
the basis of paper as well as thin layer chromatographic pattern, acid
hydrolysis, and ultraviolet-visible spectrophotometric analysis, the
isolate was confirmed as a 3-0-glycosidic flavonol with a hydroxyl group
at C-4’ and an o-di OH of A ring at a position of either 6,7 or 7,8. The
chemical content contained in the hantap (Sterculia coccinea) leaves is
alkaloids, flavonoids, and tannins [17]. Dadap Leaf (Erythrina variegata)
is known to contain alkaloid and tannin group compounds [18]. It is
reported as well that the dadap leaves contain isoflavones such as
epilupeol, 6-hydroxy genistein, and 38, 28-dihydroxyolean-12-ene [19].
In other studies, also known compounds contained in leaves of dadap
that are scoulerine, coreximine, I-reticuline, and erybidine [20].

The use of in-silico study in a prediction of chemical compounds
activities have been reported by researchers. Begum et al. [21] reported
their attempt to identify novel plant-based compounds which may be
effective against pediatric epilepsy syndrome, to meet this demand for
newer drugs with minimal side effects. In-silico analysis of proteins of
Curcuma caesia was reported by Bharathi [22]. Harel et al. [23] in their
in-silico study mentioned that the Janus kinase (JAK)-signal transducer
and activator of transcription pathway results in rapid onset of anagen
and subsequent hair growth. JAK inhibition regulates the activation of
key hair follicle populations such as the hair germ and improves the
inductivity of cultured human dermal papilla cells by controlling a
molecular signature enriched in intact, fully inductive dermal papillae.
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They also mentioned treatment with the JAK inhibitors resulted in
rapid reentry into the hair cycle, with kinetics similar to the SHH
agonist. JAK2 is a member of Janus kinase and provides instructions for
making a protein that promotes the growth and division (proliferation)
of cells. In this study, the JAK2 was used as receptor and the chemical
compounds used in herbal as the ligand [24]. This study will be based
on the modification of our previously developed method [25-27].
This paper shows the prediction of their link and behavior to find the
chemical compound which is responsible for hair growth.

MATERIALS AND METHODS

Methods were carried out by modification of Mustarichie et al. [25-27]
methods.

Tools

Hardware used for the calculations, molecular modeling, and molecular
docking involves a personal computer, MacBook Pro (13-inch, Mid
2012), with macOS Sierra Which Processor 2.5 GHz Intel Core i5,
completed with Graphics Intel HD Graphics 4000 1536 MB, and memory
of 16 GB 1600 MHz DDR3.

The software used was as follows:

1. MarvinSketch 17.11.0 (Academic License)

2. Ligand scout 4.1.4 (Universitas Padjadjaran License)
3. Autodock Vina 1.1

4. MacPyMOL: PyMOL 1.7.4.5 Edu.

Materials

15 chemical compounds from five herbals were used as ligands which
were from a literature search. The crystal structure of JAK2 was
obtained from Protein Data Bank (PDB code: 4C61) [24].

Research methods

1. Two-dimensional structure of 15 chemical compounds as ligands
were drawn using MarvinSketch.

2. Three-dimensional molecular modeling and geometry optimization
using MMFF94 on ligand scout software.

3. Physicochemical properties of ligands were predicted using ligand
scout.

4. Molecular docking of 15 chemical compounds to JAK2 receptor
obtained using ligand scout with AutoDock Vina and PyMOL for
visualization.
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5. Binding affinity, inhibition constant, and binding interaction studies
of ligands to a receptor to obtain the best potential as the JAK2
inhibitor for anti-alopecia.

RESULTS AND DISCUSSION

The first step in the preparation of the ligand was making a two-
dimensional structure with MarvinSketch Software as shown in Table 1.

The three-dimensional structure then geometry optimized to obtain
the most stable conformation.

Conformational changes and physicochemical properties prediction of
the 15 ligands were shown by ligand scout’s window in Fig. 1.

From data obtained by ligand scout, Principle Lipinski’s rule of five
[28] was used as a reference to determine the effectiveness of the
theoretical and bioavailability of an oral drug that was used. Principle
Lipinski’s rule of five is the first compound mass not more than 500
daltons. Mass owned except by compound 4, 5, 7, 11, and 12 had
met the criteria as oral medications which could produce an effect.
Requirements Lipinski’s Rule of five others were reviewing the physical
properties of a compound was the value of the partition coefficient
(clog P). Clog P values (log P calculation) shows the value of log P
(lipophilicity) resulting from the computational calculations. Clog P
value is proportional to the value of log P. Clog P values is in the range
of good value according to Lipinski’s rule of five (A good range is —2
< log P <5) so that both compounds are predicted to easily penetrate
the membrane. The partition coefficient is the ratio of fat solubility
concentration values with the concentration in the water.

