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Abstract : Hair loss is commonly found in menopausal women. Hair loss is one of the consequences
of hormonal dynamics when a woman stops having menstrual cycle, which affect calcium and vit-
amin D level in the body. Although it is clear enough that hormonal adjustment is required, older
people and another sociodemographic factor prefer herbal-based therapeutic rather than synthetic-
based due to tradition and positive experience factors. This study is an in-silico study which aims
to point out the possible ligand candidates that can work as Vitamin D Receptor (VDR) agonists.
We perform molecular docking using Autodock version 4.2 with the criteria of Lamarckian GA.
VDR (PDB ID: 1TXI) was docked with ten compounds and one native ligand, then analyzed using
Autodock 4.2. Dolichosterone, Gartanin, and (-)-Matairesinol, Luteolin, 5-HETE, Sinapyl glucoside,
and geraniol, in order shows smallest to bigger binding energy when simulated in the software (-
9.72,-7.70,-7.20, -6.88, -5.76, -5.71 kcal/mol). Thus, we found that these compounds are potential to
become VDR agonist. Further research is still required to determine each compound drug potential
and maximize therapeutic concentration for medicinal purposes.

Keywords: Vitamin D receptor, docking, herbal, hair loss, menopause.

1. Introduction

Hair loss is one of the usual findings when women grow older. Ranging from 20-
60%, women before reaching the age of 60 years suffer from this hair loss.! In addition to
hair loss, eyebrow loss is also a problem in women older than 60 years.2 Hair loss in men-
opausal women mainly caused by lower sex hormone level in blood, such as estrogen and
testosterone. Other factors associated with is scalp sebum level, thyroid-stimulating hor-
mone, hemoglobin, genetic factors, and stress level.? Hair loss caused a significant impact
on the patient's quality of life, so prevention and treatment are needed.*

Vitamin D Receptor (VDR) is a receptor protein located in the cell nucleus. VDR itself
is distributed in all body cells, mainly concentrated in the digestive tract and kidneys.
When activated by Vitamin D3, VDR acts as a significant regulator of calcium homeosta-
sis, bone mineralization, and proliferation and modulation of the immune system. In ad-
dition, VDR also controls the expression of various genes related to the transport, bioac-
tivation, and detoxification of endogenous compounds and xenobiotics, including drugs.
The physiological agonist of VDR is the active form of vitamin D, also known as calcitriol
or 1a,25-dihydroxyvitamin D3.5

Physiologically, during the pre-menopausal period in women, blood levels of estro-
gen decrease accompanied by a natural increase in androgen concentrations, leading to
androgenic hair loss.1 These changes also lead to decreased vitamin D levels, which plays
a role in maintaining the cycle of hair follicle differentiation. A study in Japan showed that
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the administration of 200,000 IU of vitamin D3 resulted in significant improvement in hair
loss (p <0.0003; r = 0.457) in adult women with vitamin D levels below the average thresh-
o0ld.4 These findings further strengthen the Calcitriol-VDR complex level essential in pre-
venting hair loss.?2¢

Indonesia is home to 25% of flora species from all over the world. This biodiversity
prospecting high potential for the manufacture of novel herbal medicines.” Herbal prod-
ucts themselves are also more accepted in treating mild to moderate diseases than syn-
thetic drugs with the reason of disappointment of usual treatment, past positive experi-
ences, and traditional aspect.® Factors associated with high preferences towards herbal
medicine especially in developed countries including health status, high plant medicinal
knowledge, and religional view on herbal medicine.” Meanwhile, Molecular docking sim-
ulations were countlessly conducted as the preliminary experiment to determine possibil-
ity of a compound to molecularly interacted to each other. Therefore, our study aims to
conduct molecular docking experiments on VDR with the HerbalDb database to deter-
mine the potential of herbal compounds that can act as agonists for VDR.

2. Results and Discussion

From pharmacophore modeling, the Vitamin D receptor (PDB ID: 1TXI) has one na-
tive ligand, Inecalcitol (PDB ID: TX5). The pharmacophore binding site has also been iden-
tified, ie., ARG274, SER237, HIS305, HIS397, ALA231, LEU227, VAL418, LEU414,
VAL234, VAL300, LEU313, LEU309, MET272, LEU230, ILE268, LEU233, TRP286, ILE271,
SER278, and TYR143. Figure 3a and 3b shows the pharmacophore interaction between the
native ligand and Dolichosterone as one of the possible VDR ligand with lowest binding
energy. The current possible ligand candidates chosen were analyzed with Lipinski’s Rule
of Five properties. The compound sorted according to their binding energy, from smallest
to biggest. From the simulations, dolichosterone shows the lowest binding energy from
the list of possible ligands of vitamin D receptor with no Violation of Lipinski’s rule. From
the possible ligands retrieved, Glucobrassicin is the only compound that have violation
on Lipinski’s role in hydrogen bond donor aspect. Gartanin, (-)-Matairesinol, Luteolin, 5-
HETE, 9-ribosyl-cis-zeatin, Sinapyl glucoside, 9-ribosyl-trans-zeatin, and Geraniol, se-
quentially shows possibilty of becoming vitamin D receptor from the aspect of binding
energy and no violation of Lipinski’s rule shown in Table 1.

