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Abstract—Hyperpigmentation  disorders such as
melasma, solar lentigines, and post-inflammatory
hyperpigmentation are primarily associated with
excessive melanin production mediated by tyrosinase.
Limitations of conventional depigmenting agents have
stimulated interest in safer and more effective
alternatives. This review evaluates the chemistry,
mechanism of action, formulation approaches, biological
efficacy, safety, and commercial potential of Phenyl
Ethyl Resorcinol (PER) as a skin-lightening agent. PER
is a synthetic resorcinol derivative with potent tyrosinase
inhibitory and antioxidant activities. The 1,3-dihydroxy
resorcinol core is crucial for copper-ion binding at the
tyrosinase active site, while the phenylethyl substituent
enhances lipophilicity and biological activity. PER
exhibits significantly greater depigmenting efficacy than
conventional agents such as Kkojic acid and arbutin.
Advanced delivery systems including nanoliposomes,
transfersomes, invasomes, and nanostructured lipid
carriers have improved its stability, skin penetration,
and therapeutic performance. Clinical studies have
demonstrated visible reductions in pigmentation and
improved skin tone with excellent dermal tolerability.
Phenyl Ethyl Resorcinol is a highly effective and safe
tyrosinase inhibitor with considerable potential in
dermatological and cosmeceutical applications. Its
superior efficacy, multifunctional mechanism of action,
and compatibility with advanced nanocarrier systems
position it as a promising next-generation agent for the
management of hyperpigmentation disorders.

Index Terms—Phenyl Ethyl Resorcinol; Tyrosinase
Inhibitor; Melanogenesis; Hyperpigmentation; Skin
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Whitening; Resorcinol Derivatives; Nanoliposomes;
Transferosomes; Cosmetic Chemistry; Cosmeceuticals.

[. INTRODUCTION

Hyperpigmentation disorders constitute a major
dermatological concern and a widespread cosmetic
problem worldwide. Excessive production and
abnormal accumulation of melanin manifest clinically
as melasma, freckles, solar lentigines, and post-
inflammatory hyperpigmentation associated with acne
or inflammatory skin conditions. These disorders arise
due to enhanced melanogenesis triggered by
ultraviolet radiation and inflammatory mediators,
frequently resulting in psychological distress and
reduced quality of life. Consequently, considerable
attention has been directed toward the development of
safe and effective strategies for regulating melanin
biosynthesis.

In parallel with the increasing prevalence of
pigmentary disorders, the global demand for skin-
whitening and brightening products has expanded
substantially. Changing aesthetic preferences, social
influences, digital marketing, and increased consumer
awareness have contributed to the rapid growth of the
cosmetic and cosmeceutical sectors. Tyrosinase
inhibitors represent one of the most important
categories of active ingredients in these formulations,
and the development of potent and safe depigmenting
agents has become a major focus of pharmaceutical
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and cosmetic research. Optimization of such
compounds not only improves therapeutic outcomes
but also contributes significantly to commercial
competitiveness and product innovation. Melanin is a
high-molecular-weight heterogeneous biopolymer
responsible for the pigmentation of the skin, hair, and
eyes. In addition to its cosmetic significance, melanin
serves as an essential photoprotective barrier that
shields cellular DNA from the harmful effects of
ultraviolet radiation. Melanin synthesis occurs within
specialized organelles called melanosomes, which are
present in melanocytes located in the basal layer of the
epidermis. Mature melanosomes are subsequently
transferred to neigh boring keratinocytes, thereby
determining visible skin color.

Melanogenesis results in the formation of two
chemically distinct pigments, namely eumelanin,
which is a dark brown-to-black pigment providing
significant photoprotection, and pheomelanin, a
yellow-to-red sulfur-containing pigment characterized
by relatively lower protective capability. The
biosynthesis of melanin is primarily regulated by
tyrosinase (EC 1.14.18.1), a multifunctional copper-
containing enzyme that catalyzes the conversion of L-
tyrosine into L-DOPA followed by the oxidation of L-
DOPA to DOPAquinone. Since these reactions
represent the rate-limiting steps of melanogenesis,
inhibition of tyrosinase has emerged as one of the most
effective therapeutic approaches for controlling
hyperpigmentation. Consequently,
tyrosinase inhibitors have been investigated and
incorporated into dermatological and cosmetic
formulations. Among the conventional depigmenting

numerous

agents, hydroquinone has long been regarded as the
gold standard for the treatment of hyperpigmentation.
However, its prolonged use is associated with several
adverse effects, including melanocyte cytotoxicity,
contact dermatitis, recurrence of pigmentation, and
exogenous ochronosis. Kojic acid, another widely
used tyrosinase inhibitor, exhibits poor chemical
stability and possesses a high potential for skin
sensitization and irritation. Likewise, arbutin
demonstrates comparatively lower inhibitory potency
and may undergo hydrolysis to release free
hydroquinone wunder certain conditions. These
limitations have necessitated the search for safer and
more potent alternatives.

Phenylethyl Resorcinol (PER), chemically designated
as 4-(1-phenylethyl) benzene-1,3-diol (C14H1402),
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has emerged as a promising next-generation
depigmenting agent. Structurally derived from natural
polyphenolic compounds originally identified in the
bark of Pinus sylvestris, PER contains a resorcinol
nucleus substituted with a lipophilic phenylethyl
moiety. This unique structural arrangement confers
strong tyrosinase inhibitory activity and favorable
biological properties. Comparative studies have
demonstrated that PER possesses approximately
twenty-two times greater tyrosinase inhibitory activity
than kojic acid while exhibiting a superior safety
profile and producing significant depigmenting effects
at relatively low concentrations. Despite its
remarkable therapeutic potential, the practical
application of PER is limited by poor aqueous
solubility, high lipophilicity, susceptibility to
oxidation, and  photo instability. These
physicochemical limitations can adversely affect
formulation  stability, skin penetration, and
bioavailability. Therefore, the development of
advanced delivery systems capable of improving
stability, enhancing penetration into the basal
epidermis, and providing sustained release has become
an important area of investigation. Modern vesicular
and nanocarrier-based approaches have shown
considerable promise in overcoming these challenges
and maximizing the therapeutic efficacy of PER.
Considering its potent tyrosinase inhibitory activity,
favorable safety profile, and growing importance in
modern cosmeceuticals, Phenylethyl Resorcinol has
attracted significant scientific and commercial interest.
The present work aims to provide a comprehensive
understanding of  Phenylethyl Resorcinol,
encompassing its chemical characteristics, structure—
activity relationships, mechanisms of action, synthetic
approaches, advanced delivery systems, biological
evaluation, safety aspects, and commercial
applications. Such an understanding is expected to
facilitate the development of effective and innovative
therapeutic and cosmetic formulations for the
management of hyperpigmentation disorders.
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II. AIM AND OBJECTIVES

The present work aims to provide a comprehensive
review of Phenylethyl Resorcinol (PER) as a potent
tyrosinase inhibitor with emphasis on its structural
characteristics, mechanism of action, synthetic
approaches, advanced delivery systems, biological
evaluation, safety profile, stability aspects, and
commercial potential for pharmaceutical and
cosmeceutical applications.

