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The era of technological boom has brought with it a
concealed gift for mankind. However, unlike the literal
aspect of “gift”, this has detrimental effects on the living
organisms. Being invisible in nature the UV radiations (UVR)
continuously bathe the earth without even concerning the
organisms which get exposed until off late there has been
extensive research on the possible pathologies it inflicts.
UVR potentiates several damaging reactions primarily on
the skin which in turn affect the whole body homeostasis.
Associated with the triggering of oxidative processes the
radiation augments the generation of toxic free radicals, the
prime initiator of most diseases. An efficient radical
scavenger, melatonin proved to be a boon for delineating
UVR induced anomalies. Since melatonin is an integral part
of the body of almost all living organisms, the possible side-
effects of utilizing commercial products can be avoided by
its clinical use. In several studies all over the world involving
both in vivo and in vitro approaches, melatonin
undoubtedly provided hope for using it as an UVR
preventive. The present short review of literature will
further summarize the recent advances in melatonin
physiology and its use as an anti-UV molecule.
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Environment, UVR and Organisms: The
Beginning

Life commenced on this planet after the Big-Bang which was
nothing but a series of extensive exothermic reactions
comprising toxic gases and other molecules. The effect of sun in
carving out the life forms in earth is highly important as it is the
sole source of energy. The plants prepare food under photic
interventions in the complex process of photosynthesis forming
the basal energy level in an ecosystem. The herbivores thrive on
the primary producers and followed by the carnivores. Therefore
the entire ecosystem sustains itself depending on the solar
energy. The shining sun however has its dark side too. Apart
from all the life giving attributes the sun is also the only source
of UVR. However, the existence of UVR had been eternal but it is

only been in recent times that scientists have understood the
significance of the damage these causes. One of the main
reasons behind this late speculation is the depleting
stratospheric ozone layer. Ozone is like a physical barrier for
UVRs and it is the vastly spread ozone layer in the stratospheric
region that literally protects us from the UVRs. The significant
depletion of this ozone layer courtesy the generation and
accumulation of chloroflurocarbons (CFCs) has irked the
scientific world over the past few decades. The Montreal
protocol has been one of the most discussed agenda which
vowed to attenuate the production of CFCs and help protect the
ozone layer to stop global warming. However, it is not only the
warming of the earth which concerns biologists but the ever
increasing incidence of UVR penetrance due to the holes in the
ozone layer. According to the British Antarctic Survey (BAS) the
ozone layer has decreased each September and October since
1977 at a rate of 40% [1]. This is a serious environmental threat
to mankind since the entire ozone layer if depleted would spell
catastrophical consequences. BAS measurements indicated
unexpected ozone depletion in the Antarctic region so severe
that computers receiving satellite data often rejected ozone
amounts as technical errors [2]. Therefore, the need for
protecting the environment is the most significant purpose for
the modern world. However, apart from the environmental
exposures one can also get exposed to UVRs from electric arc
lamps, artificial tanning salons and lighting systems which are
becoming a common practice for the modern world [3]. Thus,
cumulatively the UVRs induce severe physiological damages due
to the rapid interaction with DNA, proteins and triggering the
generation of reactive free radicals ultimately culminating in a
diseased state.

UVR: The Basics and Biological Attributes

The UVR comprises the wavelengths below the visible
spectrum (<400 nm) and that is the reason these are invisible to
the naked eye and unlike ionizing radiations are not felt. The
entire UV spectrum comprises 3 types of UV rays categorized on
the basis of their wavelengths. The lowermost wavelength is
attributed to the UVC (<280 nm) while the UVB (280-320 nm)
consists of the middle part of the spectrum. The highest
wavelength consists of UVA (320-400 nm). The penetrative
power of UV depends upon its wavelength and for the skin the
UVA has the deepest penetrance followed by UVB and UVC [4].
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Altogether all the 3 types of UVRs impart deleterious damage for
the body milieu (Figure 1).
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Figure 1: UVR and skin penetrance [Adapted from ref 4].

