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Abstract
In the present study we investigated the influence of two
different antioxidant supplements composed of carot-
enoids, vitamin E and selenium on parameters related to
skin health and skin aging. Thirty-nine volunteers with
healthy, normal skin of skin type 2 were divided into 3
groups (n = 13) and supplemented for eriod of 12
weeks. Group 1 received a mixture of Iylojpene (3 mg/
day), lutein (3 mg/day), B-carotene (4.8 mg/day), a-to-
copherol (10 mg/day) and selenium (75 pg/day). Group
2 was supplemented with a mixture of lycopene (6 mg/
day), B-carotene (4.8 mg/day), a-tocopherol (10 mg/day)
and selenium (75 pg/day). Group 3 was the placebo con-
trol. Upon supplementation serum levels of selected ca-
rotenoids increased in both verum groups. Skin density
and thickness were determined by ultrasound measure-
ments. A significant increase for both pararﬁeters was
determined in the verum groups. Roughness, scaling,
smoothness and wrinkling of the skin were ‘ gtermined
by Surface Evaluation of Living Skin (Visioscin). Rough-
ness and scaling were improved by the supplementation
with antioxidant micronutrients. In the pIacebolgroup no
changes were found for any of the parameters.

Copyright © 2006 S. Karger AG, Basel

Introdpction

Carotenoids are widely used as skin protectants and
supplementation with carotenoids has been shown to pro-
tect against UV-induced erythema. However, little is
known about other effects of carotenoids on skin health.

Considerable amounts of micronutrients such as anti-
oxidant vitamins E;ld carotenoids are present in the skin
and are suggested to contribute to the maintenance of skin
health [1], There is convincing evidence that dietary an-
tioxidants provide protection against skin damage from
sunlight [2-7]. It has been shown that carotenoids, vita-
min C and E prevent sunburn-associated erythema fol-
lowing (EV exposure. UV radiation generates reactive
oxygen species in the skin, leading to damaging reactions
which have been associated with photocarcinogenesis,
photosensitivity or premature skin ageing [8]. Thus, scav-
enging I“eactive! oxygen species are thought to be one

echanism of action underlying skin protective effects of
antioxidants [9] 10]. However, it has been shown that
several dietary antioxidants exhibit biological properties
not directly related to antioxidant activity. They influ-
ence cellular sig aling pathways and may trigger cell cycle
progression, cell growth and repair systems [11, 12].

Very little is|known about the effects of carotenoids,
vitamins and trace elements on skin texture and structure
which is closely related to skin ageing [13-15]. Premature
aging of the skin results in increased wrinkling and loss
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Table 1. Treatment allocation, dose/day in
the three different treatment groups

Group 1 (n =13) 3.0 mg lycopene
Formula A 3.0 mg lutein
4.8 mg (3-carotene
10.0 mg a-tocopherol

75.0 pg selenium

Group 2 (n = 13)
Formula B

6.0 mg lycopene

4.8 mg P-carotene
10.0 mg a-tocopherol
75.0 pg selenium

Group 3(n=13)
Placebo

soybean oil

of elasticity. In the present study we investigated whether
the supplementation with dietary micronutrients modu-
lates skin structure and texture contributing to the resis-
tance of skin to environmental stress and improving gen-
eral parameters indicative of skin health.

Methods

Study Design

The study was carried out as a monocentric, El ebo-controlled
supplementation study on the effects of antioxidan micronutrients
on parameters of skin health and skin aging. '

A total of 39 volunteers (10 males and 29 females, average age:
42 years) with healthy, normal skin of type 2 were included in the
study. They were divided into 3 groups of 13 test subjects each (2
verum and 1 placebo group). Composition of the antioxidant sup-
plements and dosing in the different treatment groups is summa-
rized in table 1. The participants were asked not to change their
dietary habits during the study.

The supplementation period lasted 12 weeks; [skin parameters
were determined before start of supplementation| (week 0) and at
week 6 and 12; blood samples for antioxidant analyses were taken
at the same time points.

