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Abstract

Tyrosinase is a key enzyme in the melanogenesis pathway, and its inhibition plays a crucial role in treating
pigmentation disorders and preventing enzymatic browning in agricultural products. Conventional tyrosinase
inhibitors such as kojic acid and hydroquinone, although effective, pose significant clinical limitations due to
toxicity and carcinogenic risks. In this study, a novel ligand with the molecular formula C,,H,,0, was designed
using molecular docking and in silico drug design techniques to inhibit tyrosinase more safely and effectively.
Active sites of the enzyme were identified using Molegro Virtual Docker, and docking simulations were
performed via PyRx. Comparative analysis revealed that the engineered ligand exhibited stronger binding
affinity than kojic acid, with a significantly higher LDso (over sevenfold) and no evidence of toxicity or
carcinogenicity. ADME-Tox and ProTox analyses confirmed the compound’s pharmacological safety. The
findings suggest that this engineered ligand is a promising low-toxicity tyrosinase inhibitor with potential
applications in cosmetics, pharmaceuticals, and agriculture particularly for enhancing postharvest stability of
crops by reducing enzymatic browning.
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Extended Abstract

Introduction

Tyrosinase is a copper-containing enzyme
that plays a pivotal role in melanogenesis,
a biochemical pathway responsible for
melanin biosynthesis in living organisms.
Overproduction of melanin can lead to
hyperpigmentation  disorders such as
melasma and even malignant melanoma.
In agriculture, tyrosinase activity is also a
major cause of enzymatic browning in
postharvest fruits and vegetables, reducing
their aesthetic and commercial value.
Inhibiting tyrosinase is therefore critical
not only in therapeutic and cosmetic
applications but also in food preservation
and crop enhancement.  Although
commonly used tyrosinase inhibitors like
kojic acid, hydroquinone, arbutin, and
rhododendrol have shown effectiveness,
they come with significant clinical and
safety limitations, including toxicity,
allergenicity, and carcinogenic potential.
Thus, there is a critical need for the
development of safer and more effective
tyrosinase inhibitors, especially those
suitable for broad use across cosmetic,
pharmaceutical, and agricultural domains.
The objective of this study was to design
and evaluate a novel ligand, derived
structurally from kojic acid, that could
inhibit tyrosinase with improved safety
and efficacy. Using advanced in silico
tools, molecular docking, and ADME-Tox
evaluations, the study aimed to introduce a
low-toxicity alternative suitable for real-
world applications.

Methods

This study employed a descriptive-
analytical in silico approach involving
several computational stages. The crystal
structure of the tyrosinase enzyme (PDB
ID: 5M8P) was obtained from the RCSB
PDB database. Chain A, with the highest
resolution, was selected as the target for
docking simulations. Active binding sites

were identified using Molegro Virtual
Docker.Candidate ligands with high
affinity for tyrosinase were selected from
the ZINC database. Their 3D structures
were extracted in SDF format from
PubChem. A total of ten ligands were
shortlisted based on binding affinities
greater than 3000 nM.Using AutoDock
Vina via PyRx software, docking
simulations assessed the binding energies
and interaction potentials between ligands
and the active sites of tyrosinase. All
selected ligands were evaluated through
FAF-Drugs4  for their  absorption,
distribution, metabolism, excretion, and
toxicity profiles. Filters like PAINS and
undesirable substructures were used to
screen compounds for drug-likeness.
Ligands were further analyzed for LDsq
values, toxicity class, and potential
carcinogenicity or mutagenicity using
ProTox-Il. Due to unsatisfactory safety
profiles of most candidates, including
kojic acid, ligand engineering was
conducted using HyperChem software. A
novel ligand with the formula C;4H,,0,
was  developed through  structural
optimization and iteration. The engineered
ligand underwent the same docking and
ADME-Tox procedures and was compared
against kojic acid in terms of binding
affinity, toxicity, and pharmacokinetic
properties.

Results and Discussion

The docking analysis showed that the
engineered ligand C,4H,,0, exhibited a
binding affinity of -6.5 kcal/mol,
outperforming kojic acid (6.0 kcal/mol).
In ADME-Tox profiling, the new ligand
passed all drug-likeness filters and was
classified as “Accepted”, whereas kojic
acid was rejected due to unfavorable
pharmacokinetics and low molecular
weight. Toxicity assessment revealed a
significant safety improvement: the
engineered ligand had an LDso, of 4000
mg/kg and was categorized as Toxicity
Class 5 (low toxicity), in contrast to kojic
acid’s LDso, of 550 mg/kg and
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classification in  Toxicity Class 3.
ProTox-Il analysis confirmed that the
engineered ligand showed no signs of
hepatotoxicity, carcinogenicity,
immunotoxicity, or mutagenicity. The
compound’s structural design improved its
hydrophobic  balance and molecular
weight, making it more compatible for
skin  penetration and  agricultural
formulation without the associated risks of
existing inhibitors. The results support the
hypothesis that rational ligand engineering,
based on natural compounds like kojic
acid, can vyield safer and more effective
tyrosinase inhibitors. The study not only
achieved a higher binding affinity but also
ensured a significantly safer toxicological
profile, making the new compound highly
promising for industrial applications. In
the cosmetic industry, the engineered
ligand offers an effective alternative for
skin-lightening products, especially in
light of the banning or restriction of
hydroquinone and rhododendrol in many
countries. In agriculture, it provides a bio-
safe method to delay enzymatic browning
in perishable crops, potentially reducing
postharvest  losses and  enhancing
commercial shelf-life. Importantly, while
studies such as those by Shao et al. (2018)
and Larik et al. (2017) have explored the
synthesis of novel inhibitors, they often
lacked comprehensive safety profiling.
This study fills that gap by integrating
pharmacokinetic,  toxicological,  and
molecular interaction analyses in a unified
framework.

