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Abstract. The process of melanin synthesis and distribution is
called melanogenesis, a process that is based on melanocytes
present among the basal cells of the epidermis. Pigments
formed in melanocyte melanosomes are then stored in the
basal layer of epidermal cells, as well as in dermal macrophages, which become melanophores. From the embryological
point of view, melanocytes derive from the melanoblasts of the
neural crest, from where they migrate during the first months
of life into the skin, eye, cochlea, bone, peripheral nervous
system, heart and adipose tissue. The melanic pigments,
eumelanin and pheomelanin, are the final product of complex
biochemical reactions starting from the amino acid L‑tyrosine.
Melanin has a major role in skin homeostasis through the
photoprotection it offers from the harmful effect of ultraviolet
radiation. Melanin absorbs and/or reflects ultraviolet radiation
but is also involved in the neutralizing process of free radicals
and reactive oxygen species. Pigmentogenesis is a dependent
oxygen process and is controlled by intrinsic factors (genetic
and hormonal) as well as extrinsic factors (ultraviolet radiation). Melanogenesis is stimulated by stimulant melanocytic
hormone, adrenocorticotropin hormone, estrogens and progesterone. The present review aimed to provide a summary of
recent data about melanogenesis physiology.
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1. Introduction
The synthesis and distribution of melanin (eumelanin,
a yellowish‑orange type of pigment and pheomelanin, a
brownish‑blackish pigment) bear the name of melanogenesis (1).
Responsible for the synthesis of the melanic pigments are the
melanocytes, neuroectodermic dendritic cells (2). Melanocytes
represent 8% of the epidermis cells and have melanoblasts as
precursors, cells which have their origin in the neural crest cells
from the embryological point of view (3). At the same time
with the closing of the neural tube (4), melanoblasts migrate in
different regions of the organism such as the skin, peripheral
nervous system, cartilage, bone, eye choroid, fatty tissue and
cochlea (5). In the lower layer of the epidermis and at the level
of the hair follicle, melanoblasts transform into melanocytes
and become capable of fulfilling their basic function, that of
secreting melanin (6). The process of migration, proliferation
and differentiation of melanocytes are under the influence of
the neural tube cells, ectoderm cells and keratinocytes, but
also under the influence of the WNT glycoproteins family,
endothelin 3 and of the stem cells factor (7).
Due to its specific chemical structure, the melanin
molecule plays a role in the skin pigmentation and offers
photoprotection to the organism by absorbing the sun ultra
violet radiation. The colour of the skin, hair and eyes is
determined by the melanic pigments, and more precisely the
ratio between the two types of melanic pigment. The quantity
of melanic pigment offers the skin the colour from white (lack
of melanic pigment) to black (increased melanin density), and
the ratio eumelanin‑pheomelanin determines the differences
in pigmentation of the human skin (8). If the quantity of
pheomelanin produced by the epidermal melanocytes is higher
compared to the quantity of eumelanin, then the skin is of lighter
color and has a higher susceptibility to the sun burns (9). In the
skin containing a higher quantity of pheomelanin, following
the exposure of the sun ultraviolet radiation, a higher quantity
of reactive species of oxygen is produced, leading to a cellular
lesion and initiating the carcinogen process (10-12).
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The quantity of synthesized melanin of melanocytes is
genetically determined and depends on ethnicity but is also
under the influence of intrinsic and extrinsic factors. The
category of intrinsic factors includes molecules secreted by
the melanocyte surrounding cells: keratinocytes, fibroblasts,
inflammatory cells and endocrine cells (13). Ultraviolet radiation and various chemical products represent extrinsic factors
which place their mark upon melanogenesis. The skin reaction to the various intrinsic and extrinsic factors is under the
control of the cutaneous neuroendocrine system (14).
2. The melanocytes
From the level of the neural crest, melanocytes migrate towards
various regions of the human body in the order to fulfil their
primary function, that of synthesizing melanin. Melanoblasts,
undifferentiated cells, reach not only the skin and hair follicle,
but also the eyes, meninges, heart and cochlea, where they
transform into melanocytes.
The synthesis and storing of melanin takes place in the
cellular organelles specific to melanocytes, called melanosomes. Unique cellular organelles related tο lysosomes, the
melanosomes, derive from the young endosomes. Melanosomes
have a different structure and function, according to the synthetized melanic pigment. While in the perinuclear region of
melanocytes, melanosomes are immature and non‑pigmented.
As they migrate to dendrites, they undergo a series of
conformational changes and become mature, pigmented and
electron‑opaque (15).
Melanosomes are present in black‑skin people, melanocytes are larger, more elongated as well as numerous, and
keratinocytes degrade more slowly.
