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a  b  s  t  r  a  c  t

Sunscreen  efficiency  of  biomolecules  against  UV-B  radiation  was  generally  determined  in vitro  by  cos-
metic  methods  which  are  not  well-adapted  for routine  ecophysiological  and  bio-guidance  studies  in  plant
research  laboratories.  In this  article,  we propose  a new  in  vitro  method  to evaluate  the  sunscreen  pho-
toprotective  activity  of  plant  extracts  against  high  UV-B  radiation.  Because  photosynthetic  pigments  are
one  of the  first  targets  of  UV-B  radiation  in  plants,  the  experimental  design  is  based  on the  ability  of  the
tested  substances  to limit  the  degradation  of sodium  magnesium  chlorophyllin  (SMC),  a derivative  com-
pound  of  natural  chlorophyll.  SMC  photodegradation  comparatively  to  natural  chlorophyll  and  related
to  temperature,  concentration  and  sample  solvent  were  analyzed  in  order  to  optimize  the  experimental
lant  extract
odium magnesium chlorophyllin
unscreen
ltraviolet  radiation

parameters.  Then,  the  method  was  validated  by testing  nine  standard  UV  filters  used  in  the  European
cosmetic  industry  and  by  comparing  results  of  their  activity  with  those  of  a  reference  in vitro  procedure.
Finally,  the method  was  applied  to  coastal  and  marine  crude  plant  extracts.  Results  have  shown  that
our  procedure  can  be a  good  alternative  to cosmetic  methods  with  a  rapid,  sensitive  and  reproducible
evaluation  of  the  sunscreen  activity  of either  pure  standards  or crude  plant  extracts  in  small  amounts
(30  mg).
. Introduction

Sun radiation constantly impacts the earth with approximately
0% of ultraviolet radiation (UV-R), which is usually divided into
hree wavelength ranges: UV-C (200–280 nm), stopped in the
tratosphere, UV-B (280–315 nm)  and UV-A (315–400 nm)[1].  In
he last decades, UV-B radiation reached the planet surface with
igher intensities, as a consequence of the ozone layer depletion

n the upper atmosphere [1,2]. Because of its energetic properties,
V-B radiation is well-known to be the most harmful portion
f UV radiation in the biosphere and to induce adverse effects
n various organisms [1]. In humans, UV-B radiation induces
amages on the human skin, including erythema (or sunburn),
utaneous photoageing and induction of cancers [3,4]. To reduce
r prevent the deleterious effects of ultraviolet radiation, different
hotoprotective measures can be taken, like complete avoidance of
un exposure, seeking shade when disease-inducing wavelengths
re relatively intense, wearing protective clothing and using

opical sunscreens [4,5]. In plants, UV-B radiation has been shown
o damage cell components, including DNA, proteins, lipids and
igments [6,7], to affect physiological processes [8,9] and to impact
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structure of communities [10]. To protect against UV-B radiation,
plants have developed various photoprotective mechanisms such
as the production of high levels of antioxidants [6,11] and the
synthesis of UV-absorbing compounds [12–14].

The Sun Protection Factor (SPF), which appears as a numeric
label on suncare products, is the universal indicator of the pho-
toprotective performance of sunscreens against UV-B radiation. It
is generally determined in vivo in a group of volunteers by the
ratio of the least amount of ultraviolet energy required to pro-
duce a minimal erythema on a sunscreen protected skin to the
amount of energy required to produce the same erythema on an
unprotected skin [5]. In this way, SPF indicates the ability of a sun-
screen product to reduce UV-induced erythema. Actually, the US
Food and Drug Administration method [15] and the European COL-
IPA (Comité de Liaison des Industries de la Parfumerie) method
[16] are the most widely used in vivo procedures for its measure-
ment. However, in vitro testing methods have also been developed
because they are more rapid, less expensive and above all because
they prevent the involvement of human volunteers with the related
ethical problems. These methods consist either in the measurement
of the spectral transmittance of the sunscreen substance incor-

porated in a cream emulsion and applied on a synthetic support
simulating the human skin [17–22] or in spectrophotometric anal-
ysis of dilute solutions of sunscreen products [23,24]. The SPF was
determined by mathematical equations after running UV  spectra
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Table 1
Characteristics of the UV-B filters used in this study.

