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EURO COSMETICS

Boosting the skins natural ability
to protect itself from the sun
By M. Danielov, MD, Ph.D.*, A. Sepper, MD, Ph.D.* and N. Danielov*

Basic facts of Sun UV radiations

Summary
The paper covers the basic physics facts related to the solar radiation spectrum and their harmful effects on the living systems, especially on human organisms. It is also discussed that the solar radiation
is not a simple UVA & UVB radiation. It is more complex exposure,
including low level, but very dangerous [high energy] UVC rays, especially in its lower wavelengths. This type of radiation along with
the right hand side of the specter [Infrared Radiation] can reach the
planet Earth and its exposure depend on day time and latitude as
well as changes in atmosphere, including the Solar Storms, cloudiness on the sky, dusts, etc. physical factors.

Sunlight is the light given the star, which the planet Earth revolves
and is only a portion of the electromagnetic radiation (EMR) generated by the Sun. Sunlight is produced through nuclear reactions in
the core of the Sun. Originally generated as energetic gamma rays,
after billions of collisions with matter, this radiation reaches the
surface of the star and escapes into the space. On Earth, sunlight is
filtered through the Earth’s atmosphere, and is obvious as daylight
when the Sun is above the horizon. Sunlight takes about 8.3 minutes
to reach the Earth. On average, it takes between 10,000 and 170,000
years for energy to leave the Sun's interior and then be emitted from
the surface as light 1).

This paper also discusses the harmful effects of various UV wavelengths on bio-molecules, emphasizing to the fact that our knowledge on a fundamental mechanisms of the interaction between
biological material and electromagnetic fields at non-thermal levels
are not fully understood. Even bigger question is what are the real
effects of Sun UV radiation on a cellular level of a leaving system,
especially on a human organism.

Composition and Power: The spectrum of the solar radiation is
close to that of a black body with a temperature of about 5,800 K 2).
The Sun emits electromagnetic radiation [EMR] across most of the
electromagnetic spectrum, including gamma rays as a result of the
nuclear fusion process. These extremely high-energy photons are
converted to lower energy photons before they reach the surface of
the Sun and are emitted out into space. As a result, the Sun does not
emit gamma rays. However the Sun emits X-rays, ultraviolet, visible
light, infrared, and even radio waves 3).

Another very important issue raised in this article is dedicated to
the use, claims, and misconception behind the definition of SUN
PROTECTION FACTOR [SPF] & SUNSCREENS and what the true
disadvantage of numbers used to define the Sun Protection Factor.

NAME

WAVELENGHT

Gamma ray
< 0.01 nm
X - Ray
0.01 to 10 nm
UV ray
10 - 400 nm
Visible
390 - 770 nm
Infrared
750 nm - 1 mm
Microwave
1 mm - 1 m
Radio
1 m - 1 km

It also discussed the question of continued the Sun overexposure
on a human body. It’s emphasized that though skin erythema and
skin irritation are unpleasant and painful, they are a physiological
reaction of the healthy organism to overdosed Sun Radiation, and
they are the first and immediate signal that something should be
done to avoid a further exposure over the Sun.

PHOTON ENERGY

< 10 EHz
30 EHz - 30PHz
30 PHz - 790 THz
790 THz - 405 THz
405 THz - 300 GHz
300 GHz - 300 MHz
300 MHz - 3 Hz

100 keV - 300+ GeV
120 eV to 120 keV
3 eV to 124 eV
1.7 eV - 3.3 eV
1.24 meV - 1.7 eV
1.24 µeV - 1.24 meV
12.4 feV - 1.24 meV

The corona of the Sun is much hotter (by a factor of nearly 200)
than the visible surface of the Sun: the average temperature of photosphere is 5800 Kelvin compared to the one of the corona, which
reaches three million Kelvin. The corona is 10−12 times as dense as
the photosphere. It produces about one-millionth as much visible
light. The solar corona is a source of extreme ultraviolet and X-ray
radiation. Even these rays make up only a very small amount of the
power output of the Sun we often ignoring its harmful input on living system functionality.