The specific objectives of the present work are:

1. To review the structural characteristics and
structure—activity relationships of Phenylethyl
Resorcinol responsible for its potent tyrosinase
inhibitory activity.

2. To summarize computational and molecular
modeling approaches employed in understanding
the interaction of Phenylethyl Resorcinol with the
tyrosinase enzyme.

3. To evaluate the various synthetic methodologies
and challenges associated with the preparation of
Phenylethyl Resorcinol.

4. To elucidate the mechanisms underlying the
depigmenting and antioxidant activities of
Phenylethyl Resorcinol.

5. To examine the physicochemical limitations
affecting the performance of Phenylethyl
Resorcinol and the strategies adopted to overcome
these limitations.

6. To review advanced vesicular and
nanotechnological delivery systems developed to
enhance the stability, skin permeation, and
therapeutic efficacy of Phenylethyl Resorcinol.

7. To assess the in vitro, in vivo, and clinical evidence
supporting the efficacy of Phenylethyl Resorcinol
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in the management of hyperpigmentation
disorders.

8. To evaluate the safety profile, dermatological
tolerability, and toxicity aspects associated with
the use of Phenylethyl Resorcinol.

9. To analyze the stability characteristics of
Phenylethyl Resorcinol under various
environmental and formulation conditions.

10.To discuss the pharmaceutical, cosmetic, and
commercial  significance =~ of  Phenylethyl
Resorcinol and its future prospects in the
development of innovative depigmenting
formulations.

III. STRUCTURE-ACTIVITY RELATIONSHIP
(SAR) OF PHENYL ETHYL RESORCINOL

Phenylethyl Resorcinol (PER), chemically known as
4-(1-phenylethyl) benzene-1,3-diol (C14H1402) with
a molecular weight of 214.26 g/mol, is a synthetic
resorcinol derivative that has attracted considerable
interest owing to its potent tyrosinase inhibitory
activity and superior depigmenting efficacy.
Structurally, the molecule consists of a 1,3-
dihydroxybenzene nucleus substituted with a
phenylethyl moiety at the para position. This unique
structural arrangement is primarily responsible for its
enhanced biological activity and favorable
physicochemical characteristics. The 1,3-
dihydroxybenzene ring serves as the essential
pharmacophore and represents the key structural
element required for interaction with the catalytic
center of tyrosinase. In addition, the presence of a
lipophilic phenylethyl side chain contributes to
improved membrane permeability and increased
affinity toward the enzyme through hydrophobic
interactions.

HO I OH I

4-(1-Phenylethyl) benzene-1,3-diol

The tyrosinase enzyme possesses a highly conserved
active site characterized by a binuclear copper
catalytic center coordinated by six histidine residues.
These copper ions are essential for the hydroxylation
of L-tyrosine to L-DOPA and the subsequent
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oxidation of L-DOPA to DOPAquinone, which
represent the rate-limiting steps of melanogenesis.
Phenolic substrates interact with this catalytic pocket
through hydrogen bonding, copper coordination, and
aromatic interactions. Therefore, the structural
characteristics of tyrosinase inhibitors play a critical
role in determining their inhibitory potency and
selectivity.

Structure—activity ~ relationship  studies  have
demonstrated that the 1,3-dihydroxy configuration of
Phenylethyl Resorcinol is indispensable for its
biological activity. The two free hydroxyl groups act
as hydrogen donors and participate directly in copper
chelation within the active site of tyrosinase. These
hydroxyl groups also contribute to the antioxidant
properties of the molecule by scavenging reactive
oxygen species and free radicals involved in
melanogenesis. Any alteration in the position of these
hydroxyl groups or their chemical modification
significantly reduces tyrosinase inhibitory activity,
indicating that the presence of unmodified phenolic
hydroxyl groups is essential for maintaining biological
efficacy.

Another important structural feature contributing to
the potency of Phenylethyl Resorcinol is the
phenylethyl substituent located at the 4-position of the
resorcinol nucleus. This lipophilic aromatic side chain
enhances the interaction of the molecule with
hydrophobic regions of the enzyme and improves its
ability to penetrate lipid-rich biological membranes.
Compared with unsubstituted resorcinol derivatives,
the introduction of the phenylethyl group markedly
increases enzyme affinity and contributes to enhanced
anti-melanogenic activity. Furthermore, the presence
of two aromatic rings within the molecular structure
facilitates m—m interactions with amino acid residues
located within the binding pocket of tyrosinase,
thereby stabilizing enzyme-ligand interactions and
improving inhibitory potency.

The importance of maintaining free phenolic hydroxyl
groups has been highlighted by studies demonstrating
that blocking or esterification of these groups results
in a substantial decline in anti-tyrosinase activity. The
reduction in potency is primarily attributed to the loss
of hydrogen-bonding capability and impaired
coordination with the catalytic copper ions. Thus,
preservation of the phenolic functionalities is essential
for achieving effective inhibition of melanogenesis.
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Various structural modification strategies have been
explored to further enhance the biological activity and
physicochemical properties of Phenylethyl Resorcinol
derivatives. Introduction of fluorine atoms into the
aromatic ring has been reported to improve inhibitory
activity, while methoxy and additional hydroxyl
substitutions enhance hydrogen-bonding interactions
and strengthen enzyme affinity. Development of
multifunctional hybrid derivatives has also been
investigated to combine potent tyrosinase inhibition
with antioxidant activity, thereby providing additional
protection  against  oxidative  stress-mediated
pigmentation. Moreover, the incorporation of organic—
inorganic hybrid systems has been explored to
improve antioxidant properties and ultraviolet
protective effects.

