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ABSTRACT

Introduction: Skin exposure to ultraviolet
radiation (UVR) can cause oxidative stress, par-
ticularly in the absence of adequate protective
measures or in individuals with a sensitive skin
type. Most commonly, protection from UVR
entails the use of topical sunscreens. Sun-
screens, however, have various limitations. The
objective of this study was to evaluate the effi-
cacy and tolerability of an oral food supplement
containing a combination of actives with
mainly antioxidative properties (vitamins A, C,
D3, E, selenium, lycopene, lutein, as well as
green tea, polypodium and grape extracts) in
the context of photoprotection.
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Methods: Photoprotective efficacy was assessed
in a 12-week-long, open, prospective and mono-
centric clinical study with 30 subjects (27 women
and 3 men) having a Fitzpatrick skin type I-IIl and
manifesting clinical ageing signs. The study
included several visits (14, 28, 56, and 84 days
after starting supplement intake), in which pho-
toprotection was evaluated by the measurement
of the minimal erythema dose (MED), while the
antioxidant capacity of the skin was assessed
through ferric reducing antioxidant power (FRAP)
and malondialdehyde (MDA) assays. Addition-
ally, several skin parameters (including radiance,
elasticity, and moisture) were evaluated. Product
evaluation was performed throughout the length
of the study by means of a self-assessment ques-
tionnaire, and safety was monitored through a
self-recording of all observed adverse reactions.

Results: The MED levels increased significantly
compared to baseline throughout the study visits,
reaching an increase of + 8.1% at T84, p < 0.001.
FRAP results also indicated a significant increase
in the antioxidant capacity of the skin compared
to baseline (4 22.7% at T84, p < 0.001), while the
MDA assay showed a significant decrease in MDA
concentration compared to baseline (— 6.4% at
T84, p < 0.001) which, in line with the FRAP
results, indicated enhanced antioxidative pro-
tection of the skin. All assessed skin parameters,
including radiance (+ 36.1% at T84, p < 0.001),
gross elasticity (+ 13.2% at T84, p < 0.001), net
elasticity (+ 28.0% at T84, p < 0.001), and mois-
ture (+ 13.8% at T84, p <0.001) were also
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significantly improved. The product was well
tolerated as no adverse events were attributed by
the investigators to the use of the product. Addi-
tionally, the global score obtained from the self-
assessment questionnaires provided overwhelm-
ingly positive feedback from the study subjects.
Conclusions: The food supplement evaluated
in this study was effective and well-tolerated by
the subjects, demonstrating a beneficial effect
in terms of photoprotection, enhancing the
antioxidative status of the skin and improving
general skin condition.

Trial Registration: Retrospectively registered
3rd October 2019, ISRCTN18121679.

Keywords: Antioxidant protection; Clinical
study; Oral supplement; Photoprotection;
Sunscreen; Ultraviolet radiation

Key Summary Points

Why Carry Out This Study?

Skin exposure to ultraviolet radiation
(UVR) can cause oxidative stress,
particularly in the absence of adequate
protective measures or individuals with a
sensitive skin type. Protection from UVR
entails the use of topical sunscreens.
However, a combined dietary approach to
reinforce skin protection could provide a
continuous adjunctive measure and could
be of great interest.

This study aims to assess the efficacy and
tolerability of an oral food supplement
containing a combination of actives with
mainly antioxidative properties.

What Was Learned from the Study?

The food supplement was effective and
well-tolerated, demonstrating a beneficial
effect in terms of photoprotection,
enhancing the antioxidative status of the
skin and improving general skin condition.

The outcomes can provide good
indications for the protective effects of
nutritional interventions in the area of
sun protection.

INTRODUCTION

The skin is in continuous contact with the
external environment, and because of this, it is
daily subjected to several aggressive environ-
mental stressors (e.g. mechanical, chemical,
toxic, thermal) as well as to pathogenic
microorganisms that affect its physiology.
Notably, one of the key environmental agents
affecting the skin is solar ultraviolet radiation
(UVR) [1]. Excessive UVR exposure has been
associated with short-term harmful outcomes
such as sunburn (erythema) and photo-im-
munosuppression [2], but also with long-term
consequences such as actinic damage (e.g. acti-
nic keratosis) [3, 4], photo-ageing [5] and skin
cancer [6, 7].

