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Abstract: Free radicals are unstable chemical species, highly reactive, being formed by cellular entities of different tissues.
Increased production of these species without proper effective action of endogenous and exogenous antioxidant systems,
generates a condition of oxidative stress, potentially provider of skin disorders that extend from functional impairments (skin
cancer, dermatitis, chronic and acute inflammatory processes) even aesthetic character, with the destruction of structural
proteins and cellular changes with the appearance of stains, marks and lines of expressions and other signs inherent to the
intrinsic and extrinsic skin aging process. The antioxidants are chemical substances commonly used in clinical practice for
topical application and may contribute in the fight against the radical species responsible for many skin damage. This paper
summarized the main evidence of the benefits brought by the topical application of antioxidants in the skin, considering
the amplitude of the indicative performance of antioxidant activity by in vitro and ex-vivo tests as well as in vivo tests. It is
recognized that a breadth of product performance tests should be explored to truly identify the effectiveness of antioxidant

products for an anti-aging effect.
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INTRODUCTION

The skin is the largest organ of human body, responsible to
cover its entire surface, and has the main function of separating and
protecting the inner part of the body from the external environment,
in addition to receiving sensory stimulus, helping to regulate the
body temperature and excreting undesirable substances.”

The changes that occur in the skin over time are much more
related to the interaction of the skin with the environment than to
genetic predisposition.”” Therefore, in humans, it can be said that the
skin aging is related to personal lifestyle.""* It is known, for exam-
ple, that smoking or excessive exposure to solar radiation and low air
humidity causes the appearance of wrinkles. In addition, poor diet
and excess alcohol intake, as well as some diseases such as diabetes
mellitus, significantly accelerate the premature aging of the skin.™***

In the fight against time, people need to arm against two
independent processes that accelerate skin aging: chronological or
intrinsic, and environmental or extrinsic. In the first, chronological
aging signs usually appear around 30 years when the cell renewal
work becomes slower and hormone production undergoes changes
that reflect directly on the skin.™8

Extrinsic agents are the result of exposure to external ele-
ments, especially to UV radiation without protection, that affects
the rate of normal skin aging through the formation of free radicals,
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which attack the skin structures destroying the collagen and elastic
fibers, impairing hydration, with consequences such as: dyschro-
mias, changes in skin relief and wrinkles.! 15171920

The causal relation observed between oxidative stress and
various degenerative processes have aroused the interest for the op-
eration of various antioxidants for application to the skin.

Antioxidants are compounds that inhibit or block the pro-
cess of formation of free radicals. They must exhibit a redox poten-
tial lower than that of the compound that they want to protect, i.e.,
they must be oxidized first than the protected agent.”*

The use of antioxidants can also be considered important
for maintaining the stability of the formulations. The fragrance and
color of a cosmetic product are decisive factors in the product ac-
ceptance by consumers. Thus, the protection of lipid oxidation is
important, since many products have limited shelf life due to oxi-
dation of the excipients, which may result in alteration of their fra-
grance and color, for example.!

The most common type of oxidation is the lipid, which
can occur in oils and fats. Therefore, oils and fats, using catalysts,
are transformed into free radicals, which by action of O, are trans-
formed into peroxides, hydroperoxides, generating breakdown
products (rancidity).?
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Interestingly, lipid oxidation cannot be avoided or stopped
completely. It can be reduced, such to achieve a significant increase
in stability and useful life of the final product. Thus, some antioxi-
dants are used in the formulation to protect the product, while oth-
ers are used to protect the application site such as skin, scalp and
mucous membranes.?*

In addition, many formulations studies have shown phys-
ical instability due to the precipitation of chemical entities when
antioxidant-rich extracts are incorporated into vehicles. This obser-
vation is often justified by the low solubility of polyphenolic com-
pounds (antioxidants compounds) in water, being recommended its
incorporation in vehicles provided with surfactants.>?