Conclusion

This research successfully introduces a
novel ligand (Cy4H,,0,) derived from
kojic acid, engineered to safely and
effectively inhibit tyrosinase. Its superior
safety profile, stronger binding to the
enzyme’s active site, and favorable ADME
characteristics make it a viable candidate
for real-world applications in cosmetics,
agriculture, and pharmaceuticals. Future
directions include in vitro and in vivo
validation of its biological efficacy,
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stability ~ studies, and  formulation
development. The study demonstrates the
power of in silico techniques in modern
drug discovery and highlights a sustainable
path toward the development of safer
bioactive compounds for human and
environmental health.
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6436744 -55 Intermediate Low_Risk_hydrazone,Low_Risk_thioketone
67301484 -6 Rejected LogP
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Oral toxicity prediction results for input compound )
Predicted LD50: 1190mg/kg | | ™ Tamoxifen
Molweight 37152
Predicted Toxicity Class: 4 | | Numberofhydrogen 31
bond acceptors
Number of hydrogen 0
W[ |
| Number of atoms 57
Average similarity: 100% | || Number of bonds 59

Number of rotable bonds 8

Prediction accuracy: 100% | | Molecular refractivity 119.72

Topological Polar 12 47
Surface Area
| | ‘ octanol/water partition 6
o B coefficient(logP)
Toxicity Model Report )
Classification Target Shorthand Prediction Probability
Organ toxicity Hepatotoxicity dili Active 0.69
Toxicity end points Carcinogenicity carcino Inactive 0.62
Toxicity end points Immunotoxicity immuno _ 0.96
Toxicity end points Mutagenicity mutagen _ 0.97
Toxicity end points Cytotoxicity cyto _’T
Tox21-Nuclear receptor signalling pathways Aryl hydrocarbon Receptor (AhR) nr_ahr _,T

Tox21-Nuclear receptor signalling pathways Androgen Receptor (AR)

Tox21-Nuclear receptor signalling pathways Androgen Receptor Ligand Binding Domain (AR-LBD) nr_ar_|bd _ 0.99
Tox21-Nuclear receptor signalling pathways Aromatase nr_aromatase _ 10
Tox21-Nuclear receptor signalling pathways Estrogen Receptor Alpha (ER) nr_er 0.99
Tox21-Nuclear receptor signalling pathways Estrogen Receptor Ligand Binding Domain (ER-LBD) nr_er_lbd _ 1.0
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma nr_ppar_gamma 0.99
(PPAR-Gamma)
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant sr_are 0.88
responsive element (nrf2/ARE)
Tox21-Stress response pathways Heat shock factor response element (HSE) sr_hse _ 0.88
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) sr_mmp _ 070
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) p53 sr_p53 _ 0.96
Tox21-Stress response pathways ATPase family AAA domain-containing protein 5 (ATADS) sr_atadd _ 0.99
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Ligand

Best Binding
Affinity by PyRx

ADME-Tox
results

Toxicity
class

LD50(mg/kg)

Toxicity
report

C14H2:04

-6.5

Accepted

4000

did not have

Kojic Acid

Rejected

550

had

HeoO@

uPO

INSOLU

SMILES CCCCelc(CO)oc(c(c1=0)0)CCCC
Physicochemical Properties

Formula C14H2204

Molecular weight 254.32 g/mol

Num. heavy atoms 18

Num. arom. heavy atoms 6

Fraction Csp3 0.64

Num_ rotatable bonds 7

Num. H-bond acceptors 4

Num_ H-bond donors 2

Molar Refractivity 71.90

TPSA 70.67 A2
Lipophilicity

Log Py, (ILOGP) 319

Log Pyjy (XLOGP3) 270

Log Py, (WLOGP) 237

Log Py (MLOGP) 073

Log Py, (SILICOS-IT) 338

Consensus Log Py, 257

Log S (ESOL)
Solubility
Class

Log S (Ali)
Solubility
Class

= Log S(SILICOS-IT)

Solubility
Class

Gl absorption

BBB permeant

P-gp substrate

CYP1A2 inhibiter
CYP2C19 inhibitor
CYP2CS inhibitor
CYP2D6 inhibitor
CYP3A4 inhibitor

Log Kp (skin permeation)

Lipinski

Ghose

Veber

Egan

Muegge
Bioavailability Score

PAINS
Brenk
Leadlikeness

Synthetic accessibility

Water Solubility

-2.90

3.18e-01 mg/ml ; 1.25e-03 moll
Soluble

384
3.70e-02 mg/ml ; 1.46e-04 moll
Soluble

4.40

1.02e-02 mg/ml ; 4.00e-05 moll
Moderately soluble
Pharmacokinetics

High

-5.93 cmis
Druglikeness
Yes; 0 viclation

0.55
Medicinal Chemistry
0 alert
0 alert
Yes
362

ool msigen W ol olaasiino ¥ S
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