It is also presented alternatives to the sunscreens. This is multiple
powerful Biological UV Chromophores naturally present in Living
Systems as bio-molecules with the ability to absorb broad band of
Sun UV Radiation. Based on proprietary technology of Bioactive
Complexes modeling it is presented first in its kind imitation of Bioactive UV Chromophores NANO-COMPLEXES™. The goal was to
imitate the Biological System – Bioactive UV Chromophores, which
proved itself over the evolution as protectors [to some extend] of the
Living Systems, including Homo Sappiness from the solar radiation.
* BIONOVA, INC. USA
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The spectrum of solar electromagnetic radiation can be divided
into six regions in increasing order of wavelengths. Radiation
reaching the Earth’s atmosphere usually ranges from 100 nm to
about 1 mm 4):
●

●

X-rays have a wavelength in the range of 0.01 to 10 nanometers.
Even though the X-ray wavelength normally do not reach the
Earth, under periodical the Solar activity, including the Solar
Storms we cannot reject the fact that there is a small dosage of
X-ray penetration on the surface of the Earth through ozone layer,
especially in mountainous and sea levels.
The wavelengths of X-ray radiation are shorter than those of UV
rays and longer than of gamma rays. In many languages, X-radiation
is called Röntgen radiation, after Wilhelm Röntgen 5). The distinction between X-rays and gamma rays is not universal. One often
sees the two types of radiation separated by their origin: X-rays
are emitted by electrons, while gamma rays are emitted by the
atomic nucleus 6, 7, 8, 9). The alternative method for distinguishing
between X- and gamma radiation is on the basis of wavelengths,
with X-radiation shorter than 10−11 m, defined as gamma rays 10).

TOP OF THE EARTH GROUND LEVEL OF THE EARTH

Power
Ultraviolet Light
Visable Light
Infrared Light

UVC or Ultraviolet C with wavelengths ranges from 100 to 280 nm.
The term ultraviolet refers to the fact that the radiation is at higher
frequency than violet light and also invisible to the human eye.
Due to absorption by the atmosphere, very little radiation reaches
the surface of the Earth. UVC radiation is germicidal and highly
damaging to the Human Body (not only to the skin) due to its high
energy. This spectrum of radiation is used in germicidal lamps.

●

UVB or Ultraviolet B with wavelengths ranges from 280 to 315 nm. It
is also greatly absorbed by the atmosphere and along with UVC it
is responsible for the photochemical reactions leading to the production of the ozone layer. It directly damages DNA and causes
carcinomas and sunburn.

●

UVA or Ultraviolet A with wavelengths ranges from 315 to 400 nm.
This band was once held to be less damaging to DNA, and hence
is used in cosmetic artificial sun tanning (tanning booths and tanning beds) and PUVA therapy for psoriasis. Continued exposure
not only accelerates aging processes of the skin, but also causes
significant damage to DNA via formation of free radicals and freeradical scavengers, and is able to cause cancer.

●

Visible range or light spans from 380 to 780 nm. As we see from the
name itself, it is this range that is visible to the human eye.

●

Sunlight Composition by Total Energy
1120 - 1000 watts/m2
3% / 32 watt; [with the Sun at the zenith];
44% / 445 watt
53% / 527 watt

Factors Affecting Intensity of Solar Radiation
Below are some factors affecting the solar radiation intensity on
the Earth:
● Intensity of the solar UV radiation varies widely due to atmospheric absorption and reflection of the radiation;
● The solar radiation appears to be much stronger both in mountainous and more Southerly regions, where the tanning is more intense and the risk of sunburn is greater;
● On the sea and in mountainous areas a large proportion of UV radiation is reflected by the water or snow. In such places direct UV
radiation is accompanied by indirect UV Radiation from the
water or snow reflection. This is one of the reasons why sunburn
occurs considerably rapidly in the mountains and sea areas.
● The intensity of UV Radiation also depends on the distance passed
through the atmosphere; UV radiation increases by about 20% for
each 1,000m increase in altitude.
● The intensity of UV radiation greatly depends on the thickness of
the ozone layer of the atmosphere.
● The intensity of UV radiation is reduced by the additional reflection from the clouds and the dust in the air.

