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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ synopsis
It is increasingly evident that free radicals play a key role in determining the over-all well-being and
generai appearance of the skin. It is clear also that a stressful environment can cause an over-abundance of these reactive and potentially harmful species and that to mitigate the effects of such an excess, the natural defenses of the skin may not suffice and may have to be supplemented. An understanding of the nature of free radicals, how they are formed and the role they play in some key reactions such as lipid oxidation, has led to a multi-faceted approach to their contro!.
This includes topica! app lication of sun-screens, c helating agents, excited state quenchers and free
radical scavengers, etc .... To optimize the effecti veness of the various means of protection which are
available, attention must be paid to the presence or absence of synergists and trace metals, of the
stre ngth of the chelating agents and their concentrati ons. For instance the effecti veness of tocopherol is greatly e nhanced by ascorbic acid, that of BHA by citric acid. Ascorbic acid may act as a prooxidant but such an effect can be eliminated by a strong chelating agent such as EDTA.
The incorporation into cosmetic formulations of judiciously selected means of controlling the prolife ration of free radicals in the ski n is proving to be beneficiai both short and long term.

Riassunto
Vi sono ormai molti studi che pongono in rapporto diretto il ruolo chiave svolto dai radicali liberi nei riguardi dell'invecchiamento cutaneo. E' stato anche dimostrato come gli inquinanti ambientali rappresentino la forma primaria della formazione di tali radicali Liberi, che non possono essere totalmente neutralizzati dagli antiossidanti naturali prodotti dai sistemi biologici cutanei.
Tali antiossidanti debbono perciò essere supplementari con l'alimentazione. La comprensione sulla natura dei radicali liberi, sul come e sul perché della loro formazione e del ruolo che essi svolgono, ad esempio, nell'ossidazione dei lipidi, ha permesso la messa a punto di sostanze adatte alla loro neutralizzazione, quali i filtri solari, gli agenti chelanti, ecc... Per ottimizzare l'efficacia di tali sostanze ne deve
essere attentamente valutata la concentrazione, la tipologia e la presenza di sostanze che ne possano sinergizzare l'attività. Per esempio, l'attività del tocoferolo é notevolmente potenziata dalla presenza dell'acido ascorbico e quella del BHT dall 'acido citrico.
L'acido ascorbico può, però, agire anche come pro-ossidante ma tale attività può essere facilmente eliminata con l'aggiunta di un forte agente chelante, quale l' EDTA. L'inclusione nelle formulazioni cosmetiche di principi attivi attentamente selezionati per controllare a livello cutaneo la proliferazione dei
radicali liberi sembra, perciò, essere utile per apportare benefici effetti sia a breve che a lungo termine.
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radical, itself becomes a free radical. However
because of the c he mical structure of this radical,
its Ione electron is more highly delocalized and
hence it is less reactive. The increased !ife-time
makes it more susceptible to termina ti on and
also to the kind of synergism observed for instance between tocopherol and ascorbic ac id .
Thus the effecti veness of tocopherol as an inhibitor of peroxidatio n is enh anced because the
tocophery l free radical exists long eno ugh to
react with ascorbic ac id and be reduced by it
back to tocopherol.
Because of the high reacti vity of the more potent free rad icals suc h as the hydroxy l rad ical,
they react with al i synthetic or biologie mo lecules at d iffusio n controlled rates. Thus da mage
which they might cause will have occurred in
less than a nanosecond after their fo rmation. In
that time they will have diffused no more than
lOnm (3). To be effecti ve the scavenging reaction must therefore take piace within that cage
and in that time fra me. It is, therefore essential
that the scavenging molecule be present at the
required concentration dose to where the radical is produced . D amage due to free radi cals
may of course extend beyond the immediate vicinity of where they are produced (4). It is poss ible fo r example, for toxic aldehydes whic h
may be prod uced in lipid peroxidation to migrate to more di stant s ites where they can cause
oxidizing stress.
Accepta nce of an electron by molecular oxygen
results in the formation of a supe roxide a nion,
02 + e~o2
a species whi c h very rapi dl y converts either
spontaneously or enzymatically to hydrogen peroxide (H 20 2).
In the presence of transition metals (iron, copper, titanium) this hydrogen pe roxide undergoes
a Fenton-type reaction to gene rate the hi gh ly
reactive hydroxyl rad ical.
H2 0 2 + Fe2• ~ •OH + OH- + fe3+
Ferric ion produced in this reaction can be reduced back to the ferrous state
Fe3+ + Oi ~ Fe2+ + 0 2
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The coupling of these two reactions is the socalled metal catalyzed Haber-Weiss cycle. Thus
in a b iologica( environment which inevitably
contains iron, the relati vely innocuous superoxide ion is readily converted to the much more
lethal hydroxy l free radical. Hence it is important to block this catalytic effect of metals by
sui table sequestration. This almost certainly occ urs in biological syste ms, iron in heme, magnes i um in c hl orophyll a re examples of chelate
complexes. It may well be that OH• scavengers
such as mannitol, salicylate, thiourea, deoxyribose to some extent also operate by this mèchanism since they ali have metal-ion binding abili ty. Thus these compounds reduce the concentration of hydroxyl radical not so much by direct scavenging or re moval but by preventing
them fro m being formed via a metal catalyzed
reaction.
Whe n suppli ed w ith app ropri ate amounts of
energy (-36 kcal/mole), molecular oxygen in its
normai triple t ground state is raised to its excited singlet configuration through reversal of the
spin of one of its electrons.
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triplet

