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a b s t r a c t

Nutrition rich in carotenoids is well known to prevent cell damage, premature skin aging, and skin cancer.
Cutaneous carotenoids can be enriched in the skin by nutrition and topically applied antioxidants have
shown an increase in radical protection after VIS/NIR irradiation. In this paper, it was investigated
whether orally administered carotenoids increase the radical scavenging activity and the radical protec-
tion of the skin using in vivo electron paramagnetic resonance spectroscopy and the skin lipid profile was
investigated applying HPTLC on skin lipid extracts. Furthermore, in vivo Raman resonance spectroscopy
was used to measure the cutaneous carotenoid concentration. A double blind placebo controlled clinical
study was performed with 24 healthy volunteers, who have shown a slow but significant and effective
increase in cutaneous carotenoids in the verum group. The enhancement in carotenoids increases the
radical scavenging activity of the skin and provides a significant protection against stress induced radical
formation. Furthermore, the skin lipids in the verum group increased compared to the placebo group but
only significantly for ceramide [NS]. These results indicate that a supplementation with dietary products
containing carotenoids in physiological concentrations can protect the skin against reactive oxygen spe-
cies and could avoid premature skin aging and other radical associated skin diseases.

� 2012 Elsevier B.V. All rights reserved.

1. Introduction

Cutaneous carotenoids are a good measure for the antioxidant
protection system of the body [1]. Carotenoids, as most of the anti-
oxidants, cannot be produced by the human organism, they must
be taken up by nutrition which is rich in fruit and vegetables. In
the past, the intake of carotenoids in a moderate dose in context
with a natural food matrices has shown several health benefits,
such as photoprotection against UV irradiation, increasing micro-
circulation, and prevention of accelerated skin aging [2–7]. The pri-
mary action of antioxidants is the scavenging of free radicals. This
preventive mechanism can occur inside the cells to prevent cell
damage, such as DNA oxidation or cell membrane damage which
is correlated with lipid peroxidation [8,9]. In this context, sunlight

is one of the most harmful environmental hazards for the skin,
leading to premature skin aging, inflammation, and higher risk of
skin cancer [10,11]. Recently, it was shown that not only UV-A
and UV-B are responsible for radical production, but also visible
and infrared light (VIS/NIR) are able to produce highly reactive rad-
icals. With regard to the total sun wavelength spectrum, up to 50%
of the radicals are not produced by wavelengths in the UV range
[12]. Up to now, there are only two non-invasive methods available
for determining the skin’s antioxidant capacity in vivo. Cutaneous
carotenoids were found to serve as a superior marker for the anti-
oxidant capacity, which can be measured by Raman resonance
spectroscopy. The uptake of carotenoids in the skin was clearly
demonstrated by utilizing this method [13,14]. However, the
appearance of carotenoids in the skin as a result of dietary intake
is delayed and decreased only slightly after stopping the supple-
mentation [13].

A further method for the determination of the complex antiox-
idant network in vivo is electron paramagnetic resonance (EPR)
spectroscopy [15,16]. This method is based on topical application
of a synthetic, semi-stable radical (2,2,6,6-tetramethyl-1-piperidi-
nyloxy; TEMPO) prerequisite to be visualized by EPR spectroscopy
[1]. TEMPO reacts with various reducing agents in the skin such as
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vitamin C and is reduced to the corresponding hydroxyl amine.
However, it will not interact with carotenoids such as beta caro-
tene and lycopene [17]. By means of in vivo EPR spectroscopy,
the increase in cutaneous radical scavenging activity was shown
as a result of supplementation with a water-soluble chokeberry ex-
tract and vitamin C [18].

The unique morphology of the Stratum corneum lipids is of spe-
cial importance to ensure that the barrier function of the skin re-
mains. The corneocytes of the Stratum corneum are surrounded
by a lipid matrix, mainly consisting of ceramides, free fatty acids,
and cholesterol [19]. Changes in this lipid profile have been linked
to a disturbed skin barrier function [20] leading to skin diseases,
for example, xerosis [21]. Decreased levels of Stratum corneum
ceramides have been reported for patients suffering from atopic
dermatitis [22]. Age dependent changes in ceramides and choles-
terol have been reported by Rogers et al. [23] with higher lipid con-
centrations in young than in old skin. Furthermore, it is well
known that aged skin becomes rougher. Previously, Darvin et al.
found a correlation between the cutaneous carotenoid lycopene
and the roughness of the skin. High lycopene levels were correlated
with a less rough skin [24]. Therefore, an influence of carotenoids
on the skin lipid profile is highly expected. For the analysis of the
skin lipids, different methods can be applied [25–27].

There are still several questions to be considered: can orally ta-
ken carotenoids increase the radical scavenging activity in the
skin? Can they protect against VIS/NIR-irradiation-induced radicals
and do they influence the skin lipid profile?

