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ABSTRACT

The highly molecular weight melanin pigments which are widespread in living organisms are usually formed due
to the oxidation and polymerization of phenolic compounds into eumelanin, pheomelanin and neuromelanin.
Almost of these pigments are stable, insoluble and biochemical substance resistance. They have a strong ability to
absorb the ultraviolet radiation and scattering the light. There properties facile their photoprotective activity against
skin damage. The distribution of melanin pigments in the body of living organisms not only gave the bright and
attractive color but also have impact role in certain disorders such as melanoma or skin cancer. In this review, we
introduced a general overview for melanin pigments, including their definition, physico-chemical properties,
biological action, the possible biosynthesis pathways and the relation of melanin with certain disorders. Finally, we
also provided the important analytical methods that used for the quantification of melanin in diverse samples.

KEYWORDS: Melanin; Biosynthesis pathway; Melanin Chemistry; Analytical quantification of melanin; Skin
pigmentation.

INTRODUCTION

What is melanin?

Melanin is a class of natural compounds act as pigments
which produced due to the oxidation and polymerization
of tyrosine. They are found in specialized cells in the
most organisms called melanocytes.'! There are at least
three naturally occurring kinds of melanin, the basic
types of them are eumelanin, which is found in two
types, dark brown and black.>® It is responsible for the
color of skin, eyes and hair and the color are primarily
controlled by melanin content.”"® It provides the color of
pupils and irises of the eyes.”! Also, it protects the
human body from skin damage as a result of sun
exposure.'” Pheomelanin is a diametric pigment which
is a cysteine with a benzothiazine red polymer. Most of
the pigmented tissues are mixed with both eumelanin and
pheomelanin.*Y) Neuromelanin is the third type of
melanin; it is a dark insoluble pigment which presents in
central nervous system, particularly in sunstantia nigra as
well as the internal tissues of brain, medulla and zona

reticularis of the adrenal gland.'? Also, it is widely
found in animals ™*** and plants.**

Chemistry of melanins

Despite of many researchers worked hardly for many
decades to communicate the biochemistry, biophysics
with cell pigmentation. We still have not got a clear
picture of the macromolecular structure of melanin
pigment in its synthetic state or naturally occurring
protein bounded state. But, there is a primary agreement
that melanins have unique macromolecules with
undefined chemical structure and molecular weight.
Eumelanin polymer is characterized as a heterogeneous
macromolecule which obtained from the oxidation states
of 5,6-dihydroxyindole and 5,6- dihydroxyindole-2-
carboxylic acid units with pyrrole units.'®! Eumelanin
has a general absorption ranging from 200 to 2400 nm
and IR absorption in the range of 2.5 to 10 pm.["
Pheomelanin is also, a heterogeneous macromolecule
derived from the sulfur containing cysteinyldopa
(Figure 1).
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The biosynthesis of melanin is located in a specialized
skin cells in the basal layer of epidermis in humans,
mammals and birds.!*®! These cells produce the two black
and dark brown types of eumelanin as well as yellow to
reddish brown pheomelanin."**! Dopaquinone is the same
precursor to drive both melanin types. They are produced
by initial reaction involved the hydroxylation of L-
tyrosine amino acids to 3,4-dihydroxyphenylalanine
(DOPA) by the aid of tyrosinase enzyme which is
considered for the synthesis of all types of melanin.®?!
Then DOPA extensive series of oxidation reactions
biopolymer melanin is produced.?*®!
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Figure 1: Chemical Structure of Pheomelanin and Eumelanin.

The main biosynthesis pathway of both eumelanins and
pheomelanins is based on the catalytic activity of the
tyrosinase enzyme. Firstly, tyrosine by the catalytic
action of tyrosinase enzyme produces DOPA which
converted into dopaquinone. Then, the formation of
pheomelanin can produce by two ways; when the
dopaquinone combined with cysteine to form 5-S-
cysteinyldopa then benzothiazine as an intermediate
compound then finally give pheomelanin. Another way
is the combination of dopaquinone with cysteine to form
2-S-cynteinyldopa  and produce benzothiazine
intermediate to form pheomelanin (Figure 2).
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Figure 2: Schematic diagram for pheomelanin biosynthesis.