Molecular damages from the Sun UV radiation

Infrared range that spans from 700 nm to 106 nm (1 mm). It is an
important part of the electromagnetic radiation that reaches the
Earth. It is also divided into three types on the basis of wavelength:
– Infrared-A: 700 nm to 1,400 nm
– Infrared-B: 1,400 nm to 3,000 nm
– Infrared-C: 3,000 nm to 1 mm
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1366 watts/m2
10%
40%
50%

Fundamental mechanisms of the interaction between biological material and electromagnetic fields at non-thermal levels are
not fully understood. Even bigger question is what are the Sun UV
Radiation real effects on a cellular level of a leaving system, especially on the human organism. Due to the importance of understanding the nature and the biological effects of gamma radiation
and X-ray wavelength on living systems, our scientific knowledge
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for cosmetic or medical purposes. Multiple clinical studies indicate
that IR radiation cannot be considered as innocuous to human
body 15). Infrared radiation similar to Ultraviolet Radiation seems to
be involved in photo aging and potentially also in photo-carcinogenesis. The molecular consequences resulting from IR exposure are
unknown.

of high energy EMR is relatively well known, while lower energy
EMR [visible and infrared] effects on biological materials is less
known.
We have to take in consideration that the living organisms on the
Earth experiencing not a separate monochromatic radiation at a
constant intensity [like in –vivo & in vitro test of UVA, UVB or UVC
radiation], but simultaneously are exposed to more complex UV
radiation; sometimes even accompanied by ultra high energy UV
radiation with lower than 100nm wavelengths. Taking in consideration these facts and our inability to imitate complex solar radiation
in experimental models, it is hard to have an objective data related
to the complex influence of the Sun on the living system, especially
on its destructive effect on a molecular level.

IR radiation, similar to UV radiation, is likely to exert biologic effects on human skin. Accordingly, epidemiological data and clinical
reports point to its ability to cause and enhance skin damage such as
premature aging and carcinogenesis, suggesting that IR is not generally innocuous to human skin 16). The IR irradiation caused mitogenactivated protein kinase signaling pathways activation, mediating
the up-regulation of matrix metalloproteinase-1 expression. IR radiation is capable of specifically interfering with cellular functions and
provides a molecular basis for biological effects of IR on human
skin15).

Initially, purely empirical observation of various physiological effects led to the demonstration of UV radiation into A, B, and C ranges.
Over the time relatively rough classification of UV radiation and its
erythemal activity on the surface of the skin, as a function of radiation wavelength on the Living System proved absolutely unsatisfactory. The assumption, that at higher wavelengths [lower energy]
there is no longer sufficient energy to excite the reaction chain that
makes Infrared [IR] wavelength safe, is very incorrect. Even today
we do not have enough knowledge and understanding of intracellular processes taking place at wavelengths from 700 nm to 1 mm.

Regardless of existing facts, Infrared Radiation is increasingly and
uncritically used for ‘cosmetic and wellness’ purposes.
Fundamental mechanisms of the interaction between biological material and electromagnetic fields at non-thermal levels are
not fully understood and we cannot neglect their negative biological effects on a human body.
For Higher Frequencies of EMR (visible and beyond), the effects of
individual photons of the radiation are critical, as they have enough
energy to directly or indirectly damage biological molecules. The
World Health Organization classed all frequencies of UV radiation as
Group 1 carcinogens. Ultraviolet radiation from the Sun exposure is
the primary cause of skin cancer 17, 18).

The damaging effects of ultraviolet (UV) radiation on human skin
were the major interest of photobiological research in the past. Epidemiological and experimental data indicate that in addition to
causing acute reactions such as sunburn and immune suppression,
chronic exposure to UVA and UVB is a critical risk factor for premature skin aging, photodynamic reaction, light induced dermatoses,
skin thickening, wrinkling, collagen damage, and development of
skin cancer (photocarcinogenesis).