Overall, the structure—activity relationship of
Phenylethyl Resorcinol demonstrates that the 1,3-
dihydroxy resorcinol nucleus represents the
fundamental pharmacophoric moiety responsible for
tyrosinase inhibition, whereas the para-substituted
phenylethyl group contributes significantly to
lipophilicity, membrane permeability, and enzyme
affinity. The synergistic contribution of free hydroxyl
groups, aromatic interactions, and hydrophobic
substituents accounts for the remarkable depigmenting
efficacy and favorable therapeutic profile of
Phenylethyl Resorcinol. These structural insights
provide a valuable basis for the rational design and
development of novel tyrosinase inhibitors with
enhanced potency, selectivity, and stability for future
dermatological and cosmeceutical applications.

IV. COMPUTATIONAL DESIGN AND
MOLECULAR DOCKING

Computational approaches have emerged as valuable
tools in the design and optimization of tyrosinase
inhibitors by facilitating the prediction of molecular
interactions prior to experimental synthesis.
Computer-aided drug design (CADD) techniques
enable the identification and evaluation of structural
analogues of Phenylethyl Resorcinol (PER) with
improved affinity and selectivity toward the catalytic
pocket of the tyrosinase enzyme. These in silico
methods provide important insights into the binding
behavior, conformational stability, and structure—
activity relationships of candidate molecules, thereby
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reducing the time and cost associated with
conventional drug discovery approaches.

A variety of computational tools are employed during
the molecular modeling process. AutoDock Vina is
widely used as the principal docking software for
predicting ligand conformations and calculating
binding affinities, whereas AutoDock Tools facilitates
receptor and ligand preparation through -charge
assignment and grid box generation. Visualization and
analysis of protein—ligand complexes are commonly
performed using PyMOL, while ChemDraw and
Chem3D are utilized for the construction of two-
dimensional chemical structures and generation of
three-dimensional molecular models. In addition, the
Protein Data Bank (PDB) serves as an important
source for obtaining the crystallographic structures of
tyrosinase enzymes used in docking studies.

Prior to docking, the target protein undergoes a series
of preparation steps to ensure accurate simulation of
ligand binding. The three-dimensional crystal
structure of tyrosinase is retrieved from the Protein
Data Bank and subjected to structural refinement by
removing water molecules and co-crystallized ligands
that may interfere with docking calculations. Polar
hydrogen atoms are subsequently added to satisfy
hydrogen-bonding requirements, and Kollman charges
are assigned to generate appropriate electrostatic
interactions. The prepared receptor is then converted
into a suitable format for molecular docking analysis.
Similarly, ligand preparation involves construction of
the chemical structure of Phenylethyl Resorcinol and
its analogues using ChemDraw, followed by
generation of three-dimensional geometries through
Chem3D. Energy minimization using the MM2 force
field is performed to obtain the most stable molecular
conformation, and Gasteiger charges are assigned to
describe the electronic characteristics of the ligand.
The optimized structures are subsequently converted
into flexible conformations suitable for docking
studies.

Molecular docking is carried out by defining a grid box
around the catalytic region of the tyrosinase enzyme,
particularly the binuclear copper center responsible for
enzymatic activity. Appropriate docking parameters
are selected to enable efficient exploration of ligand
conformations within the active site. Binding affinity
is expressed in terms of free binding energy, generally
reported in kcal/mol, where more negative values
indicate stronger and more favorable interactions

IJIRT 205558

between the ligand and the enzyme. These calculations
provide quantitative information regarding the
inhibitory potential of Phenylethyl Resorcinol and its
structural derivatives.

Following docking, the highest-scoring binding poses
are subjected to interaction analysis to understand the
molecular basis of enzyme inhibition. Hydrogen
bonding interactions between the free phenolic
hydroxyl groups of Phenylethyl Resorcinol and amino
acid residues surrounding the catalytic pocket
contribute  significantly to binding stability.
Hydrophobic interactions involving the phenylethyl
side chain and aromatic rings further enhance affinity
through van der Waals forces and nonpolar contacts.
In addition, the proximity of the phenolic hydroxyl
groups to the catalytic copper ions facilitates copper
coordination, which plays a crucial role in competitive
inhibition of tyrosinase activity. Collectively, these
interactions account for the potent anti-tyrosinase
activity of Phenylethyl Resorcinol and provide a
molecular basis for the rational design of more
effective depigmenting agents.

Overall, computational design and molecular docking
studies provide a powerful platform for understanding
the interactions between Phenylethyl Resorcinol and
the tyrosinase enzyme. These approaches not only
support structure—activity relationship studies but also
contribute to the rational development of novel
derivatives with enhanced potency, selectivity, and
therapeutic performance for dermatological and
cosmeceutical applications.

V. SYNTHESIS OF PHENYL ETHYL
RESORCINOL

The synthesis of Phenylethyl Resorcinol (PER) is
primarily based on electrophilic aromatic substitution
(SEAr) reactions, wherein a phenylethyl electrophile
is introduced onto the activated aromatic nucleus of
resorcinol. Owing to the strong electron-donating
nature of the hydroxyl groups present in the resorcinol
ring, the aromatic system exhibits high nucleophilicity
and readily undergoes substitution reactions, thereby
facilitating the formation of para-substituted
derivatives with potent tyrosinase inhibitory activity.
Various synthetic approaches have been investigated
for the preparation of Phenylethyl Resorcinol, among
which Friedel-Crafts alkylation and alkyl halide-
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mediated electrophilic substitution represent the most
widely employed methods.

One of the most common methods for the synthesis of
Phenylethyl Resorcinol involves Friedel-Crafts

OH i

alkylation using resorcinol and styrene as the starting
materials.

o AL

Resorcinol Styrene

(vinylbenzene)

H2S04 - SiO; (Catalyst)
95 °C il

OH

4-(1-Phenylethyl)benzene-1,3-diol
4-Phenylethylresorcinol

An alternative synthetic route involves the use of 1-phenylethyl chloride or 2-chloroethylbenzene as alkylating agents
in the presence of a strong Lewis acid catalyst, typically aluminium chloride (AICI3).

cl
OH CH, N

2

+
OH

Resorcinol
PE.-Cl

From an industrial perspective, considerable emphasis
is placed on catalyst selection, process optimization,
and purification strategies to achieve high product
quality and minimize environmental impact.
Heterogeneous solid acid catalysts, including silica-
supported sulfuric acid and modified zeolitic or clay-
based catalysts, are generally preferred over
conventional liquid Lewis acids because of their lower
corrosiveness, ease of separation, reduced generation
of toxic effluents, and potential for regeneration and
reuse. Appropriate solvent systems are selected to
ensure efficient dissolution of reactants and effective
interaction with catalytic active sites. Reaction
temperatures are typically maintained within the range
of 90-95°C to provide adequate reaction rates while
minimizing thermal degradation and undesirable side
reactions. Furthermore, industrial synthesis is
frequently carried out under an inert nitrogen
atmosphere to prevent oxidative degradation and
discoloration of the phenolic compound.
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2-Chloroethylbenzene