According to these assumptions, the use of emulsified for-
mulations proves to be an interesting strategy to ensure the effec-
tive performance of antioxidant products for topical use. It is also
interesting to note that the location of the antioxidant compound at
different phases of the emulsified system may influence the antiox-
idant performance for different application substrates (skin, scalp).
This premise reflects what it is conceived as “Polar Paradox”.”” Ac-
cording to this view, antioxidant compounds of non-polar charac-
ter has its optimal activity in emulsions whose continuous phase is
aqueous because this way the antioxidant is more likely to migrate
to the site of application.?

The rheological and physical stability of emulsions can also
be influenced by the presence of antioxidant components from the
class of phenolic compounds. The mechanism by which this event
occurs is not fully elucidated, however, for many formulations is
perceived a reduction in system viscosity, reducing its stability.
Some authors suggest that the interaction of phenolic compounds
with ionic surfactants (Sodium Sulfate Lauryl), through non-cova-
lent bonds, is responsible for the instability of emulsion.?”

Punctually, some antioxidants may interfere directly in the
surface tension between the immiscible phases. Catechins, querce-
tin, gallic acid and antioxidants are examples of compounds capa-
ble of reducing the surface tension of the internal phase droplets of
the emulsified formulation. Therefore, such properties will reflect
the variation of the system droplet size. In this same scenario, rutin
is also reported as an agent capable of promoting the stability of
the emulsified medium. This compound shows to be able to adsorb
the O / W interface acting as a system stabilizer. This phenomenon,
however, seems to be pH dependent, according to Di Mattia ef al.
(2010).%

Finally, it is reported that many antioxidants have been en-
capsulated in solid entrainment systems (nano and microparticles).
In these systems, these actives have solubility properties optimized
for the hydrophilic medium, as well as longer preservation of their
potential neutralization radical, contributing to longer shelf life of
the formulations.

CUTANEOUS ANTIOXIDANT SYSTEMS AND FREE RADI-
CALS

The human body has endogenous defense mechanisms
against free radicals, such as enzymatic and non-enzymatic mech-
anisms of antioxidant activity. Among the enzymatic mechanisms
stand out systems superoxide dismutase, catalase, and glutathione
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peroxidase and from the non-enzymatic there is a large number of
compounds synthesized in vivo or obtained exogenously. Among
the substances that cause endogenous stress some hormones, such
as estradiol and estrogen, have antioxidant activity similar to vita-
min E, probably due to its phenolic portion common to both mole-
cules and melatonin.

Lipoic acid is also highlighted by being an essential cofac-
tor in many enzyme complexes, having antioxidant activity and
serving as regenerating oxidized forms of glutathione, ascorbate
and alpha-tocopherol; as well as melanin, a pigment formed by ox-
idation and polymerization of tyrosine with protective role against
UV radiation. However, as part of the natural aging process, there
is a reduction of endogenous defense mechanisms, while there is
increased production of reactive oxygen species, resulting in accel-
erated aging of the skin, i.e., there is an imbalance in the skin redox
system, favoring the excessive accumulation of oxidants.*-%

Thus, the topical application of antioxidants may represent
an attractive strategy for skin protection against oxidative stress
caused by different agents. After all, it is intuitive that the topical
application of antioxidants can neutralize the free radicals gener-
ated in this process, leading to the reduction or prevention of the
signs of skin aging and damage caused by ultraviolet radiation and
erythema due to inflammation (e.g., post-treatment with chemical
or laser peels).*

It defines that free radicals are atoms or molecules that have
unpaired electrons in its last electronic layer. These agents are ex-
tremely reactive and have short-lives, as they react in the proper
medium in which are generated. Contrary to popular belief, other
reactive molecules such as molecular oxygen, singlet oxygen and
hydrogen peroxide are not considered free radicals, but are capable
of initiating oxidative reactions and generate free radicals. Together,
these species are termed reactive oxygen species (ROS). ROS are in-
herent in the human metabolism. In addition to the reactive oxygen
species, there are the reactive nitrogen species (RNS).5#

Many are the ROS formed in the body, being that in the skin
there is formation of large amounts of hydroxyl radicals, superox-
ide, peroxyl, singlet oxygen and hydrogen peroxide and organic.

