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Abstract

Background: Alopecia is a disorder that results in partial or complete shedding of hair from the scalp. Inhibiting
the enzyme 5-a-reductase is one modern preventive strategy. By blocking the enzyme 5-a-reductase, testosterone in
the circulatory system undergoes conversion into dihydrotestosterone, becoming a more powerful metabolite.
Literature: Kushtakudori Ennai, Siddha poly herbal drug is used as an Alopecia medicine mentioned in the literature
Prana Rakshamirtha Sindhu. The study aims to evaluate the anti-alopecia properties of nine recognized compounds
found in Kushtakudori Ennai. Their interaction with the androgen receptor (PDB code 4K7a) through the use of the
Auto doc software and molecular docking was the basis for their activity. Methodology: Autodock 1.5.6., preparation

and optimization of three-dimensional structures of compounds, creation of androgen protein structure databases, and
ADME-Tox prediction using the pk CSM tool were the stages of research that were carried out. Observation: From the
various elements of the polyherbal siddha formulation, a total of nine bioactive lead compounds were solitary. From
the reported data of the herbs, the phytochemicals such as Oleic acid, Chebuloside, Friedelin, Maslinic acid, Piperine,
Isovitexin, Astragalin, Salsoline and Alangicine. Compounds like Astragalin, Chebuloside, Friedelin, and Piperine
reveal a maximum of four to five interactions with the bioactive residues present on the target androgen receptor.
Other components such as Isovitexin, Salsoline, Maslinic acid, and Alangicine reveal a maximum of three viable
interactions with the target in comparison with the standard drug Finasteride. Conclusion: This suggests that these
compounds may impede the binding of native ligands and restrict the process of follicle shrinkage, and these lead to
hair fall. Thus, it was determined that the phyto chemical compounds mentioned above might have encouraging anti-
alopecia effects.
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Introduction and thyroid abnormalities.(7,8) Numerous factors, such
as genetics, environmental factors, and nutritional
factors, can contribute to alopecia.(9) . Human scalp
and body hair growth are significantly influenced by
androgens. But in men with androgenic alopecia scalp
hair loss is seen while beard growth is encouraged.
(10,11)  steroid hormones cause the balding process.
(12)

The common form of non-scarring hair loss
affecting the scalp and body is called alopecia aerate, an
autoimmune disease that is characterized by a sudden
appearance of non-scarring hair loss ranging from small
circumscribed patchy areas with no medical
inflammatory indicators. The consequences are similar
for men and women (1). However, some research
revealed a preponderance of men (2). It impacts 0.7
percent of the country's entirety. It can happen at any
age (3) ranging between 4 months and 70 years. (4) The
age range between thirty and fifty-nine had the highest
prevalence. (5) It affects any part of the body that bears
hair, predominantly  involve the scalp in many cases.
(6) Alopecia is frequently reported in conjunction with
other auto-immune conditions like diabetes, vitiligo,

Finasteride is a synthetic medication that inhibits
the enzyme 5-o-reductase and prevents baldness.
However, long-term use of finasteride treatment can
have serious side effects (13). Mustarichie et al. (14)
revealed that hair growth in male rabbit is enhanced by
an Erythrina variegate ethanol extract containing
polyphenol compounds, terpenoids, tannins, saponins,
and steroids. Additionally, compounds isolated from
Erythrina variegate were identified through chemical
modeling in an in silico study these compounds bound
* Corresponding Author: Janus kinase 2 (JAK2) and are used for treatment of
Nandhini E alopemfcl (15). Apart from sypthetlc medications,
alternative treatments for alopecia include the use of
traditional Siddha medicine known as kushtakudori
Ennai, which is derived from the ancient Siddha text
Prana rakshamirtha Sindhu.(16) It is used for the
treatment of alopecia ,because it contains made out of
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herbs namely Pungamia pinnata (Pungam seed),
Callophyllum inophyllum (Punnai seed), Terminalia
bellarica (Thandrikai seed), Psoralea corylifolia
(karbogarisi), Alangium salvifolium (Alingil seed),
Piper nigrum (Milagu), Terminalia chebula (Kadukkai
seed) that possess anti- alopecia properties.

This is the first research study to be done on
anti-alopecia property of Kushtakudori Ennai. Hence
we aim to examine the molecular interactions between
the phytocomponds of Kustakudori ennai and the target
proteins 4K7A to determine the anti-alopecia activity of
phyto compounds included in the preparation of
Kushtakudori Ennai using Molecular Docking.