Melanin can be formed by another biosynthesis pathway
which is the conversion of dopaquinone into
leucodopachrome. The first step of eumelanin formation
is based on the conversion of dopaquinone into
leucodopachrome then to dopachrome which gives 5, 6-
dihydroxyindole-2-carboxylic acid and by oxidation

converted into quinone then eumelanin. The second
pathway is the conversion of dopaquinone into
leucodopachrome then dopachrome which gives 5,6-
dihydroxyindole then by oxidation gives quinone and
finally eumelanin (Figure 3).
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Figure 3: Schematic diagram for Eumelanin biosynthesis.

Physico-chemical properties of melanin

Melanin has two key functions, pigmentation and
photoprotection of the skin cells from the harmful UV
radiation.”® It is generally accepted that there is a
significant correlation between the human skin resistance
to UV radiation and the amount of pigments in the
skin.?"! Armstrong and Kricker & are believed that the
incidence of UV radiation is closely related to the skin
cancer. In addition the individuals who are genetically
have low skin ability to tan and pigmentation had a high
susceptibility to skin malignant melanoma. The
photoprotective properties of melanin are attributed to its
highest ability to absorb and scatter the higher energy
photons from the ultraviolet (UV) and the blue part of
the solar spectrum. By ultrafast photodynamics, the
energy of the absorbed photons will be converted quickly
into heat.” Furthermore, the photoprotective action of
melanin is also due to its ability to quench the excited
state of certain molecules that produced in pigmented
cells. Also melanin was recognized by its powerful
activity as antioxidant due to its activity as a reactive
oxygen species (ROS).EY It has the ability to inhibit the

free radical reactions and hence shielding the
polyunsaturated  phospholipids  against  oxidative
modification.

Biological properties of melanin

Biologically, melanin has various functions including
skin  pigmentation, hair and feather coloration,
strengthening plant cell walls and insect cuticle. It has
the ability to absorb ultraviolet and visible light and
responsible for the rmoregulation, photoprotection and
camouflage of skin. Commercially, melanin is
recommended as an active component of photoprotective
creams and it is also used as a potential target for anti-
melanoma therapy.!

In the animal kingdom, the role of pigmentation is
clearly noticed as it provides the bright and attractive
colors of animals. On the other hand it is used for
camouflage as demonstrated by certain species such as
cuttlefish which secreted a melanin ink to distract and
confuse its predators. It is also believed to be a defense

system of certain fungi and bacteria against ionizing UV
radiation,®™ chemical strain and biochemical strain.
Also, it is important to note that melanin is a radical free
polymer presenting a high-conjugated structure that
enables the transformation of UV-VIS radiation into
heat.*¥ Additionally, the disorders in melanin formation
can cause melanoma, which is the most aggressive type
of skin cancer.P*®! Also, various depigmentation
disorders can be occurred, such as ocular albinism. These
disorders are due to the deficiency in lysosomal
functions.*®!

Melanin pigmentation

The dramatic function of melanocytes is widely affected
the visible pigmentation of the skin, eyes and hair.
Melanocytes are found in dermal-epidermal tissues
which give raise the skin color and in hair follicles which
responsible for hair color. The process of coloration
depends on critical and complex steps due to the
development, proliferation and differentiation of
melanocytes precursors should be produced with very
high fidelity to cause uniform pigmentation.” Melanin
pigment is produced in specialized organelles called
melanosomes which are produced by melanocytes. The
synthesis and deposition of melanin are affected by
several types of proteins; including tyrosine (TYR),
monoclonal tyrosine antibody (TYRP1) and discrete
cosine transform (DCT). Relatively high quantities of
melanins are produced and distributed uniformly in
keratinocytes to increase the ability to absorb the light
and hence give the visible dark skin and hair. Whereas, a
small amounts of melanins are found in the lighter color
skin and hair with low ability to absorb the light and
hence minimize the visible coloration of them. !