H;
AlCl,, Catalyst
70°C
HO OH
4-(1-Phenylethyl)benzene-1,3-diol
PE.-R

Overall, the synthesis of Phenylethyl Resorcinol
represents an important aspect of its industrial
development and commercialization. Although
electrophilic aromatic substitution provides an
efficient route for the preparation of this potent
tyrosinase inhibitor, challenges associated with
regioselectivity, side reactions, and oxidative
instability necessitate careful optimization of reaction
conditions and purification strategies. Advances in
catalyst technology and process engineering continue
to facilitate the development of more efficient,
environmentally sustainable, and economically viable
manufacturing  processes for the large-scale
production of Phenylethyl Resorcinol.

Mechanism of Action of Phenyl Ethyl Resorcinol
(PER): Phenyl Ethyl Resorcinol (PER) exerts its skin-
lightening effect primarily through the inhibition of
tyrosinase, the key rate-limiting enzyme involved in
melanin synthesis. The resorcinol moiety of PER binds
to the copper ions presents at the active site of
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tyrosinase, thereby competitively inhibiting the
conversion of L-tyrosine to L-DOPA and L-DOPA to
DOPAquinone, which are essential steps in
melanogenesis.

In addition to tyrosinase inhibition, PER possesses
strong antioxidant activity, enabling it to scavenge
reactive oxygen species (ROS) that stimulate melanin
production. This reduces oxidative stress—induced
melanogenesis and limits the formation of melanin
pigments.

PER also interferes with melanosome maturation and
transfer from melanocytes to keratinocytes, resulting

in reduced pigment distribution within the epidermis.
Furthermore, it exhibits antimicrobial and
antidermatophytic properties, providing additional

benefits in skin conditions associated with
inflammation or post-inflammatory
hyperpigmentation.

Overall, PER reduces skin pigmentation through a
combination of tyrosinase inhibition, antioxidant
activity, suppression of melanosome function, and
antimicrobial effects, making it an effective
depigmenting agent for cosmetic and dermatological

applications.

Table:1 Challenges in the synthesis of phenyl ethyl resorcinol

Challenge Cause Consequences Possible Solutions

Regioselective Resorcinol possesses two | Formation of undesired by- | Use of selective catalysts,

Substitution of | hydroxyl groups at the 1,3- | products, reduced selectivity, | protecting groups, and optimized

Resorcinol positions, which strongly activate | lower overall yield, and | reaction conditions to improve
the aromatic ring toward | difficult purification. regioselectivity.
electrophilic substitution.

Over-Alkylation Strong electron-donating | Reduced product purity, | Precise stoichiometric control,

and Poly- | hydroxyl groups increase | lower yield, and increased | catalyst optimization, and careful

Substitution aromatic ring reactivity toward | purification requirements. regulation of reaction temperature
electrophiles. and time.

Catalyst Selection | Catalyst choice significantly | Lower process efficiency, | Development of heterogeneous

and Reaction | influences reaction rate, | higher operational costs, and | catalysts, supported acids, and

Efficiency selectivity, and product | generation of unwanted by- | recyclable catalytic systems for
formation. products. improved sustainability.

Formation of By- | Side reactions occur during | Decreased product yield, | Optimization of reaction

Products alkylation and under acidic or | complex purification | conditions, inert atmosphere
elevated-temperature conditions. | procedures, and reduced | processing, and use of

process efficiency. antioxidants where appropriate.

Product Stability Phenyl ethyl resorcinol is | Reduced shelf life and | Encapsulation technologies, lipid-
susceptible to chemical | formulation challenges in | based carrier systems,
degradation after synthesis. cosmetic and pharmaceutical | antioxidants, and  protective

applications. packaging strategies.

Purification and | Large-scale production increases | Increased manufacturing | Efficient  filtration  systems,

Industrial Scale-Up | process complexity. cost, reduced scalability, and | controlled cooling crystallization,

Challenges operational difficulties. solvent recovery techniques, and

advanced process monitoring.

VI. ANIMAL MODELS AND CLINICAL EFFICACY OF PHENYL ETHYL RESORCINOL (PER)

Fig. 2 (Animal Models)
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Table:2 Animal Models Used for Evaluation of Phenyl Ethyl Resorcinol

Animal Model Method of Hyperpigmentation | Purpose Key Evaluation Parameters
Induction

Guinea Pig UV- | Repeated UV-B irradiation Most widely used model; closely | Skin color assessment, melanin

Induced Model mimics human melanogenesis index, histopathology

Mouse Models UV  exposure or genetic | Mechanistic and molecular studies | Tyrosinase activity, melanin
modification content, gene expression

Zebrafish Embryo | Natural melanogenesis | Rapid  screening  of  anti- | Melanin inhibition and

Model observation melanogenic agents pigmentation changes

Human Skin- | Human skin xenograft exposed | Closest approximation to human | Melanin distribution, skin-

Grafted Nude Mice | to UV radiation skin physiology lightening efficacy

UV-Induced Hyperpigmentation Mechanism: Ultraviolet (UV) radiation induces DNA damage in skin cells, leading
to activation of p53 and increased secretion of a-MSH. a-MSH binds to MC1R on melanocytes, activating the cAMP
signaling pathway and stimulating MITF expression. MITF subsequently upregulates melanogenic enzymes such as
tyrosinase, TRP-1, and TRP-2, resulting in increased melanin synthesis. Excessive or prolonged UV exposure causes
overproduction of melanin, leading to hyperpigmentation and the formation of dark spots and uneven skin tone.

Animal Models for Hyperpigmentation Studies of
Phenyl Ethyl Resorcinol

UV-induced Hyperpigmentation

> phenyl Ethyl Resorcingy
=) H - — TwrT,

oy Sade
(s ) T

Pigmented Skin Pigmented Skin — %

Fig 3.2 (Animal models for hyperpigmentation)

Phenyl Ethyl Resorcinol (PER) has demonstrated significant depigmenting activity in both preclinical and clinical
studies. In UV-induced hyperpigmentation models, topical application of PER reduces melanin synthesis through
potent tyrosinase inhibition, resulting in visible skin lightening and decreased pigmentation.