Methodology
Hardware and software

The hardware consisted of a PC with an Intel®
Core (TM) 13-4005U CPU running at 1.70GHz, an
NVIDIA Ge Force GTS 710M graphics card, and four
gigabytes of RAM (CPU memory). The system was
running Windows 7 Home 64-bit. The following
software was used for the analysis: ADME-Tox pkCSM
tools, AutoDock Tools for Windows 1.5.6, and
Discovery Studio Visualizer. Eighteen test ligands in
total were selected from the mentioned herbal plants
(Fig .1). Chem 3D Ultra 8.0 was utilized to create and
optimize the three-dimensional (3D) structure of ligands
through the application of the MM2 semi-empirical
method.(17)

Discovery studio visualizes

The Discovery Studio program is a feature-rich
software package that offers tools for basic data
analysis, including the ability to view and edit data as
well as analyze and model molecular structures and
sequences. Using Discovery Studio, the docking result
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was visualized in order to calculate the nearest amino
acid residue and hydrogen bond distance.(18)

Preparation of protein receptor

The androgen receptor's crystal structure (PDB
code 4K7A) with a resolution of 2.44 k was extracted
from protein data bank. In addition, a grid box for
figuring out spatial shape and spatial coordinates as
docking materials was provided by the AutoDock Tools
1.5.6 application.(19) Based on the analysis of the
interaction study, the optimal dock pose was chosen
after the Autodock program assessed the lead molecules'
various orientations concerning the target protein. Using
AutoDock Tools 1.5.6, the ligand structure in the PDB
format was transformed into the pdbqt format. To carry
out the docking procedure, each ligand was tethered to
an androgen receptor using the Grid Center tether
coordinates of x = 40, y = 40, and z = 40 A, as well as
the Grid Box size coordinates of x = —2.592 y = 0.864 z
= —6.729A. Chemical interactions and binding energy
were evaluated in the docking results. The molecular
docking results were obtained in the form of a notepad
with values showing the free energy bond (AG) and the
inhibition constant (Ki).

Figure 2: 3D-Structure of the androgen receptor
(PDB) - 4K7A

Receptor structure

Figure 1: 2D and 3D Structure of Phyto-components
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Results

Fig 3: Protein ligand docking pose

Fig 3.a Visualization of interactions between the Oleic acid and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 865
SER, 869 ILE

Arg 786(A)
il

Fig 3.c Visualization of interactions between the Friedelin and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU,861 LYS,865 SER, 869 ILE

Fig 3.e Visualization of interactions between the Piperine and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, 793 GLU,861 LYS, 862 LEU, 865 SER, 869 ILE

Fig 3.g Visualization of interactions between the Astragalin and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU, 861 LYS, 862 LEU, 865 SER, 869 ILE

e P

Fig 3.b Visualization of interactions between the Chebuloside and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU,861 LYS,865 SER, 869 ILE

Fig 3.d Visualization of interactions between the Maslinic acid and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU,861 LYS, 865 SER

Fig 3.f Visualization of interactions between the Isovitexin and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU, 861 LYS, 865 SER

Fig 3.h Visualization of interactions between the Salsoline and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU, 861 LYS, 862 LEU, 865 SER
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Fig 3.i Visualization of interactions between the Alangicine and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU, 862 LEU, 865 SER

Fig 3.j Visualization of interactions between the Finasteride and
androgen receptors (4K7A). Hydrogen bonds are represented by
green bonds, Amino acid residues forming hydrogen bonds are 793
GLU, 861 LYS, 862 LEU, 865 SER

Table 1: Ligand Properties of the Compounds Selected for Docking Analysis

Compound Molar weight g/ Molecular Formula H Bond H Bond Rotatable
mol Donor Acceptor bonds

Oleic acid 282.5 g/mol CI8H3402 1 2 15
Chebuloside 666.8 g/mol C36H58011 8 11 5
Friedelin 426.7 g/mol C30H500 0 1 0
Maslinic acid 472.7 g/mol C30H4804 3 4 1
Piperine 285.34 g/mol CI7HI9NO3 0 3 3
Isovitexin 432.4 g/mol C21H20010 7 10 3
Astragalin 448.4 g/mol C21H20011 7 11 4
Salsoline 413.6 g/mol C27H43NO2 2 3 0
Alangicine 480.6g/mol C28H36N205 2 7 6
Finasteride 372.5 g/mol C23H36N202 2 2 2

Table 1 shows Chebuloside and Astragalin consists of highest number of Hydrogen acceptor bonds - 11
bonds followed by Isovitexin having 10 acceptor bonds, Alangicine having 7 acceptor bonds, Maslinic acid having 4
acceptor bonds, Piperine and Salsoline having 3 acceptor bonds each, Oleic acid and Finasteride having 2 acceptor
bonds each, Friedelin being the one to possess the least i.e. 1.