The main damage of these reactive species (free radicals) is
caused by their reaction with other radicals, with indirect iron-sulfur
proteins grouping and by inducing the formation of hydroxyl, by
reaction with transition metals such as iron and copper. Hydrogen
peroxide is little reactive by itself, but is able to cross membranes
and react with transition metals to form the hydroxyl radical. Such
a reaction is known as Fenton reaction.®*#!

The hydroxyl radical is the ROS that causes more deleteri-
ous effects on the body. Due to its extremely short half-life, it can
hardly be captured in vivo. This radical can attack other molecules
for capturing hydrogen, react with compounds by adding or trans-
ferring its electrons.’” !

Genetic alterations caused by UV exposure involve not only
the direct absorption of energy by the DNA molecule, but also the
generation of hydroxyl radical from a water molecule. The hydroxyl
radical reacts readily with DNA, causing mutations that may induce
cancer.®¥

It is known that proteins, lipids and DNA molecules are the
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most exposed to oxidative damage. This damage can interfere with
their normal function and lead to several pathological processes,
such as inflammation and cancer. In proteins, amino acids such as
proline, histidine, arginine and cysteine are particularly important
because they are susceptible to attack by hydroxyl radicals and ox-
idative damage. It is known that in this scenario, the oxidation of
amino acid residues can lead to fragmentation of the protein, aggre-
gation, and proteolytic digestion. These changes in protein structure
do not undergo repair mechanisms, requiring the synthesis of new
proteins to replace the damaged. When ROS attack the special class
of proteins, enzymes, occurs inactivation of their functions.**

When oxidation has as main target the biological mem-
branes it settles the phenomenon of lipid peroxidation, also called
lipid peroxidation. In this process the ROS attack the double bonds
of polyunsaturated fatty acids, responsible for membrane fluidity,
causing changes in its constitution and selectivity.*>*

Other biological material passively susceptible to the attack
of ROS is the nucleic acids. Unlike proteins, when the nucleic bases
are attacked by ROS, they can be repaired by complex mechanisms.
However, in spite of this possibility of repair, permanent modifi-
cations of the genetic material may occur, leading to mutagenesis,
carcinogenesis and aging.*4445

Despite these disastrous effects on cell structures produced
by ROS is important to say that when these species are at moderate
levels, they undoubtedly produce beneficial effects by promoting the
induction of cellular responses against infectious microorganisms
and the mitotic response. Therefore, there is a balance between bene-
ficial and harmful effects of free radicals, which is important for hu-
man beings. Several factors are involved in this balance, including
elements that promote the prevention, repair, physical defense and
antioxidant activity. Thus, it is important to recognize the importance
of this balance and understand their involvement in skin aging.*454

CUTANEOUS REDOX-SYSTEM, SKIN AND AGING

Few tissues are subject to as much oxidative stress as the
skin, mainly by sun exposure and pollution. At the expense of en-
vironmental conditions, due to changes in the environment, with
great exposure to radiation partially produced by the destruction
of the ozone layer and the high levels of pollution, the body has a
high demand for antioxidants. The skin is exposed to ROS endog-
enous and exogenous sources. Therefore, as mentioned above, the
redox balance of the skin tissue is promoted through preventive
mechanisms of repair, and the physical defenses of the antioxidant
System_34,38,47