All test subjects received detailed information [listing every sin-
gle parameter relevant to the study. Every test s bject had to submit
2 written declaration of consent for their participation in the
study.

Inclusion Criteria

The inclusion criteria were as follows: ag¢ 18-65 years, non-
smoking, normal nutritional habits, not pregndnt or lactating, BMI
18-25, no intake of vitamin supplements, no history of mal-absorp-
tion diseases, liver diseases or diseases of lipidjmetabolism, no his-
tory of photosensitizing disorders, no extensiye unbathing in the
month before the study or during the study. Screening procedures
checked the general health of the participants and included the
medical history.

Antioxidants and Skin Structure

Parameters of Skin Stricture

Skin density and thickness were determined by means of ultra-
sound (B-scan), and skin jlurface was evaluated by image analysis
(Surface Evaluation of Living Skin, SELS; Visioscan) at week 0, 6
and 12.

B-Scan. An ultrasound device with a frequency of 20 MHz (Der-
ma Scan C, with 2-D configuration, Cortex Technology, Denmark)
was used for noninvasive differentiation of individual tissue struc-
tures [16]. Two hundred and fifty-six randomly chosen colors are
assigned to the different echo amplitudes which allow to determine
even slight differences in| the reflection behavior. Skin density is
evaluated by the pixel density. Skin thickness (dermis and epider-
mis) is given in millimetefs.

Surface Evaluation of Living Skin. Skin surface analysis accord-
ing to the SELS method is based on the evaluation of an image of
living skin taken under gertain illumination; the picture is elec-
tronically processed for quantitative analyses. The skin surface is
described by 4 different parameters: roughness, scaling, smooth-
ness and wrinkling [17, [18]. The measuring dJevice consists of a

ng two contra-rotating metal halogen
lamps evenly illuminating a 15 x 17 mm medsuring field on the
skin. The spectrum of th¢ lamps and their intensity as well as their
location allows to analyz¢ the skin surface without interfering re-
flections from deept)r layers. A CCD camera, located in the measur-
ing head, records a jpicture of the skin, which is then transferred as
graded grey values'into a bitmap file (software: Skin-Visiometer,
Courage & Khazaka, Cologne). The method allows to differentiate
between 256 possible grey values. By means of the additional soft-
ware (SELS) the skin-specific parameters are then calculated.

Antioxidants in Serujn

Blood samples were faken after overnight fasting at week 0, 6
and 12; serum was prepared by centrifugation and stored at ~80°C
until analysis. Lycopene, B-carotene, a-carotene, lutein, zeaxanthin
and cryptoxanthin were determined by HPLC as described by Stahl
et al. [19]. Additionally|phytoene, phytofluene, retinol, a-tocoph-
erol and +y-tocopherol were determined. For phytofluene and phy-
toene analyses, 500 ul of serum were extracted with hexane/dichio-
romethane (5/1, v/v, stal ‘ilized with 0.1 % 2,6-di-tert-butyl-p-cresol)
after protein precipitatipn with ethanol. The organic solvent was
evaporated to dryness ynder a stream of nitrogen, and the residue
was dissolved in 100 pl/dichloromethane plus 100 pl acetonitrile.

The HPLC system q‘)nsisted of a Merck-Hitachi L-7100 pump
connected with a MerckiHitachi UV/Vis detector and an integrator
for data rggistration. PLC was performed isocratically with an
eluent comsisting of acetonitrile/methanol (85/15, v/v) and a re-
versed-phase column (pKb-100, 250 x 4.6 mm, Supelco, Belle-
fonte, Pa.; USA) proteated by a guard column (4.6 X 4.6 mm) with
the same [stationary phase. The flow rate was set to 1 ml/min. A
second UV/Vis detector was connected in series and set at 325 and
292 nm fdr quantitation of retinol, a-tocopherol and v-tocopherol
[20]. In a peparate run under the same conditions phytofluene was
detected at a wavelength of 348 nm and phytoene at 278 nm.