The UVR reaching the earth’s surface covers
a wide wavelength range (290-400 nm) and is
divided into two bands: UVB (290-320 nm) and
UVA (320-400 nm). Although UVA has less
energy than UVB, it can penetrate deeper into
the skin, and its exposure may generate reactive
oxygen species (ROS) which can damage DNA
through indirect photosensitization reactions
[8-11]. Meanwhile, UVB can be absorbed
directly by the DNA, forming specific photo-
products such as cyclobutane dimers and 6-4
photoproducts, which cause molecular DNA
rearrangements. Since skin irradiation by either
UVA or UVB has been shown to modify bio-
logical tissues, the International Agency for
Research on Cancer (IARC) classified solar UVR
as a carcinogen almost three decades ago [12].

Sunscreens are applied topically to protect
the skin from solar UVR exposure. It has been
shown that the sun protection conferred by
these products, measured in sun protection
factor (SPF), tends to be overestimated under
test conditions compared to real life, as very
often the quantity applied in real life is less than
the one recommended, and it is difficult to
assess whether the product has sufficiently
covered the skin area that is going to be exposed
[13]. Consequently, a combined dietary
approach to reinforce skin protection could
provide a continuous adjunctive measure and
could be of great interest [14].
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Several substances are effective in averting
UV-induced skin alterations [15]. Oral agents
such as essential micronutrients, vitamins (in-
cluding vitamins C, D, and D3 — alone or in a
mixture), minerals (selenium), polyphenols
(including Camellia sinensis, Vitis vinifera L., and
Polypodium leucotomos Poir), and carotenoids
(including lutein, lycopene and p-carotene),
among others, have exhibited photoprotective
and anti-photocarcinogenic properties [15, 16].
These constituents display the potential to
improve systemic protection not only against
UVR but also to the visible and infrared (IR)
ranges of sunlight. Skin protection is achieved
through different mechanisms that promote
antioxidant, anti-inflammatory, and
immunomodulatory effects preventing photo-
induced carcinogenesis and ageing and
improving the appearance and pigmentation of
the skin [15].

Vitamins are organic compounds that are
involved in skincare and health, displaying
antioxidant activity and promoting collagen
synthesis, keratinisation, sebum regulation and
photoprotection [17]. For instance, vitamin D3,
orally administered 1 h after experimental sun-
burn, has been shown to attenuate the inflam-
matory response by  decreasing  pro-
inflammatory regulators such as tumour necro-
sis factor-alpha (TNF-a) and inducible nitric
oxide synthase (iNOS) [18-21]. Vitamin C is a
well-established antioxidant agent. Skin cells
harbour high concentrations of vitamin C [22],
to enhance collagen synthesis and provide
antioxidant protection against UV-induced
photodamage. Vitamin C is also thought to
regenerate cutaneous vitamin E from its radical
form, and the combination of both vitamins
acts synergistically [23]. A combination of vita-
mins C and E in a double-blind, placebo-con-
trolled study showed that oral treatment
reduced sunburn, UV-induced skin damage and
cutaneous blood flow when compared to the
placebo group [24].

Carotenoids (including lutein, lycopene and
B-carotene) are pigments present in a wide
variety of vegetables and fruits and humans
obtain them through the diet [25]. In vitro and
in vivo studies have shown that carotenoids can
suppress UVR-mediated reactive oxygen species

(ROS) production, and thus prevent photoin-
activation of antioxidant proteins, lipid perox-
idation, and DNA damage [15, 26]. For instance,
it has been demonstrated that when orally
supplemented, lutein prompts a significant
reduction of the UVA-induced overexpression
of several genes [27]. Supplementation with
lycopene has been found to decrease ROS pro-
duction, which in turn protects cellular struc-
tures from UVR-induced damage [28].
Regarding p-carotene supplementation, several
clinical trials have also shown that it can
diminish the intensity of erythema caused by
sunlight [29, 30].

Selenium is an essential mineral that
increases the activity of various antioxidant
enzymes. Some clinical studies propose that
selenium supplementation protects the skin
against many of the harmful effects of UVB
radiation [31].

Polyphenols are plant-derived agents whose
photoprotective properties can be linked to
their antioxidant, anti-proliferative, anti-car-
cinogenic and anti-inflammatory properties
[32]. For example, green tea polyphenols (GTPs)
have been studied extensively in vitro, in vivo
and in human studies [33], showing chemo-
preventive effects against UVB-induced skin
cancer.

Grape seed extract (GSE) is also rich in
proanthocyanins. In a 1-year study of Japanese
women with chloasma, oral administration of
67 mg of GSE 3 times a day effectively decreased
hyperpigmentation, and the extract was shown
to be safe and well-tolerated [34].

