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ABSTRACT
In this paper we provide a critical review of themerous and various biological functions so far
attributed to neuromelanin and attempt to provideiéied theory based on the peculiar physical
and chemical properties of the black particle (taaromelanin cage).
It is stressed that neuromelanin is not homogenesus commonly accepted, but is made up of
different substrate specific black pigments forrbgdhe oxidation of o.diphenols or other
oxygenated precursorsybstantia nigranelaninlocus coeruleusnelanin retinal pigmented
epithelium or ocular melanin, inner ear melanirg aa on).
Ocular melanin is believed to protect the eye hpping metals and free radicals. The paper shows
that this unconfirmed mechanism is a rather fastustirreversible molecular accident, which at
times may prove itself deleterious.
Albinism often leads to deafness in animals, intilhgaa genetic correlation. We believe these two
conditions to be correlated at a molecular levedyte/ ear pigmentation and suggest verifying this
hypothesis in normal and albino human individuals.
Skin and ocular melanin are chemically differendbwéver, they are both involved in light
absorption/dissipation. The black particle struetimelanin cage) is, in our view, fundamental to
this process because there is a common bioel@sgahanism. The latter is worth of further

investigation. It is also proposed to check howlacmelanin dissipates the excessive absorbed
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light (as heat or as current?). It has been sugdéekat inner ear melanin mutes acoustic waves.
We suggest investigating the underlying mechanisdadso studying whether this pigment is bio-
electrically involved in audiology.
According to numerous authoiSubstantia nigranelanin is only biological garbage. This view is
rejected, and it is stressed that intracellularamefjenesis is a fundamental and genetically
controlled physiological process.

It has been repeatedly claimed that the bindingoof, heavy metals, free radicals and harmful
chemicals bysubstantia nigranelanin is fundamental to body detoxification/potieen. In our
view, such irreversible and generic binding mecéiasi have no physiological foundation; we
suggest the alternative thatibstantia nigranelanin acts as semiconductor, transmitting and
modulating nervous impulses, in a reversible wayatt,substantia nigranelanin is absent or
significantly scarce in two conditions of life ineh the coordination of movement is either
inefficient (newborn babies) or strongly comprondigBarkinson).

To check this assumption, further investigatiomoleus caudatus, putamen, globus pallidus,
substantia nigra pars compac#ad reticulata, nucleus hypothalamicdgsecommended .

—

Introduction . Many biologically active, variously coloured orgapigments can be found all over
our plane{l]. The black or brown pigments of the living worle axalledmelanin (Greek,
melanos= black)[2,3], some being located at different sites of our badhyere they are
biologically active]4]. Melanin’s are substituted derivatives of acetyland contain a
polyacetylene spings]. Theyare stable free radicals (radical polarones), etyolated to
polypyrrole and polyindole, holding positive chasdmlanced by counter anions and exhibit typical
broad IR and EPR spectii&].

In nature the black particles are formed by thidaton of o.diphenols or other

oxygenated precursors (decarboxycyclodopa, dihydndole(DHI), serotonine, catecholamines,



dihydroxytryptamines, dopamine, adrenaline, dihygtlcuinolines, or generally from polyphenols).
All natural and synthetic melanin’s include a thd@mensional multi-layer graphite-like aromatic
backbone, substituted by aliphatic chains andralcamposed of amorphous microparticles of
different shapes and sizps10], which are believed to be fundamental to their cloaimand
biological behaviour. Almelanin’s, especially in the doped state, showreetyaof physical
properties, like absorption and dissipation ofighd sound, binding of metals and organic
compounds, storing of liquids and gases, condudifaiectrical current and transformation of
light into electric energy. These properties hagerbrelated to disparate and sometimes conflicting
biological functions, for instance, playing a rslecamouflage and sexual display, acting as a sun
screen, scavenging active chemical species, pnogaditive radicals able to damage DNA and
binding to drugs and other molecules in ways thatlme either beneficial or deleterious.

