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Abstract

The development and evolution of eyes is ancient and difficult problem in biology.
Darwin postulated a prototype eye which can evolve under natural selection. Neo-
Darwinists, based in morphological criteria, have postulated a polyphyletic origin
that has evolved independently in the various animal phyla. Molecular phylogenetic
analyses and developmental genetic experiments, cast serious doubts on both
theories. The study of the development of the eye in the amphibian embryo has been
a formidable tool research to experimental embryology and evolutionary biology as
early as 1901. The embryonic induction, the interactions between different embryonic
tissues (organizers); and the role of genes, were conceived as result of reciprocal
transplantation experiments.

The classical description is that the eye in vertebrates develops from the neural plate,
as an evagination from the brain, forming the optic vesicle; which subsequently
invaginates to form the optic cup. The inner layer of the optic cup forms the retina with
its photoreceptor layers, whereas the outer layer gives rise to the pigment epithelium
which absorbs the light in the back of the retina. However, failed to recognize the
importance of melanin pigment. The mammalian eye consists of several layers that
contain melanin, 40 % more than skin in average. Retinal, Iris and ciliary pigment
epithelial cells are derived from neural ectoderm, oppositely, the uveal melanocytes,
placed in choroid, iris and ciliary body stroma, are developed from the neural crest.
The photo screening protective effects of melanin, the biophysical and biochemical
also protective effects and biologic and photo biologic effects; have been extensively
studied, but so far, researchers have been considered melanin merely as a sun block
with difficult-to-explain properties. Therefore, the unsuspected intrinsic property of
melanin to transforms visible and invisible light, into chemical energy, through water
dissociation, as chlorophyll in plants, founded in our research facility in 2002 break
the ground in regards our concepts about the biology and physiology of the body
and therefore the eye. Melanin is a fundamental molecule in bioenergetic pathways,
wherever is placed, and the ocular globe is not an exception. Thereby, the main function
of melanin in the eye, is chemical energy production through water dissociation, as
chlorophyll in plants.
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Introduction

Charles Darwin (1809-1882) confessed that it is an absurd idea that
vertebrate eye could be evolved through natural selection.! Darwin’s
eye definition was as an organ consisting of at least two different
cell types: photoreceptor and pigment cells; this is the Darwinian
prototype. Early organisms, more than 600million years ago, (Mya),
evolved primitive photoreceptors capable of signaling light. During
the Cambrian explosion (540 Mya), animal body evolving rapidly.
“The simplest organ which can be called an eye consists of an optic
nerve, surrounded by pigment cells and covered by translucent
skin, but without any lens or other refractive body” Thereby, since
Darwin's time, the ever presence of melanin was detected. Planarian
species in Japan (Polycelis auricularia) has multiple eyes with one
photoreceptor cell and one pigment cell only. The general vertebrate
plan of an eye-ball encased in three coats: sclera, choroid, and retina,
forming a dark chamber filled with clear fluids under pressure. The

cornea, a transparent tissue of varying refractive power, depending
of habitat. Within the eye is a lens whose means of accommodation
is variable in terms of evolution. The lens is pliable and transparent.
Accommodation is obtained by striated ciliary muscles cantilevering
from a ring of scleral ossicles to deform the lens, rather by to-and-fro
movement as it is in fishes. For binocular vision, there is assistance in
convergence by a transversal is muscle which orients the lens nasally.
The mechanisms for both accommodation and convergence are newly
evolved for reptiles. In biology, nothing makes sense except in light of
evolution, resolving eye diseases that afflict the population, therefore,
requires that we understand the embryology of the organ itself. If we
can understand as are originate the tissues, also can understand how
they work, and therefore the mechanisms of health and disease.

Background

Decades ago exists the belief that the opsins are the molecules in
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where is starts the phenomenon of the vision. But the conformational
change cis-trans is relatively weak process that cannot explain the
diverse and highly complex biochemical events which are observed
during the transduction of light to bio-electrical energy. Rhodopsin
is a molecule of extreme sensitivity, since it allows (apparently) the
detection of a single quantum of light; and by amplification of this
signal, it can trigger a nerve impulse. However, amplification means
energy expenditure, and the triggering of a nerve impulse also involves
available chemical energy so the biochemical reactions involved, can
be impelled. By other hand, rhodopsin is subject to strong functional
evolutionary constrains, not so the melanin molecule. The finding that
the genetic code is conserved from E. coli to humans indicates that
all the known organisms on earth go back to a common ancestor,’ but
in our experience the so much-looked common ancestor is, precisely
melanin molecule due to it is the missing link between energy and
cell, and not precisely some kind of ancient organism.

True visual pigment is melanin, and not the rhodopsin. So is
so, we don’t find eyes of any type, already is in vertebrates (ciliary
photoreceptors cells), cephalopods (rhabdomeric photoreceptors),
insects or ark clams (compound eyes) in that not is present the melanin,
not so the rhodopsin. Therefore, rhodopsin is part of the metabolic
visual pathway that starts in melanin, or more strictly in the energy
that melanin provides in form of molecular hydrogen (H,) and high
energy electrons (e-). Which tells us that the truly important element
in the equation of the development and evolution of the eye is neither
more nor less than the melanin molecule, due to its intrinsic property
to transform visible and invisible light, into chemical energy through
water dissociation, as chlorophyll in plants? The universality of Pax
6 control in eye development means that gene regulatory sequences
(enhancers and silencers) are also highly conserved in evolution. Pax
specific enhancer (P,), i.e., is found in front of the rhodopsin ranging
from fruit flies to humans,* because the development of Pax specific
enhancer happened always behind melanin energy production.