Finally, Polypodium leucotomos (PL), is a
tropical fern plant that has long been used in
traditional medicine in Central and South
America. PL is rich in polyphenolic compounds,
which have been shown to have photoprotec-
tive properties inhibiting the UVR-induced
generation and release of ROS, which in turn
prevents DNA damage while protecting and
enhancing the natural antioxidant enzyme
systems of the skin [35, 36]. Consequently, PL
can be used as an oral adjuvant agent to reduce
the adverse effects of UVR exposure by
improving the photoprotective capacity of the
skin [37].
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The goal of this clinical study was to assess
the efficacy of a food supplement containing
some of these sustances against UV-induced
skin damage and oxidative stress.

METHODS

Study Design

The present study was an open, prospective and
monocentric clinical study, conducted by a
contract research organisation (CRO) in San
Martino Siccomario (PV) (Italy). The study pro-
tocol was approved by the Independent Ethical
Committee for Non-Pharmacological Clinical
trials of Genova, according to the Italian regu-
lations, on 5 September, 2018 (Record no. E.HU-
016-0030.01.005L_2018_2323). Study proce-
dures were carried out following the Declaration
of Helsinki, as revised in 2018, and good clinical
practice guidelines. Written informed consent
was obtained from all patients before
enrolment.

Patient Selection

The study enrolled thirty healthy female and
male subjects of Caucasian ethnicity, aged
between 40 and 65 years with a Fitzpatrick
phototype between I and III [38], manifesting
clinical ageing signs (chronological-ageing and
photo-ageing) and with at least one dark spot
on the face. All participants were screened and
enrolled under the supervision of a dermatolo-
gist, according to protocol inclusion/exclusion
criteria.

Sample size was calculated with a two-sided
5% significance level and a power of 80%,
considering a 20% variation of the primary
endpoints due to both inter-individual human
variability and error in the measurement tech-
niques. A sample size of 20 subjects was neces-
sary, given an anticipated dropout rate of 20%.

Subjects were required not to have been
recently involved in a similar study, to submit
before and after pictures, to use the product
during the whole study period, not to vary their
daily habits or dietary routine and to use

effective contraceptive methods. Additionally,
subjects were required to continue using their
usual sun protection measures when exposed to
the sun.

Exclusion criteria were pregnancy or lacta-
tion, allergies or sensitivity to cosmetic prod-
ucts, toiletries, sunscreens, and/or topical drugs,
dermatological problems in the test area, posi-
tive anamnesis for atopy, use of self-tanning
products for at least 1 month before study start
or regular use of tanning beds.

Primary and Secondary Endpoints

The primary endpoints concerning photopro-
tection entailed the assessment of minimal
erythema dose (MED) and antioxidant capacity
of the skin.

The secondary endpoints confirmed product
tolerability and the effect of the product on
selected skin parameters related to skin ageing
(skin moisturisation, elasticity, radiance and
colour of skin dark spot). Furthermore, a sub-
jective evaluation of efficacy and tolerability
was performed by the study participants
through a self-assessment questionnaire.

Intervention

The study was conducted between October
2018 and January 2019. The starting date of the
study was selected to minimize the influence of
solar radiation exposure on the parameters
evaluated during the study. The investigational
product (IP) was an oral food supplement con-
taining VitAox Ultra (Table 1). The intake
regime consisted of one capsule per day for
12 weeks, to be taken every morning with
plenty of liquid.

Assessment of Minimal Erythema Dose
(MED)

A provisional minimal erythema dose (MED)
was assessed on the back skin of each study
subject up to a week before the primary MED
test. The range of UV doses to be applied during
the study was established based on the
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Table 1 Quantitative formula of VitAox Ultra

Ingredients Weight/capsule NRV
Vitamin C (L-ascorbic acid) 40 mg 50%
Vitamin E (D-a-tocopherol) 12 mg 100%
Vitamin D3 (cholecalciferol) 5 pg 100%
Selenium (sodium selenite) 41.5 ug 75.40%
Vitamin A (f-carotene) 800 pg RE 100%
Lycopene 8 mg n/a
Lutein 8 mg n/a
Camellia sinensis L. Kuntze 50 mg n/a
extract

Polypodium leucotomos Poir 480 mg n/a
Vitis Vinifera L. extract 10.1 mg n/a

n/a non-applicable, NRV nutrient reference value [Annex
XIII of the Regulation (EU) No. 1169/2011), RE retinol
equivalents

estimated MED (according to laboratory expe-
rience, subject SPF testing history, and skin
type).