Table 2: Summary of the molecular docking studies of compounds against Androgen receptor (PDB) - 4K7A

Compound Est. Free Energy of Est. Inhibition Electrostatic Total Intermolec. No .of
p Binding Constant, Ki Energy Energy Interactions

Oleic acid -3.76 kcal/mol 1.77 mM -3.49 kcal/mol -0.56 kcal/mol 2
Chebuloside -9.94 kcal/mol 51.40 nM -10.16 kcal/mol -0.48 kcal/mol 4
Friedelin -7.01 kcal/mol 7.29 uM -7.03 kcal/mol -0.03 kcal/mol 4
Maslinic acid -7.65 kcal/mol 2.47 uM -7.65 kcal/mol -0.24 kcal/mol 3
Piperine -6.36 kcal/mol 21.96 uM -6.67 kcal/mol -0.07 kcal/mol 5
Isovitexin -7.76 kcal/mol 2.04 uM -5.45 kcal/mol -1.01 kcal/mol 3
Astragalin -8.63 kcal/mol 474.48 nM -8.39 kcal/mol -0.52 kcal/mol 5
Salsoline -5.40 kcal/mol 110.97 uM -3.79 kcal/mol -1.45 kcal/mol 4
Alangicine -7.23 kcal/mol 5.05 uM -6.91 kcal/mol -1.12 kcal/mol 3
Finasteride -6.66 kcal/mol 13.13 uM -7.21 kcal/mol -0.12 kcal/mol 4

Table 2 shows the Values of Estimated Free Energy of Binding were Chebuloside (-9.94 kcal/mol) > Astragalin
(-8.63 kcal/mol ) > Isovitexin (-7.76 kcal/mol) > Maslinic acid( -7.65 kcal/mol) > Alangicine(-7.23 kcal/mol) >
Friedelin (-7.01 kcal/mol ) > Piperine (-6.36 kcal/mol) > Oleic acid(-3.76 kcal/mol) > Salsoline(-5.40 kcal/mol).

Table 3: Amino acid Residue Interaction of Lead against Androgen Receptor (PDB) - 4K7A

Compound Interactions Amino acid residues

Asmglin S TSSARG Uig (B GLU LEU IVS LEU ASP SER PRO ILE TYR HIS
Chetuloside 4 TS6ARG S B GLU TEU GIN IVS ASP SER PRO ILE TYR
Fiedelin 4 TS6ARG {ig GLU LEU LvS SER ILE

hovtedn 3 ARG Gy [B) Ivs ASP SER PRO TV

sabolie 3 T93GLU Bl 1ys [EU ASP SER
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Maslinic acid 3 793 GLU Gglsj\l 536(18 ig}t
Okicacid 2 T6ARG ¢ [Py SfR
Piperine 5 789 HIS Ij}g% ég% Zg%
Alangicine 3 786 ARG I?ISIg CZIng Ij]gZJ
Finasteride 4 785VAL A7I§6G 17{81g (Zlgjj

Discussion

The nuclear hormone receptor known as the
androgen receptor can be made more active by bonding
interactions with androgen hormones (15). This
androgen receptor acts as a transcription factor and
regulates expression of gene in developing young
adolescent males (20). From the components of the
polyherbal siddha formulation KushtaKudori Ennai, a
total of nine bioactive lead compounds were isolated
namely astragalin, oleic acid, cheloside, Friedelin,
maslinic acid, piperine, isovitexin, salsoline, and
alangicine . Since finasteride is a medication that is
known to prevent baldness we have chosen finasteride
as a standard. In nature, hydrogen (H)-bonds are
ubiquitous and are crucial for the folding of proteins,
(21) interaction of protein-ligand (22), and catalysis
(23). Enhancing ligand molecular weight, rotatable
bonds, and lipophilicity is frequently necessary for lead
optimization since these factors impact the ligands'
pharmacokinetics and ADMET characteristics (24).
Chebuloside and Astragalin consist of the highest
number of Hydrogen acceptor bonds and hence it may
be said to possess the highest interaction with the
receptor. Drug absorption and enzyme catalysis depend
heavily on H-bond pairing. Binding affinity was a
crucial factor that needed to be considered when the
ligand receptor interaction occurs, which depends on
the number of free energy bond and the inhibition
constant (Ki). Negative binding energy is the favorable
energy of binding that is skewed in favor of the bound
complex A lower binding affinity indicated that a
substance needed less energy to attach or interact with
the receptor. Stated otherwise, a lower binding affinity
value indicated a greater potential for interaction with
the target protein(25) The quantity of energy released
from a chemical during interactions or bond formation
with receptors was indicated by the value of free energy.
Therefore, the greater the energy required to form the
bond, the smaller the number or the more extensive the
minus (26). Chebuloside (-9.94 kcal/mol), Astragalin
(-8.63 kcal/mol ), Isovitexin (-7.76 kcal/mol), Maslinic
acid( -7.65 kcal/mol), Alangicine(-7.23 kcal/mol),
Friedelin (-7.01 kcal/mol ) possess more negative
binding energy than Finasteride(-6.66 kcal/mol) so the
bond created by Chebuloside, Astragalin, Isovitexin,
Maslinic acid, Alangicine, Friedelin seems to be
stronger with less energy utilized compared to
Finasteride.