It is remarkable that melanin is the same molecule since the
beginning of time, can be said that it has not had to evolve, as their
function has been and is always the same: production of chemical
energy through the dissociation of the molecule of water, such as
chlorophyll in plants. But what really shows evolutionary changes
are the other components of the eye, starting with genes, passing by
the refractive and structural elements which seem to evolve from
requirements imposed by the environment in different ways of life.
But the chemical energy that emanates from the melanin, in the
form of molecular hydrogen (H,) and high energy electrons (e-), it is
shaped so constant, so accurate, going on both night and day (Table
1); that fully explains cell energy requirements no doubt are needed by
evolutionary and vital processes. Hence the omnipresence of melanin
in the biology and physiology of the eye. As the kind of energy that
drove the first reaction of life, as well as the growing complexity
of evolutionary processes, physical-chemical properties of Melanin
remains unchanged. It has not moved in the slightest, as does not,
cannot, and not has to do it. They have always been and will be the
hydrogen molecular (H,) and electrons of high energy (e-), which
come from dissociation and back-bonding of the water molecule. The
evolution can be defined as the gradual optimization of the chemical
energy from of the melanin, what allows, with the same energy, boost
processes each time more complex and simultaneously and therefore,
more efficiently used.

In other words, the generation of energy from melanin remains
unchanged over time, what it evolves, it is the scaffolding or gear
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around the melanin molecule that nature has been generated over
millions of years of evolution, this is: energy distribution. Energy
generation by melanin is the same process from the beginning
of times, there is no change about it. The growing complexity of
energy distribution in order to get maximal worth is what we call
evolution. Limited conformational changes that we observe in the
rhodopsin molecule, do not depend on the light itself, but rather
depend on power that melanin releases, in form of H, and e-, due to
its unexpected ability to dissipate the notably amount of energy that
melanin can absorbs from the full electromagnetic spectrum, through
the dissociation of the water molecule. It is believed that optic cup in
vertebrates gives rise to both retinal photoreceptor cells and retinal
pigment cells support a common evolutionary origin, but at light of
intrinsic capacity of melanin to dissociate the water molecule, seems
more congruous that melanin gives origin to the optic cup. Because
of their unexpected ability to generate chemical energy, which is
required for the highly-ordered sequence of biochemical events, must
occur in a long-last reliable form. Thereby, in regards the origin of
life, melanin was first and life after.

Table | Comparative table between the activity of the heme group of the
chlorophyll and the melanin.

Chlorophyll:
ZHzoa,iquid], — 2H> (gas) + 0, (zas)
Melanin

2H-»0 (Liquid) € 2H-» (gas) T 0> (gas) T 4e-

Compounds possessing the heme group such as chlorophyll, hemoglobin,
the bilirubin, and cytochrome P-450, are capable of dissociating water in an
irreversible manner, while melanin can disassociate it (gas) and return it to
liquid form.

Melanosomes

Melanosomes are organelles responsible for the synthesis of the
major mammalian pigment melanin® and melanophores in lower
species. Defects in melanin synthesis and storage result in reduced
pigmentation of skin, hair and eyes; leading to decreased protection
against ultraviolet radiation, visual deficits, neurodegenerative
disorders, and increased susceptibility to skin and eye cancers.
In the eye, the uveal tract is a highly vascularized and pigmented
tissue (Figure 1). Anatomically is divided in Iris, ciliary body and
the choroid. The choroid supports and nourishes the retina, which is
located on the inner side of the choroid. Between both layers, uveal
tract and the neural retina we have the retinal pigment epithelium
(RPE), a monolayer derived from neuroectoderm, that is responsible
for important metabolic support for the entire retina and is involved
in phagocytosis of the photoreceptor outer segments disks, which are
constantly being shed,® at approximately rate of one membranous disc
per hour. Melanocytes of choroid and iris (Uvea, from Greek: grape
color) immigrate from the neural crest.” While the turnover of melanin
is high in the skin,® the amount of melanin turnover in the eyes of
adult vertebrates is completely unknown, in spite melanin in the eyes
is exposed to an environment that generates H,O.,° and free radicals
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which can interact with melanin.'® Melanin metabolism in the RPE of
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adult vertebrates is poorly understood. The RPE is highly specialized
to degrade the shedder tips of the rod outer segments.!' One RPE cell
must continuously engulf some 300,000,0000 disc during a 70-year
life span.'? The fate of degradation products and whether or how they
cross the Bruch membrane is still unknown.'?

Sclera

Choroid
Layer

Melann

Choriocapilaris

Pigmented
Epithelium

Figure | Microphotography shows main components of uveal tract.

Whereas the turnover of photoreceptor membrane is very high,
the turnover of melanin is believed to be absent in the RPE of adult
mammals,'* or at least restricted to the prenatal period.'® By other hand,
melanin is the most stable substance man ever known, 160million
years demonstrated.'® Although it is well known that excessive
sunlight can destroy melanin in human skin, destruction of melanin
by light is believed to be absent in the RPE. Melanogenesis in the RPE
was observed only under experimental conditions as intense bright
light exposure, or injection of autologous vitreous in the subretinal
space.!” There are very interesting observations have neither been
understood nor investigated in detail. Association of lysosomes and
melanosomes is particularly prominent in disease like the Chediak-
Higashi syndrome or retinitis pigmentosa.'® The association between
melanosomes and lysosomes, which also occur independent of
diseases, is so consistent that led to the term melanolysosome. It is
of interest, that ocular melanin strongly binds chloroquine, which is
normally accumulated in lysosomes.

Melanosome-laden macrophages were found in different
vertebrate species independent of pathological conditions. In
teleost retina, melanin-laden phagocytes are a constant feature
and extremely numerous. These wandering phagocytes are also
observed in mammalian RPE of ferret. In hamsters kept under normal
light conditions in the laboratory, the melanocytes of the choroid
appear metabolically inactive as judged by the poor development
of cytoplasmic organelles, however, after intense illumination
for 12hour and an additional stay in the dark, melanocytes of the
choroid can be activated."” It has been speculated that iridial and
choroidal melanocytes are essentially the same cell types that have
same developmental history and differ only in the timing of their
maturation and terminal differentiation.”” It is believed that the
melanocytes of the iris synthesize melanin throughout adult life. Iris
uveal melanocytes differ from those of the choroid in the fine structure
of their melanosomes. There is a hypothesis that the major protecting
effect of ocular melanin should result from its metal ion binding
capacity. Furthermore, phagocytosis processes are associated with the
generation of radicals, and RPE is highly active in phagocytosis.

