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Abstract

Introduction: Tyrosinase, found in various organisms, including plants and mammals, and is
responsible for pigmentation as well as the undesirable browning of fruits and vegetables, is
a multi-copper enzyme involved in the synthesis of melanin in human. As it is known, melanin
provides protection against harmful ultraviolet radiation, which can lead to serious conditions like
skin cancers. However, excessive melanin accumulation could result in hyperpigmented spots,
creating aesthetic concerns. Tyrosinase inhibitors could potentially lead to the development of
novel skin-whitening agents, anti-browning compounds for food preservation, and also for insect
control substances. Recently, a wide spectrum of numerous moderate to potent tyrosinase
inhibitors have been identified and reported.

Methods: In this study, by using the AutodockVina Virtual Screening Tool, some hydrazide-
hydrazone compounds starting from p-chlorocresol were screened for interactions and binding
mode of the tyrosinase active site. The enzyme-ligand interactions were analyzed using Biovia
Discovery Studio software. Moreover, drug-likeness potential of the compounds was examined by
using SwissADME online web tool.

Results: The results showed that compound S5, which did not violate the Lipinski and Veber rules
and had a binding energy of -7.9 kcal/mol, could be a potential inhibitor of the tyrosinase enzyme.

Conclusion: Identifying the interactions between the tested ligands and the tyrosinase enzyme
will contribute to the development of new hydrazide-hydrazone derivatives aiming the inhibition
of tyrosinase.
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1. Introduction effects of ultraviolet (UV) radiation (1,2). It also

contributes to the color of our skin, eyes, and hair,
Melanin is a pigment produced by specialized cells influencing our overall appearance. While melanin
in the deepest layer of the epidermis and is crucial primarily serves a protective role against UV rays,
for safeguarding the skin against the damaging an excess proliferation in certain areas of the skin
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can result in hyperpigmentation, which can pose
aesthetic concerns (3).

Hyperpigmentation, a common skin condition,
resulting from the excessive production or
accumulation of melanin, the pigment responsible
for skin color (4). This overproduction occurs
during the process of melanogenesis, where the
tyrosinase (TYR) enzyme catalyzes the oxidation
of L-tyrosine to L-dopa, and subsequently to
dopaquinone, the precursor of melanin. While
melanin provides natural protection against UV
radiation, its overproduction can lead to skin
disorders like melasma and dark spots (5-7). As
a result, TYR inhibitors have gained significant
attention not only in the cosmetic but also food
industries. In cosmetics, they are used to lighten skin
and reduce the appearance of hyperpigmentation,
whereas in the food industry, they can prevent
browning in fruits and vegetables.

Although several TYR inhibitors are available,
some, such as kojic acid and hydroquinone, have
raised concerns about safety and long-term efficacy.
On the other hand, newer compounds like thiamidol
and deoxyarbutin promise safer alternatives (Fig
1). For instance, thiamidol, has demonstrated
potent inhibitory effects on TYR, with a clinical
trial confirming its efficacy in improving skin
tone after topical application. Another compound,
deoxyarbutin, has been reported to lighten skin
effectively without causing irritation or damage to
melanocytes (8).
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Figure 1. Chemical structures of some tyrosinase inhibitors

Hydrazones are organic compounds characterized
by the -CH=N-NH, functional group, that are

widely used in chemical synthesis as intermediates
for the production of heterocyclic compounds,
pharmaceuticals, and coordination complexes
(9,10). Biologically, hydrazones exhibit diverse
therapeutic  effects, including antibacterial,
antifungal, antiviral, anticancer, and anti-
inflammatory activities (11-13). Their structural
flexibility makes them valuable in medicinal
chemistry for designing compounds with targeted
biological properties.

In the current study, the potential inhibitory activity
of 2-(4-chloro-3-methylphenoxy)-N'-[(aryl)
methylidene]acetohydrazides (S1-10), which had
been synthesized previously by our research group
was investigated in silico by using molecular
docking simulation method (14).Based on the
docking studies, among the ten compounds studied,
one (S5) appeared to have the highest inhibition on
TYR activity.

2. Methods

2.1 Chemistry

As shown in Table 1, 2 - (4-Chloro-3-
methylphenoxy)-N'-[(aryl)methylidene]
acetohydrazides  (S1-10) successfully
synthesized by using a well-known method and
the synthetic protocol and spectral data of the
molecules (S1-10) were reported previously by our
research group (14).