When the skin is exposed to free radicals, to maintain the
natural balance of the tissue, it reduces the production of reactive
species by suppressing the enzyme activity, which indirectly gen-
erates oxygen metabolites. Other molecules aid in the physical
protection of the skin, by increasing the stability of membrane, or
by molecules that hindering ROS reach their biological targets. An-
other defense mechanism is the reference molecules. Through the
DNA repair mechanism, enzymes may recognize a damaged base,
remove it and incorporate a new base. However, the most important
defense mechanism is the antioxidant system consisting of enzymes
and other non-enzymatic substances.*

369

Studies show that the skin tissue has a varied antioxidant
system, ensuring protection against various oxidizing substances.
The epidermis and dermis have this defense system, though levels
in the epidermis are higher. The main skin antioxidants molecules
are ascorbic acid, a-tocopherol, glutathione and ubiquinol distribut-
ed in different quantities and cell compartments. The low molecular
weight antioxidants act in several ways on the skin tissue, either by
chelating metallic ions or by direct neutralization of free radicals.?

For example, when a reactive species is generated in a li-
pophilic structure and is reduced by a-tocopherol, the regeneration
of oxidized a-tocopherol by ubiquinol or by ascorbic acid occurs.
The dehidroascobato is reduced by glutathione, which in turn is
reduced by NAD (P) H. This balance is critical so the antioxidant
system works properly. 4

Aging is a series of irreversible and inevitable physiological
changes, accompanied with a change in the normal functioning of
the body. Intrinsic aging is characterized by decreased functional
capacity, increased susceptibility to certain diseases and environ-
mental stresses and is suffered by all tissues. The most noticeable
changes in the skin are flaccidity, fine lines, deepening of wrinkles
and dryness.*

On the other hand, the so-called extrinsic aging is the result
of action of many environmental factors such as chronic sun expo-
sure and pollution. The appearance on the skin may vary between
individuals, and is dependent on the level of melanization, of the
individual predisposition, frequency and duration of UV exposure
throughout life. As a result, there is thickening and drying of skin,
formation of deep wrinkles, melanoses, telangiectasias and other
benign lesions, premalignant and malignant. It is interesting to note
that while intrinsic aging is perceived in the area with some expo-
sure to radiation, the extrinsic is evidently highly exposed, such as
the face, neck, arms, forearms and hands.**

Several studies identify that exposure to sun and extrinsic
aging, also called photoaging, increases the risk of cancer develop-
ment. The sensitivity to sunlight is dependent on skin pigmentation,
i.e. individuals with high pigmentation are generally less sensitive
than those with clearer skin.”"*

It is known that excessive exposure to sunlight and sunburn
leads to the emergence of acute injury to the skin. The first obvi-
ous answer is inflammation characterized by erythema, edema and
blisters, in more severe cases. Erythema is characterized by vasodi-
lation with infiltration in epidermis and dermis of various inflam-
matory cells such as mastocytes, neutrophils, monocytes and lym-
phocytes. It also occurs depletion of Langerhans cells that causes a
state of immunosuppression.®>*'*

UV radiation may be comprised of three bands, according
to its propagation characteristics and biological effect. Thus, there
is UVC radiation (100-290nm), which hardly reaches the Earth’s
surface because it is filtered by the ozone layer; UVB (290-320nm),
which has high energy and is responsible for the immediate effects
of solar radiation; and UVA (320-400), which induces several cellular
changes, with fibroblasts and melanocytes being very susceptible.®

It is proven that UV radiation is associated with the onset
of skin cancer that is more common among clear skin populations.
Three types are associated with sun exposure: basal cell carcinoma
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(BCC), squamous cell carcinoma (SCC) and cutaneous melanoma
(CM). BCC and SCC are the result of malignant transformation of
keratinocytes, melanocytes and melanoma.”

