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----------------Synopsis
The purpose o f this work was to develop an " in v ivo" biochemical system capable of assessing the
ability of cosmetic products to contro! free radical induced Iipid peroxidation and tissue damage
that accompanies the aging process. There is extens ive support in the literature regarding the involvem ent of free radicals in the etiology of the skin aging process. Our system employs both indirect and direct meas urement of Fe++EDTA induced lipoperoxidation. The measurement of
malonaldehyde (MDA) presence on s kin s urface is an indirect method of measuri ng Iipoperoxidation, while direct fatty acid analysis is done by using gas Iiquid chromatographic techniques.
Reduction or inhibition of MDA production, as well as changes in the ratio of unsaturated/saturated
s kin fatty acids in treated s ubjects may be an indication of the effectiveness of certain cosmetic
products in anti-aging treatment

Riassunto
Lo scopo del nostro lavoro é stato quello di sviluppare un sistema biochimico "in vivo" capace di valutare l'abilità di un cosmetico a controllare la perossidazione lipidica indotta dai radicali liberi e le alterazioni tessutali
che accompagnano il processo dell'invecchiamento. Numerosi dati della letteratura indicano il coinvolgimento
dei radicali liberi nell'etiologia dell'invecchiamento della pelle. Il sistema da noi adottato utilizza sia la misurazione di.retta che indi.retta della lipoperossidazione, indotta incubando con Fe-EDTA. La detenninazione della
malonaldeide presente nel film lipidico superficiale della cute é un metodo indi.retto di misura della lipoperossidazione, mentre mediante gas cromatografia é stata effettuata un'analisi di.retta degli acidi grassi cutanei.
La riduzione o l'inibizione della produzione di MDA, così come modifiche del rapporto insaturo/saturo degli acidi grassi cutanei, nei soggetti trattati , possono fornire indicazioni sull'efficacia dell'impiego di un cosmetico nel trattamento "anti-aging della pelle.
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lntroduction
In rece nt years, free rad ical ge ne ra ti on has
been increasing ly implicated in a va ri ety of
ph ys iological processes in li vi ng sys te ms ( I),
as we ll as in the e tiology of severa! human
diseases (2). Molecular oxygen can maximall y
accep t four e lec tron s to produ ce t wo
molec ules of water. The one, two and threee lec tro n red uc ti on of oxyge n res ults in th e
producti on of toxic and reactive intermediates :
s up erox ide a ni o n (02'), h ydroge n peroxide
(H20 2) a nd hydroxyl radical (OH) respecti vely.
The major toxic effects, however are probably
due to OH' fo rmation fro m 0 2 a nd H10 2 ,
wh ic h gene ra ll y leads to membr a n e lipi d
perox idation a nd othe r cellular lesions (3-4).
Lipofuscin accumula tes in cell s with age and ,
in gene rai, s hows.a linea r increase ove r the
life span.
Thi s heteroge no us polyme r, referred to as
ag ing pigme nt, is a ppa re ntly the res ult of an
alde hyde, suc h as malonalde hyde, conjugating
with pr imary a mine gro ups of other lipid s,
nucl e ic ac ids, and protei ns, to form Shiff's
base type compounds.
Thi s process may be re lated to th e co ncept
that sk in aging in volves ox idative mechanisms
with the partic ipa tion of oxygen free rad icals,
s ub seque nt lipid pe rox id a tion of cell
me m bra nes, and prod uc tion of reac ti ve byproducts like malonalde hyde.
Pol y un saturated fatty acids, targets of free
radical attack , a nd production of its by product malona lde hyde, may be viewed as the
dyn ami c paramete rs in evaluating the rate of
age-re lated changes that occur at ti ssue levels.
Thi s bac kground informa tion prompted our
design of an in vivo bioc hemical model which
could be used to assess the effects of topical
tre atm e nts ( i.e. co smetics) as ant iox idants
whic h protec t again st lipoperoxida tive ch anges of the skin.
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Materials and methods
Treatment and sampling:
The stu dy was limi ted to adu lt m ales, who
were required to avo id the use of hair dressi ng
and other sources of lipid contamination.
The s urfa ce lipids we re pre le ved from a li
areas of the fore head according to a stan dardi zed proced ure whi c h consisted of roll ing a
cotton flock over the forehead three times
horizonta ll y and th en three ti mes verti cal ly.
The co ll ec tion s ite was was hed thoroughly
with neutra! soap 4 hou rs prior to the re moval
of surface lipids whi ch began at 12,00 noon.
Trea tm ent w ith Vitamin E was mad e b y
o:- pplying a 3 ml so lu tion co ntainin g 5 %
o:-tocopherol in 20% e th anol over the tota !
s kin surface area of th e forehead us ing the
method described above. Samples were take n
at different time inte rvals after treatment.
Spec im en s we re s tored in test tubes w ith
te flon-lin e d screw ca p s at -20° C, a nd
analysed within a week.