The partition coefficient of compounds met the criteria according
to Lipinski’s rule of five, which was under 5 and <-2. The negative
sign on the coefficient of compounds No. 1 showed that the two
compounds were hydrophilic. This means that these compounds
would easily be dissolved in water or body fluids so that the process
of distribution to achieve the longer the cell 74 membranes. Unlike
the clog P compound No. 11 which had close to five. This suggested
that this compound had the ability to penetrate the cell membrane
was higher than other compounds because it was more lipophilic. As
we were looking for topical medicines, this result would not affect to
our aim.

Epilupeol

6-hydroxyvgenistein

Fig. 1: 3D conformation and physicochemical properties prediction of four out of 15 ligands studied
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Table 1: Molecular modeling of secondary metabolite compounds, 2D structure, using MarvinSketch software

Plant origin Compounds

Wera leaves (Malvaviscus arboreus) [29,30] 1. Asparagine 2. Anthocyanine -
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Kemiri Sunan (Reutealis trisperma) [33]

Dadap leaves (Erythrina variegate) [19,20,27,28] 13. 6-hydroxy genistein 14. Scoulerine
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Table 2: Lipinski’s rule of five predictions of studied compounds

11 12 13 14 15

10

Test compounds

2
3

Hydrogen bond donors

Hydrogen bond acceptors

Molecular mass

Log P

327.380
4.340

327.380

4.340

286.239
2.282

426.729

278.436
5.661

128.174 400.383

202.256
4.584

296.539
6.364

172.268
3.212

224.432
6.264

252.486
7.044

230.392
3.652

207.252
4.381

132.119
-1.726

11.705

0.352

2.840

1 - Asparagine, 2 - anthocyanine, 3-1,14-tetradecanediol, 4 - octadec-1-ene, 5-1-Hexadecene, 6 - decanoic acid, 7 - phytol, 8 - azulene, 9 - pyrene, 10 - flavonol 3-0-glycoside, 11 - a-eleostearic acid, 12 - epilupeol, 13-6-hydroxy

genistein, 14 - scoulerine, 15 - coreximine
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Results of molecular docking were then summarized in Tables 2 and 3

and Fig. 2.

Judging from the above data Table 3 and Fig. 3, compounds had the
lowest bond energy was considered the most easily interact with the
JAK2 receptor, less binding affinity assessed more easily interact with
the receptor [29,30]. Ki value should be <1 uM. Hence, six out of 15
compounds had the ability to bind to JAK2. From this research data,

Table 4 shows its summary.

Among 15 tested compounds, only six of them predictive able to bind with
JAK2. Pyrene has low Ki having the binding affinity (Ei) of -9.50 kcal/mo],
did not have either hydrogen donor or acceptor so there was no hydrogen
bonding to a Jak2 receptor, but it interacted hydrophobically through
Leu855, Leu983, Val911, Met929, Ala880, Val863, and Tyr931. This

Table 3: Molecular docking results

Test compounds Docking score

Binding affinity (Ei)  Inhibition

Kcal/mol constant (Ki) pM
Asparagine -3.90 1388.11
Anthocyanin -8.30 0.83*
1,14-tetradecanediol -5.10 183.30
Octadec-1-ene -4.80 304.08
1-Hexadecene -4.80 304.08
Decanoic acid -4.80 304.08
Phytol -5.90 47.53
Pyrene -9.50 0.11*
Azulene -6.50 17.27
Flavonol 3-0-glycoside  -9.00 0.25*
a.25%nol 3-0-glyco -5.40 110.50
Epilupeol -7.50 3.20
6-hydroxygenistein -9.20 0.18*
Scoulerine -8.70 0.42*
Coreximine -9.00 0.25*

*Ki values <1 uM
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Table 4: Test compounds potentially as JAK2 inhibitors for anti-alopecia