During the primary MED test, six subsites
centred around the provisional MED were
exposed to incremental UV doses using a
1.15 x geometric progression. The MED was
assessed visually, under blind conditions,
20 £ 4 h after UV exposure. MED assessment
was carried out in a room with matt neutral wall
colour and sufficient illumination conditions
(at least 450 lux).

Antioxidant Capacity of the Skin

The antioxidant capacity was determined on
the back skin using two standard biochemical
methods: ferric reducing antioxidant power
(FRAP) and malondialdehyde assay (MDA). Both
methods rely on the use of Corneofix® foils
(Courage + Khazaka electronic GmbH) to col-
lect different layers of the stratum corneum.

FRAP Assay

The FRAP assay was used as a direct measure of
the total reducing power of the skin and as an
indirect index of the capability of the skin to

resist oxidative damage. The FRAP reaction [39],
namely the reduction of the complex TPTZ-
Fe(Ill) into the ferrous form [Fe(Il)], was moni-
tored via a colorimetric measurement at
595 nm. The recorded absorbances were com-
pared to an Fe(Il) standard curve of known
values. The results were directly proportional to
the total reducing power of the antioxidant in
the reaction mix.

MDA Assay

MDA is a specific biomarker of oxidative stress
for lipids, reflecting the state of lipid peroxida-
tion. MDA content was used as an oxidative
stress index linked to the lipid peroxide com-
ponent of skin cells. MDA content was assayed
by a colourimetric measurement [40], based on
the capability of a chromogen, N methyl 2
phenylindole (NMPI), to react with MDA at
45 °C and acidic pH to produce a stable blue
chromophore with an absorption peak between
540 and 590 nm. A calibration curve of growing
concentrations of standard MDA was used. The
results were expressed as MDA concentration
(uM) 4h and 24 h after UVA exposure. The
radiation dose of UVA exposure was 5 J/cm?.

Skin Moisturisation

Measurement of skin moisturisation was per-
formed according to the internationally recog-
nised epidermal capacitance measurement
using a Corneometer CM 825
(Courage + Khazaka, electronic GmbH) at five
points on the right cheek of each subject [41].

Measurement of Skin Radiance

Skin radiance was measured on the cheek using
a spectrophotometer/colourimeter CM 700D
(Konica Minolta), by illuminating the skin with
diffuse light, generated by the Ulbricht sphere
of the colourimeter, which allows the determi-
nation of the gloss component by calculating
the relationship between directional and diffuse
reflection. The method is called 8° gloss value
because the sensor measuring the light is 8° to
the vertical [42].
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Measurement of Colour of Skin Dark Spots
(ITA®)

The colour of the skin dark spots was deter-
mined through ITA° assessment. ITA® was cal-
culated based on the L* and b* parameter values
as follows: ITA° = [arctan(L50)/b*]180/%. The
ITA° system classifies the subjects into six skin
types, from very light to dark skin (very
light > 55° > light > 41° > intermediate > 28°
> tan > 10° > brown > — 30° > dark) [43, 44].

Skin Elasticity

Skin elasticity was measured in the same cheek
area with a Cutometer® MPA 580
(Courage + Khazaka, electronic GmbH), based
on a suction method that mechanically deforms
the skin [45]. The device uses negative pressure
(450 mbar) so that the skin of the subject is
drawn into the aperture of the probe (suction
on) for 2s and released again (suction off). A
non-contact optical measuring system deter-
mined the penetration depth of the skin. The
resistance of the skin to the negative pressure
and its ability to return into its original position
were displayed as curves (RO = Uf = penetration
depth in mm/time) in real-time during the
measurement. Two skin elasticity indices were
measured (Fig. 1): (1) R2 (Ua/Uf), gross elasticity
or overall elasticity, which represents the ability
of re-deformation of the skin to its basal state,
and (2) RS (Ur/Ue), net elasticity which

"""""""""""" §""797TTTTTTTTTTTTTTTTTT® Elasticity Parameters
i R2 = Ua/Uf
R5=Ur/Ue

___T,,.

Deformation (mm)
Uf
Ur
Ua

Ue

Deformation (mm)

Fig. 1 Skin eclasticity curve. Graph adapted from the
(hetps://courage-khazaka.de/
images/Downloads/Brochures/Wissenschaftlich/Brochure_
Cutometer.pdf)

manufacturer’s  brochure

represents the elastic recovery of the skin
deformation to its basal state due to its elastic
component.