UVB radiation is the most related to the development of
SCC. DNA absorbs UVB radiation, leading to multiplication in the
transcription of the DNA chains. UVB radiation is responsible for
tumor initiation, while UVA generates tumor promotion. Compared
to UVB, UVA generates more oxidative stress, being mainly respon-
sible for lipid peroxidation. In addition to causing changes in DNA,
UVA radiation is also able to inhibit DNA repair. UVA radiation also
affects deeper layers of the skin, while UVB radiation reaches only
the epidermis.®#

Direct damages, or damages mediated by ROS, which occur
in DNA, trigger cellular responses such as activation of the repair
system and enzymes that control the cell cycle. These intermediates
and their metabolites may react with cell electrolytes, some of which
initiate a cellular signaling process, modifying the gene expression.
Regardless of the DNA damage, the imbalance in redox caused by
UV radiation can lead to apoptosis mechanism.”

The substances capable of absorbing UV radiation are called
chromophores and they trigger photochemical reactions. There are
several chromophores in skin tissue, such as DNA, melanin and
trans-urocanic acid. Most of the radiation absorption by the chro-
mophore occurs at wavelengths shorter than 290nm; this condition
may be aggravated due to the increasing destruction of the ozone
layer, which filters almost all UVC radiation. The trans-urocanic
acid is one of the breakdown products of filaggrin present in high
concentrations in the skin. The absorption of radiation by trans-uro-
canic acid molecule causes the formation of singlet oxygen that can
attack cell membranes and generate other ROS.%

Some studies show increased expression of nitric oxide syn-
thase exposed to UVB radiation, resulting in excessive formation of
nitric oxide, which stimulates melanocytes to produce melanin. In
addition, nitric oxide can also react with superoxide to form per-
oxynitrite anion, which is highly reactive.®

Ultraviolet radiation induces expression of a number of
metalloproteinases (MMP). These enzymes are capable of degrad-
ing the collagen structures. Inhibition of procollagen synthesis also
occurs, probably via mechanism associated with collagen degrada-
tion. Thus, pro-collagen I protein levels are decreased whereas the
activity of MMP-1 and MMP-2 are increased in skin exposed to radi-
ation, compared with unexposed skin. Such changes possibly occur
due to induction of transcription factor activation protein, which is
activated by protein-kinases. NF-kB transcription factor is also ac-
tivated by UV radiation. This factor is an agent that is activated by
oxidative stress and acts stimulating multiple genes related to the
pro-inflammatory response.?>5

Montagner and Costa (2009)* describe that the reactive ox-
ygen products, formed by ultraviolet radiation, lead to increase of
collagen degradation and decreased of collagen synthesis. Figure 1
illustrates the molecular responses to solar aggression.

So, the theory that free radicals are involved in skin aging
process has been studied. The accumulation of oxidative reactions
products may be involved in the aging process. Many enzymes are
activated when the skin is exposed to UV radiation, indirectly lead-
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ing to the production of ROS, which generate oxidative stress. The
quantification of antioxidant molecules demonstrated a decrease
of these molecules in aged skin, suggesting the occurrence of a de-
crease in the antioxidant system.

Thus, the topical application of antioxidants has been pre-
scribed in dermatology clinics and has been desired in cosmetic
formulations. However, for topical administration of antioxidants
to be effective in the prevention and elimination of free radicals it
is critical to ensure the stability of the final formulation, since the
antioxidant, in most cases, are very unstable and may be oxidized
easily, becoming inactive before reaching the site of action. In addi-
tion, antioxidants must be properly absorbed through the skin to
reach deeper layers of the tissue in the active form and remain there
long enough to provide the desired effects.®

Thereby, obtaining formulation added with stable antioxi-
dant, with adequate skin permeation, may cause protection against
free radicals and may help grow old with an aesthetically better and
healthier skin, resulting in a higher self-esteem and consequently
better quality of life with over the years. In addition, the pharma-
ceutical, in particular dermatological area, has sought constantly
antioxidants to be topically applied for the prevention and treat-
ment of a variety of skin problems, especially those caused by UV
radiation in short and long term, such as skin cancer. Natural anti-
oxidants are promising in the prevention of skin cancer, as many
have shown their anticarcinogenic and antimutagenic effects and
low toxicity. Therefore, the use of antioxidants, orally or topically,
may help endogenous systems of skin protection, and contribute to
preventing problems in the long term.%5¢57