INCI name Abbreviation Solubility Chemical structure

Bis-ethylhexyloxyphenol methoxyphenyl triazine (TinosorbS®) TS Ethyl acetate

Octocrylene OC Ethanol

Octyldimethyl para-aminobenzoic acid OP Ethanol

Octylmethoxycinnamate OM Ethanol

Octylsalicylate OS Ethanol

Oxybenzone OX Ethanol

Para-aminobenzoic acid PABA Ethanol

Phenyl benzimidazole sulfonic acid PBS Water pH 7

Methylene bis-benzotriazolyl tetramethylbutylphenol (TinosorbM®) TM Water

o
c
S
p
o
u
o
p
p
i
[
f
(
s
s
[

p
a
m
d
a
o

f the sunscreen absorbing film or solution in the spectral limits
onventionally accepted by photobiologists and dermatologists for
PF determinations, i.e. from 290 to 400 nm [16]. In addition, the
hotostability of the sunscreen could be evaluated by the values
f its SPF before and after an UV irradiation in different solar sim-
lation systems [17,19,21]. Both the reproducibility and accuracy
f these procedures in the determination of both the SPF and the
hotostability of either a single sunscreen substance or a more com-
lex cosmetic formulation can be influenced by several parameters

ncluding (i) the type of irradiation system and the target support
25,26]; (ii) the amount of product tested as well as both the uni-
ormity and the thickness of the obtained absorbing film [27,28];
iii) the components of the cream emulsion in which the sun-
creens were incorporated [29]; (iv) the interactive effects between
unscreen substances in the case of testing complex formulations
30,31].

Various natural substances extracted from plants could be
otential sunscreen resources because of their ultraviolet ray
bsorption [12–14] and/or their antioxidant power [11]. Deter-
ination of the antioxidant activity of plant extracts is well
ocumented, but the evaluation of their sunscreen capacity is usu-
lly limited to both UV spectrum characteristics and concentration
f UV-absorbing compounds [12], even though some alternative
approaches have been previously investigated [11,32–34]. Marine
and coastal plants, i.e. seaweeds and angiosperms, are potentially
rich sources for original biomolecules, especially antioxidant and
sunscreen compounds [35–39]. Indeed, by the strong variations of
their environmental conditions (light, salinity, water status, tem-
perature), these plants needed to develop efficient photoprotective
mechanisms to survive. More precisely, they are likely to be more
or less sensitive to UV radiation in function of (i) the duration of
the emersion periods when they live in the intertidal zone; (ii)
the degree of their desiccation conditions when they are not regu-
larly inundated by tidal waters but subject to occasional splashes
and sprays of salt water from waves. Among known antioxidants
and UV-absorbing compounds appear carotenoids and phenols in
angiosperms [37–39], phlorotannins in brown seaweeds [36,40]
and mycosporine-like amino acids in red seaweeds [12,35].

To  better understand both ecological and physiological
responses of plants against UV-B radiation and to promote natural
UV-absorbing compounds in the cosmetic industry, a new in vitro
method has been developed for both screening and evaluating the
photoprotective activity of plant extracts. Because photosynthetic

pigments are the first target of UV-B radiation in plants, the exper-
imental design is based on the ability of the tested substances
to absorb UV-B radiation and to limit the degradation of sodium
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Fig. 1. Scheme of the experimental set-up made up of (1) an irradiation chamber
providing  60 W m−2 of UV radiations and equipped with an external cooling system
(2) a specific disposal for the exposure of 30 experimental units, placed at 10 cm
from UV-B lamps thanks to a support (white). The experimental unit was  composed
of a UV cuvet containing the tested sample placed above a UV cuvet containing
either  sodium magnesium chlorophyllin or chlorophyll. The typical set location of

tective activity of samples against high UV-B radiation. The duration
of exposure was  fixed at 2 h (except for kinetics studies), corre-
sponding to the time generally recommended to users between
64 M. Hupel et al. / Tal

agnesium chlorophyllin (SMC), a derivative compound of natural
hlorophyll (Chl). This novel method has been firstly optimized and
alidated by testing standard UV filters used in suncare products
nd then, has been applied to marine and coastal plant extracts.