Relation of melanin and the skin cancer

The extensive exposure to UV has an adverse action on
the skin, causing photocarcinogenesis especially in light
skin, which has a dramatic risk for skin cancer
approximately (15-70) fold more than the darker skin.*"
*l The scientists believed that the rate of malignant
melanoma and cell carcinoma is higher in white peoples
than those black."¥ Genetically skin pigmentation is
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regulated by the melanocortin 1 receptor (MCL1R) that its
gene is susceptible to skin melanoma."*" As we knew,
skin pigmentation was based on the amounts of melanin,
which is distributed in keratinocytes. The response of
keratinocytes to extensive UV absorption in various
types of skin showed an inverse relationship between the
DNA damage and melanin content.*”! The harmful
response of human skin to UV absorption referred to the
production of skin to oxidative cellular damage and two
types of DNA damage.”®! An impact role of melanin
distribution in the upper part of the skin was detected on
its photoprotective effect of the «cell. The
photocarcinogenesis due to the UV-DNA damage in
lower skin layer is more crucial than in the upper layer.
This was attributed to the presence of melanocytes as
well as keratinocytes cells and transient amplifying cells,
which are not lost through the desquamation process and
therefore cause different types of skin cancers.™”)

ANALYTICAL DETECTION OF MELANIN

Several spectroscopic and chromatographic methods
have been addressed for the determination of melanin in
pure synthetic form, in natural samples and in bio-
samples.

UV and Visible spectrophotometric methods

Hunold and Malessa*® investigated 18 melanin
pigmentation subjects (in vivo detection) by
recording the light absorption of these subjects using
Amax = 675 nm. The obtained results revealed that the
mean of about 16 caucasian fundi was found to be 0.79 £
0.17, while the value of albino and Negro fundus were
found to be 0.06 and 1.36 E, respectively. These two
values are found outside the range of caucasian values.
The results were of good agreements with those
performed using enucleated eyes. Dwyer et. al.* used a
spectrophotometric method for the detection of the
density of cutaneous melanin in skin that protected it
from light radiation damage. They could detect the
density of cutaneous melanin by evaluating the
reflectance of visible light by the skin. The biopsy of 3
mm of skin was taken and the detection was carried out
at 650 - 700 nm. The melanin skin reflectance was
measured at 680 nm (r = 0.33). The method of detection
can provide the discrimination of individual
susceptibility to epidermal tumors. Furthermore, Ito et
al.B®% suggested a simple spectrophotometric method to
assay eumelanin in tissue samples. A hot hydroiodic acid
was used to hydrolyze the hair and melanoma samples
solubilized eumelanin pigment and hot sodium
hydroxide was used to dissolve the eumelanin pigments
in the presence of hydrogen peroxide. The absorbance
spectrum was recorded at 350 nm. Another
spectrophotometric method was proposed by Ozeki et
al.’ to quantify both eumelanin and pheomelanin by the
detection of pyrrole-2,3,5-tricarboxylic acid (PTCA) and
aminohydroxyphenylalanine  (AHP). The proposed
method was based on dissolving melanin in soluene-350
plus water and the detection was at an absorbance range

of 500-600 nm. The relative ratio of both melanins was
detected using the absorbance ratio.

Verschoore et al.’¥ investigated the distribution of
melanin and its effect on the patients of idiopathic
cutaneous hyperchromia at the orbital region (ICHOR).
The authors applied the spectrophotometric technique to
perform this investigation and the study revealed that the
deposition of melanin in dark circles may play a role in
ICHOR pathogenesis and cause the darkening of skin
under eyes.

Photoacoustic spectroscopy methods

Watanabe et. al.’®' suggested a very sensitive
photoacoustic spectroscopy for the estimation of melanin
in human hair. The detection was mainly based on the
treatment of both human hair and synthetic melanin with
50 % sulfuric acid. Then the collection of the melanin is
performed using membrane filter. Then the
photoacoustic signals were measured by 10 mW He-Ne
laser beam. A linear relationship was fitted between the
photoacoustic signal vs. weight of samples in the ranges
of 0.1-20 and 10-800 pg with a lower detection limit of 5
ng and 0.38 pg for synthetic melanin and human hair,
respectively. In 2004 Viator et. al.>*! developed a new
photoacoustic probe to detect the epidermal melanin
distribution by using Q-switched, frequency-double
neodymium, yttrium, aluminum, garnet laser at 532 nm.
The detection was carried out using ten human subjects
with skin phototype 1-VI. The results indicated that the
melanin is completely absent in vitilligo human subjects.