The damage caused by higher frequency radiation at ultraviolet
frequencies and above (i.e., X-rays and gamma rays) to biological
materials and living cells is far larger due to the ability of single
photons to damage individual molecules chemically.

The effects of EMR on biological systems depend both on power
and frequency of the radiation:
For Lower Frequencies of EMR up to those of visible light (i.e.,
radio, microwave, infrared) it was thought that the major damage
done to cells is determined by heating effects, and thus by the radiation power. At the same time we should not ignore the fact that
DNA also indirectly can be damaged by reactive oxygen produced
by ultraviolet A, which has energy too low to damage DNA directly.

UV frequencies and higher (and probably somewhat also in the
visible range) electromagnetic radiation do far more damage to
biological systems than simple heating predicts. This is most obvious in the “far” (or “extreme”) ultraviolet. In addition, X-ray and
gamma radiation, are referred to as ionizing radiation due to the
ability of photons of this radiation to produce ions and free radicals in materials (including living tissue). Since such radiation
can produce severe damage to life with very little visual affects
on the living objects, it is considered far more dangerous (in
terms of damage-produced per unit of energy, or power) than the
rest of the electromagnetic spectrum. This is why ultraviolet at
all wavelengths can damage DNA, and is capable of causing cancer and (for UVB) skin burns (sunburn) which are far damaging
than those would be produced by simple heating (temperature
increase) effects.

Initially, it was believed that low frequency fields that were too
weak to cause significant heating could not possibly have any biological effect 11). Despite this opinion among researchers, accumulated evidence supports the existence of complex biological effects
of weaker non-thermal electromagnetic fields 12, 13, 14).
Human skin is exposed to Infrared (IR) radiation (760 nm–1 mm)
from natural as well as artificial sources that are increasingly used
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other countries. Regardless of definition and semantics used to express ability of the skincare/cosmetic products to protect from UV
Radiation, the methodology of SPF expression can be divided into
two basic test systems:

These properties of high-frequency EMR are due to quantum effects, which cause permanent damage to materials and tissues at the
single molecular level.
As frequency increases beyond visible into the ultraviolet, photons
carry enough energy (about three electron volts or more) to stimulate double-bonded molecules into permanent chemical re-arrangement. If these molecules are biological molecules in DNA, it causes
lasting damage.

●

In-vivo method is based on the observation of the erythemal reaction that is mainly caused by the monochromatic UVB irradiation
on the skin. The SPF can be measured in-vivo by applying sunscreen to the skin of a volunteer and measuring how long it takes
before sunburn occurs when exposed to an artificial monochromatic sunlight source. After being exposed with and without
protection, the delay (measured in terms of UV dose) in appearance of the reddish color on the exposed skin surface is measured.
Using multiple factors involved in the test system, the SPF can be
expressed after mathematical calculation.

●

In-vitro test is based on the physical and optical determination of
the reduction of the energy in the UV radiation through a film of
product, which had been prior spread on an adequate substrate.
This method is based on a specially designed spectrometer. In this
case, the actual transmittance of the sunscreen is measured, along
with the degradation of the product due to being exposed to
monochromatic sunlight source. Usually, in-vitro test system
measures the sunscreen effect over wavelengths in the UVB range
(280–315 nm). A further mathematical calculation 20) takes into
account the specific erythemal action spectrum of human skin in
order to assess the same value of SPF as that obtained by in-vivo 21).