Melanin

Physical-chemical complexities enable melanin to perform many
roles. Melanin stand out in hair, hair follicles, skin (epidermis,
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dermis), eyes (uveal tract, conjunctiva), Central nervous system
(substantia nigra, locus coeruleus, leptomeninges, choroidal plexuses,
etc.), inner ear (stria vascularis), reproductive organs, gastrointestinal
tract, feathers, scales; etc. Every body’s cell contain genetic
information to synthesize melanin. Melanin is involved in animal
reproductive and social behavior, absorbs UV rays, may prevent and
promote skin melanoma, scavenges toxic free-radicals and absorbs
heavy metal cations; in the brain, melanin function has been confused,
inhabit leptomeninges, surfaces of the medulla oblongata; cerebral
hemisphere; around median eminence (in rats); about blood vessels
in the mammalian cochlea, and dendritic melanocytes containing
melanosomes are in contact with frog Leydig cells. Melanin is also
described in wandering cells as macrophages.

It is speculated that melanocytes exposed or not to visible light,
may differ in function. Melanocytes proximity to blood vessels in
some internal locations suggests endocrine function.?! Prostaglandin D
synthetase is expressed in melanocytes but not in other skin cell types.
It is interesting that chemical-physical qualities of natural aggregates
of melanin monomers are still undefined. Origin of absorption
by melanin across the full UV visible band and beyond remains
controversial. Activity of natural melanins may be less complex to
fathom than structure and physical-chemical properties.”> Melanin
also has been reported that reduces DNA damage, respiration down
30%, and mitochondria number are significantly different in fair skin
than in dark skin, until an 83 % less in dark skin. The melanin is the
pigment more diffused in the nature. We can find it on the ground, the
trunk of trees, insects, mammals; etc. (Figures 2-5) Its importance lies
in that is the transducer by excellence that allow capture the energy of
the light, transforming it in chemical energy through the dissociation
of the water, as the chlorophyll in plants. It is no coincidence that
melanin is in the eyes of vertebrates and invertebrates. Even since its
formation.

Figure 2 Melanin has the same function in plants, but in them, found primarily
in the trunk.
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Figure 3 The dark colour characteristic of melanin, we can see it with the
naked eye in almost all living things

Figure 4 Wherever that the function of melanin is, is the same transforming
the visible and invisible, light into chemical energy by the water molecule
dissociation.

Figure 5 In mammals can be seen melanin mainly in the skin, since it tends to
be close to the sources of energy, in this case the light of the Sun.

The anatomical
vertebrates in G

pattern of the eye of

From the simplest to the most complex eyes (Figure 1), the presence
of melanin pigment is the rule, and invariably the pigment is always
melanin, which indicates early evolution, conservation and functional
importance. The hagfish eye lacks lens, the motor cranial nerves 111,
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1V, and VI, there extraocular muscles are absent, and in certain species
even vitreous body also is absent. The hagfish has skull but no vertebral
column. The hagfish “eye” and retina are very simple, and resemble
the pineal organ of vertebrates. In the Eptatretidae, the eyes ranging
between 0.8 and 1.5mm in diameter. The eye is situated immediately
beneath an unpigmented patch of skin which stands out distinctly
against the surrounding pigmented skin. The retina of hagfishes
should have the capability to react on light stimulation, thereby
there is an energy interchange; and the explanation is the melanin
pigment, that transduces light into chemical energy dissociating water
molecule and thereafter there is chemical energy available to impel
the consequent detectable reactions. The epithelial cells in hagfishes,
regardless of spices, do not contain pigment granules; thereby the
pigment is in choroidal layer. The apical region of the inner segment
is characterized by an aggregation of mitochondria, but mitochondria
are not source of energy, instead it is a temperature regulator. Myxine
glutinosa’s retina contains between 150 and 180 ganglion cells, and
about 800 and 1400 nerve fibers.

It is interesting that, during lamprey metamorphosis, the eye
developed from a simple hagfish-like form to a vertebrate-like adult.
The eye of adult lamprey is remarkably like our own, and it possesses
numerous features, including the expression of opsins genes; that are
very like those of the eyes of jawed vertebrates. The lamprey s camera-
like eye has a lens, an iris and 5 extra ocular muscles; although it lacks
intra-ocular muscles. Lamprey’s retina has a structure very like that
retinas of other vertebrates, with three nuclear layers comprised of the
cell bodies of photoreceptors and bipolar, horizontal, amacrine and
ganglion cells.” The eye, in the adult Lampreys is a well-developed
organ, with mono-layer of pigment epithelium. The outer segments
of both long and short receptors have the double membrane discs
enclosed by the cell membrane makes enfolding between the discs.
These enfolding are as deep and wide as the individual discs of the outer
membrane. The rod-like of the outer segments is also indicated by the
occurrence of membranous inclusions in the pigment epithelium.* The
epithelial cells of Lampreys do not differ exceptionally from those of
gnathostomas, and the amount of pigment granules is relatively small,
compared with many other species having a dense pigmentation.
Water is a dense medium compared with air, and pressure in the sea
rises one atmosphere for each 10-m depth, so that dep-sea animals are
commonly exposed to pressures of some hundreds of atmospheres.
However, the eye’s pattern is very similar in both mediums. All life
in the oceans and earth are ultimately dependent on light, and the eye
is no exception. The eye requires energy from light not only to sight,
also requires the chemical energy that results from melanin’s water
dissociation to impel the basic functions of the cell.