Extraction of skin surface
lipids
Specime ns were transfe rred to a mi xture of
methano l (2.5 m l) a nd chlorofo rm (Imi). The
mi xture was kept at room temperature for lh .
The lipid residues were extracted once more
with LO ml of chloroform-methanol (I : I v/v)
for 30 min and then pooled with the first extract. Heneicosanoic acid ( I Oµg) was added to
the combined extracts as an internal standard,
and 2 ml of l % NaCI in ·HCI O.OI M, was then
added to the extract.
Following centrifugati on the upper layer was
di scarded and the lower layer was washed with
3 ml me thano l-H20 ( I : I v/v).
The phases were separated again by centrifuga-
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tion and the chlorofonn phase was evaporated.
T h e lipid s were then di sso lve d in 3 m l
chloroform-methanol (2: l v/v), and the solution
was stored at -20°C unti! analysis.

System tor inducing
peroxidative stress on skin
surtace lipids:
Aliquots ( 1.5 ml) of lipid extract were brought
to dryness under a stream of nitrogen.
In order to s ti m ul ate peroxidative reactions
Fe2•-EDTA (0.2 mM) containing O. I M phosphate buffe r pH :7 .5 was added to the reaction
mi xture, (final vo lume of reaction of 0.5 ml )
and maintained at 37°C fo r I hr. At the end of
the incubation period, MDA was measured.

Assay tor phosphate
Phosphate was measu red using an ul tra micro
modificati on of Bartlett (6). To the aliquots ( 1.5
ml ) of lipid extract was added 0.3 ml of I O N
H2SO' and the mixture was heated to 200°C for
3 hours. Two drops of 30% H202 were added and
the solution was heated for I .5 hours more at
200°C to complete the reaction by decompos ing
ali the peroxide. 0.65 ml of H20, 0.2 ml of 5%
ammonium molybdate, and 0.05 ml of the Fiske-S ubbarow reagent were then added, and the
solution was heated fo r 7 minutes at I00°C. The
optical density was read at 830 nm. Inorganic
o rthophosphate was used to prepare the stan dard curve.

Fatty acids analysis
Assay tor MDA
MDA was measured us ing a mi cromethod
modified from Slater and Sawyer (5): to 0.5 ml
of the reaction mixture was added 0.5 ml of
20% (w/v) thrichloroace ti c acid; afte r
centri.fugation, 0.9 ml of the supernatant fraction was added to l ml of 67% thi obarbituric
acid (Sigma, St. Louis, MO) dissolved in 0.026
M Tris-HCI buffer (pH:7.0).
The samples were heated in boiling water fo r
I O min . After coo lin g, th e a bso rban ce was
m eas ured at 532 nm , on a Beckman
spectrophotome ter.
Extraction blanks were prepa red and treated in
the same way as the experimen tal samples but
an equa! vo lume of buffer was substituted for
reaction mi xture. MDA was quantified usi ng
MDA standard (Aldrich, Milwaukee, WI) and
expressed in nanomoles of MDA per nanomole
of phosphate.

'

Lipids co nta ined in half of the extract were
transesterified in l ml of 2 % sulphuri c acid in
methanol-benzene ( I: I v/v) fo r 4 hours at 65°C.
Methyl esters so obtained were brought to d ryness under a gen tl e stream of n itrogen and
resuspended in 2 ml of hexane, plus I ml of
me thanol. T he hexa ne layer was then transferred into 3 ml vials, covered with teflon-lined
screw caps, dried, and resuspended in IOOul of
hexane. Fatty acid analysis was carried out with
a Carlo Erba gas-chromatograph (mod. Fractov ap 4200). SE 30 3% on 80/100 mes h
Chro mosorb WHP was used as the stationary
phase in a 2 m x 2 mm ID glass column with
nitrogen as carrier gas. The temperature was
programmed from 160°C to 260°C at a rate of
8°C/min. The detecto r linearity was checked
using commerciall y avai lable mixed standards.
Peak height measurements were used for quantitation, and expressed as micromoles of fatty
acid per nanomole of inorganic phosphate.
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Results
Figure 1 illustrates MDA formation per nmole
of lipidic materiai as related to different conce n trat io ns of lipop erox ida ti o n i nduc ing
materiai Fe-EDTA. T he data show that MDA
formation is linearly related to increases in concentration of Fe-EDTA.