X-ray photons carry enough energy to ionize atoms and disrupt
molecular bonds. This makes it a type of ionizing radiation and
thereby harmful to living tissue. A very high dose of radiation over a
short amount of time causes radiation sickness, while lower doses
can cause an increased risk of radiation-induced cancer.
At the higher end of the ultraviolet range, the energy of photons
becomes large enough to impart enough energy to electrons to
cause them to be liberated from the atom, in a process called photoionisation. This high end of the ultraviolet spectrum with energies
in the approximate ionization range is sometimes called “extreme
UV.” Most of these energies are filtered by the Earth's atmosphere,
but not all of them.
X-rays and gamma rays are ionizing radiation and are capable to
cause the most severe types of molecular damage, which can happen to any type of bio-molecule, including mutation and cancer.
Both of these ionized radiations have dipper penetration ability
through the skin and damages occur not so much on the surface of
the skin, but inside the organs of the living organism.

Today, on the market, we have a long list of chemical substances
with different chemical structure claiming SPF factors from 15 up to
60+, and covering UVA and UVB specter of monochromatic radiation. If all those products have true SUN PROTECTION OR SUN
SCREEN benefits than how the enormous increase of side effects
after Sun exposure can be explained? Here are only some statistics:

UVC radiation [100-280nm] is germicidal and appears to be highly
damaging to human skin due to its high energy.
UVB radiation [280-315nm] induces erythema response and in association indirect tanning of the skin. On frequent intense irradiation, UVB may produce skin cancer. Maximum erythemal reaction is
achieved in 2-6 hours after the exposure.

●

Sun protection factor [SPF]
As we discussed above, the Sun UV radiation can cause multiple
damages not only on the surface of the skin but more importantly, in
the inner organs of the Human Body. In the last two decades, a culture has been created that we have to protect our body form the Sun
using sunscreens with high SPF that protect from harmful UV Radiation. How correct is such postulation?

●

●

Let’s try to analyze what is the cause of such an increase of skin
cancer and other internal dysfunctions associated to the Sun radiation, when we have so many products with such a variety of Sun
Protection Factors? Does all these facts relate to false claims from
manufactures of SPF containing products? Sure not. They are using

First, we have to analyze what is behind the concept of SUN PROTECTION FACTOR. In the recent decade, major changes have taken
place with regard to the methodology and regulation for the determination of Sun Protection Factors [SPF] in the USA, the EU, and
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The study funded in part by the National Institutes of Health
showed a dramatic rise in skin cancer in case of young adults.
Even though the rates of some cancers are falling, Mayo Clinic is
seeing an alarming trend: the dramatic rise of skin cancer, especially among people under 40. According to a study by Mayo
Clinic researchers published in the April 2012, the incidence of
melanoma has escalated, and young women are the hardest hit 22).
Similar epidemiological data with some variations in statistics was
presented in other studies 24, 25).
In another study published by the Mayo Clinic it was reported that
melanoma rates among young women eight-times higher than it
was 30-40 years ago 23).
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the claims approved by multiple regulatory organizations, including
FDA in the US, multiple Ministries of Health in the EU, Japan, and
other countries. The real problem is so obvious and relates to the
definition of SUN PROTECTION FACTOR itself. Let’s try to justify
our objectives.

Body when we apply products with SPF. People spend enormous
amount of time under the direct Sun exposure, thinking that they
are protected from harmful effects of the Sun radiation. If we pay
attention what parents do with their kids on the beach, i.e. applying
various products with high SPF all over their bodies, thinking they
are protected from UV Radiation and allowing them to stay under
the Sun even in the most dangerous zenith time, between 11AM to
3PM. What else can be done to damage the body of children?

As it is well known and briefly described above, the SPF numbers
and all related claims are based on a monochromatic UV wavelength,
which obviously cannot imitate the complex UV Sun radiation. If we
look carefully to the chart of the Sun UV radiation than we should
easily understand that none of these chemicals is capable to TRULLY
protect the living system from harmful Sun radiation. In the best
scenario, the existing chemicals, created for sunscreen purposes,
can cover only part of UVA & UVB radiation, causing skin burn and
skin inflammation, but cannot cover entire Solar Radiation spectrum
reaching the Earth. As we presented above, the solar radiation reaching the Earth is not a just UVA and UVB wavelengths, but much more
complex radiation energy, including low dosage of very high-energy
UVC as well as Infrared radiation. Even though the dosage of these
extend spectrum of Solar radiation is low we cannot ignore it since
it is very dangerous to the Living Organism. In addition taking in
consideration fluctuations in weather conditions, latitude and daytime of exposure, the Sun storms and other uncontrollable factors
the danger of the left-hand side [UVC] and right hand side [IR] radiation from the Sun is understandable. Regardless of sunscreen
product usage, our body is ‘absolutely naked’ under the Sun.