The largest organ of the body is the skin and it is also an
innate immune component which forms the very first line of
defense against pathogens and other agents perturbing
homeostasis. The death of most patients having acute burns is
mostly attributed to the disrupted skin barrier and free entry of
pathogens. We are invaded by innumerable pathogens and
stressors everyday and it is only due to the skin that we do not
succumb to them. The UVC rays are mostly blocked in by the
ozone and barely reach earth. The matter of concern is the UVA
and UVB radiations which readily reach mankind. The UVB
penetrates the epidermis completely and reaches dermal layer
while the UVA even further reaches to the sub-dermal tissues
affecting the innermost components of the skin which comprises
immune cells, hormonal machinery and other important glands
[4]. However, the skin contains a distinctive defense machinery
to counteract the stressors else every single individual would
become a sufferer of UVR mediated cutaneous anomalies [5].
The Hypothalamo-Hypophyseal-Adrenal (HPA) axis is the prime
system that regulates the stress generated in normal body
physiology and acts accordingly to counteract it [6]. The skin has
the entire cellular and molecular machinery to synthesize
molecules like CRH, POMC, ACTH, B-endorphin and their
respective receptors to ameliorate the effects of various
damaging agents including UVR [7,8]. A local HPA aids in
stabilizing the skin milieu in conditions of severe pathological
damages [9]. UVR augments corticotrophin releasing factor
(CRF) synthesis locally further inducing the ACTH secretion via
the central HPA axis depending on the wavelength of radiation
[10]. However, extensive research has shown that these
molecular machinery are activated only in case of situations that
the local stress management system fail to cater to, as in case of
severe UVB irradiation which requires all the anti-stress
machinery to unanimously alleviate the perturbation of normal
physiology [11]. Oxidative stress refers to shift in the ratio of
pro- and antioxidants towards the former and is a normal event
of metabolism. One of the most crucial cellular components
involved is the mitochondria which comprise the electron
transport chain (ETC) and a faulty ETC can lead to electron
leakage triggering free radical generation. UVR induces
mutagenic issues within the mitochondrial genome termed as
“common deletion” which leads to catastrophic electron leakage
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and active generation of free radicals [12]. Other than
mitochondrial damage UVRs also induce oxidation of DNA
yielding oxidation products in the form of 8oxo-2dG and
cyclobutane pyrimidine dimmers [13]. The wavelength of UV is
crucial for the type of cellular damage it inflicts. UVA induces
less direct DNA damage on the basis of its incident energy than
does UVB [14]. However, UVA is approximately 20 fold more
intense in sunlight than UVB and is thus readily absorbed by the
skin chromophores [15]. UVB induced DNA mutations are base
transitions G:C to A:T [16] while in the case of Chinese hamster
ovary cells exposed to UVA, there occur increased transversions
i.e., A:T to C:G [17]. The mutagenic effects are associated with
immortalization of cells culminating in cancerous growth and
UVR is intricately associated with single cell carcinoma and
melanoma. The steroids produced within the skin play a
protective role against the tumorigenicity by getting converted
into secosteroids thereby providing protection [18,19]. The
other effect of UVR is the induction of sunburn which is
characterized by pyknotic cells having shrunken cytoplasm and
membrane blebbing indicating the induction of apoptosis [20].
These apoptotic cells are the dermal fibroblasts which suffer the
most under the incidence of UVR. The arrests of the cells at G1
phase of the cell cycle are mediated by p53 and hence there
exists a crucial role of p53 in UV mediated cellular apoptosis
[21]. UVRs also trigger death receptor mediated apoptotic
pathways involving TNFR and CD95L and activation of these
molecules following UVC radiation further substantiates the
direct role of UV in cellular apoptosis [22]. Similarly single UV
exposure has been investigated to cause a decline in bcl-2
transcripts in rat skin [23] thus providing experimental evidences
of the great amount of damage UV can cause. Along with the
skin the UVR is also associated with affecting systemic
physiology. Although the radiation does not reach internal
organs the locally generated free radicals in the skin get
transported to the internal milieu and put the systemic
homeostasis at jeopardy. This has been designated as “by-
stander effects” of UVR and is out of the scope of this review
(Figure 2).
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Figure 2: UVR and cellular apoptosis (Adapted from ref 23).

