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Abstract. Exposure to UVA radiation is known to cause many adverse biological effects by inducing the stricken cells to produce
reactive oxygen species (ROS). In recent years the use of botanicals has received considerable interest in the skin protection.
Bilberry (Vaccinium myrtillus L.) fruit contains several polyphenols with strong antioxidant and anti-inflammatory properties.
In this study we evaluated potential UVA preventive effect of V. myrtillus fruit extract (VME; anthocyanins, 25% w/w) in HaCaT
keratinocytes. Pre-treatment (1 h) or post-treatment (4 h) of HaCaT with VME resulted in attenuation of UVA-caused damage.
Application of the extract significantly reduced UVA-stimulated ROS formation in keratinocytes. VME also prevented/reduced
UVA-caused peroxidation of membrane lipids and depletion of intracellular GSH. The observed cytoprotective effect may be
linked to the antioxidant activity of the plant constituents, namely anthocyanins.
Keywords: Vaccinium myrtillus, UVA radiation, HaCaT, oxidative stress, free radicals

1. Introduction
The sun emits a wide spectrum of electromagnetical waves of which UV is the most aggressive towards
cellular components [32]. The most damaging and cytotoxic part of solar UV light (100–295 nm) is
eliminated in the stratospheric ozone layer. Nevertheless the rest of coming UV radiation, part of UVB
(295–315 nm) and all UVA (315–400 nm), is responsible for manifold skin diseases [27]. The ratio of
UVA/UVB depends on latitude, season and time of day. However, the sun is primarily a UVA source
with a maximal terrestrial UVB content of about 5% [35]. Depending on wavelength, UV damage
occurs via two different mechanisms. UVA primarily initializes massive production of reactive oxygen
species (ROS) through interaction with endogenous photosensitizers. ROS are capable of oxidizing
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cellular macromolecules leading to the formation of oxidized products such as lipid hydroperoxides,
protein carbonyls and 8-hydroxyguanosine which have been implicated in skin disorders. Both ROS
and oxidized molecules can affect various cellular pathways and gene expression [27]. On contrary,
DNA with its aromatic, heterocyclic bases is a strongly absorbing chromophore for UVB (absorbing
maximum at 260–265 nm). Direct absorption of the UVB photons leads to disruption of DNA with
cyclobutane pyrimidine dimers and pyrimidine-(6-4)-pyrimidone photoproducts formation as a result.
Aromatic amino acids of proteins, mainly tryptophan and tyrosine, act as potent radiation absorbers
within the UVB range and their UVB-caused modification may lead to affection of protein function and
cellular pathways as well. Hence, both UVA and UVB play a role in the pathogenesis of photosensitive
diseases such as sunburn, immunosuppression, premature skin aging so-called photoaging, and even
photocarcinogenesis [33].
Even though UVA penetrates deep into the dermis of the skin, it also affects epidermal cells. The
major cell type in the epidermis, the upper skin layer, is keratinocyte that comprises more than 90%.
Keratinocytes are equipped with a complex of non-enzymatic and enzymatic antioxidant defence system.
However, if excessive ROS generation induced by UVA radiation reaches a critical concentration,
keratinocyte normal defence components are overwhelmed and it can lead to reversible or irreversible
(photo)oxidative damage to all cellular components [27]. Throughout life oxidative protein and DNA
modifications as well as lipid peroxidation and glycation products accumulate in cells, which lead to
photoaging and can lead to skin carcinogenesis [32].
Fruits and vegetables contain many phytochemicals, which were recognized for their potential health
benefits. Several epidemiological studies have revealed that high fruits and vegetables intake appears
to be positively correlated with reduced mortality by some types of civilizational diseases including
cancer. One possible mechanism responsible for the effect was attributed to the antioxidant activity
of fruits and vegetables constituents [10]. For the same reason, the use of botanical supplements with
antioxidant activity seems to be suitable way how attenuate the UV-caused oxidative stress and oxidative
stress-mediated skin disorders [4]. In particular, polyphenols which are known antioxidants have been
intensively studied for their UVA-protective activity.