Nearly 30 years ago, Proctor and Mc Ginness attednjot unify most of these roles, envisaging
melanin as an energy transducer with the propestias amorphous semiconducfbi ]; however,
noin vivo evidence has been provided to date.

In this paper, we provide a critical review of thielogical functions so far attributed to melanin’s

as well as attempting to provide a unified andgraéed theory on their physiological role.

Biological functions attributed to neuromelanin’s. The neuromelanifii2,13]found in the
Central Nervous System (CNS) of humans and vertiebia not an homogeneous product, as
commonly accepted, consisting, rather, of a grdugaxk pigments with similar but different
chemical structures, having different functionsliffierent sites gubstantia nigranelanin 6nM),
Locus coeruleus melanincular melanin, inner ear melanin, and so on).

The amount and location efiM varies among animal species, being greatestrnimams. It
predominates in the catecholaminergic neurorsibstantia nigraandlocus coeruleysbeing
formed by oxidation of catecholamines. According@xidative degradation studiesM is a

mixed-type indole polymer, consisting of benzotimazand dopamine units in equal proportions



and is produced in the absence of visible Il[@At15].snM is chemically similar but not identical
to skin melanin, which is synthesized in the epitidrmelanocytes under the influence of light
[16]. Light absorption/protection are the predominantgpblpgical functions of skin and eye
melanin’s while any optical role f@nM and inner ear melanin may be excluded and tieairnoles
remain controversial.

All melanin’s are able to absorb and dissipatetlaghheat. If the energy input is too great,
however, the output can activate chemical spetiksta damage cellular macromolecules,
resulting in cell death, mutations and canceddrk skin, the high pigment concentration protects
the skin, shielding the nucleus. In light skin, thdical nature of the melanin’s participates i@ th
carcinogenic process, particularly after seversag®s of sunburfl7].

Skin melanin (an indole derivative) acts as a sgstwhile it is assumed theM (a benzene
derivative) is involved in the coordination of mavent and the protection of neurons against
oxidative stress as well as being suspected ofrgridon as if it were an exchange resin and of
being fundamental to the radical aggression anthdd@aubstantia nigraneurons ( Parkinson’s
disease, PD|L8 - 21].

It has been claimed that ocular melanin absorbessiee light and protects the ocular tissues by
removing, like anolecular sieve, heavy metals, free radicals avatiaty of harmful organic
molecules from the cytoplasm. It has also beemmadithat in the ear, the inner-ear melanin
interacts with acoustic waves, muting them in aeffieral way[22]. Numerous papers describe
how easily melanin binds foreign compounds, buy the not explain, however, whether the
original pigment is regeneratadvivo and how this would come about. We know various
physiological mechanisms in the body able to bind i@lease active compounds (at given times, in
given conditions and in given quantities), likey example, the ferritin iron-pump.

Apparently this is not the case with melanin, whteeflushing out of any absorbed material
without causing permanent substrate damage apgeebesan extremely difficult task. On the

contrary melanin strongly binds drugs ( arsenicaoee, amphetamine, promazine, and so on),
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which can be easily traced in the hairs of usewboisers, even a very long time after intake. The
best choice for liberating them is by irreversibkdative cleavage, as in nature.

Based upon the evidence collected so far, neureanmsldulfil different functions at various sites of
the CNS following, in our view, a unitary physiologl mechanism which can be correlated to the
peculiar physical and chemical properties of théama particle. These particles are organized into
rigid micro cage-like structures of different shapad sizes<the neuromelanin cageyrand are

also fundamental to the optid@B] and bioelectrical properties of neuromelanin.

Substantia Nigra Melanin (snM) During the course of lifesfM accumulates in dopaminergic
neurons, decreasing in senescence, concurrentiyandecrease in the number of neurons and in
the synthesised dopamif#4]. The neurons with the highest amounts of black piginand the
smallest quantities of reduced glutathione (GSid)the first to degenerate.