Relative Tyrosinase Inhibitory Potency Clinical Skin-Lightening Efficacy
Zx
. 00 Highes Efficacy
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Kojic Acid Phenylethyl Resorcinol 10% Kajic Acid 0.5% Phenylethyl Resorcinol

Fig .3 (Clinical Efficacy Data)
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Clinical studies have shown that formulations melanocytes in the basal epidermis. However, the
containing 0.5% PER can effectively reduce dark stratum corneum acts as a major barrier to drug
spots, improve skin brightness, and enhance skin tone permeation due to its highly organized "brick-and-
uniformity within a few weeks of treatment. PER has mortar" structure composed of corneocytes embedded
been reported to exhibit significantly greater in a lipid matrix. Although PER possesses moderate
tyrosinase inhibitory activity than conventional lipophilicity, conventional formulations often show
depigmenting agents such as kojic acid and arbutin. In limited penetration, resulting in drug accumulation
addition to its skin-lightening effects, PER possesses within superficial skin layers and reduced delivery to
strong antioxidant properties that help protect the skin target cells.
from oxidative stress and photoaging. To enhance skin permeation and stability, several
The compound is generally well tolerated at nanocarrier  systems have been developed.
concentrations ranging from 0.1-1.0%, with optimal Conventional liposomes can encapsulate PER and
formulation stability observed at pH 4-6. However, protect it from degradation, but their rigid bilayer
limitations such as poor water solubility and structure limits deep skin penetration. Nanoliposomes
sensitivity to light have encouraged the development overcome this limitation through reduced particle size,
of advanced delivery  systems, including providing improved permeation, high encapsulation
nanostructured lipid carriers (NLCs) and other lipid- efficiency, and enhanced protection against photo-
based formulations, which improve stability, skin oxidative degradation.
penetration, and sustained release. Transfersomes are ultra-deformable lipid vesicles
Overall, PER is regarded as a highly effective and safe containing edge activators that enable them to pass
depigmenting agent with strong clinical evidence through narrow intercellular spaces within the stratum
supporting its use in the management of corneum. Owing to their exceptional flexibility,
hyperpigmentation and other pigmentary disorders. transfersomes exhibit superior skin penetration and are
considered one of the most effective carriers for PER
VII. SKIN PERMEATION AND ADVANCED delivery. Invasomes, which contain phospholipids,
DELIVERY SYSTEMS ethanol, and terpenes, further enhance permeation by
disrupting the lipid organization of the stratum
The effectiveness of Phenylethyl Resorcinol (PER) corneum and facilitating deeper drug transport.

depends on its ability to penetrate the skin and reach

Phenylethyl resorcinol smartLipids for skin brightening — increased loading and chemical stability

AIM = prevention of reddish product discoloration by smartLipids with stabilizing additives

Phenylethy! resorcinol (PER) against age spots: strategy 1: improved chemical stability by light reflection:
oll droplet solid lipid nanoparticles
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Fig. 4 (Skin Permeation Studies)
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Lipid-based carriers such as Nanostructured Lipid
Carriers (NLCs) and Solid Lipid Nanoparticles (SLNs)
also improve PER delivery. NLCs provide enhanced
drug loading, photostability, and epidermal retention,
whereas SLNs offer sustained release and increased
skin hydration through occlusive film formation.
These systems improve drug localization within the
epidermis while minimizing systemic absorption.
Overall, advanced nanocarrier systems significantly
enhance the permeation, stability, and therapeutic
efficacy of PER. Among the available delivery
platforms, transfersomes and NLCs have
demonstrated particularly promising results for
targeted treatment of hyperpigmentation disorders.

VIII. SAFETY AND IRRITATION STUDIES

The safety profile of Phenylethyl Resorcinol (PER)
has been extensively investigated through preclinical
toxicity studies, animal irritation tests, and human
safety evaluations. These studies collectively indicate
that PER possesses excellent tolerability and a
favorable safety profile when used as a topical
depigmenting agent. Owing to its potent anti-
melanogenic activity combined with low cytotoxicity,
Phenylethyl Resorcinol has emerged as a promising
alternative to conventional skin-lightening agents,
particularly hydroquinone, which is associated with
several adverse effects. The available evidence
suggests that PER is suitable for long-term cosmetic
and dermatological applications when incorporated
within recommended concentration ranges and
properly formulated delivery systems.

Dermal toxicity studies have demonstrated that
Phenylethyl Resorcinol exhibits only moderate skin
absorption and minimal systemic toxicity following
topical administration. Compounds belonging to the
resorcinol family are generally regarded as non-
carcinogenic, and no significant toxic manifestations
or severe adverse reactions have been reported under
normal conditions of use. Preclinical investigations
have shown that topical application of PER does not
produce substantial systemic exposure, thereby
minimizing the possibility of toxicity to internal
organs. These findings support the overall safety of
Phenylethyl Resorcinol and reinforce its suitability for
use in pharmaceutical and cosmeceutical formulations.
The irritation potential of Phenylethyl Resorcinol has
been evaluated in animal models, particularly through
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acute dermal irritation studies conducted in albino
rabbits. A major investigation involving PER-loaded
ethosomal formulations demonstrated excellent skin
compatibility. Throughout the observation period, no
signs of erythema or edema were detected, and no
visible skin damage was observed after 72 hours of
exposure. The irritation index obtained from these
studies ranged between 0 and 0.5, indicating negligible
irritation potential. These findings suggest that
incorporation of Phenylethyl Resorcinol into advanced
vesicular carrier systems further improves skin
compatibility while maintaining therapeutic efficacy.

Human safety studies have similarly demonstrated that
Phenylethyl Resorcinol is generally well tolerated in
topical preparations and cosmetic formulations.
Clinical experience indicates that adverse reactions are
uncommon and are usually limited to mild, localized
manifestations such as transient redness, itching, or
slight irritation. Rare cases of allergic contact
dermatitis have been reported, particularly among
individuals with highly sensitive skin or when the
compound is applied to compromised or damaged skin
barriers. Nevertheless, the overall incidence of adverse
reactions remains low, and most users tolerate the
ingredient without significant discomfort, supporting
its widespread acceptance in dermatological and
cosmetic products.