Bilberry (Vaccinium myrtillus L.) also called blueberry, huckleberry or whortleberry is a well-known
shrub belonging to the Ericaceae family. The berries represent a high nutritive food [18] and were
reported to be one of the richest sources of antioxidant phytonutrients of fresh fruits and vegetables [15].
Furthermore fruit and leaves have traditional use in folk medicine of several European countries. Leave
infusion was used among others as local application in cutaneous infection and burns. The berries
were especially used in the treatment of gastrointestinal inflammations, mouth infections or urinary
complaints. The berries contain different polyphenols like anthocyanins, cinnamic and benzoic acid
derivatives, flavan-3-ols and flavonol glycosides [4]. Multiple pharmacological activities that have been
reported seem to be related to the anthocyanidin fraction e.g. anti-atherosclerosis, anti-inflammatory, or
wound-healing. Some of the activities may be associated with their antioxidant properties. Bilberry
anthocyanins were reported to scavenge superoxide, reduce hydrogen peroxide-induced radicals, and
inhibit lipid peroxidation in vitro [14,31] and in vivo [5].
The aim of this study was to investigate UVA (photo)protective activity of Vaccinium myrtillus extract
(VME) in vitro. We specifically dealt with VME preventive or therapeutic effects on ROS generation,
lipid peroxidation and GSH depletion.
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2. Materials and methods
2.1. Materials
Human keratinocytes (spontaneously immortalized cell line HaCaT) were obtained from the Institute
of Biophysics, Academy of Science of the Czech Republic, (Brno, Czech Republic). 2’,7’- Dichlorodihydrofluorescein diacetate (H 2 DCFDA) was from Fluka Chemie (Germany). Dulbecco’s modified Eagle’s
medium (DMEM), heat-inactivated fetal calf serum (FCS), stabilised penicillin-streptomycin solution,
sterile dimethylsulfoxide (DMSO), neutral red (NR), 2,2’-dinitro-5,5’-dithiobenzoic acid (DTNB) and
all other chemicals were purchased from Sigma-Aldrich (USA). Bilberry extract (Myrtilli fructus siccum,
batch 171004MF015) was obtained from IVAX CR a.s., Opava, Czech Republic.
2.2. Bilberry extract analysis
The bilberry extract used contained anthocyanins (25.0%, w/w; analysed by HPLC using delphinidin as external standard). Delphinidin-3-galactoside (2.9%), delphinidin-3-glucoside (3.3%),
cyanidin-3-galactoside (4.7%) and cyanidin-3-glucoside (2.5%) were the most represented constituents,
followed by petunidin-3-glucoside (2.2%), malvidin-3-glucoside (2.2%) and cyanidin-3-arabinoside
(1.8%). Petunidin-3-galactoside (1.0%), paeonidin-3-glucoside (1.0%), malvidin-3-galactoside (0.8%),
petunidin-3-arabinoside (0.7%) were also identified. Minor amounts of malvidin-3-arabinoside (0.5%),
delphinidin (0.3%), cyanidin (0.3%), paeonidin-3-galactoside (0.2%), paeonidin-3-arabinoside (0.13%),
petunidin (0.13%), malvidin (0.12%) and paeonidin (0.05%) were also found, as published previously [10].
2.3. (Photo)stability of bilberry extract
To determine time and UVA-stability VME stock solution (10 and 5 mg/ml; DMSO) was diluted
200-times in phosphate saline buffer (PBS, pH 7.5). The blank samples were prepared with DMSO
(0.5%, v/v, in PBS). A) Time-stability of VME (50 mg/l; 0.5% DMSO (v/v)) was determined after 1, 4
and 24 h incubation (37 ◦ C; dark). B) Photostability was monitored in the UVA region. VME solution
(25 mg/l; 0.5% DMSO (v/v) was applied into a 6-well plate (2 ml per well) and irradiated (20 J/cm 2 ∼
60 min). The sham samples were kept in the incubator for the time of irradiation.
The absorption spectrum was measured immediately between 200–600 nm in UV-VIS spectrophotometer UV-2401PC (Shimadzu, Japan). Non-irradiated and irradiated samples (VME) were scanned in
a quartz cuvette against non-irradiated and irradiated blanks (DMSO), respectively.