single t

S inglet oxygen is not a free radical since it no
longer has any unpaired electrons. It does however possess a n entirely empty orbitai. Hence it
reacts readily with most organic structures. T his
oxidation however is not a chain reaction as is
the case w hen free radicals are involved, a n
oxygen molec ule simply adds to a double bond
in a Diels-Alde r type reaction.
Lipid oxidation involving singlet oxygen can be
suppressed by suitable quenchers which can remove the excess e nergy the excited oxygen possesses and return to its less reactive ground state.
Que nc her mo lecu les suc h as xanthine, melanin, g uanosine, B-carotene to na me a few may
not necessarily also act as free radical scavengers although some like melanin and tocopherol do (5).
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What are chelating
or sequestering agents?
They are organic molecules which readily share
pairs of electron with transition metals such as
the ubiquitous iron and copper in biologica! systems to form co-ordination complexes. The nature of the ligands determines the kind of complex which is formed and how many co-ordinati on sites on the metal are occupied. The electro-static field due to the ligand interacts with
the d orbitals of the metal wh ic h are of equa!
energy in the gas phase and splits them so that
they now acquire different energies determined
by the intensity of the ligand field. In the case of
iron for example, the coordination complexes
can be either " low spin" in which al! the 6 electrons in the 3 d orbita] of iron are left paired or
they can be "high spin" in wh ich case only 2 of
these electrons are paired. Clearly with 4 unpaired electrons, a " high spin" complex will more
readily promote radical react ions such as the
conversion of hydrogen peroxide, a species of
limited chemical reactivity to the highly reactive and dangerous hydroxy l rad ical. Besides the
nature of the ligand, factors such as temperature
and concentration also determine the extent of
saturation of the co-ordination sites and whether
the chelator eventually acts as a promoter or an
inhibitor of oxidation.
Ethylenediamine tetraacetic ac id (EDTA), a
"high spin" chelator frequently used in cosme tic
preparations has 6 co-ordination sites with which to saturate the 6 sites on fe rrous iron. It is
therefore a powerful inhibitor of lipid peroxidation. Yet to be fully effective it stili has to be
present at a concentration at least I O times that
of the ferrous iron. If the co ncentratio n of
EDTA is substantially less than that of iron, it
acts as a pro-oxidant (6).
Vitamin C is also a "high spin" ligand but it has
only 2 co-ordination sites and is a reducer. The
result is tha t ascorbic acid promotes Fentontype oxidation. To counteract this effect i.e. for
it to be an oxidation inhibitor, it must be present

at concentrations at least two orders of magnitude greater than that of the fe rrous iron. More effecti ve sequestrati on of transition metal ions
(iron, copper, titanium) th an provided by the
ascorbate moiety is clearly essential if the antioxidant properties of ascorbic acid are to be fully realized. This of course, is important in cosmetics where iron compounds are freque ntl y
used as pigments.