The concentrations were calculated from external calibration
curves generated with priginal standard compounds.

Statistical Method.

For all parameters and all time points descriptive statistics were
calculated; pre-post differences were calculated and analyzed de-
seriptively. Within the three treatment groups each combination of
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Fig. 1. Increase in skin thickness (der......
and epidermis; a) and density (b) during
supplementation. Skin density and thick-
ness were measured by means of ultrasound
(B-scan).
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two time points was compared using the Wilcoxon signed rank test.
For the pre-post differences each combination of two treatment
groups was compared using the Wilcoxon rank sum test. Percen-
tual changes of all measured parameters were calculated and the p
values were determined at all measuring points|

Results

Ultrasound Measurements (B-Scan

In both treatment groups a statistig

crease (p < 0.05) in skin density and

observed after 6 and 12 weeks, compa

1 and table 2). No statistically signifi
observed in the placebo group. Skin d
groups 1 and 2 by about 7%, skin thick
No differences were found between tr

ally significant in-
skin thickness was
red to week O (fig.
cant changes were
ensity increased in
ness by about 15%.
catment groups.

A typical ultrasound B-scan is pres¢nted in figure 2. It

shows the density and thickness of the
after 12-week treatment of a voluntee

dermis before and
r from group 1.
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Tablé 2. Results and|
urements, skin density and skin thickness

statistical evaluation of the ultrasound meas-

Skin density (pixel density)
Skin density formula A increase 6.57 0.007*
Skin density formula B increase 7.01 0.007*
Skin density placgbo noincrease  0.27 n.s.
Skin thickness (dermis + epidermis)
Skin thickness formula A increase 15.99 0.000*
Skin thickness formula B increase 14.09 0.000*
Skin thickness placebo no increase -1.37 n.s.
Skin density and|thickness were measured by means of ultra-
sound {(B-scan). Change implies change of means from week 0 to
week 12. * p < 0.05, ptatistically significant.

Heinrich/Tronnier/Stahl/Béjot/Maurette



Fig. 2. Skin density before and after 12
weeks of treatment with formula A. A typi-
cal ultrasound B-scan shows the density and
thickness of the dermis before and after 12
wecks of trecatment; obtained from a volun-
teer of group 1.

G &

after 12 weeks

Fig. 3. Skin surface evaluation. Surface of A
the skin of a volunteer from group 2 (for-
mula B) before and after 12 weeks of treat-
ment; CCD picture and 3-D computerized
image. Skin surface was cvaluated by image
analysis (SELS). before after 12 weeks

Surface Evaluation of Living Skin A typical SELS picture is presented in figure 3. It shows

SELS provides parameters related to the structure of  the surface of the skin of a volunteer from group 2 (for-
the skin surface including roughness, scaling, smoothness  mula B) before and after 12 weeks of treatment as well as
and wrinkling (fig. 3, 4, table 3). a 3-D image.

Antioxidants and Skin Structure Skin Pharmacol Physiol 2006:19:224-231 229
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Fig. 4. Decrease in roughness (a) and scal-
ing (b) during supplementation. Skin sur- b
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Table 3. Results and statistical evaluation of tTe skin surface eval-
uation

Parameter ~ Formula  Results CrLan

Roughness A decrease -37.78 n.s.
Roughness B decrease -32.71 0.005*
Roughness placebo decrease -15.68 n.s.
Scaling A decrease -57.99 0.007*
Scaling B decrease -44.22 0.014*
Scaling placebo decrease -30.14 n.s.

Skin surface was evaluated by image analysis (SELS). Change
implies change of means from week 0 to week 12. * p < 0.03, sta-
tistically significant.

T

228 Skin Pharmacol Physiol 2006;19:224-231

Following surface evaluation of living skin scaling was
affected by supplementation with antioxidants. In both
treatment groups a statistically significant decrease was
observed after 12 weeks (p < 0.05). For the parameter
roughness, only in the group 2, a statistically significant
decrease was found (p < 0.05). Changes in scaling and
roughness determined in the placebo group were statisti-
cally not significant.