2.4. Cell culture
Keratinocytes were grown in DMEM supplemented with heat-inactivated FCS (7%; v/v), streptomycin
(100 U/ml), penicillin (0.1 mg/ml) and glutamine (4 mmol/l). The cells were maintained in a humidified
atmosphere with 5% (v/v) CO2 at 37◦ C. Culture medium was changed twice a week. The cells were
subcultured following trypsinization. For all experiments HaCaT were seeded in 96-well or 6-well plates
at a density 1 × 105 cells per cm2 .
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2.5. Treatment with UVA light and bilberry extract
Two protocols of irradiation and application VME were performed:
A) Keratinocytes were pre-treated with VME (5–100 mg/l) in serum free medium at 37 ◦C for 1 h,
irradiated and incubated in serum-free medium at 37 ◦C for another 4 h.
B) Cells were irradiated and after UVA exposure VME (5–100 mg/l) in the serum-free medium was
added to the keratinocytes for 4 h.
For all experiments stock solutions of VME (0.2–50 mg/ml) were prepared in DMSO. Before application, the solutions were diluted in serum-free medium so that the final concentration of DMSO in
medium was 0.5% (v/v). Irradiated and non-irradiated control cells for each protocol were treated with
serum-free medium containing the respective aliquot of DMSO (0.5%; v/v) instead of test compound
stock solution.
2.6. UVA irradiation
Prior to UV irradiation, cells were washed with PBS and covered with a thin layer of PBS. Keratinocytes
were irradiated on ice-cold plates to eliminate UVA thermal stimulation. In parallel, non-irradiated cells
were treated similarly and were kept in the dark in an incubator for the time of UVA treatment. For
irradiation, a solar simulator SOL-500 (Dr. Hönle UV Technology, Germany), with spectral range (295–
3000 nm) corresponding to natural sunlight, was used. For all experiments the simulator was equipped
with a UVB-absorbing H1 filter (Dr. Hönle UV Technology, Germany) transmitting wavelengths of 315–
380 nm. The UVA output measured by an UVA-meter (Dr. H önle UV Technology, Germany) in direct
contact with the cell culture dish was 6.0 mW/cm 2 . Cells were irradiated with doses of 10–40 J/cm 2 .
2.7. Cell viability
The effect of VME in the concentration range of 1–250 mg/l, various UVA doses (10–40 J/cm 2 ) or
combinations of VME and UVA on keratinocytes cell viability was assessed after 4/24 h. Viability
was determined photometrically by means of two methods, neutral red (NR) retention and lactate
dehydrogenase (LDH) leakage assays, as described previously [28]. The NR uptake reveals the ability of
living cells to incorporate water-soluble dye into lysosomes. The LDH leakage assay evaluates activity
of LDH, a cytosolic enzyme, released into the medium which reflects cell membrane integrity.
2.8. ROS generation
Production of ROS was measured using a pre-fluorescent probe dichlorodihydrofluorescein diacetate
(H2 DCFDA) as described previously [2]. Briefly, after treatment with VME, pre-treatment (VME+UVA)
or post-treatment (UVA+VME), the probe H2 DCFDA (5 nmol/l; PBS) was added to the cells and keratinocytes were consecutively incubated for 15 min in an incubator. Then cells were washed with
PBS and scraped into 2 ml of PBS and sonicated. The fluorescence was monitored at specific excitation/emission wavelengths 488/525 nm using a spectrophotometer (LS 50 B, Perkin-Elmer, USA). The
protein concentration was determined by Bradford assay [6].
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2.9. H2 O2 induced damage
To assess the preventive effect of VME on hydrogen peroxide-caused damage, one of the most abundant
ROS, keratinocytes cultured on two separate 96-well plates were pre-treated with VME (5–50 mg/l) for
1 h. After the pre-treatment period (1 h), cells on one plate were exposed to H 2 O2 (0.3 mM) in the
presence of VME for 4 h (A). The medium with VME on the second plate was removed, serum-free
medium was applied and H 2 O2 (0.3 mM) for 4 h (B). Control cells for both protocols were treated with
appropriate volume of sterile water instead of H 2 O2. Cell viability was evaluated by NR retention assay
as described previously [28].