Miscellaneous spectroscopic methods

Katritzky et. al.*® utilized a 1H nuclear magnetic
resonance (IH NMR) to study Sepia melanin, Sepia
melanin free acid and human hair melanin. The
investigation was performed under alkaline medium
using the deuterium oxide solution at pH 10 — 11. To
suggest the possible monomeric unit profile of the Sepia
melanin polymeric chain, the empirical formula for the
Sepia melanin free acid was calculated and used to
estimate the number of protons in the aromatic region of
it.

A sensitive  flow-injection (FI) electrogenerated
chemiluminescence method was introduced by Alarfaj et
al.B® for the determination of melanin. The developed
method was based on the electrogenerated
chemiluminescnce reaction of Ru(bpy)s** with melanin
in an acidic medium. The method provides the
determination of 0.01 — 2.0 pg mL™ and 3.0 — 35 pg mL’
! of melanin with correlation coefficients (r) > 0.9999.
The lower limit of detection (LOD) was 0.0005 pg mL™
(S/N = 3) and the lower limit of quantitation (LOQ) is
0.01 pg mL™.

Chromatographic methods
Chromatography is the fastest growing analytical
technique for the analysis of samples. Its simplicity, high
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selectivity and wide range of sensitivity make it ideal for
the analysis of many samples.

High performance liquid chromatography with
electrochemical detection

Wakamatsu et. al.*"! developed a liquid chromatographic
method to measure levels of eumelanin in urine samples
and evaluated its clinical significance. The authors
addressed the chromatographic detection by producing
pyrrole-2,3,5-tricarboxylic acid from permanganate
oxidation of eumelanin, then detecting it using liquid
chromatography. The quantified level of pyrrole-2,3,5-
tricarboxylic acid was in melanoma patients was elevated
2.1-fold compared with control subjects.

Kolb et. al.®® were interested to determine pheomelanin
in biological samples using high performance liquid
chromatography. The detection was carried out after
chemical degradation of melanin and detects its
degradation products using an electrochemical detector.
This method displayed good reproducibility and
precision. The linear concentration range was 490 ng and

850 1g. The detection method provides the facility to

understand the formed melanin in cell lines cultured in
different growth media.

Another chromatographic  detection method was
developed by Wakamatsu and 1to®® to quantify both
eumelanin and pheomelanin in biological samples.
Chemical degradation of melanin followed by
chromatographic analysis by high performance liquid
chromatography was suggested. This method proved to
be a useful tool in studying melanogenesis.

An accurate and selective chromatographic method to
determine both 4-amino-3-hydroxyphenylalanine and 3-
amino-4-hydroxyphenylalanin in human urine was
provided by Takasaki et. al.!*” The melanin polymer was
treated with hydroiodic acid and subjected to analysis
using reversed phase high performance liquid
chromatography in conjunction with electrochemical
detection. lon pairing mobile phase containing 25 mmol
L™* ammonium acetate and sodium octanesulfonate was
used. Well defined peaks with linear detection over the
range of 0 - 2 ng for both compounds were obtained.

A further chromatographic method based on the
hydrolysis of pheomelanin was studied by Nezirevic et.
al.®™ The chromatographic detection was performed
under optimal conditions, including, mobile phase of
acetonitrile: 0.1 M ammonium acetate buffer, pH 4.5
(82:18, v/v) and detection at 400 mV the detection was
carried out showing good linear relationship over a
concentration range of 0.05-0.5 pg L™. Excellent results
were recorded for the detection of pheomelanin in human
urine of melanoma patients.

A simple high performance liquid chromatographic
method based on the direct injection of hydroiodic acid
reduction products of pheomelanin was proposed by

Wakamatsu et. al.[%4 The two
aminohydroxyphenylalanine  isomers were studied
separately using human hair samples with various colors.