These facts enforced the hypothesis that neuroinedaiginates from dopamine at random, and
that these radical accidents, catalysed by ironnamtoaminoxydase (MAO), lead to neuronal
death Whence, numerous authors considesdd a waste product, which takes precious dopamine
away from the life cycle, and acts as a neurorill

The main objections to this hypothesis are, preflynthat:

1.Intracellularmelanogenesis is genetically controlled. Both skid eye melanin are fundamental
to light absorption and this process is of fundatalgohysiological relevance;

2. snM, skin and eye melanin are chemically and phylicinilar. It is likely, therefore, thanvi

is involved in a related biological function;

3. Since thébasal nucleimodulate and transmit nervous impulses smd is formed in the
brainstem at a very early age, (being continuoreshgnerated during life), our view is that its
presence at this strategic site is unlikely todréuitous, a fact which would suggest the possible
involvement ofsnM in nervous transmission;

4.snM is absent or significantly scarce in two condisaf life in which the coordination of



movement is either inefficient (newborn babies¥toongly compromised ( Parkinson ). These facts
suggest a possible correlation betwsdaW and the coordination of movement;

5. The traditional neuronal theory provides a goaxtiet for the transmission of nervous impulses.
It is still unclear, nevertheless, whether in ttrersgly pigmentedbasal nucleithe information is

transmitted by dopamine alone, or alscshiyl.

Substantia nigra melanin (snM) and Parkinson’s disease (PD)

The apparent cause of PD is spegpiigmented neurons dying-off in tisebstantia nigra
Dopaminergic neurons may be involved in schizoplarand in various motor disorders and
noradrenergic neurons may participate in endogedepgession and Alzheimer's Dementia
(AZD).

The symptomatology of PD consists of the derangemiethe function of basal ganglions, with
reduced activity of dopaminergic components andtcgfcy of dopamine, as well assiM. It has
been suggested that the disease is triggered loyvaaad progressive lack of dopamine, but there is
still controversy on what leads the dopaminergltscelocated in theubstantia nigra zona
compacta- to gradually reduce their dopamine productmmn what brings this substance to be
transformed into inactive products.

Thesubstantia nigras connected to th&riatumat the base of the brain through nerve fibres with
ends secreting the neurotransmitter dopamine. dtter helps thstriatumin controlling
movements.

The progressive death sfibstantia nigracells is followed by a reduction in dopamine aafaility.
The pathological variation of the different biochieah parameters suggests that during PD the
substantia nigras stressed by oxygenated free radicals, whialisléa the degeneration of almost
80% of dopaminergic neurons before clinical syma@mse

snM concentration varies with age. It is virtually during early infancy, when the newborn does

not have full control over his/her locomotorial @tions.snM concentration reaches its peak in
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adult age, declines over the years and is atwiesoin the elderly. The decrease goes hatcnd
with the degradation of locomotorial coordinatiordaeflex response.

Considering this phenomenology, we suspect thagubstantia nigrgplays a role in nervous
transmission, which would be consistent with thex&b conductivity of thenM particle. It must

be highlighted that post mortem examination ofgras with PD in advanced stages reveals severe
depletion of the black pigment in teabstantia nigra

snM, produced constantly through the oxidation of@lome and its derivatives, is subsequently
metabolised through oxidative degradation, estainlgs in normal physiological conditions, a
homeostatic balance dopamisia/l. A low dopamine concentration means smaller artsafsnvi
and consequently impoverishsdbstantia nigraleranged in its electric functions.

On the other hand, an excessive formatiosnd, through abnormal dopamine oxidation, leads to
a lack of this neurotransmitter, which in turn ugsgopaminergic functions, killing the neuron.

It is worth stressing that substantial differenerist between the chemistry and biologysa¥ and
that of ocular melanin, and that the extra cellsldi-iron complex has been claimed to be the

cause of neuronal death.