.  Materials and methods

.1.  Chemicals

Chlorophyll (composed of 90% Chl a and 10% Chl b) and
odium Magnesium Chlorophyllin (SMC) were purchased from
arlo Erba (Milan, Italy). SMC  corresponds to molecules of
hlorophylls in which the phytyl tail has been removed for
ater solubility. Nine UV-B filters authorized in the European
nion were used for the experiments and their characteristics
re presented in Table 1. Octocrylene, octyldimethyl para-
minobenzoic acid, octylmethoxycinnamate, octylsalicylate,
xybenzone, para-aminobenzoic acid and phenyl benzimidazole
ulfonic acid were obtained from Sigma–Aldrich (Saint-Quentin
allavier, France). Bis-ethylhexyloxyphenol methoxyphenyl
riazine (TinosorbS®) and methylene bis-benzotriazolyl tetram-
thylbutylphenol (TinosorbM®) were obtained from Ciba (BASF,
evallois-Perret, France).

.2.  Plant samples

Three  coastal angiosperms were chosen as representative
pecies of different environmental conditions: Salicornia ramosis-
ima Woods (Chenopodiaceae, salt marsh), Matricaria maritima (L.)
Asteraceae, sand dune) and Crithmum maritimum (L.) (Apiaceae,
ea cliffs). In addition, three marine seaweed species were selected
n function of both their taxonomic position and of their known spe-
ific active compounds: Pelvetia canaliculata (L.) Decaisne & Thuret
Fucaceae, brown seaweed, phlorotannins), Porphyra dioica Brodie

 Irvine (Bangiaceae, red seaweed, mycosporine-like amino acids)
nd Enteromorpha compressa (L.) Nees (Ulvaceae, green seaweed).
lants were harvested in coastal sites of North Brittany (France), in
ummer 2009. Erect parts of freshly collected samples were rapidly
ut off, washed with deionized water and freeze-dried. The dry
aterial was ground to yield a fine powder and 5 g were extracted

 h in the dark with 100 mL  of methanol.

.3.  Experimental set-up

The  experimental design (Fig. 1) was composed of an irradi-
tion chamber (UV-crosslinker Bio-Link, Vilber Lourmat, France)
upplied with six UV-B 312 nm lamps (8 W)  and a specific disposal
or the exposure of samples.

Each  tested sample solution was transferred into a macro UV
lastic cuvet (Brand, Germany) which was sealed with a cap. These
V plastic cuvets were chosen to allow the simultaneous testing
f large numbers and various types of samples because (i) they are
ess expensive and fragile than quartz cuvets; (ii) they have a good
hemical compatibility with most of the organic solvents. Each
V cuvet containing either SMC  or chlorophyll (0.2 g L−1 in deion-

zed water and ethyl acetate, respectively) was placed beneath
hat containing the corresponding tested sample, to constitute one
xperimental unit. Six experimental units were prepared for each
roduct to be tested and placed in a specific disposal following
lways the same scheme (Fig. 1), aiming at taking into consideration

 possible heterogeneity of irradiation in the chamber. In addition,
hey were physically kept apart from each other by opaque separa-

ors to allow a perfect vertical irradiation and to avoid any lateral
iffusion of UV radiation which could affect target pigments.

The  total UV irradiance (290–400 nm)  was  maintained at
0 W m−2 (approximately 40 W m−2 UV-B (290–320 nm)  and
the experimental units in their disposal is also represented. SMC: sodium magne-
sium  chlorophyllin; Chl: chlorophyll; E1: experimental unit corresponding to tested
sample no. 1.

20 W m−2 UV-A (320–400 nm)) by placing the experimental units
at 10 cm below the surface of UV-B lamps. Spectral irradiance mea-
surements were carried out with a UV-X radiometer (UVP, USA)
and the spectral energy distribution of UV-B lamps is presented
in Fig. 2. A UV irradiance of 60 W m−2 was  chosen because (i) it
induced an intermediate degradation of SMC  in the chamber when
no photoprotective compound was  used; (ii) it was in the range of
the recommended intensities for the UV light source in the COLIPA
test method [16,17]. However, the in vivo COLIPA method recom-
mends a UV-A/UV-B ratio between 8 and 22 to limit the risk of either
excessive skin burning or heating during UV irradiation of human
volunteers [16]. This ratio was  also applied to in vitro tests to get
results conforming to SPF [17]. In our method, we have chosen a
light source with a UV-A/UV-B ratio of 0.5 to evaluate the photopro-
Fig. 2. Spectral energy distribution of the 312 nm lamps.
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wo successive applications of protective cream to the skin, i.e. the
inimal period required for both efficiency and photostability of

unscreens.
The irradiation chamber was equipped with an external cooling

ystem to maintain the temperature of the samples below 40 ◦C
s recommended by the COLIPA guideline [17]. In our conditions,
easured temperatures at the surface of the experimental units
ere 28 ± 2 ◦C during irradiation.