In order to elucidate these questions, a double blind placebo
controlled study was performed with 24 healthy volunteers, whose
diet was supplemented with a natural carotenoid-rich curly kale
extract or a placebo. First, the uptake of carotenoids in the skin
was investigated by Raman resonance spectroscopy. Then, the
antioxidant capacity was determined by in vivo EPR-spectroscopy
using the test radical TEMPO. Although TEMPO does not react di-
rectly with the supplemented carotenoids, it was investigated
whether carotenoids enhance the radical scavenging activity or
so-called ‘‘antioxidant capacity’’ of the skin by internally interact-
ing with the antioxidant network of the skin. Furthermore, photo-
protection against radical formation induced by VIS/NIR irradiation
was studied. In addition, the skin lipid profile was measured using
high performance thin layer chromatography (HPTLC) after an
extraction directly from the skin of the volunteers.

2. Materials and methods

2.1. Supplements

The supplements were provided as recommended by the man-
ufacturer for a time period of 8 weeks. The verum capsules Lutex
skin™ (BioActive Food GmbH, Bad Segeberg, Germany) consist of
a curly kale extract (Brassica oleracea convar. acephala var. sabellica
L.), sea-buckthorn oil (Hippophae rhamnoides L.) and olive oil, con-
taining a high amount of carotenoids. The dosage for 1 day pro-
vided the following moderate amounts of carotenoids: 2200 lg
lutein, 1000 lg beta carotin, 50 lg alpha carotin, 400 lg lycopin,
700 lg zeaxanthin, and100 lg cryptoxanthin. As a control, a pla-
cebo capsule containing no antioxidants was given.

2.2. Volunteers

The study protocol had been submitted and approved by the lo-
cal ethics committee of the Charité – Universitätsmedizin Berlin in
accordance with the Declaration of Helsinki as revised in 1983. 24
volunteers, after having given their written informed consent, were
included in the study protocol, 11 female and 13 male, 10 smokers

and 14 non-smokers, aged between 22 and 66 years. 12 volunteers,
consisting of 5 smokers and 7 non-smokers, were included in each
group. The volunteers were asked not to substantially change their
living and eating habits during the study.

2.3. Questionnaire

All volunteers completed a questionnaire concerning skin type,
sun exposure, physical exercise, stress/mood, frequency of com-
mon colds, infectious gastrointestinal diseases, consumption of
preferred foodstuffs, alcohol consumption, and tobacco. Dietary in-
takes of fruit and vegetables were examined by self-assessment
based on a food frequency questionnaire with two separate food
lists containing 13 common fruits and 13 common vegetables that
had to be marked in a frequency category (‘‘rarely’’, ‘‘Ponce a
month’’, ‘‘Ponce a week’’, ‘‘P4 times a week’’).

Furthermore, the baseline dietary uptake of carotenoids was
estimated, in order to obtain an overview of the study population.
This approximation is based on the information contained in the
questionnaire, standard portion sizes that were assumed for all
volunteers and food antioxidant content based on the nutrition ta-
bles of Souci-Fachmann-Kraut.1

3. Radical protection factor (RPF)

The radical protection factor (RPF) technology determines the
radical scavenging activity of an antioxidant substance/product
with EPR spectroscopy using the test radical DPPH (1,1-diphenyl-
2-picrylhydrazyl; Sigma–Aldrich, Steinheim, Germany), which is
reduced by the antioxidants in the investigated sample [28]. The
number of reduced test radicals represents the radical scavenging
activity normalized to 1 mg input of the antioxidant substance/
product. The RPF is expressed by a positive number N with the
measuring unit 1014 radicals/mg, which means: RPF = N � [1014 rad-
icals/mg].

3.1. EPR spectroscopy

EPR spectroscopy is described by the resonant absorption of
microwave energy by a molecule with an unpaired (‘‘free’’) elec-
tron within a magnetic field. In vivo EPR measurements were per-
formed using an L-band EPR-spectrometer (LBM MT 03;
Magnettech, Berlin, Germany) with parameter settings as follows:
microwave frequency (1.3 GHz), central magnetic field (46 mT),
sweep width (8 mT), sweep time (10 s), and modulation amplitude
(0.15 mT).

3.2. Determination of radical scavenging capacity

In this study, the skin antioxidant status of the volunteers was
examined with a non-invasive EPR spectroscopy approach using
the semi-stable nitroxide 2,2,6,6-tetramethyl-1-piperidinyloxy
(TEMPO; Sigma–Aldrich, Steinheim, Germany). TEMPO as an
amphiphilic nitroxide and as one of the few nitroxides, which are
allowed to be applied to the human skin in vivo [29,30], penetrates
the skin well without the need of a special transport system. Yet, as
soon as TEMPO begins to interact with the skin, it is reduced to the
corresponding EPR-silent hydroxylamine, due to enzymatic and
non-enzymatic reduction [31]. This decline in EPR signal intensity
can be correlated with the antioxidant capacity of the skin. Exper-
iments were performed as described previously [1]. Measurement
areas were chosen on the sun-protected inner right forearm,

1 Food Composition and Nutrition Tables, 2011 (Accessed June 22, 2012, at
www.sfk-online.net).
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