The growing interest in natural antioxidants from plant ex-
tracts is due to its low toxicity compared with synthetic.”® Synthetic
compounds such as BHT (butylated hydroxytoluene) and BHA (bu-
tylated hydroxyanisole) are effective antioxidants and used in medi-
cines, cosmetics and even food, but may exhibit mutagenic activity.*

Denham Harman, cited for Wickens, postulated that the ag-
ing was related to the formation of free radicals induced by the ir-
radiation in humans. According to this premise, free radicals would
be responsible for causing small cell damage that culminated in
skin aging. The radical species from different sources (exposure to
radiation, chemical inducers, physical injuries) are responsible for
causing damage to the DNA and the protein glycation. This latter
process is responsible for promoting the loss of the biological func-
tion of major structural proteins such as collagen and proteoglycans,
contributing to increased skin sagging.®! The Figure 2 illustrates the
factors involved with skin aging and oxidative stress.

Free radicals can originate from endogenous sources such
as mitochondrial oxidation reactions, phagocytosis during the pro-
cess of inflammation, and through the activation of arachidonic acid
metabolism. As exogenous sources of free radicals, we can mention
the UV radiation, especially UVA, exposure to pesticides, pollution,
cigarette smoke and antitumor drugs.® ¢

Endogenously, the oxygen molecule is the primary source
of free radicals. Oxygen participates in the transport chain of elec-
trons in the mitochondria, being reduced by cytochrome oxidase
in water and causing the oxidation of NADH to NAD + molecule,
culminating in the formation of ATP. It is known that in the com-
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plete reduction of one molecule of oxygen, about 1% to 2% of the
electrons are dissipated during transport in the mitochondrial cris-
tae, leading to the formation of superoxide and, consequently, other
reactive species such as hydrogen peroxide (H202) and hydroxyl
radicals (OH). ¢-¢*

It is interesting to mention that mitochondrial dysfunctions
characterized by enzyme deficiency is responsible for producing ex-
cessive amounts of free radicals in the cytoplasm and nucleus and
expose the structural components to oxidative stress. This oxidative
stress cellular energy machinery with their lipid constitution is the
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Ficure 1: ROS generation by UVA radiation, producing, in the last
instance, the photoaging
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most susceptible to free radical attack, with progressive reduction of
cellular energy production capacity. The energy depletion leads to
tissue degeneration.®

Other enzymatic processes responsible for radical produc-
tion are: conversion of xanthine to uric acid by xanthine oxidase,
producing nitric oxide by the enzyme nitric oxide synthase directly
to the skin. Injury as ischemic processes and post-ischemic also gen-
erates an oxidative stress condition.®

In the inflammatory processes the radical species come
mainly from neutrophils, eosinophils and macrophages that release
O,, converging in the formation of H,O,.**

Photoaging is primarily responsible for skin aging. UVA
and UVB radiation interact with intracellular chromophores and
photosensitizing agents, generating oxidative stress and transient
genetic alterations.®

Cell membranes are the main cellular constituents suscep-
tible to oxidation procedure being established, which is known as
lipid peroxidation. Amino acid residues are highly susceptible to
free radical attack. In addition, DNA also possesses a highly reactive
structure with the radical species.®%

USE OF ANTIOXIDANTS PRODUCTS: A BENEFICIAL
SEARCH FOR THE SKIN

Phenolic compounds are formed in the secondary metab-
olism of plants and have defense functions against pest attack. In
animals and humans it has been observed that they are capable of
reacting with free radicals to form stable chemical species.”” This
power of neutralizing the radical structures is due to its chemical
structure, which has hydroxyl groups and aromatic rings, in the
simplest forms, or polymers that confer antioxidant power. Chem-
ically, the phenolic compounds are defined as substances that have
aromatic rings with one or more hydroxyl substituents, including its
functional groups. They have variable structure and thus are multi-
functional. There are about five thousand phenols, among which we
highlight the flavonoids, phenolic acids, simple phenols, coumarins,
tannins, lignins and tocopherols. Such compounds can be natural or
synthetic. When present in vegetables they can be free or complexed
forms as sugars and proteins.5¢