Subjective Self-Assessment
of the Properties of the Product

All study participants evaluated the use of the
product by filling out a self-assessment ques-
tionnaire starting at week 2 (T14) and during all
subsequent study visits [week 4 (T28), 8 (T56)
and 12 (T84)]. Subjects were asked several
questions to evaluate the ease of use of the
product (e.g. size, colour, and taste of the cap-
sules) as well as some skin parameters related to
skin ageing (e.g. luminosity, brightness, and
flexibility). Participants also had to notify any
adverse reactions (see the section below).

Evaluation of Safety and Tolerability
of the Product

Subjects were asked to include from the first day
of the study, in a personal evaluation form,
unpleasant experiences and adverse reactions
(AEs) related to the use of product. A derma-
tologist assessed and recorded all observed AEs
and relevant findings to evaluate the safety and
tolerability of the product.

Statistical Analyses

Values were expressed as the mean and standard
error of the mean (SEM). Intergroup (between
treatments) statistical analysis was carried out
using multivariate analysis of variance (M-
ANOVA) followed by two-way Student’s t-test. A
p < 0.05 was considered statistically significant.
Statistical analysis output was reported as fol-
lows: *p < 0.05 **p < 0.01, and ***p < 0.001.

RESULTS

Subjects

A total of 30 healthy subjects (female and male)
were included in the study and completed it.
Population characteristics are shown in Table 2.
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Table 2 Baseline characteristics of subjects
Units

Sex Male 2 subjects 7 %

Female 28 subjects 93 %
Skin phototype (Fitzpatrick*) I 3 subjects 10.0 %

I 10 subjects 333 %

11 17 subjects 56.7 %
Age (mean) 55.6 + 14 Years
Minimal erythema dose (MED) 38.1 m]J/cm”
Skin moisturisation 37.7 au.
Skin elasticity (RO = Uf) 0.3512 Ratio
Skin elasticity (R2 = Ua/Uf) 0.7137 Ratio
Skin elasticity (RS = Ur/Ue) 0.2788 Ratio
Skin radiance 8.71 au.
L values (luminance) 57.77 au
ITA angle 22.82 ®)
MDA (basal) 1.51 £ 0.01 uM
MDA 4 h (after UV exposure) at 0 2.62 £+ 0.01 uM
MDA 24 h (after UV exposure) at 0 2.03 £ 0.01 uM
FRAP 1602 + 2.3 Fe(Il) uM

*I: always burns on minimal exposure; II: burns easily, tans slightly; III: burns moderately, tans progressively [38]

Study subjects attended the clinic at baseline
(TO), and after 2 weeks (T14), 4 weeks (T28),
8 weeks (T56) and 12 weeks (T84) of product
use. All subjects were included in the safety
analysis data set.

Minimal Erythema Dose (MED)

A statistically significant increase in the MED
threshold compared to baseline (TO) was
observed after 14, 28, 56 and 84 days of treat-
ment (Fig. 2). The mean variation in the per-
centage of MED was + 1.5% at T14 (p < 0.05),
+ 3.0% at T28 (p<0.01), + 6.1% at TS6
(p <0.01) and + 8.1% at T84 (p <0.001),
showing a progressive increase of the UV radi-
ation dose necessary to induce erythema.

The Antioxidant Capacity of the Skin

Ferric Reducing Antioxidant Power (FRAP)
Measurement

The mean FRAP values displayed a statistically
significant increase after 14, 28, 56 and 84 days
of treatment when compared to the baseline
(TO) (Fig.3). The mean variation in the per-
centage of the FRAP values was + 12.0% at T14,
+ 13.3% at T28, + 16.5% at T56 and + 22.7% at
T84 (all time points, p < 0.001), indicating an
increase in the antioxidant capacity of the skin.