In the epidermis, melanocytes are inserted into the keratinocytes due to their long and fine prolongations. A melanocyte
is surrounded by 36 keratinocytes with which it forms the
epidermal unit, whose activity is paracrine regulated. On the
one hand, the synthesized quantity of melanic pigments at the
melanocyte level is influenced (stimulated or inhibited) by
a series of factors secreted by the keratinocytes, and on the
other hand, melanocytes secrete a series of substances which
act upon keratinocytes (16). Through extensions, the melanosomes of melanocytes are transferred to the surrounding
keratinocytes (17), where they distribute uniformly in order to
insure a homogeneous pigmentation and create a screen which
covers the nucleus of keratinocytes (18). The transfer of the
mature melanosomes to keratinocytes takes place when the pH
of the extracellular environment increases from 5.0 to 6.8 (19).
Keratinocytes take over melanosomes through a phagocytosis
process (20), a process dependent on the ultraviolet radiation
and regulated by the α‑melanocytic hormone (α‑MSH) (21).
By way of α‑MSH, following exposure to the sun ultraviolet
radiation, the pigmentation of the skin is stimulated through
the increase of the melanin synthesis, as well as proliferation
and distribution of the epidemic melanocytes (16). Moreover,
the number of dendrites of melanocytes, as well as the transfer
rate of melanosomes at the level of epidermal unity is influenced by exposure to the sun ultraviolet radiation (16). Due to
this placement, melanin protects the nuclear DNA from ultraviolet rays of solar light (22). The pigmentation process has the
effect of increasing human skin resistance to sun burns (22).

An important role in the differentiation, proliferation and
morphology of melanocytes has the glutamate pathway by
activating the epidermal glutamate receptors (23). At the level
of melanocytes and keratinocytes the glutamate receptors have
been described (24).
The differences in the human skin pigmentation appear due
to the various number of melanosomes in the keratinocytes (15).
In order to fulfil the basic function, the life span and melanocyte
resistance must be high. At the level of hair follicle, the melanic
pigment synthesis takes place in the follicle unit made up of
the follicle melanocytes, keratinocytes and the dermic papillary fibroblasts (22) which, compared to the epidermal unit,
is larger. Synthesis of the melanic pigments in the skin is an
ongoing process at the level of hair follicle. On the other hand,
melanogenesis is active only during the hair anagenic (growth)
phase (24) and is much more sensible to the aging process (25).
The functioning of the epidermal unity is independent of the
follicle unity. Melanocytes of the hair follicle have larger, more
ramified melanosomes and the Golgi apparatus and rugged
endoplasmic reticulum are better developed (26).
Melanocytes can migrate into the epidermis, dermis or
dermo‑epidermal junction and form cell nests. Under the
influence of environmental factors, they turn into nevocites,
giving birth to benign tumors, called nevi. Melanoma occurs
as a result of nerve cell dysplasia (27).
Besides the epidermis and hair follicle, melanoblasts
migrate to the level of the eye conjunctiva and in all the uveal
areas (iris, ciliary body and choroid) and transform into
melanocytes. It is not known precisely what the role of the
conjunctive melanocytes is, but the melanocytes present in the
uveal area provide protection against some eye diseases which
can lead to blindness. As opposed to the skin, the colour of the
iris remains stable following exposure to the sun.
Melanocytes are also present in the organs of the human
body which are not exposed to the sun, where they fulfil
other functions besides the photo‑protection. Melanocytes
at the level of the cochlea play a sgnificant role in hearing
and balancing (28) by participating in endolymph synthesis.
Melanocytes in the brain have a neuro‑endocrine function and
provide protection against oxidation processes (29), while their
presence at the heart level is involved in the correct mechanic
functioning of the valves (30) as well as atrial arrhythmia (31).
3. The melanocortin 1 receptor
The quantity of synthesized melanin is adjusted through the
melanocortin 1 receptor (MC1R), which is located at the level
of melanocyte membrane. MC1R belongs to the sub‑group
of the class A receptors coupled with G protein. The linking
of the extracellular ligands to this receptor leads to a series
of cascading reactions, which begin with the activity of Gs
protein. Gs protein presents seven trans‑membrane domains
and when it is activated it stimulates the enzymatic activity
of the adenylate cyclase. The adenylate cyclase transforms the
intracellular ATP into AMPc. The increase of intracytoplasmic
AMPc affects the increase in the production of melanin as
well as the increase of melanocyte resistance to the apoptosis
and improvement of the genomic stability of melanocytes.
The eumelanin synthesis is stimulated by α‑MSH and adrenocorticotropin hormone (ACTH), 2 agonists of the MC1R,
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and the production of eumelanin and pheomelanin is regulated
by α‑MSH by way of MC1R (32). α‑MSH and ACTH have
as a common precursor the proopiomelanocortin (POMC), a
synthetic protein of pituitary gland. Moreover, α‑MSH is also
formed in the epidermal keratinocytes whose production is
locally, paracrine, adjusted (33). Hyperpigmentation of the face
and neck skin, known as melasma, occurs in fertile women
and appears most frequently as a result of pregnancy and
exposure to the sun, due to increased production of melanin
and melanocytosis (34).