Other SELS parameters, i.e. smoothness and wrin-
kling, were not affected by treatment and did not change
in any of the groups (data not shown).

Antioxidants in Serum

The carotenoids, lycopene, 3-carotene, lutein, zeaxan-
thin, a-carotene, cryptoxanthin, phytoene and phytoflu-
ene as well as a-tocopherol, y-tocopherol and retinol were

Heinrich/Tronnier/Stahl/Béjot/Maurette



Table 4. Antioxidants in serum (nmol)
determined by HPLC analysis and
statistical evaluation

B-Carotene
Lycopene total
Lycopene all-trans
Lutein
Zgaxanthin
Phytoene
Phytofluene
o4Tocopherol

1.33* 0.46 0.46

0.66 1.62*
0.46 0.76* 0.52 0.88* 0.49 0.60
0.25 0.43* 0.34 0.51* 0.24 0.30
0.23 0.63* 0.26 0.22 0.24 0.28
0.06 0.09* 0.07 0.07 0.05 0.06
0.09 0.13* 0.10 0.15* 0.07 0.10
0.62 0.96* 0.77 1.29% 0.52 0.57
30.34 32.98* 32.84 31.88 33.76 35.76

Increase in serum concentration during 12 week supplementation. Carotenoids were
determined by HPLC according to reference [19]; a-tocopherol was measured following
rdference [20). * p < 0.05, statistically significant changes.

analyzed in blood samples from all groups (table 4). The
baseline levels of the micronutrients analyzed were com-
parable in all groups and are within the range of variance
reported in the literature [21].

In group 1 lycopene and B-carotene levels increased
to yield final concentrations (week 12) of 0.76 and
1.62 nmol/ml, respectively. Although the dose of lyco-
pene was lower in this supplement, relativie increases were
comparable to those observed in group 2.

Phytoene and phytofluene serum cong¢entrations were
elevated after treatment; the values are comparable be-
tween both treatment groups. The supplement used in
group | contained 1.5 mg lutein/capsule. Lutein levels
increased from baseline 0.23 to 0.63 nmol/ml at the end
of the study. Additionally, zeaxanthin increased. No
changes in serum levels were found for ckyptoxanthin, a-
carotene and retinol (data not shown). Noéne of these com-
pounds was present in the supplement. ar Tocopherol lev-
els were slightly elevated after treatment; y-tocopherol
remained unchanged.

In group 2 lycopene and P-carotene levels increased
to yield final concentrations (week 12) of 0.88 and
1.33 nmol/ml, respectively. Both compounds were pres-
ent in the supplement.

Increases in phytoene (level at week 12: 0.15 nmol/ml)
and phytofluene (level at week 12: 1.29 nmol/ml) were
also measured. Both carotenoids are precursors of lyco-
pene and B-carotene and are present inl carotenoid sup-
plements which contain fruit or vegetable oleoresins. The
increases are within the ranges from previous studies [2].
It should be noted that the bioavailability of carotenoids
depends on several endogenous and exogenous factors
leading to a wide range of variation in the individual up-

Antioxidants and Skin Structure

take of single carotenoids. Serum responses vary between
carotenoids and are not always linear with the dose.

Statistical Evaluation of the Serum Concentration of

Antioxidants

For the treatment with formula A/group 1 statistically
significant increases (p < 0.05) were evaluated for all an-
tioxidants in serum after 12 weeks compared to week 0.

For the treatment with formufa B/group 2 statistically
significant increases (p < 0.05) for the antioxidants 3-caro-
tene, lycopene total, all-trans lycopene, phytoene and phy-
tofluene were observed after 12 weeks compared to week
0. For lutein and a-tocopherol, no statistically significant
changes were observed during the study. In the placebo
group no statistically significant changes were observed.