Figure 2 ill ustrates the effects of a topica! treatment of Vitamin E (a-tocopherol) on skin surface peroxidation . According to the data, skin
lipids incubated in Fe-E DTA mi xture exhibit
notable resistence to lipoperox idative damage
after treatment with Vitamin E, as noted by the
decrease in MDA formation. In relation to time,
the protective effect of Vita min E begins 4
hours after treatment and persists unti! 24 hours.

MDA PRODUCTION AS A FUNCTION OF EDTAJFe· coNCENTRATION
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Figure 3 illustrates the effects of different concentrations of Fe-EDTA on skin surface fatty
acid pe roxidation. Lipoperoxida ti on, directl y
measu red as % decrease in unsaturated/saturated
fatty acid ratio is higher after incubation with I
mM Fe-EDTA as compared to concentrations of
0.5 and 0.2 mM. Furthe rmore, this decrease is
greatest for even-c hain-Iength fatty acids C-14
and C- 18 as compa red to other even -cha inIength fatty acids. Interestingly, odd-number carbon chai n C: 15 reveals the lowest percentage of

unsaturated/saturated fatty acid breakdown at all
concentrations of Fe-EDTA mi xture.
Figure 4 shows the effects of "in vivo" treatment of skin surface lipids when Vitam in E is
topically applied as 3 ml of 5% cx-tocopherol, as
significantly protective against free radical induced Iipoperoxidation. Of the different fa tty
acids, C: 15 appears to be the best protected by
Vitamin E treatme nt, while C:l4 is the mos t
susceptible to peroxidati ve damage.
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Figure S plots MDA formation against the percent decrease in the unsaturated/saturated fatty
acid ratio obtained over time ( 8 hours total) for
differing chain-le ngth fatty acids.

LIPID PEROXIDATION AFTER VITAMINE ADMINISTRATION OVER TIME:
PLOT OF MDA VS.% DECREASE IN UNSATURATED/SATURATED
FATTY ACID RATIO
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Discussion
Skin is an hi ghly differenti ated and certai nl y
corn plex organi zational structure. A nurnber of
degenerative skin di sorders appear late in the
life of hurn ans s uggestin g tha t, arno ng othe r
facto rs, aging rnay act as prirner or as a n adjuvant factor in th e ex press iv ity of the sk in
patholo gy. Furtherrnore, as a res ult of irnrnu logical changes that co me natura lly with
huma n ag ing suc h as the in volutio n of the
th yrn u s a nd altered differentiation of Iyrnphocytes, aged skin becornes hypersensitive to
photocarcinogenesis (8).
Peroxidative darn age in cells results from a n
imbalance between production of free radicals
(oxygen sing let, hydrox yl rad ical, hydroge n
pe rox ide) and their neutralization by the ce!-
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lular antiox idant defe nse sys tern (s upe roxide
di srnutase, g lu tathi one peroxidase, catalase,
glutathione and tocopherol ). When the production of superoxide predorninates, cells accumulate products of lipid peroxidatiOJ1. One of the
most useful indicators for measuring peroxidati ve darnage or oxidative. stress is the preseiìce
of malonaldehyde.
U s ing Fe-EDTA, we c reated a s itu atio n of
ox id at ive s tre ss w hi c h was intend ed to
reproduce the pathogenic condition whi c h is
believed to underlie the skin aging process and
cancerous cuta neous processes. When EDTAFe is added to ski n surface lipids of normai subjects, MDA production lin early increases.
Direct a nalysis of lipoperoxidation of skin fatty
acids, by gas liquid chromatographic techniqu es, revealed a strong corre lation between
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decrease in the unsaturated/saturated fatty acids
ratio ( i.e. peroxidative breakdown of unsaturated fatty acids) and MDA formation.
Treatment with Vitamin E, as an antioxidant,
provided significant protection against oxidative
stress, as the measured decrease in MDA formation, and as the unsaturared/saturated fatty acids
ratio maintained closer to contro! value, suggests. The above data suggest that our method
may be a particularly useful tool for investigating the antioxidant and even antiaging effects of
cosmetic products.
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