Free radicals are involved
in photoaging
The widely accepted hypothesis to account fo r
the various effects of U.Y. Light postulates that
actinic radiation induces the formation of free
radicals in the skin where they may be nullified
by the skin's own anti-oxida nt defenses (7,8). If
however the dose of U. V. Light is high, these
natural defenses wi ll be overwhelmed and will
no longer suffice to maintain the concentration
leve! of these free radicals below a criticai threshold beyond which they will damage proteins,
lipids, etc. present in their immediate vicinity.
Two kinds of aging are now recognized: intrinsic and extrinsic (9, I 0)
lntrinsic aging refers to the changes which occur when an organism progresses in chronological age. Extrinsic or pre mature aging res ults
fro m exposure to extern al insult, more particularly U.Y. Light, whic h leads to actinic damage.
The difference between exposed and unexposed
skin is very obvious w hen examined on the
same individuai. Other, if somewhat Less evident changes, also occur. Collagen is significantly affécted by V.V. Light and by free radicals
(li). For instance there are fewer collagen bundles
and there is an increase in soluble collagen (12).
Aged skin is thinner, whereas photoaged skin is
coarse and pigmented. The melanin content and
hence of melanin radicals is increased. Over-exposure to V.V. Light also leads to the formation
of many long term changes in the ski n such as
wri nkles and loss of elasticity. These changes
may require many years of exposure to manifest
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themselves. It is the refore difficult to perform
systematic studies on huma ns. Fortunately according to L. Kligman ( 13) the hairless mouse
has been shown to be a relevant animai model
in the study of photoaging and can be considered a reliable guide to what happens on human
skin.

Beneficiai effects
of topically applied
free radical scavengers.
Prior application of tocopherol and scavenging
anti-oxidants such as ascorbic acid and propyl
gallate has been found to be effective in the preve ntion of chronic skin damage evaluated by
skin wri nkling and saggi ng and the presence of
tumors (14).
Kheltab et al (15). have shown that the increase
in the concentration of free radicals observed
fo llowing U.Y. irradiation could be prevented
by the topica! applicati on of 0.25 % vitamin E,
0.02% BHT, 0.2% ,B-carotene or 0.02% vitamin
A. In this study free radicals were detected as
th iobarbituric ac id react ing substance, TBARS.
Record et al.(16) assessed skin damage by thymidine incorporation into DNA and by li pid peroxidation. They found that such damage could
be sig nificantly reduced by the topica! application of 1o/o tocopherol I ho ur or even 24 hours
before irradiation.
Erythema induced by exposure to U.V. Iight is
significantly reduced by the topica) application
of anti-oxidants (17).
The concentration of anti-oxidant naturally present in skin, is found to be decreased on irradiation.This is to be expected since the natural defe nses of the skin have to cope with an increased
concentration of free radicals. As a result lipid
peroxidation is increased tremendously. Supple-
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mentation of the skin 's defenses with o-tocopherol prevents this damage.
Thus L. Packer and his associates (18) fo und a
50% reduction in the concentration of vitarnin E
and comple te depletion of ubiquinol in ski n irradiated with a dose of U.V. Iight equivalent to
about 5 hours of exposure to natural sunlight.
Concornitant with this decrease in the ski n oxidati ve defenses they observed a very Jarge increase in lipid perox idation. This sensiti ve
marker of damage to lipids, proteins and nucleic
acids clearly reveals that when the ski n's antioxidant system is destroyed or decreased, damage to important biomolecules can occur. Even a
single dose can overwhelm the skin 's anti-oxidant defenses and cause significant damage but
this can be prevented by suppleme ntation with
anti-oxidant ei ther systemically or by topica!
application.
Taking the inhibition of UVA-induced photobinding of 8-methoxypsoralen (8-MOP) to e pidermal macromolecules as a measure of photoprotection, Beijersbergen et al (19) found from invivo studies in rats, that even one application of
O.O l o/o tocopherol provides o bservable protection and that the concentration Jevel of tocophero l in the skin fo r optimum protection is only a
few times higher than that which is normally
present. On this bas is they concluded that the
protection observed with tocopherol acetate, a
com po und whi c h lacks a free-phenol ic •OH
group and hence is not a free radical scavenger,
is in fact due to the minute amount of tocopherol produced on the skin by the slow and inefficient e nzymatic hydrolysis of the acetate.
These findings agree with those of an in-vivo study
which indicates that free radical scavengers inhibit
erythema in human skin exposed to UVB (20). Color was measured by reflectance spectrophotometry. This study furthe r confirmed also the low rate
of hydrolysis of tocopherol acetate. As in animai
studies, protection agai nst erythema in humans
also requires a very small amount of tocopherol.

