CHAPTER 5

ANTIOXIDANTS IN DERMATOLOGY

OXIDANTS AND ANTIOXIDANTS

Reactive oxygen species: Oxygen free radicals or, more
generally, reactive oxygen species (ROS), as well as
reactive nitrogen species (RNS), are products of normal
cellular metabolism continuously produced in all
aerobic organisms, mostly as a consequence of aerobic
respiration.' Reactive oxygen species belong to the class
of free radicals derived from oxygen and are highly
reactive oxidizing agents such as superoxide (O,) anion,
hydrogen peroxide (H,O,), the very reactive hydroxyl
(OH), peroxyl (ROO) radicals and can also be taken
to cover nitric oxide-derived reactive molecules such
as nitric oxide (NO) and peroxynitrite anion (ONOO).
A free radical contains one or more unpaired electrons
ready to be shared by other molecules, and this makes
them very reactive. These different metabolites called
ROS are either free radicals (with an unpaired electron
in their outer orbital sphere) (O,, OH) or nonradi-
cal [H,O,, singlet oxygen ('O,)].” Free radicals and
other ROS are derived either from normal essential
metabolic processes in the human body or from
external sources such as exposure to ionizing radiation,
ozone, cigarette smoking, air pollutants, herbicides,
pesticides, fried foods, and other industrial chemicals.?
Free radical formation occurs continuously in the cells
as a consequence of both enzymatic and non enzymatic
reactions. Enzymatic reactions, which serve as source
of free radicals, include those involved in cellular res-
piration chain, in phagocytosis (NADPH oxidase, my-
eloperoxidases), in prostaglandin synthesis, and in the
cytochrome P-450 system.! Electron transport chain
is the major site of oxidative stress cause of premature
electron leakage to oxygen generating superoxide.
Superoxide released by oxidative phosphorylation is
first converted to hydrogen peroxide and then further
reduced to give water. This detoxification pathway is the
result of multiple enzymes, with superoxide dismutases
catalyzing the first step and then catalases and various
peroxidases removing hydrogen peroxide.®

ROS and RNS are well recognised for playing a dual role
as both deleterious and beneficial species, since they
can be either harmful or beneficial to living systems.’
Beneficial effects of ROS occur at low/moderate con-
centrations and exert essential intracellular functions,
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as second messengers, gene regulators, and mediators
for cell activation (kinases and transcription factors).
They also play a key role in our body’s defense against
infectious organisms. Besides, ROS are modulators
of cell death, whether apoptosis or necrosis.® The
harmful effect of free radicals causing potential biolog-
ical damage is termed oxidative stress and nitrosative
stress.”® Oxidative stress occurs in biological systems
when there is an overproduction of ROS/RNS on one
side and a deficiency of enzymatic and non-enzymatic
antioxidants on the other. In other words, it is defined
by an imbalance between ROS and antioxidants, ROS
being in excess.’

Antioxidants: Living organisms have a control
mechanism to keep ROS in balance. Antioxidants, in
general, are compounds and reactions that scavenge
and/or suppress the formation of ROS, or oppose their
actions? Antioxidant and other cell redox state mod-
ulating enzyme systems act as the first-line defense
against ROS in all cellular compartments and also
extracellularly. Their relative importance depends
upon which ROS are generated, how and where they
are generated, and which target of damage is consid-
ered. Our body defends itself from these phenomena
via endogenous antioxidants. Defense mechanisms
against free radical-induced oxidative stress involve:
(i) preventative mechanisms, (ii) repair mechanisms,
(iii) physical defences, and (iv) antioxidant defences.
Antioxidants act as radical scavenger, hydrogen donor,
electron donor, peroxide decomposer, singlet oxygen
quencher, enzyme inhibitor, synergist, and metal-che-
lating agents. Both enzymatic and nonenzymatic an-
tioxidants exist in the intracellular and extracellular
environment to detoxify ROS."” Enzymatic antioxidant
defenses include superoxide dismutase (SOD), gluta-
thione peroxidase (GPx) and catalase (CAT). Non-en-
zymatic antioxidants are represented by ascorbic acid
(Vitamin C), tocopherol (Vitamin E), glutathione
(GSH), carotenoids, flavonoids, and other antioxidants.
Under normal conditions, there is a balance between
both the activities and the intracellular levels of these
antioxidants."'*?
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Polyphenols such as green tea possess antioxidant,
antiinflammatory, immunomodulatory, anticarcino-
genic, proapoptotic, and photoprotective properties.
Naturally occurring polyphenols, such as green tea
polyphenols (GTPs), silymarin from milk thistle and
proanthocyanidins from grape seeds (GSPs), against
UV radiation-induced inflammation, oxidative stress,
DNA damage and suppression of immune responses.*
Various polyphenols have been reported to be photo-
protectors. Oral as well as topical application of green
tea polyphenols to mice protected in a time-depen-
dent manner against UV-induced cutaneous edema,
depletion of the epidermal antioxidant defense, and
cyclooxygenase induction.”

Resveratrol: Resveratrol (RES), a trihydroxy derivative
of stilbene (3,5,4-trihydroxystilbene), is a naturally
occurring polyphenolic phytoalexin antioxidant
present in grapes, berries, peanuts and red wine. Res-
veratrol and its chemical analogues have photopro-
tective, antioxidant, antiinflammatory, and anticar-
cinogenic capabilities. The introduction of resveratrol
in cell cultures and topical application in human skin
resulted in increased cell survival, decreased produc-
tion of reactive oxygen species, and diminished clinical
erythema after UV irradiation.””? Because resveratrol
has strong antioxidant properties, and oxidative stress
is believed to be a critical factor in a variety of cutaneous
conditions including skin cancers, a number of in vitro
and in vivo studies have been done to determine the
anti-proliferative effects as well as photo-protective
effects of resveratrol. Ndiaye et al demonstrated that the
topical application of skin with resveratrol (both pre-
and post- treatment) resulted in a highly significant in-
hibition in tumor incidence, and delay in the onset of
tumorigenesis in their recent study that they evaluated
the skin cancer chemopreventive effects of resveratrol
in a photocarcinogenesis model of skin cancer.”

Conclusions

Asitisknown, skin is the major target of oxidative stress
mostly due to ROS originating from both normal and
abnormal epidermal physiology as well as the environ-
ment. Endogenous and exogenous antioxidants such as
vitamin C and E, ubiquinone, superoxide dismutase,
glutathione, catalase, selenium, polyphenols and res-
veratrol reduce the harmful effects of ROS and mediate
molecular mechanism and the identification of distinct
ROS involved in a variety of dermatologic disorders.
Although it is still unknown the molecular mechanism
of the regulation of ROS-mediated signaling pathways,
antioxidant strategies have proven to be beneficial ther-
apeutics in dermatology. Finally, targeting oxidative
stress by using antioxidants may play a role in reduction
of dermatologic disorders.
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