Whose fault is this? Obviously this is the fault of regulatory organizations allowing the use of a misleading terminology and misleading claims, such as SUN PROTECTION FACTOR or SUN BURN
FACTORS. On top of that, putting another misleading numbers after
SPF, like 15, 30, 45, etc., customers logically think that SPF 30 has
twice more protection than SPF 15. The truth is that SPF 15 products
block about 94%, while SPF 30 products block about 97% and SPF 45
products block about 98% of monochromatic UVB rays.
In addition, some sunscreen chemicals produce potentially harmful substances if they are illuminated while in contact with living
cells 26, 27, 28). The amount of sunscreen that penetrates through the
stratum corneum may be large enough to cause damage. Some epidemiological studies indicate an increased risk of malignant melanoma for the sunscreen user 29, 30, 31, 32, 33, 34). We believe that such an
increase is related not to direct effects of the sunscreen chemicals to
the skin, but to the fact of their inability to protect the skin from UV
Radiation damage.

Why is the danger of using sunscreens invisible? The biological effect of any sunscreen products is based on the delaying of skin erythema and thereafter-possible skin burn. We have to ask ourselves
simple question: what skin erythema, sun irritation and sunburn
means for our body? Skin erythema is an unpleasant and painful
adaptation reaction of the healthy organism to the overdosed Sun
Radiation. This is the first and immediate signal that “something
wrong” affects’ our body and we have to act; in this case simply
avoid the further direct Sun exposure.

Are we against sunscreens? It is the same question as to ask ‘do we
need local anesthetics? Of course we need both of them, but they
should be used correctly and should not mislead a customer. Sunscreens should be applied by people who have no choice to avoid
direct Sun exposure, like alpinists or people working on the beach
under the direct Sun exposure. The best protection from the Sum is
to avoid direct exposure at least from 11AM to 2-3PM, wearing long
sleeves and going under the tent on the beach.

Sunburn results from an overdose of UVB radiation. This radiation
releases biochemical mediators including histamine (initial phase)
and kinins (early stage), which induce itching, sensation of pain,
heat, and sunburn of the skin. These mediators diffuse into the
blood vessels and cause dilation as well as edema and basal cell proliferation. These physiological responses of the skin are the first observed approximately four hours after irradiation and they are
already too late. Sunburn, therefore is the first sign of the skin damage.

Do we have any alternatives to sunscreens? If we carefully look to
the physical aspect of Sun radiation and to photo-biological research
related to the molecular damages of Sun radiation to the Living Systems, we have to admit that our body to some extend [only to some
extend!] has UV Protection System. Two features represent this
protection system:

We can compare this signal with the pain reaction after thermal
heat. Imagine that a firefighter uses local anesthetics, in order to
avoid pain sensation from skin burns and to continue to fight with
the fire. What will happen with his body is not difficult to predict.
Regardless of his ability to feel the pain, his skin will be burned to a
life-threatening condition. That is exactly what happens with our
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●

Perfect signaling system [i.e. immediate skin reaction, resulting in
skin erythema, skin edema, pain, etc.], which notifies us that its
time to stay away from the direct Sun exposure or somehow differently protect our Body.

●

Presence of multiple powerful molecules in the Living Systems,
including Human Organism, with the ability to absorb Sun UV
Radiation. Those bioactive molecules can be combined under the
definition of Biological UV Chromophores.

EURO COSMETICS

wavelengths. The molecules generally have a string of double bonds
whose pi-orbital electrons act similar to the electrons in a metal, and
they perform as small antennas, which can “receive” the electromagnetic wave of a passing photon 19).