Lipid Peroxidation (LPO) Through
Malondialdehyde (MDA) Measurement

Basal lipid peroxidation (before UVA exposure)
as measured by MDA concentration showed a
statistically significant decrease at T28 (— 3.4%;
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J/em

TO Ti14 T28 T56 T84
Experimental checks (days)
To T14 T28 T56 T84
MED 381 | 387 39.3 | 40.1 | 409
SEM 21 2.2 2.2 2.1 2.2
Mean Variation % vs T0 15% | 3.0% | 6.1% | 81%

Fig. 2 MED score at TO, T14, T28, T56 and T84. Data
are reported as the mean value & SEM in mJ/cm”
Statistical significance was considered at p < 0.05 (*p <
0.05, **p < 0.01, and **p < 0.001)

p <0.001), T56 (— 3.3%; p <0.001), and T84
(— 6.4%; p < 0.001) compared to TO (Fig. 4a).
As expected, in both measurements, 4 h and
24 h after UVA exposure (5 J/cm?), an increase
in MDA was observed in all visits (TO through to
T84) compared to measurements before UVA
exposure. In Fig. 4b, positive values indicate an
increase in MDA concentration expressed as a

210~
200~
190~
_ 1804
E 170~
= 160+
2 1504
£, 140-
& 1304
120-
110~
100~
90

TO T14 T28 T56 T84
Experimental checks (days)
To T14 T28 T56 T84
FRAP 160.18 | 179.37 | 181.74 | 187.01 | 196.59
SEM 23 3.6 43 48 4.9
Mean Variation % vs T0 12% | 13.3% | 16.5% | 22.7%

Fig. 3 FRAP levels at TO, T14, T28, T56 and T84. Data
are presented as the mean of Fe(Il) £ SEM in puM.
Statistical significance was considered at p < 0.05 (*p <
0.05, **p < 0.01, and **p < 0.001)

percentage variation of measurements per-
formed before UVA exposure on the same day.
Nonetheless, compared to previous visits, a
smaller increase in MDA concentration was
observed at each visit, both 4 h and 24 h after
UVA exposure. More specifically, at TO, a 74.0%
increase was observed 4 h after UVA exposure,
whereas at T84 the increase was 53.3%
(p <0.001) 4h after UVA irradiation. At 24 h
post UVA exposure, a 34.7% increase was
recorded at baseline (T0O), whereas a 14.9%
increase was registered at T84 (p < 0.001). This
“reduced rate of increase” is statically significant
at T28, T56 and T84 when MDA measurements
were performed 4 h after UVA exposure, and at
all time points (T14, T28, TS6 and T84) when
MDA was measured 24 h after irradiation.

Skin Moisturisation

A statistically significant increase in mean skin
moisturisation values was achieved after 14 days
of treatment when compared to basal condi-
tions (TO). This increase was sustained for the
whole of the duration of the study (as measured
at T28, T56 and T84) (Fig. 5). Accordingly, the
mean variation in the percentage of skin mois-
turisation compared to TO was + 9.9% at T14,
+ 13.5% at T28, + 14.2% at T56 and + 13.8% at
T84 (all time points, p < 0.001).

Skin Radiance

Skin gloss, also referred to as skin radiance,
displayed a statistically significant increase after
14, 28, 56 and 84 days of treatment when
compared to basal conditions (TO) (Fig. 6). More
specifically, the mean variation in the percent-
age of the skin radiance compared to TO
increased by + 15.2% at T14, + 20.6% at T28,
+ 30.7% at T56 and + 36.1% at T84 (all time
points, p < 0.001).

Skin Dark Spots (L and ITA®)

Skin lightness (L), exhibited a statistically sig-
nificant increase after 14, 28, 56 and 84 days of
treatment when compared to basal conditions
(TO) (Fig.7a). More specifically, the mean
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1.6+
1.5+
p
€
< 1.4+
1.3+
1.2
TO T14 T28 T56 T84
Experimental checks (days)
TO T14 T28 T56 T84
MDA 1.51 1.49 1.46 1.46 1.41
SEM 0.01 0.01 0.01 0.01 0.02
Mean Variation % vs TO -1.3% | -3.4% | -3.3% | -6.4%

(a)

Fig. 4 Lipid-peroxidation (LPO) levels measured by
MDA content on the skin cells. a (Basal) — mean
concentration of MDA (uM) for the thirty subjects before
UVA exposure; b LPO (4 h after UVA exposure) — mean
variation in percentage (percentage variation vs baseline
(T0) 4 h after UVA exposure) and LPO (24 h) — mean

44 * KKk *kk el

Skin moisturizing (c.u.)