2.10. Superoxide scavenging
Superoxide was generated from molecular oxygen in the presence of EDTA, MnCl 2 , and mercaptoethanol and evaluated spectrophotometrically as the decrease in absorbance of NADH which is oxidized during the reaction [19]. The reaction mixture containing 190 µl of triethanolamine-diethanolamine
buffer (100 mM, pH 7.4), 10 µl of NADH (7.5 mM), 10 µl of EDTA/MnCl2 (100 mM/50 mM), 10 µl of
VME or DMSO was incubated for 10 min at 25 ◦ C. The reaction was started with the addition of 25 µl
of mercaptoethanol (10 mM), and the absorbance decrease was monitored at 340 nm for 15 min. The
final concentrations of VME were 1–50 µg/ml.
2.11. Lipid peroxidation
Lipid peroxidation was determined in the cell lysates of various treatment groups using the thiobarbituric acid reaction method [7]. The cells were washed with cooled PBS, scraped into trichloroacetic
acid (2.8%; w/v), sonicated and aliquots were used for protein determination by Bradford assay [6].
The suspension was mixed with thiobarbituric acid (1%; w/v) in a ratio 2:1, heated (30 min; 95 ◦ C) and
centrifuged (10 min; 13 000 rpm; 4◦ C). The amount of thiobarbituric acid reactive substances (TBARS)
was determined spectrophotometrically on a microplate reader (Sunrise, Schoeller Instruments, Austria)
at 535 nm.
2.12. Intracellular GSH level
Reduced glutathione in cells treated with VME alone, pre-treated with VME and irradiated or irradiated
and post-treated with VME was measured using the reaction with 2,2’-dinitro-5,5’dithiobenzoic acid
(DTNB) [24]. Briefly, the cells rinsed with cooled PBS were scraped into cooled perchloric acid (1%;
v/v), and sonicated. The aliquots were used for protein determination by Bradford assay [6]. The
suspension was centrifuged (10 min; 13 000 rpm; 4 ◦ C) and 50 µl of supernatant was mixed with 200 µl
of 0.8 M Tris-HCl buffer (pH 8.9) and 10 µl of DTNB (4 mg.ml−1 ). After shaking the reaction mixture,
the absorbance was measured at 412 nm within 5 min.
2.13. Statistical analysis
The series of experiments were performed as three or four independent examinations with at least
three replicates for each sample. Cytotoxicity of VME and UVA radiation to HaCaT was expressed as
% of control. Data were expressed as means ± S.D. Statistical analyses were performed using Student’s
t-test. Statistical significance was determined at p = 0.05.
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Fig. 1. (Photo)stability of VME. (A,B,C) Time-stability was performed in VME (50 mg/l; PBS; pH 7.5). Spectra were monitored
after 0, 1, 4 and 24 h (37◦ C; dark). (D) Photostability was monitored in UVA region. The VME solution (25 mg/l; PBS; pH 7.5)
was irradiated (20 J/cm2 ∼ 60 min).
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Fig. 2. Effect of VME on HaCaT viability. Keratinocytes were treated with VME (1–250 mg/l) for 4/24 h; control cells were
incubated with DMSO (0.5%; v/v) under the same conditions. Cell damage was evaluated as NR retention (A) and LDH leakage
into medium (B). Data are expressed as % of control and plotted as mean ± S.D. pre-treatment.

3. Results
3.1. (Photo)stability of VME
Time-stability of VME (50 mg/l; PBS, pH 7.5) was studied in the UV-VIS area of the electromagnetic
spectrum. Time-stability spectra (Fig. 1A, B, C) showed no changes in absorbance in either the visible
(400–600 nm) or the UV (200–400 nm) part after 1, 4 and 24 h (37 ◦ C, dark).
To assess the effect of UVA on VME, control experiments were performed on a non-cell model. In
vitro irradiation (20 J/cm2 ) of VME (25 mg/l; PBS, pH 7.5) did not change the absorption spectrum
of VME indicating the photostability of its components (Fig. 1D). The measurements also showed that
VME absorbs in both the UVA and UVB region spectrum. However its absorption ability is stronger in
the UVB area.