Bioactive UV Chromophores nano-complexes™
Based on the proprietary technology of Bioactive NANO-COMPLEXES™ modeling it was created special complex of Bioactive UV
Chromophores, naturally existing in the living systems. The goal
was to imitate natural UV Radiation protection system in order to
enhance the natural ability of the skin to protect itself from the Sun
UV radiation.

Vibrational transitions
Perhaps the most dominant UV Chromphore in biology, which
absorbs via vibrational transitions is water. In the infrared spectrum,
the absorption of water is the strongest contributor to tissue absorption.

UV Chromophores NANO-COMPLEX™ comprises from nanoquantities of the following group of naturally existing in Living
System Bioactive Substances:
● Purines
● Pyramidines
● Caratenoid Pigments
● Various types of Flavin Molecules
● Melanin
● Group of Unsaturated Fatty Acids
● Group of Triacylglycerols with Unsaturated Fatty Acids
● Aromatic Chain Amino Acids
● Sulfur Contain Amino Acids
● Nucleotide Coenzymes

Bellow will be presented bio-molecules with naturally existed UV
absorption properties:
PYRROLES
Pyrrole is a five-membered ring heterocyclic aromatic organic compound with the formula C4H4NH. In early biological evolution,
the pyrrole molecule was a UV Chromphore
which could absorb sunlight. Combining four
pyrroles into a tetrapyrrole ring (porphyrin)
yielded an efficient Chromophore for collecting solar photons. Chlorophyll, hemoglobin, vitamin B12, cytochrome C, and P450 are examples of porphyrin with pyrrole subunits.

Triacylglycerols

Unsaturated
Fatty Acids

PORPHYRIN

Purines

Porphyrins are a group of organic compounds, many of which
occurring naturally. One of the best-known porphyrins is heme, the
pigment in red blood cells, which is a cofactor of the protein hemoglobin.

Amino Acids

STRUCTUREOF
OF
STRUCTURE
UV CHROMOPHORE
Bioactive UV Chromophores
NANOCOMPLEX

Nucleotide
Coenzymes

NANO-COMPLEXES™

Melanin
O
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(COOH)
N
H

O
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Pyrimidines

Flavins

Carotenoid
Pigments

Structure of Porphyrin

Heme B group of Hemoglobin

NUCLEIC ACIDS
It is the nucleotide bases that are the UV Chromophores (absorbing centers) within nucleic acids. In deoxyribonucleic acid (DNA)
these bases are the purine derivatives adenine and quanine, and the
pyrimidine derivatives thymine and cytosine. The absorption spectra of the component bases differ slightly; absorption maximum
ranges between 260-265 nm with a rapid reduction in absorption at
longer wavelengths.

All above-mentioned Bio-systems are incorporated into specially
constructed NuCell Direct™ Delivery System.
Below we will present some of Bioactive UV Chromophores naturally existing in the Living Systems. There are two major types of
Bioactive UV Chromophores:
● electronic transitions
● vibrational transitions

Purine
Purine is a heterocyclic aromatic organic compound. It consist of a six-membered pyrimidine ring
fused to a five-member imidazole ring. Purines are
the most widely occurring nitrogen-containing heterocycles in nature.

Electronic Transitions
There are many biological molecules, which can absorb light via
electronic transitions. Such transitions are relatively energetic and
associated with absorption of ultraviolet, visible and near-infrared
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Pyrimidines
Pyrimidine is an aromatic heterocyclic organic
compound similar to pyridine. One of the three diazines (6-membered heterocyclics with two nitrogen
atoms in the ring). It has the nitrogens at positions
1 and 3 in the ring. The other diazines are pyrazine (nitrogens 1 and
4) and pyridazine (nitrogens 1 and 2).