The quantification of both melanin pigments eumelanin
and pheomelanin in hair and melanoma tissues using
high  performance liquid chromatography  with
electrochemical detector was carried out by Ito and
Fujita.®! The degradation process was performed using
samples of 0.5 mg of melanin, 5 mg melanoma tissues
and 2 mg hair. The developed method facilitates the
analysis of approximately 20 samples through 3 working
days.

High performance liquid chromatography with UV
detection

Magarelli et. al.’®! introduced a simple extraction and
purification process of sepia melanin using hydrochloric
acid 0.5 — 3.0 mol L™. The obtained high degree purity
of melanin was subjected to chemical degradation and
HPLC method was applied for the detection of the
degraded products.

The analysis of both eumelanin and pheomelanin in
melanin tissues was introduced by Panzella et. al.®® The
authors used high performance liquid chromatography
coupled with an ultraviolet detector for recording the
results after the degradation of the melanin pigmented
tissues using hydrogen peroxide in the presence of
alkaline medium. The used mobile phase was 1% formic
acid: methanol. This method was employed to determine
eumelanin and pheomelanin in mammalian hair, skin and
irises.

A simple and accurate high performance liquid
chromatography with ultraviolet detection for the
analysis and quantifying the amount of melanin pigments
in the hair and melanoma tissues was suggested by Ito
and Jimbow.*® In this method the authors used
permanganate as oxidizing agent to eumelanin and
hydroiodic acid for the hydrolysis of pheomelanin. The
chromatographic method was applied to detect the
degradation products with respect to the reference
standards of melanosome-melanin and synthetic melanin
for eumelanin and pheomelanin, respectively.

High performance liquid chromatography with
fluorimetric detection

Yang et. al.! in 2007 described new high performance
liguid  chromatographic  method  coupled  with
fluorescence detector to detect pheomelanin in biological
samples. The developed method displayed high accuracy

and sensitivity of 0.11 1zmol L™ (2.2 fmol per injection)
at signal-to-noise ratio of 3 for each product and linearity
range of 0.02-10 pmol L*, r > 0.995. The authors
employed this method to method quantify the
pheomelanin in various biological samples such as
melanoma cell lines of human and rat, melanoma tissue
and hair samples.
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Capillary electrophoresis (CE)

Zhang et. al.’®%! reported two sensitive micellar
electrokinetic capillary chromatographic methods with
laser-induced  fluorescence  detection  for  the
determination of pheomelanin in diverse biological
materials. In the first method the authors chosen 5-
carboxyfluorescein succinimidyl ester as derivatizing
reagent to the two markers aminohydroxyphenylalanine
isomers produced after reductive hydrolysis of
pheomelanin with hydroiodic acid. This method was
successfully applied to detect pheomelanin in two human
melanoma cell cultures, black hair, melanoma tissue and
urine samples of human melanoma patients. While in the
second method the chosen reagent was 4-(1-pyrene)
butyric acid N-hydroxysuccinimide ester. The separation
was carried out using a ground electrolyte consisting of
20 mmol L™ phosphate buffers of pH 7.4, 30 mmol L™
cholate, and 30% methanol. This method was
successfully applied to monitor the pheomelanin in
diverse biological samples with the spiked recoveries in
the range of 94-101%, at a signal-to-noise ratio of 3.

Gravimetric method

In 1978 Jan Borovansky™ provided new simple
gravimetric method based on the resistance of melanin to
acid attack. The method was applied using animal tissues
and the author removed the lipids by solvent extraction
after samples hydrolysis by acid.

CONCLUSION

Considering the melanin as a regulatory factor for
pigmentation in various organisms as well as a
photoprotective factor against the harmful ultraviolet
radiation, will encouraging the researchers to focus their
attention to communicate between the melanin pigments
and the presence of various characteristic features of
living organisms. Furthermore, many articles were
published to correlate the relation between the
distribution of melanin pigments in the body of living
organisms and the risk of melanoma pathogenesis.
Despite of the impact role of melanin pigments on the
life of microorganisms, the analytical methods which
developed to isolate, characterize and quantify these
pigments still limited and the workers in the analytical
chemistry field need to develop and suggest more simple
and accurate techniques to facilitate the detection of such
pigments in diverse samples.
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