TO T14 T28 T56 T84
Experimental checks (days)

TO T14 T28 T56 T84
Skin Moisturizing 37.7 40.9 42.1 423 424

SEM 13 12 11 1.1 14
Mean Variation % vs T0O 9.9% | 13.5% | 14.2% | 13.8%

Fig. 5 Skin moisturisation at TO, T14, T28, T56 and
T84. Data are presented as the mean of analysed skin
parameter £ SEM in (cu.). Statistical significance was
considered at p < 0.05 (*p < 0.05, *p < 0.01, and **p <
0.001)

TO Ti4 T28 T56 T84

TO Ti4 T28 T56 T84

% variation MDA after UV exposition (% vs. T0)

Experimental checks (days)
4h To | T4 | T28 | T56 | Ts4
MDA 74.0% | 73.7% | 70.1% | 66.4% | 53.3%
SEM 14% | 1.5% | 1.6% 1.5% | 1.7%
24h TO T14 T28 T56 T84
MDA 34.7% | 30.9% | 28.1% | 20.7% | 14.9%
SEM 11% | 0.9% | 1.3% 1.3% | 1.6%

(b)

variation in percentage (percentage variation vs baseline
(T0) 24 h after UVA exposure). Data are presented as the
mean of MDA £ SEM in pM MDA. Statistical signifi-
cance was considered at p < 0.05 (*p < 0.05, *p < 0.01,
and **p < 0.001)
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2=
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TO T14 T28 T56 T84
Experimental checks (days)
TO T14 T28 T56 T84
Gloss parameter 8.71 9.95 | 10.31 | 11.14 | 11.59
SEM 0.4 0.4 0.4 0.4 0.4
Mean Variation % vs TO 15.2% | 20.6% | 30.7% | 36.1%

Fig. 6 Skin radiance at TO, T14, T28, T56 and T84. Data
are presented as the mean of gloss parameter &+ SEM in
arbitrary units (a.u.). Statistical significance was considered
at p < 0.05 (*p < 0.05, **p < 0.01, and **p < 0.001)
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Fig. 7 Lightness of the skin. a L values; b ITA® values on
an identified brown spot of the subjects. Both graphs show
mean values obtained at TO, T14, T28, TS6 and T84.
Data are represented as the mean of L values &= SEM (in

variation in the percentage of the L wvalues
compared to TO increased by + 1.1% at T14,
+ 2% at T28, + 2.4% at T56 and + 2.6% at T84
(all time points, p < 0.001).

The mean variation in the percentage of the
ITA® (Fig. 7b), measured in the brown spot,
displayed an increase of 11.6% at T14, 17.2% at
T28, 18.8% at T56, and 20.3% at T84, indicating
a lighter skin tone (all time points, p < 0.001).

Skin Elasticity

Results showed that the overall skin firmness
and elasticity improved in the course of the
study (Fig. 8a—c). Skin firmness, measured as RO
(mm/s) with the Cutometer®, significantly
increased after 14, 28, 56 and 84 days of treat-
ment compared to basal conditions (TO)
(Fig. 8a). The mean skin firmness (RO = Uf),
which is reduced when the skin is firmer, was
— 11.2% at T14, — 13.3% at T28, — 14.4% at
TS6 and — 16.4% at T84 (all time points,
p <0.001).

Accordingly, both gross elasticity of the skin
(Fig. 8b) (R2 parameter, Ua/Uf) and net elastic-
ity (Fig. 8c) (RS parameter, Ur/Ue) increased
after 14, 28, 56 and 84 days of treatment

au.) and the mean of ITA angle & SEM in degrees (°),
respectively. Statistical significance was considered at p <
0.05 (*p < 0.05, *p < 0.01, and ** < 0.001)

compared to basal conditions (T0). The mean of
gross skin elasticity increased by + 8.8% at T14,
+ 10.9% at T28, + 11.9% at T56 and + 13.2% at
T84 (all time points, p < 0.001) and the mean of
net skin elasticity increased by + 14.4% at T14,
+ 16.8% at T28, + 24.4% at T56 and + 28.0% at
T84 (all time points, p < 0.001).

Subjective Self-Assessment
of the Properties of the Product

The subjective and qualitative evaluation of the
efficacy of the product showed that according to
study subjects, the use of the product has been
beneficial for the skin (Fig. 9: data set available
in Table S1). A set of questions was answered by
all subjects at all study visits (T14, T28, T56, and
T84) using a self-assessment questionnaire form.
The score of most of the answers (14/17) con-
tinuously improved throughout the length of
the study (from T14 to T84).