Discussion

Skin structure and function is aftected by endogenous
and environmental factors with either beneficial or adverse
effects on skin health. To optimize skin conditions a vari-
ety of skin care products is available; however, dietary con-
stituents may also influence skin parameters including tex-
ture, color, moisture and other physiological properties. As
any other tissue, skin requires an optimal supply with nu-
tritive compounds including macronutrients such as lip-
ids, amino acids or carbohydrates and micronutrients in-
cluding vitamins and essential minerals [13].

Lipids and other nutritive compounds are applied top-
ically in order to improve skin conditions. Less is known
about the effects of endogenous supply of selected dietary
components on skin tissue. Vitamins E and C as well as

Skin Pharmacol Physiol 2006;19:224-231 229
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carotenoids, like B-carotene and lycopene are used as nu-
tritional supplements and photoprotective effects have
been assigned to these compounds. Their efficacy in pre-
venting UV-induced erythema has been shown in several

intervention studies [2-7].
In the present study we demonstrate
ment mixture consisting of carotenoids,

1 that a supple-
vitamin E and

selenium increases skin density and thi¢kness when in-

gested over a period of 12 weeks. Also

rameters including scaling and roughnes

upon supplementation.
The biochemical mechanisms underly

such a mixture of micronutrients are pod

skin surface pa-
s are improved

ing the effects of
rly understood.

All components of the supplement are either direct or in-
direct antioxidants. It has been suggested that under

stress conditions topical and/or systemi
antioxidants contribute to the mainten
skin barrier [22]. The antioxidant defen

c application of
ance of healthy
se system of the

organism is a complex network and comprises several

antioxidants. Interactions between struc
compounds with variable antioxidant ag
vide additional protection against incr

turally different
tivity may pro-
cased oxidative

as further possible mechanisms underlying the effects of
micronutrients on skin health and skin properties.

Skin aging is a continuous process and results from
intrinsic and extrinsic factors. A number of extrinsic, or
external, factors often act together to prematurely age our
skin. Most premature aging is caused by sun exposure and
affects parameters of skin structure and surface. It is not
known yet if the process of premature aging of the skin
can be modulated by dietary antioxidants. However, sev-
eral studies, including the present one, show that dietary
antioxidants provide photoprotective effects and im-
prove skin structure when administered as food supple-
ments [23, 24].

In the present study the efficacy of the ingested micro-
nutrients and their influence on the structural changes
were examined. All ultrasound and skin surface measure-
ments were carried out on the forearm of the volunteers
to avoid mimic influences during the test procedure. The
accumulation of the tested formulations in skin and se-
rum could be demonstrated as well as the efficacy of the
supplementation in terms of skin structure, like skin den-
sity and skin surface.

stress. For example, there is evidence from in vitro stud-

ies, that B-carotene regenerates tocophe
copheroxyl radical. Scavenging reactive
may be one part of their biological activ
noted that carotenoids and vitamin E add

late signaling pathways independent of their antioxidant

properties. Such modulating effects hav

rol from the to-
oxygen species
ity. It should be
itionally modu-

¢ been reported  tigation possible.

in cultured human cells [9, 10] and should be considered
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NUTRITIONAL SUPPLEMENTS
POSITIVELY INFLUENCE SKIN AGING

U. Heinrich’, M. Wiebusch®, H. Tronnier*. H. Sies™. W. Stah!”, M. Béjot*, J.-M. Maurettc*
DERMATRONNIER. Universily of Witten-Herdecke. 58455 Willen, Germany

**Inst. Biochemislry-Molecularbiology, University of Duesseldorf. Germany

‘Laboratoire Oenobiol, Pars. France

BACKGROUND Skin density by means of ultrasound before and after 12 weeks Skin surface before and after 12 weeks
Carotenoids are useful skin prolectants and supplementation — - - —_— S
with carolenoids protects against UV-induced erythema [1-5]. In il ! |
this study the influence of skin ageing by nutritional supplements
was examined, The objactive of the study was an application
test during the intake of different mixtures of carolenoid vs
placebo capsules