The safety of Phenylethyl Resorcinol is highly
dependent on concentration. Regulatory assessments
and clinical investigations have established that
concentrations ranging from 0.1% to 1.0% provide an
optimal balance between efficacy and safety. Among
these, formulations containing approximately 0.5%
PER have demonstrated excellent depigmenting
effects while minimizing the risk of irritation. Similar
to other resorcinol  derivatives, excessive
concentrations may increase the likelihood of skin
sensitivity and  irritation. Therefore, careful
optimization of concentration is essential to ensure
maximum therapeutic benefit with minimal adverse
effects.

Formulation pH and compatibility also play important
roles in maintaining the safety and stability of
Phenylethyl Resorcinol. Preclinical studies have
indicated that the compound exhibits maximum
stability and optimal performance within a pH range
of 4 to 6. Exposure to strongly acidic conditions, harsh
exfoliating agents, or direct sunlight without
appropriate stabilization may increase the risk of
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irritation and chemical degradation. Consequently,
incorporation of PER into suitable carrier systems and
maintenance of an appropriate formulation
environment are essential for preserving both efficacy
and skin compatibility.

A major advantage of Phenylethyl Resorcinol lies in
its  superior safety profile compared with
hydroquinone. Although hydroquinone remains an
effective depigmenting agent, prolonged use has been
associated with serious adverse effects, including
cytotoxicity, irritation, and exogenous ochronosis. In
contrast, Phenylethyl Resorcinol exhibits significantly
lower cytotoxicity and lacks the severe long-term
complications associated with hydroquinone therapy.
Its favorable safety characteristics, combined with
potent tyrosinase inhibitory activity, make it a highly
attractive alternative for long-term cosmetic and
pharmaceutical applications. The absence of major
safety concerns has contributed substantially to its
increasing use in modern skin-lightening formulations.
Overall, available preclinical and clinical evidence
demonstrates that Phenylethyl Resorcinol possesses
excellent dermal tolerability, negligible Iirritation
potential, low systemic toxicity, and a superior safety
profile compared with conventional depigmenting
agents. When used within recommended
concentrations and formulated under appropriate
conditions, PER represents a safe and effective option
for the long-term management of hyperpigmentation
disorders and for incorporation into advanced
dermatological and cosmeceutical products.

IX. COSMETIC AND THERAPEUTIC
APPLICATIONS

Phenylethyl Resorcinol (PER) has emerged as a
versatile bioactive compound with broad applications
in cosmetic, cosmeceutical, and pharmaceutical
formulations owing to its potent anti-melanogenic
activity, antioxidant properties, favorable safety
profile, and compatibility with advanced drug delivery
systems. Its exceptional tyrosinase inhibitory activity
has made it an important ingredient in numerous skin-
lightening products and therapeutic preparations
intended for the management of various pigmentary
disorders. In recent years, the expanding
understanding of its multifunctional properties has
further increased its significance in modern
dermatology and cosmetic science.
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One of the most widespread applications of
Phenylethyl Resorcinol is in skin-brightening serums
designed to improve overall skin clarity and radiance.
These formulations are particularly effective in
correcting localized hyperpigmentation resulting from
prolonged sun exposure, aging, and inflammatory skin
conditions. Owing to its remarkable ability to inhibit
tyrosinase activity, PER-containing serums provide
faster and more noticeable improvements in skin
brightness compared with many conventional
depigmenting agents. Consequently, these products
are extensively utilized in cosmetic formulations
aimed at restoring a uniform complexion and
enhancing epidermal luminosity.

Phenylethyl Resorcinol also plays an important role in
anti-aging skincare formulations. Uneven skin tone
and age-related pigmentation are considered major
visible manifestations of skin aging, and PER
contributes significantly to their correction. By
suppressing chronic UV-induced melanin production,
the compound helps restore skin uniformity and
improve overall radiance. Its potent antioxidant
activity additionally protects the skin against oxidative
stress and free radical-mediated damage, thereby
helping to preserve structural integrity and minimize
the appearance of fine lines, wrinkles, and dark
patches. As a result, PER is commonly incorporated
into night creams and radiance-enhancing
formulations that work synergistically with the natural
repair processes occurring during sleep.

Targeted spot-correcting formulations represent
another important application of Phenylethyl
Resorcinol. High-concentration gels, patches, and
localized treatment systems are specifically designed
to deliver the active compound directly to
hyperpigmented regions. Such products provide
controlled and sustained release of PER, thereby
maximizing drug penetration and improving treatment
outcomes in stubborn pigmentation disorders. This
targeted delivery approach enhances therapeutic
efficiency while minimizing unnecessary exposure of
surrounding healthy tissues.

Although Phenylethyl Resorcinol does not possess
intrinsic ~ ultraviolet-filtering  properties, it is
increasingly incorporated as an adjunct ingredient in
sunscreen formulations. In combination with mineral
UV filters such as titanium dioxide, PER provides an
additional line of defense against UV-induced
pigmentation. This dual mechanism enables
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simultaneous prevention of ultraviolet penetration and
suppression of melanogenesis, thereby enhancing the
protective efficacy of sunscreen products and reducing
the likelihood of post-sun hyperpigmentation.

In clinical dermatology, Phenylethyl Resorcinol has
become an important component of physician-
prescribed depigmenting regimens, particularly as a
hydroquinone-free alternative for the treatment of
melasma, solar lentigines, and other chronic
pigmentary disorders. These formulations are
frequently combined with complementary agents such
as niacinamide, vitamin C derivatives, and tranexamic
acid to achieve a multi-target therapeutic approach. In
such combinations, niacinamide inhibits melanosome
transfer, vitamin C provides antioxidant protection,
and tranexamic acid suppresses inflammation-
associated pigmentation pathways. The synergistic
action of these agents results in enhanced clinical
efficacy and improved patient outcomes.

o

v

Fig. 5 (Melasma)

The compound has also gained considerable
importance in the cosmeceutical sector due to its
multifunctional properties. Phenylethyl Resorcinol is
extensively employed for the management of post-
inflammatory hyperpigmentation, freckles, and other
disorders involving abnormal melanin distribution. Its
compatibility with advanced delivery systems,
including nanostructured lipid carriers and vesicular
formulations, enhances stability, protects the molecule
from photodegradation, and facilitates efficient
penetration through the stratum corneum. Beyond
dermatological applications, its potent anti-
melanogenic activity has also been explored in
professional hair-lightening products aimed at
reducing pigment intensity in hair fibers.