Hormonal changes in pregnancy (increased plasma levels
of α- and β ‑MSH, estrogen, progesterone and β ‑endorphin)
stimulate melanocytes to produce excess melanin (35).
Also, human placental lipids upregulate tyrosinase activity
and increase melanin synthesis. During pregnancy, plasmatic levels of ACTH and cortisol are increased. CRH
stimulates placental production of α‑MSH and POMC. After
3 days postpartum, the plasmatic level of POMC returns to
normal (36,37).
The sun ultraviolet radiation stimulates the genic expression
of POMC and increases the POMC production. The increase
of the α‑MSH or ACTH quantity activates MC1R, leading
to an increase of the intracellular AMPc quantity, and the
pheomelanin synthesis is exchanged by eumelanin synthesis.
Exposure to the sun ultraviolet radiation determines at the
skin level two types of reaction: on the one hand, the immediate pigmentation, which appears after a couple of minutes
following exposure to the sun and disappears after 6‑8 h and is
the result of the oxidation of the pre‑existing melanin or of its
precursors, and on the other hand, the delayed pigmentation,
which appears after 48‑72 h following exposure to the sun
and is persistent, being the result of producing a new quantity
of melanin. Melanogenesis is also stimulated by a series of
cytokines with a paracrine effect such as prostaglandin E2
and D2 (37,38), stem cell factor (39), endotelin‑1 (40), oxide
nitric (41), histamine (42), Cu‑ and As‑ions and is inhibited by
thiamin, hydroquinone, ascorbic acid, Ag‑ and Hg‑ions.
4. Synthesis of the melanic pigments
Necessary for the synthesis of the catecholamines, the tyrosine
amino‑acid and its hydroxylated DOPA product, represent the
starting point of the biosynthesis of the melanic pigments.
Raper and Mason, between 1930 and 1940, were the first to
establish the biosynthesis path of eumelanin (43). Melanin
is formed following the cascading reactions, enzymatically
catalyzed. The melanic pigment of the yellowish‑reddish
colour, pheomelanin, soluble polymer in alkaline solutions,
results from the oxidative polymerization of the cysteinyldopa
(formed through the condensation of the cysteine amino‑acid
with the dopaquinone). Eumelanin, of the brownish towards
blackish colour, insoluble polymer in alkaline solutions, are
formed through the oxidative polymerization of 5,6-dihydroxyindole. The hydroxylation of the L‑tyrosine at the
L‑DOPA is catalyzed by the tyrosinase (TYR) and by a series
of proteins related to the tyrosinase (44).
The tyrosinase, a membranal protein of the 3rd type (45),
is an indispensable enzyme of melanogenesis. It is located
only in the membrane of the melanosomes, cellular organelles
specific of the melanocytes. The enzyme is synthesized at the
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level of the endoplasmic reticulum, and then packed in the
blisters of the Golgi apparatus, from where it is transported
in the melanosomes, the synthesis place of the melanin. The
tyrosinase activity is correlated with the melanin production
degree. The synthesis of the melanosomes and the tyrosinase
activity is stimulated by the L‑tyrosine (46). The concentration
of L‑tyrosine and that of the L‑DOPA controls the homeostasis
of the melanogenic system, and the melanocytes coordinates
this system not only locally but also overall (47).
Azelaic acid inhibits the synthesis of DNA and mitochondrial enzymes, has an effect on tyrosinase and reduces the
production of free radicals that contribute to hyperpigmentation of the skin (48). Due to the direct cytotoxic effect on
abnormal melanocytes, azelaic acid is useful in the treatment
of hyperpigmentation (it does not affect normal pigmentation
of the skin and does not cause depigmentation).
In the human brain, neuromelanin is formed following the
oxidation of the dopamine in dopaquinone, reaction catalyzed
by the tyrosinase. The formation of excess dopaquinone leads
to the neural disorder and death (49). Thus, it is suggested
the involvement of the tyrosinase in the neuro‑degeneration
associated to the Parkinson disease (50) and Huntington
chorea (51,52). Together with the tyrosinase, in the transformation of the tyrosine in melanic pigments, 2 more proteins are
involved, named dopachrometautomerasis, represented by the
protein 1 related to the tyrosine (TRP‑1) and protein 2 related
to the tyrosine (TRP‑2). Like the tyrosinase, TRP‑1 and TRP‑2
are found in the melanosomes. The role of these proteins is
crucial because it catalyzes the reactions which produce
the eumelanin. TRP‑1 behaves like a peroxidase and grants
protection against the oxidative stress (13,53).
5. Conclusion
A more accurate knowledge of melanogenesis physiology
helps to understand the pathophysiological mechanisms
of dermatological diseases which appear as a result of
melanogenesis.
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