865 868 915 917

SER PRO TYR HIS

869

ILE

858 861 862 865 869
GLN LYS LEU SER ILE
862 865

LEU SER

861 862 865

LYS LEU SER
Table 3 shows the conserved residues that formed hydrogen bond interactions
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Astragalin and Piperine forms hydrogen bonding
at 793 GLU,861 LYS,862 LEU,865 SER,869 ILE
positions, whereas Chebuloside, Friedelin, forms
hydrogen bonding at 793 GLU, 861 LYS, 865 SER, 869
ILE, Salsoline forms hydrogen bonding at 793
GLU,861 LYS,862 LEU,865 SER which is more similar
to Finasteride that has bonding at 793 GLU, 861 LYS,
862 LEU, 865 SER.

Isovitexin, soline, mastinicine, and alangicine
reveal a maximum of three feasible interactions with the
target. This interaction may prevent native ligand
binding and limit the process of follicle shrinkage,
which is the main cause of hair fall.

Conclusion

The computational analysis revealed that
bioactive compounds such as astragalin, chebuloside,
Friedelin, piperine, isovitexin, salsoline, maslinic acid,
and alinagicine exhibit significant interactions with the
receptor's active site. This suggests that these
compounds may restrict the process of follicle
shrinkage, and these lead to hair fall. Thus it can be
concluded that the aforementioned drug Kushtakudori
Ennai with the phyto compounds Astragalin,
Chebuloside, Friedelin, Piperine, Isovitexin, Salsoline,
Maslinic acid, and Algicine may therefore have
potential anti-alopecia effects.

Conflict of Interest: Nil
Sources of Funding: Nil

References

1. Wasserman D, Guzman-Sanchez DA, Scott K,
McMichael A. Alopecia areata. Int J Dermatol
2007;46:121-31.

Sharma VK, Dawn G, Kumar B. Profile of alopecia
areata in Northern India. Int J Dermatol
1996;35:22-7.

Alshahrani AA, Al-Tuwaijri R, Abuoliat ZA,
Alyabsi M, AlJasser MI, Alkhodair R. Prevalence
and Clinical Characteristics of Alopecia Areata at a
Tertiary Care Center in Saudi Arabia. Dermatol Res
Pract. 2020 Mar 13;2020:7194270.

Muller SA, Winkelmann RK. Alopecia areata - An
evaluation of 736 patients. Arch Dermatol
1963;88:290-7.

McMichael AJ, Pearce DJ, Wasserman D, Camacho
FT, Fleischer Jr AB, Feldman SR, et al. Alopecia in
the United States: Outpatient utilization and


http://ijam.co.in

Published online in http://ijam.co.in

ISSN No: 0976-5921

10.

I1.

12.

13.

14.

15.

16.

common prescribing patterns. J Am Acad Dermatol
2007;57:S49-51.

Manish Bansal, Kajal Manchanda, and SS Pandey,
Annular Alopecia Areata: Report of Two Cases,Int J
Trichology. 2013 Apr-Jun;5(2):91-93.

Thomas EA, Kadyan RS. Alopecia areata and
autoimmunity: A clinical study. Indian J Dermatol.
2008;53:70-4.

Warner.E.C A case study on Ayurvedic
management of Alopecia areata, Savill’s System of
Clinical Medicine, 14th edition, Alopecia areata,
page no.1022. viii. API Text Book of Medicine
Volume 1, edited studylib.net,https://studylib.net >
Science » Health Science.