Water is much less transparent to visible light than is air and
its spectral absorbance differs markedly. Short and long waves are
rapidly attenuate with deep, leaving only the blue-green light which
penetrates to deeper levels.”® Thereby, it seems paradoxical life in
ocean depth, with so scarce light, but melanin can absorb any kind
of energy, i.e. pressure; not only the full electromagnetic spectrum;
dissipating it in the same way as makes with light: dissociating the
water molecule and thereby generating chemical energy production.
The so-called euphotic zone is distributed through about 100m of
surface water, but depth of euphotic zone varies with latitude and
season. In these shallow waters, the rods and cones are familiar
throughout the vertebrates. Deep-sea fishes, with few exceptions,
lack cones. Their rods show features that do not occur commonly
in shallow living fishes. Rods in general have an outer segment that
contains the visual pigment, i.e. thodopsin; an inner segment of which
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the scleral portion is composed largely of mitochondria and called
the ellipsoid, and a more vitread portion called the myoid. The myoid
extends from the ellipsoid to the outer limiting membrane. The rod
nucleus is usually situated vitread to the outer limiting membrane in
the outer nuclear layer. The outer segments in deep-sea fishes often
account for mote of the retinal thickness than they do in shallow
living fishes. This preponderance may be due to small rods present
in large numbers and closely packed, or to long outer segments. So
far, the visual pigment (rhodopsin) was considered the essential first
link in the chain of events of photoreception; however, the finding of
the unsuspected intrinsic property of melanin to transform visible and
invisible light into chemical energy, as chlorophyll in plants, breaks the
ground. The very first step in photoreception takes places in melanin,
and thanks to the energy released by it in form of molecular hydrogen
(H,) and high energy electrons (e-), the conformational modification
of visual pigments occur (Figure 6). Therefore, the first step in the
retina’s light response is at the level of melanin, mainly at pigmented
epithelium layer, where the energy that is released is in the form of
molecular hydrogen and high-energy electrons. Once the energy
chemical released reaches the photoreceptors, then, and only until
then, the visual pigments experience the conformational variations
that give origin to the feeling of the visual sensation. Conformational
variation of Visual pigments, e.g. rhodopsin; It is not the beginning,
at the molecular level; of the highly complex biochemical processes
that finally gives origin to an image at the level of consciousness;
only is a small part of the entire processes, but its starts (energy of
activation) with the energy chemical that comes of the dissociation
of the molecule of the water, from the melanin that, for the eye, is in
enough amount in the pigmented epithelium. In other words: without
presence of the chemical energy from melanin, in form of H, and high
energy electrons (e-), the conformational variations of rhodopsin,
should not happen (all cis-all trans) at all or at least not in accurate
form.

Retina lera

Light from

surroundings

»
v
-
Lens Pigment
: Epitheliumand
Choroid Layer -

Figure 6 The function of the transparent elements of the eye, as cornea,
crystalline (lens) and vitreous, not only is focus the rays of light so is form a
recognizable image, which is inverted; on the retina, very close to the plane of
the photoreceptors, but also concentrate the light so that the melanin present
in the pigmented epithelium and the choroid, transform it into chemical energy
by the dissociation of the molecule of water, such as chlorophyll in plants.

A proof of this concept, it’s that, if for some reason, melanin in the
pigment epithelium is damaged, for instance: trauma, infection, toxic
compounds; etc., the function of receptors is comprised and may not
give rise to the formation of images. The time that takes the melanin
to dissociate the water molecule, releasing the energy and reach the
photoreceptors, is in the range of the Nano and picoseconds. Hence
the general pattern of any organ that can be considered as an eye both
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in vertebrates as invertebrates, is characterized, besides sclera, cornea,
lens, retina, and vitreous; by the ever-presence of the melanin mainly
in choroidal layer, as of another way, the energy that the different
types of photoreceptors for carry to out its function requires, cannot
be generated. The current dogma about the energy that requires any
tissue, including the retina; for its function, its transported through
the blood vessels in form of glucose; breaks into a thousand pieces
when we find terrestrial or aquatic species whose retina has no blood
vessels at all. There are no elaborated structures to increase metabolic
nourishment through increased circulation®® along different species.
Lizards have a papillary’s conus, and snakes have a vasculosa retina
for greater efficiency, but the retina of the turtle is avascular; it is
nourished only by the choroid layer, and the nourishment is indirect
through diffusion. The choroid layer (pigmented) handled 65% of
the total blood that enters the eye, about 120-200ml per minute in
man (Figure7); while the central retina artery only handles the 2%.
The single layer of photoreceptors (cones and rods) requires almost
10times more energy that it brain cortex, 6times more than the muscle
heart and three times more than it renal cortex. And even in man, the
layer of cones and rods is completely non-vascularized under normal
conditions.

Choroidal Layer

| Pigmented Epithedium |
Choriocapilary Layer

Figure 7 Histological section of the human choroid, where it can see the
significant amount of melanin and the choroidal blood vessels.The layer of the
choroid capillaries is so vascularized, that it seems as a red band bounded on
both sides by melanin.

The organization of the retina

The way in which the rods and the cones respond to the light
stimulus, must be rethink based energy that nourishes them, that
comes from the melanin, and not of the blood vessels. Which explains
why it has species that do not have blood vessels throughout the
retina, and in the case of the man, the non-vascularized area is limited
specifically to the layer of cones and rods (Figure 8). The lack of blood
vessels of the layer of photoreceptors, whose energy requirements are
the highest of the organism, it is astonishing. This situation, despite
being paradoxical, sufficient attention had not been given, or had not
be tried to explain otherwise. Perhaps there was hope that, eventually
decipher the metabolism of tissues, the answer would appear. And it
was, but it is clear that the energy of the photoreceptor is not from
glucose carrying vessels, but a molecule that traditionally had been
relegated by its apparent stability: melanin. The light coming from
the outside, passes through the pupil, passing through the cornea, the
lens and the vitreous; and it can reach the retina (Figure 9), where tiny
granules of melanin in the perikarion of the cells begin to dissociate

Citation: Herrera AS.Towards a new ophthalmic biology and physiology: the unsuspected intrinsic property of melanin to dissociate the water molecule. MOJ

Cell Sci Rep. 2017;4(2):49-60. DOI: 10.15406/mojcsr.2017.04.00084


https://doi.org/10.15406/mojcsr.2017.04.00084

Towards a new ophthalmic biology and physiology: the unsuspected intrinsic property of melanin to

dissociate the water molecule

the water molecule, generating chemical energy, which is transported
by the molecular hydrogen (H,), which is the main carrier of energy
in the entire universe. What could call the first phase, is observed
in the electroretinogram as a-wave, and is the sum of the activity
of the granules of melanin contained in the photoreceptors, bipolar
cells; as well as in the cells of Mueller. B-wave is generated by the
chemical energy that releases melanin located in the pigmented retinal
epithelium and choroid layer; which is substantially greater than that
contained in the retinal tissue, hence its size is significantly greater
(Figure 9).