Monteiro e Silva & Leonardi (2013)* found that gallic acid
as well as the association of gallic acid, ferulic and caffeic is inter-
esting compounds to be used in topical formulations, showing good
antioxidant capacity in vitro and good stability in the formulation.

Besides these features, numerous in vitro and in vivo tests
are extensively exploited, characterizing the potential of antioxi-
dants and the products provided of these compounds in order to
ensure the delivery of numerous benefits to skin.

POTENTIAL BENEFITS FOR SKIN PROVEN BY IN VITRO
TESTS

In an investigational study, Thring et al. (2011) ® demon-
strated the antioxidant potential associated with anti-collagenase
and anti-elastase activity of 21 plant extracts, showing correlation
between the antioxidant power and enzyme inhibitory activity. In
this same investigational line Lee et al. (2001) ”° demonstrated by in
vitro assays, inhibitory action of elastase and hyaluronidase, rein-
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forcing potential application of this vegetable resource for anti-ag-
ing purposes.

Thus, plant extracts provided with phenolic compounds
demonstrate the ability to promote the enzymatic inhibition of spe-
cific proteinases such as collagenase and elastase. These, in turn,
when activated, are responsible for promoting the degradation of
important structural fibers, such as collagen and elastin. It is worth
noting that the accumulation of free radicals in the skin is consid-
ered an inducing agent for collagenase (MMP-1) and elastase ex-
pression, accelerating dermal disruption early.*

Test with cell culture of human fibroblasts showed anti-elas-
tase and anti-collagenase action, being the substances such as flo-
retin, 3-hydro-floretin and quercetin, the main responsible for the
potential benefit. Kim et al. (2013)" in their study concluded that
aldehydes polycondensates of catechins are most effective for inhib-
iting metalloproteinases (collagenase and elastase) that the mono-
mers of the same chemical specimen. Such substances are present in
plant extracts like green tea (Cammelia sinensis) and uva ursi (Arcto-
staphylos uva-ursi).

Stevanato (2014)”> demonstrated photoprotective effect of
polyphenolic compounds. In his work, the author lists variable rates
of protection, with SPF 2-30. These findings reinforce the viability of
consideration of use of ingredients rich in these substances to ensure
photoprotective action of topical products.

Ruszova et al. (2013)7 showed, by in vitro assays, beneficial
effect of Epilobium angustifolium extract, after exposure, through
downregulation of expression of MMP-1 genes and MMP-3 (colla-
genases) and hyaluronidase-2. Considering keratinocytes cell lines
it is possible to recognize the properties of antioxidants in reducing
the formation of free radicals after UVB radiation or induced by hy-
drogen peroxide in cell cultures (HaCat). Furthermore, the phenolic
extracts also show the potential protective action of cellular nucleus,
by minimizing the formation of cyclobutane pyrimidine dimers, as
well as reducing cellular apoptosis.

Extracts rich in flavonoids and anthocyanins had their pro-
tective cellular action recognized against oxidative stress chemically
induced in fibroblasts culture. The authors demonstrate that prior
treatment of dermal fibroblasts with vegetable extracts rich in anti-
oxidants is responsible for reducing the amount of free radicals and
lipid peroxidation and DNA damage.”