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Fig. 3. Effect of VME on neutral red retention in UVA irradiated HaCaT. Cells were pre-treated (1 h) with VME (5–100 mg/l)
(A) or post-treated (4 h) with VME (5–100 mg/l) (B). For irradiation the dose of 20 J/cm2 was used. Irradiated and non-irradiated
control cells were incubated with DMSO (0.5%; v/v) under the same conditions. Data are expressed as mean ± S.D. (*) p <
0.05 statistically different from irradiated cells.

3.2. Effect of VME and UVA irradiation on cell viability
First we evaluated the VME effect on HaCaT after 4 and 24 h treatment. VME at the concentrations
tested (1–250 mg/l) did not affect cell viability, particularly NR incorporation and LDH leakage, after 4 h
application (Fig. 2). NR uptake was not changed after 24 h either (Fig. 2A). However, VME treatment
decreased LDH activity in medium samples containing 100 and 250 mg/l of VME after 24 h (Fig. 2B).
The decrease should be caused due to inactivation or inhibition of LDH activity in consequence of high
VME concentrations in the medium; however Valentov á et al. assessed cytotoxicity of the VME on rat
hepatocytes and find no adverse effect on LDH activity up to the concentration of 500 mg/l after 24 h [31].
We ascribe the effect to diminution of released LDH amount into the medium due to cell stabilization in
the presence of VME. Moreover, we found no toxic effect on other parametres tested. For evaluation of
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Fig. 4. Effect of VME on UVA-induced LDH leakage from HaCaT. Cells were pre-treated (1 h) with VME (5–100 mg/l) (A)
or post-treated (4 h) with VME (5–100 mg/l) (B). For irradiation the dose of 20 J/cm2 was used. Irradiated and non-irradiated
control cells were incubated with DMSO (0.5%; v/v) under the same conditions. Data are expressed as mean ± S.D. (*) p <
0.05 statistically different from irradiated cells.

protection on other parameters, the concentration range of 5–100 mg/l was chosen.
UVA (10, 20, 30 and 40 J/cm 2 ) cytotoxicity was also evaluated after 4 and 24 h. The results
demonstrated that UVA light relevantly affected both cellular membrane integrity and keratinocyte
viability at doses of 20–40 J/cm 2 . Similar results were obtained for ROS generation. Depletion of
intracellular GSH was significant already at the dose of 10 J/cm 2 and higher ones. In contrast, obvious
increase in TBARS level was observed at the doses of 30 and 40 J/cm 2 . Thus we used different UVA
doses for individual markers (data not shown).
Pre-treatment (1 h) with of VME increased viability of UVA irradiated (20 J/cm2 ) keratinocytes in
a concentration dependent manner. In particular, the dose of 100 mg/l of VME provided nearly 50%
protection (Fig. 3A). LDH release in pre-treated cells was attenuated as well (Fig. 4A). Application of
VME after irradiation (4 h) also displayed significant diminution of HaCaT damage with a maximal
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Fig. 5. Attenuation of UVA-induced ROS generation by VME. (A) Keratinocytes were treated with VME (5–100 mg/l) and
ROS generation was assessed after 4 h. Data are expressed as % of control cells (non-irradiated, treated with DMSO). (B)
Cells were pre-treated (1 h) with VME (5–100 mg/l) and irradiated or (C) exposed to UVA and post-treated (4 h) with VME
(5–100 mg/l). For irradiation the dose of 20 J/cm2 was used. Irradiated and non-irradiated control cells were incubated with
DMSO (0.5%; v/v) under the same conditions. Data are expressed as mean ± S.D. (*) p < 0.05 statistically different from
irradiated cells.
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H2 O2 ) and incubated for 4 h (B). Control cells were incubated with DMSO (0.5%; v/v) under the same conditions. VME effect
on NR retention was evaluated. Data are expressed as mean ± S.D. (*) p < 0.05 statistically different from irradiated cells.

protection of 60% (NR retention; Fig. 3B) and 50% (LDH leakage; Fig. 4B) at the highest concentration
tested.
3.3. VME treatment reduces UVA-induced ROS production
As shown in Fig. 5A, VME itself did not increase the level of intracellular ROS in non-irradiated cells.