- F
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Figure 8 Microphotography of human retina, that shows rods and cones layer
(white star), with some cell nucleus, which are normal after 40years old. Outer
limiting membrane (blue star). The nucleus of the rods and cones cells are
in outer nuclear layer (yellow star). Outer plexiform layer (red star). Inner
nuclear layer (Green star). Inner plexiform layer (gray star). Ganglion cells
layer (black star), and finally the axis cylinders layer (pale-blue star).

Light from Nucheus of Retinal Elipioad Pgment
Environment | | Rod containing Epthebum
dosely packed
-
e,

———1

Modifed Clium connecting
Outer with nner segment

Outer Umiting Radiad Fiber
Mambrare Microwill

Figure 9 Diagram of the generation and distribution of energy comes from
melanin. In accordance with our experimental results, mitochondria functions
are mainly as temperature and phosphate level regulator, but not as energy
source.

The ascending slope from the a-wave to the peak of the b-wave
usually shows several small oscillations; these are called the oscillatory
potentials (OPs); and reveal the function of amacrine cells. However,
amacrine cells function also requires chemical energy available;
and congruously, the OPs are elicited by light. In other words, when
light reach melanin granules in retinal cells, an electrical response
appears and can be detected by ERG (Figure 10). The b-wave size
it is probably generated by the energy that comes from melanin in
the pigmented epithelium and choroidal layer; where the amount of
melanin is greater. The ERG measures can vary greatly, i.e. stimulus
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duration and intensity, electrode resistance and type; and the length
of dark adaptation can all induce substantial changes in the recorded
potential. Striking that no one had noticed that duration and intensity
of'the light stimulus affects in a significant way the extent of the ERG,
much less had tried to explain it.; and even less that had relationship
with melanin. ERG measures the response of retina to light; so, the
pupil should be maximally dilated every time an electroretinogram is
performed. A meiotic pupil can reduce the potential. Systemic blood
pressure and local blood flow can affect ERG amplitude. Interestingly,
diabetic patients frequently have low ERG amplitude, which is
paradoxical if we are thinking that glucose is source of energy to
retina, and thereby, ERG amplitude should be maximal. Anesthetics
may also affect the amplitude of the b-wave, which remained
unexplained until now; but the generation and distribution of energy
from of melanin it explains, being a surprisingly exact process, the
changes that the anesthetics agents induce in chemical-physical
properties of the water, hampering the transformation of visible and
invisible light into chemical energy by means of the dissociation of
the molecule of the water is impaired in significant form, by which,
the functional capabilities of the body also are affected which explains
that, as a result of the administration of anesthetic agents, patients are
gradually losing capability of movement, thought, until they finally
fall into unconsciousness.

Figure 10 Diagram of normal ERG trace.

The macula and the melanin

To study the eye, one must take the organ apart and examine
its components. To understand the vision, one must put the pieces
back together. The hallmarks of life are properties, not of individual
molecules but of large organized ensembles; each is a dynamic pattern
deployed in space and time on a scale orders of magnitude above the
molecular. The eye has everything to oxidize: abundant molecular
(O,) oxygen, lipids, floods light, as well as a very high metabolism;
However, it is not the case. The explanation is that molecular hydrogen
(H,) that melanin releases because of the dissociation of the water
molecule, is considered the best antioxidant that is known, because
it can reduce oxygen, forming water. Liver Peroxidation occurring in
rats by adjuvant-induced liver disease is antagonized by the melanin.
It is likely that the melanosomes of the retinal pigmented epithelium
provide the energy necessary to degrade the membranous disks of
photoreceptors.
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Differences in some other structures

The turtle eye is small compared to birds and primates. The cornea
is thick and shows little change in curvature in the limbos region of
the sclera junction. Birds show a sulcus here to a greater degree. In
the corneal epithelium, are the sclera ossicles (bony speckles), thin
plates that overlap. There are varying numbers of plates, depending
on species. Their value lies in the processes of accommodation,
where they act to stiffen the sclera-corneal sulcus, which otherwise
would be invaginate by intraocular pressure during the process.”
The pupil is round and fairly small in most species (Figure 11-13).
The drug pilocarpine dilates a little, the pupil of the freshwater turtle
Pseudonyms, but atropine has no effect. The lens is unusually soft
in turtles. Freshwater turtles have a flatter lens those sea turtles. The
sea turtle lens must carry the entire accommodative burden, since
the benefit of any corneal refraction would be cancelled largely
by immersion in sea water. Chelonia mydas, the green turtle; is
emmetropic in water but extremely myopic in air.?® The freshwater
Clemmys insculpta accommodates well in both media. In several
freshwater species, the irises are beautifully colored: browns, reds,
yellows, and greens. Retina turtle are avascular, as they are in most
reptiles. There is an embryologic attempt at glial conus on the optic
disc in some species, nut none lasts to adulthood. The absence of
nonvisual structures is advantageous in avoiding interferences in
light perception, but absence of direct blood circulation sets limit on
metabolic utilization, where nutrients must diffuse (theoretically) over
appreciable distances. The lizards which are visually dominated solve
this problem by a conus papillarus, a vascularized structure that later
evolved into the pectin of birds.