.4. Photodegradation of target pigments

Previous studies have shown that UV-B radiation induced a
trong decrease in both red (600–700 nm)  and blue (400–500 nm)
bsorption bands of chlorophyll solutions [41]. Preliminary tests
ave shown the same tendency in our UV irradiation conditions for
oth SMC  and chlorophyll (Fig. 3). The absorption maximum in the
ed band was chosen as a sensible indicator of the photodegrada-
ion of both target pigments because it corresponds to chlorophylls
nly, related to the absorption in the blue band which is also
haracteristic of carotenoids in plants. So, the photodegradation
f both target pigment solutions was evaluated by measuring their
bsorbance before and after UV-B irradiation at their absorption
aximum in the red band, i.e. 663 nm for chlorophyll and 650 nm

or SMC. Absorbance and spectrum measurements of both SMC  and
hlorophyll were realized with a Biochrom Libra S12 UV–visible
pectrophotometer.

.5. Determination of optimal experimental conditions

In a first time, photodegradation curves of both SMC  and
hlorophyll were compared to determine whether responses were
omologous or not against UV-B radiation and to justify therefore
he use of a synthetic compound instead of the natural one. For
hese tests, experimental units were composed of an empty cuvet
laced above another one containing either SMC  or chlorophyll at
.2 g L−1.

In a second time, photodegradation analyses were performed
ith different combined parameters to check both the accuracy

nd the reproducibility of the method: irradiation (presence or
bsence by covering cuvets with aluminum foil), temperature (irra-
iation with or without the cooling system), presence of a reference
V-B filter (octylmethoxycinnamate at 0.1 g L−1 in ethanol), sol-
ent effect (water, ethanol, methanol and ethyl acetate) and SMC
oncentration (0.1–0.7 g L−1).

For  all these analyses, six experimental units were always placed
n the disposal at the same locations and irradiated by 60 W m−2 UV
adiation during 6 h with an hourly assessment of the absorbance
f target pigments.

.6.  Testing UV-B filters and plant extracts

Each UV-B filter or plant extract was dissolved in an
ppropriated solvent at four different concentrations (0.01 g L−1,
.1 g L−1,1 g L−1 and 10 g L−1), transferred into UV cuvets, which
ere then placed above others containing SMC. Experimental
nits were irradiated during 2 h with the experimental conditions
efined in Section 2.5. The protective effect of the tested samples
as evaluated by the resulting kinetic parameters of SMC  degra-
ation. In parallel, the UV spectrum (200–400 nm)  of UV-B filters
nd plant extracts was monitored before and after 2 h of irradiation.
hen, different parameters were calculated after normalization of
reas defined under the extinction curve to the range of wave-

engths involved:

UV-B120/UV-B0 ratio to evaluate the photostability of samples,
with  UV-B0 and UV-B120 the total absorption between 290 and
6 (2011) 362– 371 365

320 nm before and after irradiation. A ratio close to 1 means high
stability.

-  UV-B/UV-A ratio that defines the potential sunscreen perfor-
mance  of the sample in the UV-B range (290–320 nm) in relation
to  its performance in the UV-A range (320–400 nm). A ratio lower
than  1, equal to 1 or higher than 1 suggests preferential protec-
tion  against only UV-A radiation, both UV-A and UV-B radiation
and  only UV-B radiation, respectively.

-  Critical wavelength (�c), which is the wavelength between 290
and  400 nm below which 90% of the cumulative area of the
absorbance curve resides. A sunscreen with a critical wavelength
of  370 nm or greater denotes balanced protection throughout
both  the UV-B and UV-A ranges [17].