Melatonin: The Molecule of Darkness
against a Component of Sun-Light

An accidental discovery by Prof. A. B. Lerner in 1958 the
neuro-hormone melatonin was so named due to the blanching
effect on the melanophores of tadpole skin [24]. Ever since the
discovery of this molecule the world scientific community has
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always been intrigued by the wide plethora of physiological
functions it governs. The pineal gland is the primary source of
the indole-amine although gradually melatonin synthesis has
been associated with a variety of organs including the skin [25].
The first precursor for the biosynthesis is the amino acid
tryptophan and downstream steps of hydroxylation,
decarboxylation and methylation yields the final product. Until
recently, the enzyme aryl alkylamine N-acetyl transferase
(AANAT) was considered to be the rate limiting enzyme for
melatonin biosynthesis but endeavors by Slominski et al. have
provided sufficient experimental evidences to prove that AANAT
is not the rate limiting enzyme for melatonin biosynthesis and in
absence of AANAT, arylamine NAT (ANAT) can trigger acetylation
of serotonin required for the pathway to continue [26,27]. The
most interesting feature of melatonin synthesis is the
rhythmicity it follows peaking at night hours and decreasing at
day. Hence, the duration of the short-lived molecule in blood
signifies the hour of the night. Melatonin primarily exhibits its
physiological functions acting via G protein coupled membrane
receptors although the existence of cytosolic and nuclear
binding sites has also been evidenced [28]. Melatonin regulates
significant physiological functions including reproduction,
immune functions, apoptosis, tumorigenesis and oxidative load.
Among all the different functions the action of melatonin as an
antioxidant is the most vital aspect that provided the basis for
using it against UVR. Melatonin is an active free radical and a
terminal antioxidant with the ability to reach intricate areas of
cells owing to its lipophilicity and can even breach the blood
brain barrier [29]. The most important aspect of melatonin as an
antioxidant is that even the by-products of melatonin
metabolism (AFMK, AMK) act as potential radical scavengers.
Dietary antioxidants like vitamin C often undergo redox cycling
and become pr-oxidative which is not in case of melatonin which
reacts with free radicals to form stable end products [30].
Scientific insights into the scavenging property of melatonin has
proved that the capacity to scavenge free radicals is much higher
than other antioxidants and a single molecule of melatonin can
react with 4 reactive species and turn them into harmless
products [31]. The most important function of melatonin that
places it above all other antioxidants is that apart from
neutralizing the radicals, melatonin also up regulates the gene
expression of crucial anti-oxidative enzymes like superoxide
dismutase (SOD) and glutathione peroxidase (GSH-Px) while in
case of catalase the action of melatonin depends on the tissue
milieu [32].

Melatonin UVR: A Preventive

Approach

vsl

“Prevention is better than cure”, an age old proverb proves
extremely true while discussing the anti-UVR attributes of
melatonin. Thus, it is to be noted that the efficacy of melatonin
against UVR depends highly on the time of its administration.
Photo-biologists after extensive research have concluded that
melatonin is more effective when administered before the
onset/irradiance of UVR than when applied after the UVR has
been irradiated [33]. This explains that melatonin needs to be in
the milieu of UV incidence in a higher concentration than
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physiological levels to exert its beneficial properties. Melatonin
when administered at concentrations of 10-3 and 10-4 M
elicited beneficial and protective properties in UV irradiated
epidermal keratinocytes [34]. As discussed earlier melatonin is
short-lived and is metabolized rapidly. However, the metabolites
of melatonin also show protective property against UVR.
Reports have shown that UVB irradiation induced significant free
radical generation in epidermal keratinocytes which got reverted
by the metabolites of melatonin [35,36]. The most recent
discovery in the field of cutaneous photo-biology is the existence
of an orchestrated defense system depicted as the Melatonergic
Anti-oxidative System (MAS) which provides protection from
different biotic and abiotic stressors [37]. The MAS is attributed
not only to the superficial epidermal tissue but the underlying
dermal gland and hair follicles since UVA has deepest
penetrative power to affect these sub-dermal structures.

Therefore, the application of melatonin as formulation or
supplement would definitely provide significant protection
against UVR. The mode of administration of melatonin best
suited for ameliorating UVR mediated anomalies is in the form
of topical dermal formulations. The low molecular weight and
short plasma half-life of this hormone makes it a suitable
compound to be incorporated in such formulations against UV
radiation [38,39]. The topical application of melatonin builds a
depot in the stratum corneum region of the upper epidermis
and is gradually released into the dermis and blood vessels
where it can exert its biological actions [40]. The anti-apoptotic
actions of melatonin also involve the preservation of
mitochondrial membrane integrity and thereby inhibiting the UV
radiation induced cellular apoptosis [2]. Cumulatively all these
extensive studies definitely aim at considering melatonin as a
target molecule to counteract the deleterious effects of UVR.

Conclusion

The sole source of light and energy also exhibit damaging
effects of great concern for mankind. The extent of urbanization
is inevitable and so is the risk of getting exposed to UVRs.
Moreover, the practices of artificially getting tanned have also
become a significant priority further summing up the risks of
greater damaging consequences. The commercial applications
do have benefits against the UVR but the physiological effects
are still significantly prevalent as statistical data reveals
increasing incidences of skin carcinomas. Thus, it is high time
that melatonin should be incorporated in dermal formulations
owing to its multi-faceted physiological functions in providing
protection not only against the oxidative potency of UVR but
also against the tumorigenic and inflammatory responses
triggered by UVRs. Although further extensive research needs to
be performed before prescribing melatonin as a drug against
UVR, yet it is the future prognostic molecule which would be of
great use to mankind to delineate the detrimental damages
induced by UVR.
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