g AT Ay (g NS
- = 3

METHODS
Serum samples of voluntary test subjecls were examined by
HPLC-analysis. Anli-ageing parameters were evaluated by
measurements of the skin surface (SELS, Visioscan. C&K
Germany). Ultrasound measurements were carricd oul with a 20
MHz system (Derma-Scan, Denmark), lo delermine the
thickness and density of the dermis A-A;A it Loy AU 93
o B e il
o' ANt 12 waens
STUDY DESIGN Bt === Fgure 3
_ Decrease of roughness and scaling during the
The sludy was carried out as a monoceninc, double-blind Increase of skin density during the supplementation supplementation
placebo-controlled application test. 39 heallhy volunteers with B e ——p—— e cemcas iy et
skin of type Il were included in the sludy. They were divided into SKin thickness (mm), Dermis + Epidernis ol
3 groups of 13 subjects (2 verum- and 1 placebo group). The L5 —— ey s " ar ’ ar
study lasled for 12 weeks, dosage regimen being 2 capsules/day i : — . s i1 s o
Measuring points were before supplementation and afler 6 and B
12 weeks (Table 1 and 2) m = s
. % 1 I
The following supplementations were tested. i . 1
1 OE 02 08 1.5 mg Lycopene/capsule ) at i
1.5 mg Lutein/capsule . .
2.4 mg B-Carotene/capsule " R R T i
5 mg «-Tocopherol/capsule . SELS papameters (Shin swlace)
37.5 ug Selenium/capsule Skin density o~
2. |oE0205S 3mg Lycopene/ciépsme " il - i i 3 S GEe s Bs
2.4 mg B-Carolene/capsule " -
5 mg a-Tocopherol/capsule - " L = R — L1
37.5 pg Selenium/capsule y s
3 Placebo SoybeanrOM’ 3
Table t . ’ o . ] "

Treatment allocation

(13 subjects) consume OE 02 05 S
(2 capsules/day)

Sigure 4

Group 1

Skijn idengity (ﬁxal ;ﬂensily) EELS parameters (Skin surface)

(13 subjects) ccnsuﬁe OE 02 08 )
(2 capsules/day

Group72ﬂ i

Skin densily OE 02 08 increase  [6.57 % Roughness OE 02 08 decrease |- 37,78 %

Skin densily OE 02 05 S |increase 7.01%
EIEL it = i
Skin dens ly Placebo no increase | 0.27 %
Skin thici he#s [mm), Dermis + Epidermis|

Skm lh\ckness OE 02 ()8 increase | 15.99 %

- T Rough S - %
3 sub}ects)consume Placebo ROtgRRES OF Q255 deuease 2400

(2 capsules/day)
12 weeks treatment

7G;oup r

Roughness Placebo dccrease -15.68 %

Measurements at day 0, week 6 and week 12

Table 2

Scaling OE 02 08 decrease |- 57.99% |

Skm thickness OE 02 05S |increase | 14.09 % Scaling OE0205S |decrease |-44.22% |"p=0.014

STATISTK:S Skln Imckmzss Placebo no increase [-1.37 % Scaling Placebo decrease 30 14 % | n.s.

Percentual change of means from week 0 to week |

Descriptive slatistics and pre-post differences were calculaled
Within the treatment groups each combination of 2 time points

was compared using the Wilcoxon s<gnnd rank tesl. For the pre- Anlloxldqnlsm Serum (increaseo =) um don
posl differences each combmnation of 2 groups was compared duting suppts P |
using the Wilcoxon rank sum test

i
After 12 weeks of supplementation, it th been ‘
|

! »
) 050 206 | OE02055 j iRlacebo shown that a mix of tarotenoids | could
8-Carolene | *144% 95 % positively influence skin ageing by mc}eas[ng
i { skin thickness and skin density as L]
RESULTS Lytlopcn(!lo?a! ‘65 % 68 % y i as
- | - reducing roughness and scaling of me skin |
T e waracbinadnifiselod ‘72% *49 % 27 % surface. Bioavailability of carolenmds was |
e ing r | obtain n this st
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