Compounds Ki (oun) Plant origin

Interaction of
hydrogen bonding

Hydrophobic interaction

Pyrene 0.11

6-hydroxygenistein 0.18
Flavonol 3-0-glycoside  0.25

Dadap leaves (Erythrina variegate)
Cincau leaves (Cyclea barbata)

Coreximine 0.25 Dadap leaves (Erythrina variegate)
Scoulerine 0.42 Dadap leaves (Erythrina variegate)
Anthocyanin 0.83 Wera leaves (Malvaviscus arboreus)

Katuk leaves (Sauropus androgynous)

- Leu855, Leu983, Val9o11, Met929,
Ala880, Val863, Tyr931

Asp994, Gly993 Met929, Val863, Leu983, Ala880, Leu855

Arg980, Gly993 Ala880, Leu983, Tyr931, Val863, Leu855

Leu932, Pro933, Tyr931 -

Pro933, Tyr931 Ala880, Val863, Leu983, Leu855

- Ala880, Met929, Val863, Val911, Leu983,
Tyr931, Leu932, Leu855

0
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Fig. 3: Molecular docking score

trait is similar to anthocyanin. Coreximine, however, only had hydrogen
bonding activity through Leu932, Pro933, and Tyr931. A hydrogen bond
is abond between the H atom that has a partial positive charge with other
atoms that are electronegative and has a lone pair with octets complete,
such as O, N, and F [31]. It should be noted that ring aromatic donating
properties of non-polar to a compound.

Interaction energy or free energy is the energy required for a ligand can
enter into binding pockets and interact with the receptor. The negative
sign indicates that the compounds can interact spontaneously with the
receptor. According to Siswandono and Soekardjo [32], an amino acid
which is about 4-6 A will form Van der Waals interactions. Although
the Van der Waals bonds are weak, the sum of Van der Waals bonding
is a substantial binding factor, especially for compounds with high
molecular weight. Van der Waals interactions also give effect to the
lipid solubility of the ligand. The more the Van der Waals interaction
that happens it will be easier ligand is soluble in lipid ligands that can
penetrate the cell membrane to be able to bind to the receptor. Low
Ki value indicates that the ligand has a higher strength than the Ki
values were higher (weaker bond strength). A good values range of Ki
is 10-6-10-12 M. When ligands bound to the receptor too powerful, the
ligand will be difficult excreted from the body and the ability to cause an
activity is inhibited, but when the ligand binds weakly to the receptors,
the ligands will be easily removed before generating an activity. The

absence of hydrogen bonds in the interaction suggests that the ability to
bind to receptor weaker compared to compounds which have hydrogen
binding affinity.

A number of hydrogen bonds formed in the ligand-receptor interaction
depend on the presence of atomic H, O, N, or S ligands which are
located around the H atom acts as a hydrogen bond donor, while O
atoms, N, and S acts as a hydrogen bond acceptor. According to Bohm
and Schneider [31], the range of hydrogen bond distances are good
docking simulation results are 1.72-2.85 A. The four compounds had
bond distances in the range, in other words, that the four compounds
had a hydrogen bond distance corresponding requirements so that they
all could interact with the tyrosinase enzyme. Curcumin formed Van
der Waals bond with the amino acids in a-MSH with DPN4 (4,645 A)
and Cys7 (4,571 A). Van der Waals interaction is the force of attraction
between molecules and atoms are not charged and are located adjacent
to the bond strength of 0.5-1 kcal/mol [28]. According to Siswandono
and Soekardjo [32], amino acids that are about 4-6A will form Van der
Waals interactions. Although the Van der Waals bonds are weak, the
sum of Van der Waals bonding is a substantial binding factor, especially
for compounds with high molecular weight. Van der Waals interactions
also give effect to the lipid solubility of the ligand. The more the Van
der Waals interaction that happens it will be easier ligand is soluble in
lipid ligands that can penetrate the cell membrane to be able to bind to
the receptor.

CONCLUSIONS

These results predicted that three compounds, namely, 6-hydroxy
genistein, coreximine, scoulerine which come from Dadap leaves
(E. variegata var. orientalis (L.) Merr) were strongly had a good
interaction with JAK2 indicating that this plant extract may be used as
hair growth agent/anti-alopecia. As compounds studied was based on
the literature survey, our results suggest compounds from six herbals
studied should be first tested in-vivo for its anti-alopecia activity,
fractionated, elucidated, and to checked as to whether their compounds
responsible for anti-alopecia using the method developed in this paper.
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