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Abstract

Around 50 million people in the world are affected by Vitiligo which is a chronic inflammatory cutaneous
disorder. Vitiligo is not a life-threatening disease, it causes disfigurement in the appearance leading to
psychological harm to patients. Moreover, vitiligo favours vulnerability to other diseases like arthritis,
hyperthyroid's, diabetes and lupus erythematosus. Siddha system is a traditional system that has originated in
India since 4000 years ago with unique treatment methods and herbomineral formulations for various skin
diseases and autoimmune diseases. The present study is aimed to execute the in-Silico computational studies of
phytoconstituents of Siddha formulation Karbogi pasai that has been indicated for the treatment of
vitiligo(Venpadai).The study was aimed to find the lead molecules in the herb Karbogi pasai a Siddha
formulation to bind with specific amino acid residues in the tyrosinase enzyme, which helps in melanogenesis,
to enhance tyrosinase activity and improve hypopigmentation medical conditions like vitiligo. Docking analysis
of 11 phytoconstituents in Karbogi pasai was performed using AutoDock program. The lead compound
Isovitexin was found to have the strongest binding affinity against tyrosinase. Bavachinin had the lowest Ki
value and Pantothenic acid had the strongest electrostatic interaction. Overall, the study found potential
antivitiligo effects of the herb's phytoconstituents.
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1. Introduction

Vitiligo is a depigmentation disorder of the skin
and hair follicles characterized by the destruction
of the melanocytes, mainly exhibiting clinical
manifestation as expanding hypopigmented lesions
of the skin.[1] Clinically, vitiligo is divided into the
most common non-segmental vitiligo, segmental
vitiligo and mixed vitiligo.[2] The aetiology of
vitiligo is multifactorial and not vyet fully
understood, but it is generally believed to be an
autoimmune-mediated process, resulting from the
destruction of melanocytes by the body's own
immune system. [3][4] Previous studies have
indicated that systemic oxidative stress could be
considered as one of the important pathogenic
events in melanocyte loss in vitiligo patients.[5][6]
Oxidative stress may induce and mediate multiple
genes encoding proteins through several signalling
pathways, including tyrosinase (TYR),
microphthalmia-associated  transcription  factor
(MITF), MAPK, Nrf2-ARE and ultimately leads to
melanin loss and vitiligo.[7] Apart from the
autoimmune and oxidative stress, neural and
biochemical causes are also proposed for the cause
of vitiligo.[8]

Research on treating vitiligo with small molecules
including natural products [9] and derivatives, anti-
oxidative stress drugs, immunosuppressants.[10]
Natural compounds have recently shown a wide
range of therapeutic bioactivities against a number
of skin disorders.[11] Natural products have been
demonstrated to enhance melanin production with
UVB target phototherapy and inhibit its
degradation in a coordinated manner through in
vivo and in vitro experiments.[12] Vitiligo
treatment methods rely on multitude of factors like
scavenging free radicals, such as NOS, mitigating
oxidative stress-induced damage to melanocytes,
activating melanogenesis-related signalling
pathways, upregulating the expression of tyrosinase
gene, downregulating the expression  of
chemokines and inflammatory cytokines.[13]

There have been several studies conducted on
herbal compositions for the treatment of vitiligo. A
study  published in  the  Journal of
Ethnopharmacology in 2004 found that a
combination of Psoralea corylifolia (Babchi) and
Tamarindus indica (Imli) showed significant
repigmentation in patients with vitiligo.[14]
Similarly, a study published in the Journal of
Clinical and Aesthetic Dermatology in 2015 found
that a combination of curcumin and psoralen
showed significant improvement in patients with
vitiligo.[15] A study published in the Journal of
Dermatological Treatment in 2014 found that a
topical application of Ginkgo biloba extract
showed significant improvement in patients with
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vitiligo.[16]  Apart from  herbal  extract
combinations, studies on single natural compounds
were also found to be effective against vitiligo.
Piperine, a compound found in Piper nigrum that
has been shown to have anti-inflammatory and
immunomodulatory properties showed significant
repigmentation in patients with vitiligo after a
topical application of piperine.[17] Caffeine, an
alkaloid present in many plant species including
Coffea arabica and Coffea canephora can be used
as an anti-vitiligo treatment.[18] Commonly, wild
seeds of Vernohia anthelmintica are known to
exhibit a significant effect in the treatment of
melanin deficiency and vitiligo [19] from which
butin an potent antivitiligo component was
isolated.[20] Medicinal plants like Phlebodium
aureum, Cullen corylifolium, Picrorhiza kurroa,
and Baccharoides anthelmintica are proposed to be
having antivitiligo properties.[21] “Karbogi pasai”
an Indian traditional medicine prescribed to treat
skin disorders is a combination of medicinal herbs
such as Terminalia chebula, Terminalia bellerica,
Emblica officinalis, Acacia catechu, Pterocarpus
marsupium, Psoralea corylifolia mixed with
prepared medicines such as aya chendooram,
navapasana chendooram, naga parpam, thamira
chendooram at different concentrations. In this
study, “Karbogi pasai” is studied for antivitiligo
tendency through docking analysis of its
phytoconstituents. The principal objective of the
investigation is to identify lead compounds that can
bind to the core bioactive amino acid residues of
the tyrosinase enzyme, namely His38, His54,
His63, His190, His194, and His216. These amino
acids are known to facilitate the enzymatic activity
of tyrosinase and are therefore believed to enhance
or synergize its action, thereby promoting
melanogenesis. The improvement of melanin
production through increased tyrosinase activity is
critical to achieving melanogenesis, which is
commonly impaired in medical conditions
characterized by hypopigmentation, such as
vitiligo.