Apart from its depigmenting properties, recent
investigations have revealed that Phenylethyl
Resorcinol possesses significant antifungal and
antidermatophytic activity. In vitro studies have
demonstrated inhibitory effects against several
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pathogenic fungi responsible for superficial skin
infections, with particularly strong activity against
Microsporum  gypseum. Interestingly, certain
experimental studies have reported antifungal potency
exceeding that of conventional agents such as
fluconazole. These findings suggest that Phenylethyl
Resorcinol may offer additional therapeutic benefits in
managing fungal skin disorders while simultaneously
addressing associated post-inflammatory
hyperpigmentation.

Another emerging application of Phenylethyl
Resorcinol is in post-procedure skincare following
dermatological interventions such as intense pulsed
light (IPL) therapy and other skin rejuvenation
procedures. Topical application after such treatments
helps maintain long-term skin brightness and
minimizes the recurrence of solar lentigines and
melasma. Furthermore, the antioxidant properties of
PER contribute to neutralizing reactive oxygen species
generated during cosmetic procedures, thereby
promoting  skin  recovery, preventing  post-
inflammatory pigmentation, and enhancing overall
treatment outcomes.

Overall, the diverse biological properties and
favorable  physicochemical  characteristics  of
Phenylethyl Resorcinol have established it as a highly
valuable multifunctional agent in modern cosmetic
and pharmaceutical sciences. Its applications extend
beyond conventional skin-lightening products to
include anti-aging formulations, dermatologist-
prescribed  therapies, cosmeceutical  systems,
antifungal preparations, and post-procedural skincare.
The continued integration of Phenylethyl Resorcinol
with advanced delivery technologies is expected to
further expand its therapeutic and commercial
potential in the management of pigmentation disorders
and related dermatological conditions.

X. FUTURE PERSPECTIVES

Recent trends in tyrosinase inhibition research and
depigmenting cosmeceutical development indicate a
clear transition toward more biologically relevant,
computationally guided, and delivery-optimized
strategies. A major shift has occurred from the
traditional reliance on mushroom tyrosinase assays to
the use of human tyrosinase ($h\text{TYR}$) models,
which provide a far more accurate representation of
mammalian melanogenesis and allow detailed
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evaluation of binding interactions that are clinically
meaningful; this transition improves the predictive
validity of early-stage screening and enhances
translational success in dermatological applications. In
parallel, artificial intelligence—assisted drug design
and molecular docking approaches have become
central to inhibitor discovery, utilizing platforms such
as AutoDock Vina, AutoDock Tools, PyMOL,
ChemDraw, Chem3D, and structural databases like the
Protein Data Bank to simulate ligand enzyme
interactions, including hydrogen bonding and n—n
stacking within the binuclear copper active site, while
grid-based docking strategies enable rapid evaluation
of structural modifications such as fluorination or
scaffold optimization (e.g., indanone, chalconoid, and
stilbenoid derivatives) prior to synthesis, thereby
significantly accelerating rational design workflows.
Alongside computational advances, smart nanocarrier
systems have emerged as critical tools for overcoming
physicochemical limitations such as poor aqueous
solubility, limited dermal penetration, and photo
instability; lipid-based platforms like nanostructured
lipid carriers (NLCs), often prepared via hot-melt
ultrasonic techniques, protect sensitive phenolic
compounds from degradation while enhancing skin
retention, enabling sustained release, and improving
targeting to basal epidermal melanocytes through
occlusive film formation over the stratum corneum.
Furthermore, modern formulations increasingly adopt
multi-target depigmenting strategies that integrate
direct tyrosinase inhibition with antioxidant
mechanisms to suppress reactive oxygen species and
downstream melanin polymerization, often combining
multiple actives such as niacinamide, which reduces
melanosome transfer, and tranexamic acid, which
mitigates pigmentation
pathways. Advanced stimuli-responsive delivery
systems, including transfersomes, ethosomes, and
invasomes, further enhance therapeutic efficiency by
increasing membrane deformability and transiently
modifying stratum corneum lipid architecture to
improve drug flux, while co-formulation with UV
absorbers such as diethylamino hydroxybenzoyl hexyl

inflammation-driven

benzoate ensures photostability and protects active
compounds under environmental stressors like heat
and UV exposure. In addition, the field is increasingly
moving toward personalized cosmeceutical solutions
tailored to individual pigmentation disorders such as
melasma, solar lentigines, and post-inflammatory
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hyperpigmentation, with formulations designed for
low-toxicity, hydroquinone-free systems that maintain
efficacy at minimal concentrations (for example,
around 0.5%) while accommodating variations in
epidermal barrier function and sensitivity profiles.
Finally, future directions in phenylethyl resorcinol
(PER)-based research emphasize rational structural
modification of the phenyl scaffold to enhance
potency and stability, including the introduction of
electron-donating substituents such as OH and OMe
groups to improve hydrogen bonding interactions
within the active site, as well as strategic fluorination
at specific aromatic positions (notably 2,4 or 3,4
substitution patterns) to increase metabolic stability,
binding affinity, and overall depigmenting efficacy,
collectively guiding the development of next-
generation tyrosinase inhibitors with improved clinical
performance.

XI. CONCLUSION

Phenyl Ethyl Resorcinol (PER) has emerged as one of
the most promising and scientifically validated
tyrosinase inhibitors for the management of
hyperpigmentation and other pigmentary disorders.
Structure—Activity Relationship (SAR) investigations
clearly demonstrate that the 1,3-dihydroxy resorcinol
nucleus is essential for effective copper-ion binding
within the binuclear active site of tyrosinase, while the
phenylethyl substitution at the 4-position enhances
lipophilicity, enzyme affinity, and skin penetration
through  hydrophobic and 7©—m interactions.
Furthermore, the preservation of free phenolic
hydroxyl groups is crucial for maintaining optimal
inhibitory activity. Various synthetic approaches,
including Friedel-Crafts alkylation and phenylethyl
chloride-mediated electrophilic substitution, have
successfully enabled the production of PER, although
challenges such as over-alkylation, positional isomer
formation, and purification complexity require careful
process optimization for industrial scalability.