WeEre

2.2 Molecular modeling study

2.2.1 Protein preparation

The recently reported high-resolution X-ray
structure of TYR (2.78 A) (PDB ID 2Y9X: https://

www.rcsb.org/structure/2Y9X) (15) was used

in this study. After acquiring the protein crystal
structure, all water molecules were deleted except
those located in the ligand binding site. While co-
crystallized ligand tropolone was deleted, Cu*? ions
in the active site were kept constant. The protein was
saved in .pdb format and subsequently converted
to pdbqt format using Autodocktools 1.5.6. (16).
Then, the region of co-crystallized ligand were
determined as the locations of the grid box (-9.923,
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-26.885, -43.059) by using Autodocktools 1.5.6.
and Discovery Studio 2021 (Accelrys Software
Inc., Discovery Studio Modeling Environment,
Release 4.0, San Diego, 2013.).

2.2.2 Preparation of the ligands

Compounds S1-10 were drawn by using Spartan
4.0, and each molecule’s energy was also minimized
using Spartan 4.0 (17). The most stable isomer, E,
was selected in the drawing of the all ligands. The
conformations with the lowest energy were saved
in .pdb format and then converted to .pdbqt format
by using Autodocktools 1.5.6. (18,19).

2.2.3 Molecular docking

The determination of the grid box region (-9.923,
-26.885, -43.059) and dimensions (40x40x40
A) to include tropolone was performed using
AutodockTools 1.5.6. and Discovery Studio 2021.
Molecular docking was subsequently conducted
by using Autodock Vina (19), with each docking
process repeated a minimum of three times
to ensure result accuracy. The docking scores
and conformations of each molecule were then
visualized by using Discovery Studio 2021, and the

2.3 Determination of druglikeness profile

The present study focuses on evaluating the
drug-likeness of compounds S1-10 according to
Lipinski’s 5 rules and Veber’s rule. All of these
compounds were assessed in terms of molecular
weight, LogP, number of hydrogen bond donors/
acceptors, topological polar surface area, and the
number of rotatable bonds (20). Additionally, these
compounds were examined for gastrointestinal
(GI) absorption and blood-brain barrier (BBB)
permeability. All of these data were obtained from
the online web server SwissADME (21).

3.
The p-chlorocresol hydrazones listed in Table

Result and Discussion

1 and the co-crystallized ligand tropolone were
drawn using Spartan. They were then prepared for
docking studies by using AutodockTools 1.5.6.
In the first step, docking studies were conducted
with tropolone using the parameters reported in
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Table 1. Tested compounds S1-10 and their binding energy against active site of TYR enzyme and their druggability

Binding Lipinski Veber

Compound Ar, R, Energy rulen rule

(AG=kcal/mol) viol ol
S1 Phenyl 2-C1,3-OCH, -7.0 0 0
S2 Phenyl 2,5-(OH), 7.1 0 0
S3 Phenyl 4-OCF, -6.9 0 0
S4 Phenyl 3-OCH,, 4-F 7.1 0 0
S5 Phenyl 2,6-(CH,), -7.9 0 0
S6 Phenyl 2,6-F, -7.3 0 0
S7 Thiophene 4-C H, -7.3 0 0
S8 Pyrazole 3-CH, -7.7 0 0
S9 Phenyl 2-OCF, -6.9 0 0
S10 Phenyl 3-NO,, 4-CH, -7.1 0 0

Tropolone -5.5

binding energies of all ligands for each molecule
are summarized in Table 1.

the material and method section. In the mentioned
validation study, a similarity was observed between
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the tropolone placed in the active site with the co-
crystallized ligand tropolone, with a RMSD value
of 1.029 A. Subsequently, the binding potentials of
compounds S1-10 to the tyrosinase enzyme were
investigated.

When the results of molecular modeling studies
were examined, it was determined that the
p-chlorocresol ring of compounds S4, S6, S7, S9,
and S10 was located in the tropolone binding site. In
terms of hydrogen bond interactions, the hydrazone
group (C) of molecules S6 and S7 forms H-bond
interactions with the His244 amino acid at distances
of 2.36 A and 1.88 A, respectively. Additionally, the
hydrazone group (C) of the S4 molecule interacted
with the Val283 amino acid through an H-bond at a
distance of 2.46 A. Hydrogen bond interactions of
all compounds with the active site, via substituents
(D) on the hydrazone side chain, were identified and

presented in Fig 2. Furthermore, compounds S4,
S6, and S9, which contain -F substitution, exhibit
halogen interactions with the active site (Fig 2).
Analysis of the hydrophobic interactions between
the compounds in Fig 2 and the active site reveals
that the p-chlorocresol ring, the starting material,
engageed in pi-sigma interactions with the Val283
amino acid. Additionally, compound S6 exhibited
a pi-anion interaction with the Glu322 amino acid,
while compound S10 formed a pi-cation interaction
with the His285 amino acid. Compounds S4 and S10
displayed pi-pi T-shaped interactions with the active
site, whereas compound S7 demonstrated a pi-pi
stacked interaction. The hydrophobic interactions
(pi-alkyl and alkyl) of the mentioned compounds
with amino acids Leu63, Ala80, Phel192, His259,
His263, Phe264, Val283, Pro284, and His285
enhanced their affinity for the active site.