2. Materials and Methods

Crystalline structure of the target protein
Tyrosinase (PDB ID: 1WX3) was retrieved from
protein data bank (Figure 1) and protein clean-up
process was done and essential missing hydrogen
atom were being added. Different orientation of the
lead molecules Isovitexin, Bavachinin,
Hydnocarpin, Pantothenic acid, Biotin, Morphine,
Thebaine, Abscisic acid, Limonene, Thymol and
Nigellamine (Figure 2) with respect to the target
protein was evaluated by AutoDock program and
the best dock pose was selected based on the
interaction study analysis. Docking calculations
were carried out using Auto Dock 4 for the
retrieved phytocomponents against the target
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protein Tyrosinase (PDB ID: 1WX3). Gasteiger
partial charges were added to the ligand atoms.
Non-polar hydrogen atoms were merged, and
rotatable bonds were defined. Essential hydrogen
atoms, Kollman united atom type charges, and
solvation parameters were added with the aid of
AutoDock tools.[22] A grid points and 0.375 A
spacing were generated using the Autogrid
program.[22] AutoDock parameter set- and
distance-dependent dielectric functions were used
in the calculation of the van der Waals and the
electrostatic ~ terms,  respectively.  Docking
simulations were performed using the Lamarckian
genetic algorithm (LGA) and the Solis & Wets
local search method.[23] Initial  position,
orientation, and torsions of the ligand molecules
were set randomly. All rotatable torsions were
released during docking. Each docking experiment
was derived from 2 different runs that were set to
terminate after a maximum of 250000 energy
evaluations. The population size was set to 150.
During the search, a translational step of 0.2 A, and
quaternion and torsion steps of 5 were applied.

3. Results and Discussion

Total of 11 bioactive lead compounds (Table 1)
were retrieved from the herbs present in the siddha
formulation Karbogi pasai. Isovitexin has the most
negative free energy of binding (-4.20 kcal/mol),
suggesting that it has the strongest binding affinity
among all the compounds. Isovitexin is known to
have anti-inflammatory and anti-oxidant activities
through reduction in iNOS, cyclooxygenase-2
(COX-2), MAPK expression in acute lung injury
induced by lipopolysaccharides. [24] Bavachinin
has the lowest Ki value (25.22 uM), Pantothenic
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Acid has the lowest electrostatic energy (-0.57
kcal/mol) and the largest interaction surface
(724.876 A?) indicating that it has the strongest
electrostatic interaction with a high degree of
contact with the target protein (Table 2).
Bavachinin is a recently studied Pan-peroxisome
proliferator-activated receptor (PPAR) agonist
which could have glucose and lipid-lowering effect
confirmed through mouse model. [25] It is also
known for monoamine oxidase B inhibitory
activity; inhibitors which are commonly used in the
early management of Parkinson's disease.[26]
Isovitexin and Bavachinin are phytoconstituents
commonly found in Psoralea corylifolia [27] used
in many Asian traditional medicines. From reported
data of the herb, the leads such as Limonene,
Bavachinin, Isovitexin, Abscisic Acid, Thymol,
Pantothenic Acid and Thebaine possess 4-6
interactions with 60-100% binding efficacy by
interacting with core target amino acids (His38,
His54, His63, His190, His194 and His216) present
on the protein — Tyrosinase enzyme followed by
which the compounds such as Biotin, Hydnocarpin,
Morphine and Nigellamine possess 2-4
interactions which accounts for 30-50% binding
efficacy by interacting with target amino acids on
the enzyme Tyrosinase. The His54 is only amino
acid that interacts with all of the compounds.
Additionally, there are four amino acids that
interact with nine out of the eleven compounds,
namely His38, His190, lle42, and Asn191 (Table
3). Approximately 37 natural substances are
recognized to enhance melanin synthesis by
upregulating tyrosinase activity in a melanocyte
model in vitro. However, their in vivo potential for
mitigating  autoimmune  destruction  remains
unexplored.[28]