Mechanistically, PER acts as a potent competitive
inhibitor of tyrosinase by interacting with the catalytic
copper center and blocking the oxidation of L-tyrosine
and L-DOPA, thereby suppressing melanin
biosynthesis at its source. In addition, its antioxidant
properties help neutralize reactive oxygen species
involved in melanin polymerization, providing a dual
mechanism of depigmenting action. Despite
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limitations such as poor aqueous solubility and
photoinstability,  significant advancements in
formulation technology—including transfersomes,
invasomes, nanoliposomes, nanostructured lipid
carriers, and other lipid-based delivery systems—have
successfully improved its stability, skin permeation,
and therapeutic effectiveness. Clinical studies further
validate its efficacy, demonstrating visible reduction
of UV-induced pigmentation and dark spots within a
short duration of treatment, with sustained
improvement in skin tone uniformity over extended
periods. Notably, PER exhibits approximately 22-fold
greater tyrosinase inhibitory activity than kojic acid
and achieves superior skin-lightening effects even at
low concentrations. Safety evaluations indicate
excellent dermal tolerability, negligible irritation
potential, and a favorable safety profile compared with
conventional  depigmenting agents such as
hydroquinone.

Beyond its pharmaceutical and dermatological
significance, PER represents an excellent example of
successful translation from pharmaceutical chemistry
to commercial enterprise. The growing global demand
for  scientifically  validated  skin-brightening
ingredients has created substantial opportunities for
the commercialization of PER-based formulations.
The global market for skin-lightening and whitening
agents is projected to expand considerably in the
coming decade, driven by increasing consumer
awareness, rising disposable incomes, and demand for
safer alternatives to traditional depigmenting agents.
Because PER demonstrates remarkable efficacy at
concentrations as low as 0.1-1.0%, manufacturers can
formulate highly effective products while minimizing
raw material consumption, thereby improving cost-
effectiveness and profitability. Consequently, PER has
become a premium active ingredient in modern
cosmeceuticals, including brightening serums, anti-
aging creams, pigmentation correctors, sunscreen
adjuncts, and dermatologist-recommended
formulations.

Overall, the design, synthesis, and evaluation of
Phenyl Ethyl Resorcinol establish it as a
multifunctional, safe, and highly effective
depigmenting agent with significant scientific and
commercial value. The integration of advanced
synthetic methodologies, molecular design strategies,
and nanotechnology-based delivery systems not only
enhances its therapeutic performance but also
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strengthens its industrial viability. Therefore, PER
serves as a strong bridge between pharmaceutical
chemistry and business innovation, providing a
sustainable platform for the development of next-
generation cosmetic and dermatological products.
With continuous advancements in formulation
science,  targeted  delivery systems, and
commercialization strategies, Phenyl Ethyl Resorcinol
is expected to remain a key ingredient driving future
growth in the global cosmetic and skincare industry
while offering effective solutions for
hyperpigmentation management and skin health
enhancement.

REFERENCES

[1] M. J. Pettinari, M. E. Pavan, and N. 1. Lopez,
“Melanins: Functions, Biotechnological
Production, and Applications,” in Melanins:
Functions, Biotechnological Production, and
Applications, G. Gosset, Ed. Cham, Switzerland:
Springer, 2023, pp. 1-25.

[2] H.C.Eisenman and A. Casadevall, “Melanin and
Microbial Pathogenesis,” Applied Microbiology
and Biotechnology, vol. 93, pp. 931-940, 2012.

[3] S. Sato, M. Tanaka, H. Miura, T. Takeuchi, H.
Yamamoto, K. Ikeo, and T. Gojobori, “Study on
Melanin Biosynthesis,” Journal of Investigative
Dermatology, vol. 6, p. P10, 2001.

[4] A. S. Maddaleno, J. Camargo, M. Mitjans, and
M. P. Vinardell, “Applications of Melanin in
Cosmetics,” Cosmetics, vol. 8, no. 82, 2021.

[5] M. Beaumet, L. M. Lazinski, M. Maresca, and R.
Haudecoeur, “Recent Advances in Melanin-
Related Therapeutics,” European Journal of
Medicinal Chemistry, vol. 259, p. 115672, 2023.

[6] B. Roulier, B. Pérés, and R. Haudecoeur,
“Melanin Chemistry and
Applications,” Journal of Medicinal Chemistry,
vol. 63, pp. 13428-13444, 2020.

[71 M. R. Loizzo, R. Tundis, and F. Menichini,
“Natural Compounds and Melanin Activity,”
Comprehensive Reviews in Food Science and
Food Safety, vol. 11, pp. 378-398, 2012.

[8] E. J. Land, C. A. Ramsden, and P. A. Riley,
“Melanin and Related Biological Functions,”
Tohoku Journal of Experimental Medicine, vol.
121, pp. 341-350, 2007.

Biomedical

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 6988



(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

IJIRT 205558

© June 2026 | IJIRT | Volume 13 Issue 1 | ISSN: 2349-6002

C. A. Ramsden and P. A. Riley, “Chemical
Aspects of Melanin,” Arkivoc, vol. 1, pp. 260—
281, 2010.

M. R. L. Stratford, C. A. Ramsden, and P. A.
Riley, “Melanin in Medicinal Chemistry,”
Bioorganic and Medicinal Chemistry, vol. 21,
pp- 1166-1175, 2013.

C. V. Ortiz-Ruiz, J. Berna, J. N. Rodriguez-
Lopez, V. Tomas, and F. Garcia-Canovas,
“Enzymatic Studies of Melanin Formation,”
Journal of Agricultural and Food Chemistry, vol.
63, pp. 70327040, 2015.

C. V. Ortiz-Ruiz, M. B. de los Santos, J. Berna,
J. Fenoll, P. A. Garcia-Ruiz, J. Tudela, and F.
Garcia-Canovas, “Biochemical Characterization
of Melanin Pathways,” [UBMB Life, vol. 67, pp.
828-837, 2015.

A. Garcia-Jimenez, J. A. Teruel-Puche, C. V.
Ortiz-Ruiz, J. Berna, J. Tudela, and F. Garcia-
Canovas, “Melanin Biosynthesis Mechanisms,”
IUBMB Life, vol. 68, pp. 663-671, 2016.

A. Garcia-Jimenez, J. A. Teruel-Puche, J. Berna,
J. N. Rodriguez-Lopez, J. Tudela, P. A. Garcia-
Ruiz, and F. Garcia-Canovas, ‘“Chemical
Investigations on  Melanin  Formation,”
Bioorganic and Medicinal Chemistry, vol. 24,
pp. 4434-4442,2016.

C. A. Ramsden and P. A. Riley, “Bioorganic
Aspects of Melanin Chemistry,” Bioorganic and
Medicinal Chemistry, vol. 22, pp. 2388-2395,
2014.

R. L. Jolley, L. H. Evans, N. Makino, and H. S.
Mason, “Biochemical Studies on Melanin
Precursors,” Journal of Biological Chemistry,
vol. 249, pp. 335-345, 1974.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

6989