Table 1. Lipinski’s Rule of Five Properties of Vitamin D Receptor Potential Agonists

Lipinski’s Rule of Five Parameter

Binding En-
No Compound ergy Mole'cular H-bond H-Bond D
(kcal/mol) Weight LogP (<5) donor (<5) acceptor Violation
(<500 Da) (<10)
1 Native ligand -13.02 402.6 4.60 3 3 0
2 Dolichosterone -9.72 462.66 3.69 4 5 0
3 Gartanin -7.70 396.43 431 4 6 0
4 (-)-Matairesinol -7.20 358.39 2.75 2 6 0
5 Luteolin -6.88 286.24 1.73 4 6 0
6 Glucobrassicin -5.76 44847 -0.45 6 10 1
7 5-HETE -5.71 32047 4.74 2 3 0
8 9-ribosyl-cis-zeatin -5.61 351.36 -0.73 5 8 0
9 Sinapyl glucoside -5.60 370.35 -0.34 4 9 0
10 9-ribosyl-trans-zeatin -5.43 351.36 -0.73 5 8 0
11 Geraniol -4.96 154.25 1.73 1 1 0
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Figure 1. (a) Detail bonding of molecular interaction between TX5 and 1TXI in 2D visualization, (b) The 3D
interaction of TX5 at the binding pocket of 1TXL
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Figure 2. (a) Detail bonding of molecular interaction between dolichosterone and 1TXI in 2D visualization, (b)
The 3D interaction of dolichosterone the binding pocket of 1TXI.
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This study used Vitamin D receptor (PDB ID: 1TXI) as a potential protein target for
inducing a similar response as Vitamin D3 does to generate various gene expressions de-
pending on the target cell. In this case, we expect the possible ligand candidate can pre-
vent hair loss in menopausal women as one of the consequences of decreased calcium and
Vitamin D level in their bodies. The potential ligands used in this study based on the
pharmacophore feature similarity are Dolichosterone, Gartanin, (-)-Matairesinol, Luteo-
lin, Glucobrassin, 5-HETE, 9-ribosyl-cis-zeatin, Sinapyl glucoside, 9-ribosyl-trans-zeatin,
and geraniol.

In this study, we have done molecular docking study of Inecalcitol (PDB ID: TX5) as
our positive control. Inecalcitol is an analog of 1,25-dihydroxyvitamin D3 or calcitriol,
widely known as the active form of Vitamin D in the human body.* Calcitriol itself have
a role in regulating the population of keratinocytes stem cells in the bulge region of hair
follicles by binding to Vitamin D receptor in the cell nucleus. Lower vitamin D or defective
vitamin D receptor was associated with disruption of keratinocytes stem cells renewal,
leading to female pattern hair loss due to incomplete hair follicle cycle.¢ Calcitriol supple-
mentation is widely used to treat calcium deficiency caused by hypoparathyroidism and
metabolic bone disease caused by chronic kidney disease. However, this supplementation
also can cure hair loss in a woman with Vitamin D deficiency in her serum based on the
case report by Suad and Modawe (2018).15

Our docking between VDR and ligands using Autodock version 4.2 showed the bind-
ing energy of the possible ligand candidates ranging from -9.72 to 4.96 kcal/mol. Doli-
chosterone is the compound with the lowest binding energy among the chosen com-
pounds. Meanwhile, Inecalcitrol as positive control has a binding energy of -13.02
kcal/mol.

Dolichosterone is an organic compound from the tetrahydroxy bile acid class, while
(-)-Matairesinol is classified as phenylpropanoid. Dolichosterone and (-)-Matairesinolcan
be extracted from Poaceae (grains) and Fabaceae (legumes) family plants. Classified as a
steroid compound and possibly the closest compound to calcitriol structure, Doli-
chosterone may metabolize in steroid pathway or as energy storage in the human body.
Dolichosterone, popularly extracted from hyacinth bean, that known to have antioxidant,
anticancer, and hepatoprotective effects.!® (-)-Matairesinol is the compound that carries
grains that benefit cardiovascular health.?”

Gartanin is one of the famous extracted compounds from mangosteen fruit (Garcinia
mangostana). Gartanin is well known for its anti-inflammation, antioxidant, antifungal,
and anticancer effects. Gartanin also has a neuroprotective role by suppressing oxidative
stress caused by glutamate. In study conducted by Li, et al. in 2016, gartanin have a de-
grading effect on androgen receptor, that play a role in hair loss in menopausal women. -
21

5-Hydroxyeicosatetraenoic acid (5-HETE) is one of the arachidonic acid metabolites.
5-HETE is one of the intermediate compounds in the leukotriene synthesis pathway and
acts as a biomarker in evaluating eicosanoid metabolism in the pathologic process. In
terms of functionality in plants, the arachidonic acid system is homologous with the ox-
ylipins system. The Oxylipin system was first found in soybean extract and further re-
searched in Arabidopsis thaliana.?223

Sinapyl glucoside is one of the compounds extracted from Magnolia sieboldii from East
Asia. The hydrolyzed version of this compound is known for its anti-inflammatory and
anti-nociceptive character.?