Also VME in PBS did not produce any significant fluorescent signal. UVA light (20 J/cm 2 ) dramatically
increased ROS generation in keratinocytes. In HaCaT pre-treated with VME (5–100 mg/l) a decrease
in fluorescence was evident. The maximal decline in ROS generation was at concentrations of 50 and
100 mg/l (∼ 55%; Fig. 5B). VME application to UVA-treated cells led to a decline in ROS production.
Concentrations of 50 and 100 mg/l VME were the most powerful (50%; Fig. 5C) as well. Both pre- and
post-treatment were effective in a concentration dependent way.
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Fig. 7. Superoxide scavenging activity of VME. Superoxide anion was generated in a chemical system. Inhibition of NADH
depletion, which is oxidised during the reaction, was calculated as follows: (1–(∆AS /∆dAC ))·100 (%); ∆AS – ∆ absorbance
of sample (VME)/min, ∆Ac– ∆ absorbance of control (DMSO)/min.

3.4. VME application attenuates H 2 O2 -induced damage
Hydrogen peroxide was used as a model reactive oxygen compound which is extensively generated
during UVA exposure. Application of hydrogen peroxide in a concentration of 0.3 mM to HaCaT caused
approximately 50% decrease in cell viability. Pre-treatment of keratinocytes with VME increased NR
retention in a concentration dependent manner and the maximal effect was found at the concentration of
25 mg/l (50%; Fig. 6A). Treatment of cells with VME before (1 h) and during H 2 O2 -exposure (4 h) led
to more effective keratinocyte protection against damage (Fig. 6B) in comparison to 1 h-pre-treated with
VME (Fig. 6A) and the protection reached 100% (25 and 50 mg/l).
3.5. Superoxide scavenging
To determine whether VME has the ability to scavenge superoxide, a non-cell system was utilized. As
shown in Fig. 7 VME ability to eliminate superoxide was concentration dependent. The IC 50 value was
2.90 ± 0.70 µg/ml.
3.6. VME prevents UVA-induced lipid peroxidation of cell membranes
The hallmark of UVA-induced damage is oxidation of various macromolecules including membrane
lipids. Exposure of HaCaT to UVA light (30 J/cm 2 ) increased LPx by twofold compared to non-irradiated
cells. VME (5–100 mg/l) alone did not induce LPx in non-irradiated cells (Fig. 8A). Pre-treatment of
keratinocytes with VME significantly reduced UVA-caused LPx. The maximal protection was observed
at a concentration of 50 mg/l (over 90%; Fig. 8B). Post-treatment with VME also markedly inhibited
membrane lipid damage with maximum at concentrations of 25 and 50 mg/l (75–80%; Fig. 8C).
3.7. VME decreases UVA-induced GSH depletion
It is well-known that exposure to UV light leads to depletion of the antioxidant defence capability in
vitro and in vivo. Using HaCaT cells as a model we also confirmed that UVA (10 J/cm 2 ) significantly
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Fig. 8. Protection of UVA-induced lipid peroxidation in cell membranes by VME. (A) Keratinocytes were treated with VME
(5–100 mg/l) and ROS generation was assessed after 4 h. Data are expressed as % of control cells (non-irradiated, treated
with DMSO). (B) Cells were pre-treated (1 h) with VME (5–100 mg/l) and irradiated or (C) exposed to UVA and post-treated
(4 h) with VME (5–100 mg/l). For irradiation the dose of 30 J/cm2 was used. Irradiated and non-irradiated control cells were
incubated with DMSO (0.5%; v/v) under the same conditions. Data are expressed as mean ± S.D. (*) p < 0.05 statistically
different from irradiated cells.
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reduced levels of intracellular GSH, an important non-enzymatic antioxidant. As shown in Fig. 9A,
application of VME (5–100 mg/l) did not deplete intracellular GSH levels in HaCaT after 4 h. Conversely
VME slightly increased GSH level in cells. Pre-treatment with VME significantly protects against UVAcaused GSH depletion, especially at a concentrations of 25 and 50 mg/l (55%; Fig. 9B). Post-treatment
was the most effective in the concentration range of 50–100 mg/l (50%; Fig. 9C).