The chloroplast ferredoxin is involved in both cyclic and non-cyclic photophosphorylation reactions of photosynthesis. In non-cyclic
photophosphorylation, ferredoxin is the last electron acceptor and
reduces the enzyme NADP+ reductase. It accepts electrons produced from sunlight-excited chlorophyll and transfers them to the
enzyme ferredoxin:NADP+ oxidoreductase.
MELANIN

CYTOCHROME

Melanin is a ubiquitous natural pigment found in most organisms.
In animals melanin pigments are derivatives of the amino acid tyrosine. The most common biological melanin is eumelanin. This is a
brown-black polymer of dihydroxyindole carboxylic acids and their
reduced forms. Another common form of melanin is pheomelanin,
a cysteine-containing red-brown polymer of benzothiazine units
largely responsible for red hair and freckles.

Cytochromes are in general membrane-bound (i.e. inner mitochondrial
membrane) hemeproteins containing
heme groups. They are primarily responsible for the generation of ATP
via electron transport.
CAROTENOIDS

Production of melanin is induced by UVB-radiation simulated by
DNA, which is also a photoprotectant. This occurs by means of a
process called “ultrafast internal conversion“. This
property enables melanin to
dissipate more than 99.9% of
the absorbed UV radiation as
heat 3) (see photoprotection). This prevents the UVB
radiation damage that is responsible for the formation
of malignant melanoma and
Part of the structural formula of pheomelanin
other skin cancers.

Carotenoids are organic pigments that are found in the chloroplasts and chromoplasts of plants and some other photosynthetic
organisms like algae, some bacteria, and some fungi. Carotenoids
can be produced from fats. Carotenoids cannot be manufactured by
majority of mammalians, so they obtain carotenoids only in their
diets, and may employ them in various ways in metabolism.

FLAVIN
Flavin is the common name for a group of organic compounds
based on pteridine. Flavin is the biochemical source of the vitamin
riboflavin. The flavin moiety is often attached with an adenosine diphosphate to form flavin adenine dinucleotide (FAD). It is also found
as a flavin mononucleotide (FMN), a phosphorylated form of riboflavin. Flavin is present as a prosthetic group in flavoproteins.

UNSATURATED FATTY ACIDS & TRIGLYCERIDS
WITH UNSATURATTED FATTY ACIDS
An unsaturated fatty acid has at least one double bond within the
fatty acid chain. The greater the degree of unsaturation in a fatty
acid (i.e., the more double bonds in the fatty acid) the more UV Absorption ability exists in such a bio-molecule and its more vulnerable
it is to lipid peroxidation. Unsaturated Fatty Acids absorbs at wavelengths 220 nm and greater.

Unsaturated Fatty Acids
The Tricyclic Ring from Flavins

Riboflavin

FERREDOXINS

Triglycerids With

Ferredoxins are small proteins containing iron and sulfur atoms organized
as iron-sulfur clusters. It mediates electron transfer in a range of metabolic reactions. These biological “capacitors”
can accept or discharge electrons, which leads to a change in the
oxidation state (+2 or +3) of the iron atoms. By this ferredoxin acts
as electron transfer agent in biological redox reactions.
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AROMATIC AMINO ACIDS
Aromatic amino acids are relatively nonpolar. To different degrees,
all aromatic amino acids absorb ultraviolet light. Tyrosine and tryptophan absorb more than phenylalanine does. Tryptophan is responsible for most of the absorbance of ultraviolet light (ca. 280 nm) by
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proteins. Tyrosine is the only one aromatic amino acids with an
ionizable side chain. Tyrosine is one of three hydroxyl containing
amino acids. Aromatic amino-acids absorb UV Radiation at wavelengths at around 280nm.
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Conclusion
Based on proprietary technology it was developed one-of-a-kind
Bioactive UV Chromophores NANO-COMPLEXES™. The developed
UV Chromophores NANO-COMPLEX™ consist of nano-quantities
of naturally existing in Living System bio-molecules, which have the
ability to naturally protect [only to some extend!] the Living Systems
from dangerous solar radiation. The goal was to imitate a natural UV
Radiation protection system, in order to enhance natural ability of
the skin to protect itself from the Sun UV Radiation.
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