Ocular and Inner Ear Melanin. The retinal pigmented epithelium (RPE), stratallydocated
between the rod and cone photoreceptors and tlcelaased of the choriocapillaris, contains a
black melanin pigment which has photoactive proggrthough it is not involved in visual
phototransduction. In primates, melanocytes andaaepithelial cells are responsible for
melanogenesis, melanin appearing in the skin andtnroma around 6 weeks after delivity]. In
human embryos retinal pigmentation can alreadydabectied at the 7-week stage.

Ocular melanin behaves like a broadband opticadrbles and is generally thought to protect ocular
tissues against excess light, reducing intraodighat scatter and thus increasing the contrast of
visual images formed on the retina.

Albinism, the most severe genetically determinesbitier in ocular pigmentation, is characterized
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by congenital hypo-pigmentation of eyes, skin aail foculocutaneous albinism) or apparently
limited to the eyes (ocular albinism). The lackpa@ment in the eye causes various problems

(reduced visual acuity; nystagmus; strabismus;isegsto bright light and glare). The most
severe

problem is found in the fovea, the small area efritina which permits acute vision, which does
not develop completely because of the lack of tk&nmn pigment which is needed for prenatal
growth of the intraocular fine structures and anmarpattern of nerves routes from the back of the
eye to the brain

Charles Darwin stressed thatvhite cats, if they have blue eyes, are almosbgs deaf>
anticipating a possible genetic correlation betwalbmism and deafness. Albinism and deafness
can be concomitant in pets, where a molecularaiter of the eye and/or ear melanins should be
detectable. We suggest investigating, in humamseyle and inner ear pigmentation in normal,
albino and deaf individuals, to find possible malec correlations between the two conditions of
oculocutaneous albinism and deafness. Furtherntaseyorth confirming, if inner ear melanin has
a muting effect on the acoustic waves and if, and,the semiconductor properties of inner ear
melanin are involved in audiology .

In different cells (RPE and epidermal melanocyespectively) ocular and skin melanin are
synthesized from DOPA by a tyrosinase dependentiogasnM is formed in thesubstantia nigra
from CYSDOPA/DOPA, via a mechanism, which is nobsmase dependent.

It is not clear, if the light absorbed by ocularlamn is transformed into heat (the most likely yay
or other forms of energy. In laboratory experimentgural and synthetic melanin’s in the doped
state behave like electric conductors. Furtherietudre merited, to confirm whether the bioelectric
properties of ocular melanin are fundamental todiksipation of the excessive light absorbed by
the RPE, which amounts to approximately 80% oft¢it@l solar energy absorbed by the eye.

The pigmented cells in the eye are mostly non-gagdmelanin in the RPE and probably in other

pigmented eye tissues, showing very little, if &mnover. This means that once it has been



constituted the ocular pigmentation is for lifepmarked contrast to skin pigmentation.
Consequently, any structural modification that moagur in eye melanin by

environmental stress or aging is potentially mudrerdangerous than those of skin mel4a6j.
According to this view, our body would contain teleemically and functionally similar pigments,
with very different turnover: Skin melanin with amerage life of approx. 15 days and eye melanin
with practically no turnover and an estimated tifepproximately 25000 days ( almost 1700 times

longer). Is such a difference possible? Based tipeoretical considerations, we doubt that the
RPE

cells are non-dividing and suggest checking whetlgermelanin really has no measurable turnover
at all..

Analogously to the other melanin’s, it has freqlyebeen claimed that ocular melanin protects the
eye tissues, binding heavy metals and trapping exgted free radicals. This is an unvalidated
hypothesis, meriting further physiological confitioa. The binding of ions and molecules by
melanin so far detected in laboratory models shbeldonsidered as rather a fortuitous irreversible

and deleterious molecular accident, which mayinatg, lead to severe impairmentsyivo.
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