Figure 2. The interactions of compounds S4, S6, S7, S9, and S10 with the active site of the TYR enzyme.
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Table 2. Interactions of compound S5 with the active site of tyrosinase enzyme (S5 is yellow, tropolone is red).

Func. Group Residue Interaction Distance (A)

Asn260 H-bond 2.83
His244 H-bond 2.88

Val283 Alkyl 4.86
His263 Pi-Alkyl 4.44

His85 Pi-Alkyl 4.61
Phe264 Pi-Alkyl 4.76
His259 Pi-Alkyl 4.97
Met257 Pi-Sulfur 3.75

Val283 Pi-Sigma 3.56
His263 Pi-Pi Stacked 4.00
Ala286 Pi-Alkyl 4.99

-

When the results of molecular modeling studies for binding site. In terms of hydrogen bond interactions,
compounds S1, S2, S3, S5, and S8 were examined, the hydrazone group of the S1 molecule formed
it has been determined that the phenyl ring in the H-bond interactions with the Val283 and Ser282
hydrazone side chain is positioned in the tropolone amino acids at distances of 2.10 A and 2.36 A,

Figure 3. The interactions of compounds S1, S2, S3, S5, and S8 with the active site of the TYR enzyme.
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respectively. Similarly, the S2 molecule formed
H-bond interactions with the Asn260 amino acid at
a distance of 2.52 A through the phenol group in its
hydrazone side chain, while no H-bond interaction
with the active site was detected for the S8 molecule.
The hydrazone group of the S3 molecule formed
H-bond interactions with Val283 and Gly281 amino
acids at distances 0f 2.70 A and 2.74 A, respectively.
Additionally, the -OCF, group in the side chain of
the hydrazone group interacted via halogen bonds
with the His259, Asn260, and His263 amino acids
(Fig 3).

Examining the hydrophobic interactions of the
compounds depicted in Fig 3 with the active site
has revealed that the p-chlorocresol ring, the starting
material, engages in pi-pi T-shaped interactions

WLOGP

well as between its ether (B) chain and the Asn260
amino acid at a distance of 2.83 A. Lastly, it is
thought that pi-sulfur interactions with the Met257
amino acid contributed to its binding energy.

The BOILED-Egg model is a tool used to predict the
passive gastrointestinal (GI) absorption and brain
access of small molecules, which is useful for drug
discovery and development. It provides a simple
graphical estimation of passive intestinal absorption
and brain penetration as a function of WLOGP and
TPSA. When the plotted molecule falls inside the
white ellipse, good intestinal absorption is expected,
while falling inside the yellow ellipse indicates a
high probability of crossing the blood-brain barrier
(BBB). Molecules located in the gray area are
predicted to neither be absorbed by the GI tract nor

&
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Figure 4. Graphical distribution of compounds S1-S10 using the boiled egg predictive model.

with the amino acids Phel192, Phe264, and His259,
as well as pi-sigma interactions with Val283.
Additionally, hydrophobic interactions (pi-alkyl and
alkyl) between these compounds and amino acids
His85, Phel92, His244, Val248, His263, Phe264,
Pro277, Val283, and His285 further has enhanced
their affinity to the active site.

Among the compounds S1-S10, the compound
predicted to have the highest in silico TYR inhibition
has been S5, with a binding energy of -7.9 kcal/mol
(Table 2). For compound S5, an H-bond interaction
was identified between its hydrazone C=0O group
and the His244 amino acid at a distance of 2.88 A, as

cross the BBB (21). Based on this information, it
is predicted that compounds, except for S2, S7, and
S10, can cross the BBB and have high GI absorption.
Additionally, none of the compounds, except S8, are
Pgp substrates (Fig 4).

4. Conclusion

In conclusion, the docking study conducted in this
study clarifies the molecular interactions between
the compounds S1-S10, previously synthesized
by our research group, and the Agaricus Bisporus
Mushroom Tyrosinase enzyme, sheds light on the
TYR enzyme inhibition potential of the compounds.
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The hydrazone group in the compounds was observed
to interact with the enzyme binding site via hydrogen
bonding, reinforced by hydrophobic interactions,
and demonstrated a higher binding energy than the
co-crystallized ligand, tropolane. When examining
the drug-likeness potential of the compounds, it was
determined that they do not violate either Lipinski’s
or Veber’srules, and their predicted Gl absorption and
BBB permeability were presented using the boiled-
egg model. Among the tested compounds, S5 (AG=-
7.9 kcal/mol) showed the highest affinity, displaying
a binding profile characterized by hydrogen bonds,
hydrophobic interactions, and electrostatic contacts.
The identification of hydrogen bond interactions
between the hydrazone group of the tested ligands
and TYR enzyme will contribute to the development
of new hydrazide-hydrazone derivatives targeting
enzyme inhibition.
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