Figure || The macula (arrow), it named by Leonardo daVinci, it is the area of
maximum visual resolution, and coincidentally, also the greater concentration
of melanin. The picture shows the normal fundus of the eye of a patient with
photo-type IV in the Fitzpatrick classification.

r

Figure 12 Function macular depends on the energy that emanates from the
melanin.When melanin is damaged for any reason (toxic agents, drugs, shock,
intense lights, etc.) the amount of melanin tends to decrease and is reflected
in the decrease in central vision. In photography, the macula is paler at the top
(arrow), as if he were lost color and it is like what happens in patients with
the disease of Alzheimer, Parkinson, of Huntington; in which, characteristically,
the substantia nigra and locus coeruleus progressively lose its normal content
of melanin.
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Figure 13 The amount of melanin in the fundus of the eye, and above all
in the macula, is homogeneous normally, but in patients with age-related
degeneration macular (ARMD), one of the first signs is the progressive loss
of this homogeneity (arrow), produced by the deterioration and progressive
loss of melanin.

The avian pectin oculi

It takes a whole cell to turn nutrients and energy into biological
building blocks, to persist over time, to reproduce develops and
evolves. When they become part of a cellular system, molecules
operate under “social” control; reactions come to have location,
direction, timing and function. The homogeneity which we observe
in all living beings is astonishing, as they share the same molecular
components: DNA, RNA, ATP, ADP, glucose, mitochondria, nucleus,
endoplasmic reticulum, cell membrane, etc. And of course, melanin.
If we ask from where comes this amazing regularity, to date we have
no response, except if we consider the amazing regularity with which
energy emanates from the melanin.”

The morphological pattern of the eye is a palpable sign ofastonishing
regularity. All eyes, from the simplest to the most complicated, have
similar components, some vary in greater or lesser degree, as the rods,
but it invariably is the presence of melanin, and as matter of fact, we
then describe the eye of the bird, with its star component: the pectin,
which, by the way; It has a large amount of melanin. Most birds fly, and
have unique anatomical features confronting gravity. Bird hearts and
pectoral are large, relatively 2 to 6times heavier than in man. Lungs
differ substantially from those of mammals and vision benefits from
relatively large eyes and keen acuity.® It is paradoxical that most of
anatomy peculiar to birds is well understood, with one exception: the
pectin, an intra-ocular organ, heavy melanized; particularly developed
in long-distance flyers (Figure 14), it is believed that protect the
blood vessels against damage from UV light; and gives additional
nourishment to the retina. Embryologically, the pectin arises as an
ectodermal (glial) process from the edges of the optic fissure. The
ectodermal elements are largely replaced later in development by an
extensive invasion of mesodermal vascular tissue. In most birds, the
pectin is largely completed at hatching, although in some species, full
pigmentation may be delayed for some time.’! In 2008 Goodman &
Bercovich® proposed an interesting hypothesis: “does this melanized
organ directly convert light energy for metabolic use?”

The pectinial base in chickens attaches to the inner nerve layer of
retina, on optic nerve area (Figure 15-17). There are three to thirty
pleats, depending species.’®> In pectin’s capillary endothelial cells,
specialized membrane surfaces which with the pleats and intracellular
vesicles have long suggested pectinial nutrition of the avascular avian
retina, and an oxygen gradient from pectin to retina.** The higher
content of carbonic anhydrase and alkaline phosphatase indicates
significant metabolic activity.

Histological particularities of pectin remains unexplained, as
absence of discernible endothelial cell boundaries, a clear cytoplasm,
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almost structure-less; and a thick, hyaline membrane surrounding
capillaries.*® Except for the degenerated Kiwi's pectin, the pectin of
all birds are folded or pleated. Histological features of the pectin’s
of all birds are remarkably similar. The pectin consists of a thin,
pleated plexus of rather large capillaries held together by a sparse
matrix of pigmented stroma cells. The pectin apex is held together
by a densely-pigmented, fibrous bridge of tissue which has a reduced
vascularization with respect to the pectin pleats. The absence of
nervous tissue in pectin underscores the numerous sense-organ
theories of pectin function. The pectin capillaries form an extensively
anatomized network,*” like capillaries arrangement in choroidal layer
in the eye’s man. Enzymes as carbonic anhydrase, alkaline and acid
phosphatases, and aminopeptidase have been found in large amounts
in the pectin. It is interesting that the amount of enfolding of the
apical and basal plasmalemmal of the capillary endothelium in both
the pectin and the ciliary body increased greatly in both the pectin and
the ciliary body after administration of acetazolamide. The alkaline
phosphatase activity of pectin tissues changes markedly upon dark
adaptation.*®

AN

Figure 14 The observation that led to the final finding of the unsuspected
property intrinsic of the melanin of dissociate it molecule of the water, using
for this, the energy of the light visible e invisible; was the constant presence of
the melanin (arrow) in the surroundings of the optic nerve.

>

Figure 15 Melanin has a great affinity for calcium, about a 1000times more
than bone. One of the usual signs, presenting patients with insufficient melanin
energy distribution, and generation is that calcium has changes in their normal
behavior and tends to build up, for example, in the vitreous body, like the one
shown in this picture (arrows).
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Figure 16 diabetic retinopathy can be interpreted as an imbalance between
mass and energy.When chemical energy levels from melanin are not adequate,
the body cannot do what it does very well, since millions of years, has done
millions of times. For example, the body has handled glucose from the
beginning of time. Some of typical lesions of diabetes on retina are shown in
photography (arrows).

Figure 17 Photograph taken with 850nm wavelength, showing choroidal and
retinal circulation overlapped. In macular area (center) is observed a greatest
blood vessel number. The optic nerve is seen at right of photography (Green
arrow), and macular zone (yellow arrow) at center.