Geraniol is one of the monoterpene compounds easily extracted from any part of
plants, such as leaves, fruits, stems, and flowers. Geraniol is mostly found in plants with
aromatic scents, such as roses, lavender, and lemongrass. Geraniol has antimicrobials,
anti-inflammatory, antioxidant, anticancer, and neuroprotective character.?

Binding energy data from docking results showed that Dolichosterone, Gartanin, (-)-
Matairesinol, 5-HETE, Sinapyl glucoside, and Geraniol, are compounds that may ex-
tracted from herbal plants for the next studies. Thus, we recommended to be researched
as the possible agonist of VDR in further in vitro and in vivo studies.
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4. Materials and Methods

4.1. Protein receptors preparation

The three-dimension structure of the VDR (PDB ID: 1TXI) (Figure 3) was retrieved
from the Protein Data Bank (https://rcsb.org/) in the format of .pdb.!° Then, the protein
was refined by removing water molecules, removing unnecessary chains, and adding po-
lar hydrogen and charges using Autodock version 4.2. The processed protein structure
was then saved in .pdb format for further analysis.

Figure 3. 3D structure of vitamin D receptor (VDR) (PDB ID: 1TXI).1

4.2 Pharmacopore modelling and possible ligand candidate screening

Processed protein from the latest step was processed to identify the pharmacophore
binding site and screen possible ligand candidate screening with LigandScout version
4.4 After placing the pharmacophore binding site, possible ligand candidate screening
was performed using HerbalDB Database.'? Because there is no exact potential ligand to
all pharmacophore has found, the screening then adjusted to omit no more than half of
the identified pharmacophore binding site. Ten highest pharmacophore-fit scores of the
possible ligand candidates were chosen to be processed in the next step.
4.3. Ligand preparation and drug-likeness activity

Three-dimension structure of Inecalcitol, Vitamin D analog (PDB ID: TX5) as native
ligand of VDR (Figure 4a) and 10 choosen possible ligand candidate was retrieved from
PubChem (https://pubchem.ncbi.nlm.nih.gov/) (Figure 2b-2k) in .sdf format, then cleaned
to form 3D visualization and converting them into .pdb format using MarvinSketch

The drug-likeness analysis was performed with SWISSADME (https://swis-
sadme.ch/) to assess every qualitatively the possibility of a molecule to become an oral
drug by respecting some factors, such as bioavailability. Lipinski’s Rule of Five was used
as guide to assess good permation and oral absorption properties, i.e., molecular weight
less than 500 Da, C logP <5, hydrogen bond donor <5, hydrogen acceptor <10, violation
<2‘13
4.4. Molecular docking

The device used in this study is a personal computer (PC) with Intel Core i5-7200U
CPU @2.50-2.71GHz, 8GB RAM. Operating System used was Windows 10, 64-bit OS. First,
molecular docking was processed with the native ligand of the protein to validate the
consistency of the molecular docking process with root mean square deviation (RMSD)
value below 2 A. The grid coordinate (X, Y, Z) -10.502, 22.258, 34.073 with Grid Box di-
mension 40x40x40. Through the docking process, the macromolecule was kept rigid, and
the ligand was flexible. The molecular docking was performed using Autodock version
4.2 by adjusting the parameter of the genetic algorithm (GA), using ten runs of the criteria
of Lamarckian GA. Vitamin D receptor (PDB ID: 1TXI) was docked with ten molecules
and one native ligand and explored using Autodock version 4.2

Published by Ul Scholars Hub, 2022
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Figure 4. 2D structure of (a) vitamin D analog, TX5; (b) 9-ribosyl-trans-zeatin; (c) luteolin; (d) geraniol; (e) gluco-

brassicin; (f) gartanin; (g

zeatin.

) dolichosterone; (h) 5-HETE; (i) sinapyl glucoside; (j) (-)-mataresinol; and (k) 9-ribosyl-cis-

5. Conclusions

Hair loss is commonly found among menopausal women. Although it is also well-
known that hormonal dynamics mainly cause hair loss, developing countries such as In-
donesia are more open to herbal-based therapeutics instead of synthetical-based thera-
peutics. Thus, herbal-derived compounds may become an alternative to activate VDR as
calcitriol does as a native ligand. From docking results and drug-likeness parameter, Dol-
ichosterone, Gartanin, and (-)-Matairesinol, Luteolin, 5-HETE, Sinapyl glucoside, and ge-
raniol showed preliminary potency as vitamin D receptor agonist. However, the binding
energy of native ligand toward VDR still much higher than the experimented possible
ligands. Nevertheless, more research is required to determine each compound drug po-
tential and maximize compound extraction from the medicinal plant to achieve therapeu-
tic concentration for medicinal purposes.
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