4. Discussion
A large number of independent researches have shown a correlation between consumption of fruits
and vegetables with the prevention, delay or onset of chronic diseases including various kinds of cancer.
Fruits and vegetables are rich in diverse nutrients, which can act as chemoprotectants. These structurally
different components probably possess complementary and overlapping potential preventive actions such
as antioxidant, anti-inflammatory, enhanced activity and/or expression of detoxification enzymes and
strengthened immune system health [36]. It is no surprise that various component of human diets have
been investigated for their potential UV protective ability. In this study we focused on the bilberry (V.
myrtillus) fruit extract. Even though bilberry extract, as a whole, has not been studied to date, several
components in the extract used, have UV protective potential such as delphinidin [1] or cyanidin-3-Oglucoside [8,9,29]. In order to examine the potential UVA preventive effect or therapeutic (regenerative)
potential, keratinocytes were pre-treated (1 h) or post-treated (4 h) with VME (5–100 mg/l), respectively.
ROS overproduction is a pivotal characteristic phenomenon for UVA exposure. Increased ROS
concentration, such as singlet oxygen, superoxide anion, hydrogen peroxide and hydroxyl radical [23],
overwhelms the antioxidant mechanisms of targeted cells and contributes to further tissue damage. ROS
are also known to impair the healing process and on the other hand antioxidants prevent tissue damage
and stimulate wound healing [21]. Our experimental data, using H 2 DCFDA, demonstrated that in both
VME pre- and post-treated cells UVA-initiated, ROS generation was significantly prevented/reduced,
respectively (Fig. 5). The VME effect of the both treatments was concentration dependent. In a non-cell
model VME also showed the ability to eliminate chemically generated superoxide (Fig. 7), one ROS
induced by UVA light. Superoxide is dismutated to hydrogen peroxide [20], which itself is not capable of
causing damage. However, in the presence of metal cations (Fe, Cu) hydroxyl radicals are generated by
the Fenton reaction [30]. Pre-treatment of HaCaT with VME also efficiently suppressed H 2 O2 -induced
damage, especially when VME was present after addition of hydrogen peroxide (Fig. 6).
Increased ROS formation after UVA radiation consecutively leads to oxidation of cell components
such as proteins, lipids and DNA. Oxidative damage of lipids in biological membranes affects mainly
polyunsaturated fatty acids and induces further pro-oxidants generation. Membrane destruction is linked
to loss of fluidity, inactivation of membrane enzymes, to increase in cell membrane permeability to
ions and eventually to rupture of membrane and release of organelles [11]. As we showed VME
significantly inhibited membrane lipid oxidation, measured as TBARS level, when it was applied before
or after irradiation (Fig. 8). In contrast to other parameters, VME effect was very potent even at low
concentrations (5 and 10 mg/ml). We observed that after treatment with VME, coloured compounds
were bound to keratinocyte membrane (even though we washed cells properly). It sems that compounds
with higher molecular weight perhaps do not cross the phospholipid barrier and protect outer side of the
cell membrane; this could explain powerful effectiveness of VME against UVA-induced membrane lipid
peroxidation as well as H 2 O2 -caused cell damage.
The preventive action of VME under conditions of oxidative stress may also be linked to its ability to
modulate levels cell antioxidants. Recently, billberry anthocyanins were demonstrated to up-regulate the
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Fig. 9. Protection of UVA-induced GSH depletion by VME. (A) Keratinocytes were treated with VME (5–100 mg/l) and ROS
generation was assessed after 4 h. Data are expressed as % of control cells (non-irradiated, treated with DMSO). (B) Cells were
pre-treated (1 h) with VME (5–100 mg/l) and irradiated or (C) exposed to UVA and post-treated (4 h) with VME (5–100 mg/l).
For irradiation the dose of 10 J/cm2 was used. Irradiated and non-irradiated control cells were incubated with DMSO (0.5%;
v/v) under the same conditions. Data are expressed as mean ± S.D. (*) p < 0.05 statistically different from irradiated cells.