Capillaries have been regarded as main pectinial tissue over
decades. It is said that melanocytes to support the pectinial vascular
mass in shape and function within the vitreous.* However, opposite
is not less true. Besides to numerous tightly packed pigment granules,
that obscuring the melanocytes cytoplasm, there can be typically two
to four nuclei with non-discernible limiting membranes in pectinial
melanocytes. Melanocytes cell membrane adjacent to the vitreous
is very thin. A direct interaction between pectinial capillaries and
melanocytes is improbable. The Golgi complex in the melanocytes
seems as developed as in the endothelial cells. Each melanocyte can
have several Golgi bodies containing compact groups of stacked
parallel lamellae with vesicles close bye, and mitochondria with each
pigment granule. Guinea pigs and rabbits are without vascularized
retina, but they have no pectin, perhaps due to the eye is smaller.

Theories about pectin function are numerous, around 30 or 40;
including that melanin absorbs excess of light reducing distortions to
vision and motion perception (Figure 18) and, diminishing damage
to retina and to pectinial capillaries. It has been hypothesized that
the seat of the avian magnetic sense is precisely the pectin. The dark
pigmentation (melanin) and velvety texture of the pectin surface,
especially on the bridge, indicate that pectin absorbs light, analogous
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to the light baffles found in many cameras. However, the hypothesis
that pectin replaces the missing central retinal artery system in
the avian eye, means that pectin oculi of birds is a nutritive organ
supplying the inner layer of retina (close vitreous body) with oxygen
or more precisely with molecular hydrogen (H,). The cauterization
of the retro bulbar supplying arteries of the pectin in the domestic
pigeon, produce a rapid, irreversible degeneration of the inner retinal
layers. Wingstrand & Munk,* made a small number of intraocular
measurements of virtual oxygen tension before and after pectin
ablation, which demonstrated that an oxygen gradient from the pectin
to the retina had been destroyed. A relative anoxia in the vitreous
humor following pectin ablation was advanced as the probable cause
of retinal atrophy. However, the main product of water dissociation
is molecular hydrogen (H,) since is the main energy carrier in nature
and universe, thereby, when pectin is destroyed, the transformation
of light into chemical energy through water dissociation is impaired
significantly, thereby, the inner layers of retina cannot maintain neither
function nor form. When the sensing electrode was pushed against or
slightly into the retina, the oxygen tension was always three to four
higher than at vitreous-retina boundary. The source of detectable
oxygen is the melanized tissue so-called choroidal layer. Thereby the
pectin function is transform light, visible and invisible; into chemical
energy through dissociation of water molecule.

Figure 18 Histologically section of the eye of an embryo of mouse, in which
is observed the formation and growth of the different eye-structures (cornea,
crystalline, retina, vitreous) and extra-oculars (eyelids). Despite being at a
relatively advanced stage of embryogenesis, the presence of blood vessels is
very scarce.

It could say that the melanin of the pectin, facilitates the search for
solar energy by birds, and simply follow the direction in which the
Sun’s energy is highest. The pectin is extraordinarily rich in carbonic
anhydrase, due to facilitates greatly the drive of the CO,, keeping it in
adequate levels for the tissue. It is wrongly believed that a significant
portion of retinal ATP is generated by oxidative phosphorylation,
however, glucose is not a source of energy, instead is only a source
of biomass. With glucose, the organisms build up the biomolecules
needed to continuous replenishment; but the energy required, is
taken from light through the dissociation of the water molecule.
This chemical energy is transported by molecular hydrogen and high
energy electrons. Oxygen is toxic at any concentration. The low levels
of bound succinic acid dehydrogenase over much of the retina of the
domestic pigeon, suggest that mitochondria are substantively reduced
or possibly absent.*! Blood vessels of the pectin are grossly permeable
to a variety of dyes, especially fluorescein, such as choroidal eye
layer in humans. The aqueous humor is secreted in vertebrate eyes,
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by ciliary processes. The aqueous humor is thereafter secreted into
the posterior chamber of the eye; from there it flows around the lens
through the pupil into the anterior chamber where it is drained into
the venous circulation at the edge of Schlemm channel. However,
aqueous humor flows through the outflow network at an extremely
low flow rate (2.0pul/min, producing (theoretically) a surprisingly
large pressure drop over a short distance (less than 1mm) of Schlemm
Channel. Melanin of uveal tract and pectin, can dissociate and re-
form the water molecule, thereby aqueous humor is re-absorbed by
the same tissues that secrete it mainly. It is already known that pectin
has a fluid secretion.

The pectin is smaller young birds and growth during development.
The Red-wing (blackbird) pectin showed few pleats and the English
sparrow only three, though 20 were present in the adult.** Recovery
from acute hypoxia without detectable oxygen repayment in 16-days-
old chicken embryos in the dark, suggested anaerobic pathways
are minor in their energy budget® however, if we take in account
that melanin absorbs visible and invisible light, then biochemical
explanation is different. The greater part of energy budget comes
from light, and not from food. Thereby oxygen is not necessary to
be combined with glucose to get energy. This concept resolves the
mystery about normal development of avian embryos at very low
tissue oxygen pressure in some species, which so was considered to
involve cellular and biochemical characteristics promoting oxygen
utilization.** Therefore, oxygen consumption by birds is practically
non-existent. A clue that energy production by melanin is important
(Figure 19 & 20). Strikingly, since 1992, Tadeus Sarna published that
RPE-choroid layer contains the highest intracellular concentration of
oxygen in the entire body. However, no explanation was given.

o .
Vitreous

Body
Cilary Y
| Botv
Sclera %
Charoid
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Contrals

Figure 19 Diagram of bird’s eye, showing the pecten, that projecting freely in
the vitreous body.The pecten varies in shape and size by species.
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Figure 20 Drawings of the pectin, a structure which starts in the optic nerve
(Yellow arrow); its resemblance with a shell is substantive.

Figure 21 The typical pecten gross appearance is suggestive of a steam
radiator. In the photography is observed the inside of a shell of snail, which has
several similarities with the anatomical arrangement of pecten of the birds.