CONVENTIONAL IN VITRO TESTS

The antioxidant activity can be evaluated by different meth-
odologies. The DPPH radical is widely used to evaluate the ability
of sequestering substances used in cosmetic and pharmaceutical
formulations. This method is based on the reduction of alcoholic
solutions of DPPH radical in the presence of a hydrogen donor an-
tioxidant. It also allows lipophilic and hydrophilic test substances,
i.e. independent of the polarity of substrate. However, there are an-
tioxidants which react with the particular form DPPH * resulting
in a different kinetics. We can cite compounds which react slowly,
such as BHT and BHA, the compounds of the rapid kinetics, which
take a few seconds, such as ascorbic acid and isogenol, and the in-
termediate kinetics, with reactions between 5 and 30 minutes, such
as a- tocopherol and rosmarinic acid.”
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An example of another method used to evaluate the anti-
oxidant activity of substances is the method of f-carotene, which is
based on the loss of yellow color of f-carotene due to the attack of
radicals formed by oxidation of linoleic acid in emulsion. The an-
tioxidant activity by this method may be particularly useful in the
investigation of lipophilic antioxidants such as essential oils. On the
other hand, if the polar compounds are tested only by the $-carotene
method can have the risk of underestimate the antioxidant activity
of these compounds. Thus, the use of other methods is needed, such
as the DPPH that is independent of the polarity of the substrate.”

Other methods based on the use of radical species and dif-
ferent reaction media are described in the literature, such as ABTS,
ORAC (Absorption Capacity of Oxygen Radicals using Fluorescein
as a Fluorescent Marker), FRAP (Total Antioxidant Activity in Ferric
Reducing Antioxidant Power) and the CUPRAC assay.”>”® The use
of multiple in vitro assays allows having antioxidant activity spec-
trum of a particular compound. Therefore, currently the description
of the antioxidant potential of compounds through the use of a
greater variety of in vitro assays is recommended.

POTENTIAL BENEFITS FOR SKIN PROVEN BY IN VIVO TESTS

There were many studies that identify, through in vitro
methodologies, the potential benefits of antioxidants for skin, how-
ever, there is little data reporting to its functions in experimental
models contemplatives of methodologies in vivo.

Regarding animal models, Sevin et al. (2007)” show pro-
tective effect against damage caused by UVA radiation when for-
mulation provided of vegetable extracts enriched of polyphenolic
compounds was administered to rats. Kitagawa et al. (2011)* also
demonstrated preventive potential against erythematous process
when formulation provided of antioxidant compounds was applied
topically.

In experimental models with humans, Martorana et al.
(2013)% identified potential anti-erythematous of pistachio extract
(Pistachio Nut). Ruszova et al. (2013)” have shown photoprotective
action, in vivo, employing formulation provided of E. angustifolium
extract.

Clinical trial with 15 volunteers was conducted aiming to
recognize the photoprotective property consisting of resveratrol
formulation. In this model, Li et al. (2009)® demonstrated potential
protective effect against repeated exposure to UV radiation.

Gianete, Mercurio and Campos (2013)* evaluated anti-ag-
ing effect of cosmetic preparations provided of green tea on a panel
of 24 volunteers treated for up to 30 days. The authors showed im-
provement in parameters of hydration and micro-relief of the skin
with improvement of the roughness and a gain of skin elasticity.

Investigations related to oral use associated with topical
application of products provided extracts rich in antioxidants also
present interesting results in biometric and histological tests. Chiu et
al (2005)* assessed, in a clinical study, the effect of oral supplemen-
tation associated with topical products constituted of polyphenolic
compounds, in a panel consisting of 40 volunteers. The results in-
dicated improvement of tensile property of the skin and anti-aging
action.
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Clinical trials with oral supplements enriched with poly-

phenolic compounds show beneficial effect of this practice with

decrease of wrinkle, increased of hydration and elasticity of skin.®5¢

The use of delivery systems, such as beta-cyclodextrins, to

promote the increase of active permeation also proved to be an in-

teresting strategy when the subject is the anti-aging benefit. Moya-

no-Mendes et al. (2014)* have shown potential anti-aging effect of

this system demonstrating the increase of skin elasticity. 1
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