Figure 1: 3D structure of Tyrosinase (PDB ID: 1WX3) used as the target protein in molecular docking

W, 3 B
~or B S

Figure 2: 2D structures of the selected ligands a. Bavachinin, b. Biotin, ¢c. Dormin, d. Hydnocarpin, e. Isovitexin,
f. Limonene, g. Morphing, h. Nigellamine, i. Pantothenic Acid, j. Thebaine, k. Thymol.
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Table 1: Ligand properties of the compounds selected for docking against tyrosinase (1wx3)

Compound Molar weight Molecular H-Bond H-Bond Rotatable
P (g/mol) Formula Donor Acceptor bonds
Limonene 136.23 CioH1s 0 0 1
Bavachinin 3384 C21H204 1 4 4
Biotin 244.31 C10H16N203S 3 4 5
Hydnocarpin 464.4 CasH2009 4 9 4
Isovitexin 432.4 C21H20010 7 10 3
Abscisic Acid 264.32 C15H2004 2 4 3
Morphine 285.34 C17H19NO3 2 4 0
Nigellamine 530.7 C32H3sN20s 0 7 6
Thymol 150.221 Ci10H140 1 1 1
Pantothenic Acid 219.23 CgH17NOs 4 5 6
Thebaine 311.4 C19H21NO3 0 4 2
Table 2: Summary of the molecular docking studies of compounds against Tyrosinase (1WX3)
Est. Free Energy Est. Inhibition Electrostatic Total Intermolec. Interact
Compound of Binding Constant, Ki Energy Energy Surface'
(kcal/mol) (uM) (kcal/mol) (kcal/mol)

Limonene -4.65 387.26 -0.01 -4.96 444.326

Bavachinin -6.27 25.22 -0.06 -7.54 721.631

Biotin -6.04 37.35 -0.13 -6.13 494.255

Hydnocarpin -4.68 369.29 -0.56 -6.91 700.602

Isovitexin -4.20 828.38 -0.19 -3.70 755.568

Abscisic Acid -6.15 31.21 -0.17 -6.99 608.639

Morphine -5.44 102.69 -0.02 -6.42 572.291

Nigellamine -5.43 104.94 -0.19 -6.58 584.273

Thymol -6.23 27.06 -0.52 -8.38 689.202

Pantothenic 5.65 71.61 0.57 7.56 724.876

Acid
Thebaine -5.52 90.33 -0.21 -7.29 694.492

Table 3: Amino acid residue interaction of lead and standard against crystal structure of tyrosinase (1WX3)

Compound | Interactio Amino acid residues
S ns
38 206
. 42 54 190 | 194 216
Limonene 5 HS' ILE | HIS | HIS | HIS SRE HIS
38 43 55 59 184 206
.. 42 54 63 190 | 194 216
Bavachinin 6 HI ME AR | PH TR SE
S ILE T HIS G E HIS p HIS | HIS R HIS
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38 191 195 | 202 | 203 | 206
Biotin HI I4L?E iﬁg AS iﬁg VA | AL | TH | SE
S N L A R R
94 | 165 | 168 | 169 | 171 | 172 203 | 236 240
Hyd?r?carp TR | AR | VA | LE | AL | LE Ifﬁg Ifﬁ‘s" LE | AR IZE’; VA
P G L U A U U G L
sovitein i | 2 [ s 8 ) T | 190 | GG e | UL | BT 2
S P N L R E
Abscisic & 42 54 184 190 191 194 195 1 202 ) 206 | 212 216
Acid HI ILE | HIS R HIS AS HIS VA | AL | SE | PH HIS
S P N L A R E
55 | 182 | 184 191 195 | 203 | 206
Morphine |4|j5 I—?I48 AR | GL | TR iﬁg AS iﬁg VA | TH | SE
G ) P N L R R
Nigellamin 5 42 | 22| sa | 2> 128 100 | 104
e ILE HIS HIS | HIS
P G P
38 191 206
42 54 | 190 194
Thymol 4 HI AS SE
S ILE | HIS | HIS N HIS R
Pantotheni 38| 4o | g | 25| 18211841 4qq | 1911 1g, | 206
¢ Acid 4 HI ILE | HIS AR | GL TR HIS AS HIS SE
S G U P N R
38 55 | 184 191 195 | 206 | 212
Thebaine 5 HE | 22 20| AR | TR | 0| As | | va | sE | pH | 210
S G P N L R E
4. Conclusion https://doi.org/10.1111/j.1529-
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