Base of the pecten, on
the inner layer of
retina, and optic nerve
(glial).

Expanded partof Pecten,
towards Vitreous body.

Figure 22 Diagram of Pecten arrangement in the bird’s eye. There is a
remarkable variability of several external pecten features as amount of
melanin, length, thickness, and number of pleats. Pecten seems ad pleated fan,
or a pleated cone.
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Figure 23 Magnetic resonance image (MRI) of bird’s eye (left). Pecten arises
where the optic nerve begins. Notice that bird’s eyes fill completely orbital
structure, thereby, there are not extraocular muscles. Oppositely, man’s eyes
are smaller, with well-developed extraocular muscles (right), and no pecten
presence at all. Image source Common Creative License.

Figure 24 Drawing of an eye of a mouse, where we can appreciate the
sheer size of the lens in proportion to the size of the eye, but the remarkable
amount of melanin, obvious.

Conclusion

The biology of the eye in the animal Kingdom, must rethink
challenging the concepts of metabolic pathways that depart from
so-called energy which the body obtained by controlled combustion
(oxidation) of glucose. Melanin takes part in all the chemical reactions
that make up the biology of the eye, even since its formation, as at
35 days of gestation, the eyeball is completely melanized, providing
energy requiring the complex processes of embryogenesis. Moreover,
it is known that during the early stages, the eye, and specifically the
choroid is a blood-forming organ. The general vertebrate plan of an
eye-ball encased in three coats: sclera, choroid, and retina, forming
a dark chamber filled with clear fluids under pressure. The cornea, a
transparent tissue of varying refractive power, depending of habitat.
Within the eye is a lens whose means of accommodation is variable in
terms of evolution. The lens is pliable and transparent. Accommodation
is obtained by striated ciliary muscles cantilevering from a ring of
scleral ossicles to deform the lens, rather by to-and-fro movement as it
is in fishes. For binocular vision, there is assistance in convergence by
a transversalis muscle which orients the lens nasally. The mechanisms
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for both accommodation and convergence are newly evolved for
reptiles. The photopigments have shown environmental distribution,
but are conformed to the vitamin A| -vitamin A,. Creatures confined
to land and in the sea shared a broad assignment to vitamin A, or
retinol pigments. The photopigments of freshwater animals have their
peak absorbance shifted to longer wavelengths. These pigments in
fishes are based on vitamin A, or 3-dehydroretinol. These pigments
were found in cone receptors identified by the geometry of the outer
segments and by the presence of oil droplets, described by first time
in 1843. Krause, in 1863, supposed that there might be a universally
photopigment critically placed, and this optically dense oil droplets
acting as cut-off filters so as to permit only certain wavelengths to
affect the outer segments. The yellow droplets contain zeaxanthin a
B-carotene.

The similarity in the chemical compounds that is derived of
it energy that emanates of the melanin, makes us to think that it
melanin not only delivers energy, but carries information, something
as well as a code binary, which are very frequent in the nature. The
Anatomy of the retina varies from species to species, as even found
structures that could classify is as shells; or cones that come in contact
with other cones, rods, bipolar cells; and with the horizontal cells,
influencing is each other reciprocally. The alignment of receptors is a
virtue shared within vertebrates. It allows for increased efficiency of
quintal absorption in the outer segments. There is general agreement
about the electric responses of retinal neurons to light in vertebrates.
Cones hyperpolarize during increases in membrane resistance. This
light-elicited increase in membrane resistance has been attributed
to a decrease in sodium conductance across the outer segment
membrane.* The peak hyperpolarization is governed by potassium
ion concentration. A change of sodium ion concentration affects the
potential of the plateau of the response, but it does not affect the peak
of the response.*® The size of the photo-response is linearly related
to the logarithm of the external sodium concentration. The outer
segments of photoreceptors have a high permeability for sodium in the
dark, a current flow is established that enters the photoreceptor at the
outer segment and exits at the inner segment. With illumination, the
current flow is shut off because of a decrease in sodium permeability,
and the resultant membrane potential is determined largely by the
concentration of potassium ions. Theoretically, absorption of photons
results in a chain of chemical reactions whose end-product is an
intermediary substance that interacts with the channels and affects
their permeability. Theoretically this intermediate substance was
calcium. Is of call it attention, that the researchers explored numerous
molecules present in them photoreceptors and its immediate
environment, but never turned to see to the melanin by what to the
date not is had detected his unsuspected capacity as transducer of light
in energy chemical, dissociating it molecule of the water.

The energy that constantly emanates from the melanin in the
form of H, and e- is evident both in the normal and the pathological
processes. Changes in the retina and choroid are observed after the
application of laser energy, be explained because the coherent light
is absorbed by melanin and thereafter dissipated throughout the
dissociation of water molecule, and on the other hand, monofilament
of DNA are very effective to increase the synthesis of melanin
in pigmented cell cultures; which could explain the activation of
melanocytes eye after the tissue destruction by the laser. More melanin
is expected a greater production of chemical energy, which explains
that diabetic retinopathy, is less severe in people with dark skin
compared to white-skinned people. A similar behavior is observed
in age-related macular degeneration (ARMD), since it is the leading
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cause of blindness in people of fair-skin. The elaborate and efficient
mechanisms for images registration, starts with the energy that comes
from melanin. The information processing and coding taking place on
the retinal structure are majorly dependent of the very first step: water
dissociation by melanin.

The eye has everything to oxidize: abundant molecular (O,)
oxygen, lipids, flood light, as well as a very high metabolism;
However, not the case. The explanation is that molecular hydrogen
(H,) that melanin releases because of the dissociation of the water
molecule, is considered the best antioxidant that is known, because
it can reduce oxygen, forming water. Liver Peroxidation occurring in
rats by adjuvant-induced liver disease is antagonized by the melanin.
It is likely that the melanosomes of the retinal pigmented epithelium
provide the energy necessary to degrade the membranous disks of
photoreceptors.
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