F J. Wnght

To be effective repeated treatme nt of the skin
with tocopherol acetate is required.
Evidence that Vitarrtin E reduces fine lines and
wrinkles has recently been obtained (21). The
study involved 20 women who applied a placebo to one side of the face and the same water-inoil vehicle with 5% tocophe rol to the other side.
Compari son of sk.in replicas taken after 4 weeks
of treatment showed that more than 50% of the
panelists had a signi fica nt decrease in skin roughness.

Free radical scavengers
in cosmetic formulation
The stratum corneum consists of dead i.e nonrep roduci ng cells, the corneocytes, which are
embedded in a lipid matrix. It is the presence of
this lipid which togethe r with water gives the
stratum corneum its flexibility a nd is responsible fo r the smooth appearance of the skin. Besides decreasing the baJTi er functio n of the stratum corneum, loss of these lipids also leads to
what is described as dry skin i.e. skin whic h
feels taut and which looks ro ugh and dull. Thus
sk.in which has been exposed to detergents with
a tte nda nt re moval of lipi ds fro m the stratum
corne um has an unpleasant feel and appearance.
This is also the case whe n the stratum comeum
has been delipidized by dissolvi ng away some
of the lipids with acetone, ether or some other
solven t or when the concentratio n of lipids in
the stratum corneum has been reduced by oxidation with chemicals capable of generating free
radicals such as hydrogen peroxide, benzoyl perox ide, chlorine, e tc. Lipid peroxides obtained
from sebum or cos metic preparations irradiated
w ith U.V. Light have been shown to be irritating
to human sk.in (22).
Thus the prevention of the oxidation of lipids in
the stratum corneum by removing free radicals
which initiate this process has cosmetic benefits
in that it helps rrtitigate the symptoms of "dry
ski n" by helping prevent the loss of lipids in the

same way that an occlusive cosmetic prevents the
loss of moisture. It helps maintain unimpaired the
fu nctions of the stratum comeum and hence the
well-being and the appearance of the skin.

CONCLUSION
It has become increasingly evident that free radi cals can adversely affect the ul timate appearance as well as the generai well being of the
skin a nd that the skin 's own natural defenses
which rrtight be overwhelmed by a n over-abundance of these highly reacti ve species caused by
a stressful environment needs additional help to
ensure adequate contro!. The lipids in the stratum corneum are particularly prone to undesirable peroxidation.
When the pri mary act which sets off the oxidati on chain reaction is the absorption of a photon,
it can be prevented fro m occurring by mean s of
appropriate sunscreens. Should initiation resu lt
fro m free radicals generated by electron transfer
involving heavy metal ions, it can be averted by
passivating these ions by suitable seq uestration.
However, the chelating agents must be selected
w ith care a nd be present a t suffic ie ntly high
concentrations to e nsure that they act as antiand not as pro-ox idants . The oxidati on chain
reaction can be interrupted by providing a sacrificial molecule i.e. an anti-oxidant such as a -tocopherol (vitarrti n E) which is capable of convertin g c hain p ropagating free radicals into
much less reactive ones, thus allowing the terrrtination steps to dominate.
The effectiveness of anti-oxidants can be enhanced by synergists such as organic ac ids, amines,
am ino ac ids, nucleic acids, phospholipids (lecithin) etc. To ensure maximum protection, the
free radical scavenger should be combined with
a synergist a nd an adequate concentration of a
c hela tin g agents. Furthe rmore the scavenger
must be present at the very site where the oxidation reaction is taking piace.
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