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oxidative stress defence enzymes heme oxygenase-1 and pi-class glutathione S-transferase in the human
retinal pigment epithelial cell line (ARPE-19) [16]. The potential of V. myrtillus to protect against
oxidative stress, especially lipid peroxidation and NO production, was also demonstrated in mice treated
with KBrO3 , which induced ROS generation in kidney tissue [11]. Here we demonstrated that VME
application markedly decreased GSH depletion in irradiated human keratinocytes cell line. The nonenzymatic defence system of skin cells consists of several scavenging molecules that are endogenously
produced. Among these, GSH is the most important. GSH is necessary for maintaining of the intracellular
redox state [22] and intracellular levels of GSH have been identified as a critical regulator of the induction
of stress-activated signal transduction pathways [3,34]. Surprisingly pre-treatment with VME was the
most efficient at a concentration of 25 mg/l (Fig. 9B). At the higher concentrations, protective ability
of VME was decreased. However, post-treatment did not reveal this phenomenon and according to the
absorption data VME appeared to be photostable. We assume that GSH depletion is probably connected
with VME exposure to UVA light within keratinocytes. This phenomenon will be further studied.
As we demonstrated, VME components absorb photons in both UVA and UVB regions. Moreover
the components displayed stability after UVA exposure (the dose of 20 J/cm 2 ; Fig. 1). For this reason,
they presumably do not undergo photochemically induced reaction. These data indicate that compounds
present in the used extract, in addition to antioxidant activity, have the potential to absorb UVA light
and thus may act as UVA filters without production of toxic products. The UV screening properties
of V. myrtilus polyphenols were studied by Jaakola et al. They demonstrated that direct sun exposure
of V. myrtilus leaves stimulates the expression of flavonoid synthesis pathway genes. Concentration of
cyanidin derivatives, catechin, epicatechin, quercetin, kaempferol, ferulic and caffeic acid conjugates
were increased in exposed leaves. The authors suggested that these polyphenols play a predominant
role in the defence against solar radiation in the leaves [12]. The photoprotective activity of VME
that we observed may be attributed to anthocyanin fraction of the extract, mainly cyanidin, delphinidin
and their derivatives which represent nearly 64% of all anthocyanins presented in the extract. Both
cyanidin-3-glucoside and delphinidin have been shown to protect HaCaT against UVA- or UVB-caused
damage [1,8,29,36]. Cyanidin-3-glucoside was also the predominat anthocyanidine (60%) in Lonicera
caerulea fruit phenolic fraction (anthocyanins, 18.5% w/w), in which UVA-photoprotective effect was
recently demonstrated [26]. However, penetration of anthocyanin glucosides through the membrane into
keratinocytes may be quite difficult due to their molecular weigth. As mentioned above, during VME
treatment some components coloured the membrane. So our ongoing experiments try to reveal which
VME constituents and what amount get into the cells. Finally VME contains 75% of other phenolic
constituents, except anthocyanins, thus it is predictable that other components contribute to the overall
efficacy of the extract and contribution of individual compounds is speculative.
During outdoor activities, people are exposed to considerable UV doses. Extreme UV exposure in
sports such as skiing, cycling, mountaineering or triathlon has been documented in a series of dosimetric
studies. Moreover, sweating induced by physical exercise or heat may significantly contribute to UVrelate skin injury as it enhances skin photosensitivity, facilitating the risk of sunburn [17]. Although
public health authorities recommend the consistent use of sunscreen preparations apart from avoidance of
sunlight and the wearing of textiles and hats, people generally know little about the risk of sunlight [27].
Identification of novel agents with efficient full-spectrum protection (both UVA and UVB) is required.
Perhaps testing of extracts or fractions isolated from plants, fruits or vegetables which are composed
of structurally different components, is one way of discovering the most suitable prevention. Several
studies have demonstrated excellent prevention by extracts in vivo [13,25]. Our results have shown
that UVA-induced ROS-mediated cell responses in HaCaT keratinocytes can be modified by pre- and
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post-treatment with VME. These effects of VME are mainly due to its antioxidant properties. Our results
provide a confirmation for the photochemopreventive activity of VME and suggest that it may be a
useful agent in photoprotective and/or regenerative cosmetics. However our in vitro model allows only
investigation of response to VME application in monolayer. Thus further investigation is necessary on
other skin cell types and skin/animal models.
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