Gokce N, Basgoz N, Kenanoglu S, Akalin H, Ozkul
Y, Ergoren MC, Beccari T, Bertelli M, Dundar M.
An overview of the genetic aspects of hair loss and
its connection with nutrition. J Prev Med Hyg. 2022
Oct 17;63(2 Suppl 3):E228-E238.

Chen X, Liu B, Li Y, Han L, Tang X, Deng W, Lai
W, Wan M. Dihydrotestosterone Regulates Hair
Growth Through the Wnt/B-Catenin Pathway in
C57BL/6 Mice and In Vitro Organ Culture. Front
Pharmacol. 2020 Jan 23;10:1528.

Kaufman KD. Androgens and alopecia. Mol Cell
Endocrinol. 2002 Dec 30;198(1-2):89-95.

Ustuner ET. Cause of androgenic alopecia: the crux
of the matter. Plast Reconstr Surg Glob Open. 2013
Nov 7;1(7):e64.

Hirshburg JM, Kelsey PA, Therrien CA, Gavino
AC, Reichenberg JS. Adverse Effects and Safety of
5-alpha Reductase Inhibitors (Finasteride,
Dutasteride): A Systematic Review. J Clin Aesthet
Dermatol. 2016 Jul;9(7):56-62.

Mustarichie, Resmi & Runadi, D. & Danni,
Ramdhani. (2017). The antioxidant activity and
phytochemical screening of ethanol extract,
fractions of water, ethyl acetate, and n-hexane from
mistletoe tea (Scurrula atropurpurea BL. dans). 10.
343-347.

Abdurrahman S, Ruslin R, Hasanah AN,
Mustarichie R. Molecular docking studies and
ADME-Tox prediction of phyto compounds from
Merremia peltata as a potential anti-alopecia
treatment. J Adv Pharm Technol Res. 2021 Apr-
Jun;12(2):132-139.

Textbook of Prana Raksha Mirtha Sindhu, Page
no:139.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

L

419

Liu JS, Hsu CL, Wu WG. 4K7A: Crystal Structure
of the Androgen Receptor Ligand Binding Domain
in Complex with Minoxidil. (RCSB PDB) 2014
Adeniji SH, Uba S, Uzairu A. In silico study for
evaluating the binding mode and interaction of 1, 2,
4-triazole and its derivatives as potent inhibitors
against lipoate protein B (LipB) J King Saud Univ
Sci. 2018;32:1-11

Susanti MP, Saputra PD, Hendrayati PL,
Parahyangan DN, Swandari DG. Molecular
Docking Cyanide and Peionidin As Anti-
Inflammatory Atherosclerosis in Silico. Journal of
Pharmacy Udayana. 2018;7:28-33.

Culig Z, Klocker H, Bartsch G, Hobisch A.
Androgen receptors in prostate cancer. Endocr Relat
Cancer. 2002;9:155-70.

Gao J.,, Bosco D. A., Powers E. T., Kelly J.
W., Localized thermodynamic coupling between
hydrogen bonding and microenvironment polarity
substantially stabilizes proteins. Nat. Struct. Mol.
Biol. 16, 684—690 (2009).

Alentin S., Haupt V. J., Daminelli S., Schroeder
M., Polypharmacology rescored: Protein—ligand
interaction profiles for remote binding site
similarity assessment. Prog. Biophys. Mol.
Biol. 116, 174-186 (2014).

Natarajan A., Schwans J. P., Herschlag D., Using
unnatural amino acids to probe the energetics of
oxyanion hole hydrogen bonds in the ketosteroid
isomerase active site. J. Am. Chem. Soc. 136,
7643-7654 (2014).

Chen D, Oezguen N, Urvil P, Ferguson C, Dann
SM, Savidge TC. Regulation of protein-ligand
binding affinity by hydrogen bond pairing. Sci Adv.
2016 Mar 25;2(3):e1501240. doi: 10.1126/
sciadv.1501240

Pangastuti A, Amjn M, Indriwati ES (2016)
Mengungkap Potensi Senyawa Alami Melalui
Teknik Reverse Docking. Pros Semin Nas II 2016,
Kerjasama Prodi Pendidik Biol FKIP dengan Pus
Stud Lingkung dan Kependud Univ Muhammadiya
Malang., (1):1019-28.

Umamaheswari M, Madeswaran A, Asokkumar K
(2013) Virtual Screening Analysis and In-vitro
Xanthine Oxidase Inhibitory Activity of Some
Commercially Available Flavonoids. Iran J. Pharm.
Res IJPR., 12(3):317-23.


http://ijam.co.in