Evaluation of Safety and Tolerability

The study participants reported two adverse
events during the length of the study; namely,
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Fig. 8 Skin firmness and elasticity measured with the
Cutometer®. a RO parameter — skin firmness; b R2
parameter — gross skin elasticity; ¢ RS parameter — net
skin elasticity. All graphs show mean values obtained at

one reported that the product was difficult to
digest, while the second reported slight stom-
ach burns during the last weeks of treatment.
However, based on the opinion of the investi-
gators, these adverse events were not clearly
attributable to the intake of the product.
Therefore, the food supplement was considered
well-tolerated.

TO, T14, T28, T56 and T84. The data are represented as
the mean of Uf &= SEM for RO, Ua/Uf for R2, and Ur/Ue
for RS, respectively. Statistical significance was considered
at p < 005 (*p < 0.05 *'p < 0.01, and ***p < 0.001)

DISCUSSION

In the quest to provide additional means of
increasing sun protection levels for human
beings, oral photoprotection may be of signifi-
cant interest [15, 46].

The study of this food supplement, contain-
ing a mix of actives such as carotenoids,
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Fig. 9 Score in percentage provided by the study subjects
on several skin health parameters evaluated throughout the
study (T14, T28, T56, and T84). The data are represented
as the mean score provided by all the subjects throughout
the study length. Each answer has four columns repre-
senting the mean of the scores for T14, T28, T56, and
T84 (from left to right), respectively

vitamins, selenium and phytochemicals,
showed that when administered orally for
12 weeks it was capable of increasing the mini-
mal erythema dose (MED), increasing the
antioxidant capacity of the skin, and it ame-
liorated skin parameters related to skin ageing
such as skin moisturisation, elasticity, radiance
and colour of dark spots.

The MED results showed that oral intake of
the product may induce a gradual increase in
the amount of UV radiation necessary to induce
minimal erythema, and thereby the product
may contribute to photoprotection. In com-
parison with other studies showing significant
results for MED after 4 to 12 weeks of supple-
mentation [47, 48] we observed in the present
study a modest but statistically significant and
progressive impact on MED that was observed as
early as after 2 weeks of oral intake.

The FRAP measurement also showed that
supplementation with the study product sig-
nificantly increased the antioxidant capacity of
the skin by 12% after 2 weeks (T14) and up to
22.7% after 12 weeks (T84) of product use.

In this study, basal MDA (when no experi-
mental UVA exposure is performed) decreased
in consecutive visits, indicating that the process
of lipid peroxidation in attenuated. A statisti-
cally significant effect has also been observed
when looking at MDA levels 4 h and 24 h after
experimental UVA exposure. In both cases, the
levels of MDA are increased as a result of the
UVA exposure, but theper cent increase
decreased over consecutive visits, indicating an
effect of the food supplement in enhancing the
antioxidant capacity of the skin. In comparison
with other studies showing significant
improvement of hydration, radiance, L*, ITA°
and elasticity after 4-25 weeks of oral intake
[49, 50], in the present study a statistically sig-
nificant improvement in these parameters was
observed starting after 2 weeks of product use.
The skin hydration results show that the food
supplement quickly increased skin moisturisa-
tion levels, and was able to maintain higher skin
hydration during the course of the study.
Additionally, skin radiance, L*, ITA° and elas-
ticity continuously improved during the
12 weeks of product use. The product demon-
strated a high tolerance since the only two
adverse events that were reported by study
participants were not serious and not
attributable to product intake, based on the
opinion of the investigators. Consequently, the
treatment was not interrupted by any of the
study participants. The methods used to evalu-
ate product tolerability have been previously
validated in relevant studies [51-53]. Apart from
the two adverse events previously mentioned,
all the investigated aspects concerning the
product were positively assessed by enrolled
subjects.

The design of the study may have certain
methodological limitations; for example, most
of the subjects in the study were female.
Nonetheless, since the molecular, cellular, and
tissue-specific events leading to inflammation
and photo-ageing are the same among genders,
the study outcomes can be extrapolated to the
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general population. As the product evaluated is
a combination of several active ingredients, it is
difficult to establish the relevance of each one of
the ingredients in the efficacy observed. Even
though the present study is an open study (non-
randomised study — NRS) with no placebo
treatment, outcomes can provide good indica-
tions for the protective effects of nutritional
interventions in the area of sun protection.

CONCLUSIONS

The food supplement evaluated (VitAox Ultra)
has been shown to be effective and well-toler-
ated in increasing minimal erythemal dose
(MED), antioxidant capacity of the skin and
improving skin parameters related to skin age-
ing. These positive effects can be explained by
an increase in the antioxidant capacity of the
skin promoted by the oral intake of this food
supplement.
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