2.7.  Statistical analyses

Statistical  analyses were performed using the Statgraphics Cen-
turion XV software. Distributional normality of data was evaluated
using the Shapiro–Wilk test and homogeneity of variances with a
Cochran’s test followed by a transformation of data when it was
necessary. Regression analyses, one-way ANOVA (followed by a
Fisher’s least significant difference test (LSD)), Student’s t-tests,
Mann–Whitney tests and Pearson correlations were carried out at
a 95% confidence level.

3.  Results and discussion

3.1.  Photodegradation of target pigments

Statistical analyses have shown that the photodegradation of
both SMC  and chlorophyll followed apparent first order kinet-
ics (Fig. 4) and could be described by an exponential regression
(r2 > 0.99) with the equation:

A(t) = A(o) · e−kt

where A(o) and A(t) refer to the absorbance of either SMC or chloro-
phyll before and after UV-B exposure, k is the degradation rate
constant and t is the irradiation time (min).

Exponential degradation of chlorophyll under UV-B radia-
tion was in agreement with previous studies [41–43]. Variations
of chlorophyll and SMC  absorbance under UV-B radiation were
strongly correlated (Pearson, r = 0.97; p < 0.001), whereas the loss in
absorbance was  twice faster for chlorophyll than for SMC (k = 0.014
and 0.007, respectively). These differences in the photodegrada-
tion rate might be explained by a higher chemical stability of SMC
against UV-B radiation due to its modified structure. However, SMC
was  retained as target molecule of UV-B radiation because its higher
hydrosolubility made easier the preparation of the experimental
units and results have shown that its chemical structure, spectro-
scopic properties and photodegradation curve were close to those
of chlorophyll.

To evaluate the protective effect of samples, the half-life time of
SMC  (t50%), which is the time necessary for a 50% decrease of initial
absorbance, could be calculated as follows:

t50% = ln(2)
k

3.2. Accuracy of the experimental set-up

3.2.1. Effect of temperature
SMC  photodegradation curves related to temperature were
obtained after 6 h of UV irradiation and overall data were tested
by regression analyses (r2 > 0.99) (Fig. 5). The degradation rate con-
stants (k) were calculated from data at t = 0 and t = 120 min  and
compared by Student’s t-tests. The effect of temperature on the
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Fig. 3. Chemical structure of both chlorophyll and SMC  with associated visible spectra before (bold line) and after (dotted line) 2 h of UV irradiation (60 W m−2).

Fig. 4. Photodegradation kinetics of both chlorophyll and sodium magnesium chlorophyl
tective compound. For each target pigment, six experimental units were tested and all va
obtained after regression analyses at a 95% confidence level were indicated for each targe

Fig. 5. Influence of irradiation, temperature and UV-B filter (OM at 0.1 g L−1) on the
photodegradation rate of SMC at 0.2 g L−1. (�) Irradiation (60 W m−2) + cooling sys-
tem  (standard conditions); (�) irradiation + no cooling system (temperature above
40 ◦C); (©) no irradiation (cuvettes covered with aluminum foil) + cooling system;
(�)  no irradiation + no cooling system; (�) irradiation + UV-B filter + cooling system;
(�)  irradiation + UV-B filter + no cooling system. For each condition, six experimental
units placed in the middle of the disposal were tested and all values were plotted on
the graph. In addition, mean tendencies curves obtained after regression analyses
at  a 95% confidence level were indicated for each condition.
lin (0.2 g L−1) obtained after 6 h of UV radiation (60 W m−2) without any photopro-
lues of absorbance were plotted on the graph. In addition, mean tendencies curves
t pigment.

degradation rate of SMC  was tested by covering or not cuvets
with aluminum foil, to avoid UV irradiation, and by using or
not the external cooling system. With the presence of the exter-
nal cooling system (ca. 30 ◦C), results showed no degradation
of non-irradiated SMC  (A650 nm = 0.53; k = 0) compared to irradi-
ated SMC  (k = 0.0072 ± 0.0001) (Fig. 5). The same experiment was
realized by removing the external cooling system (ca. 40 ◦C) and
statistical analyses pointed out significant differences in k con-
stants for both irradiated (k = 0.0072 ± 0.0001 with cooling system
vs. k = 0.0076 ± 0.0002 without cooling system; Student’s t-test,
p < 0.001) and non-irradiated samples (k = 0 with cooling system
vs. k = 0.00017 ± 0.00001 without cooling system; Mann–Whitney,
p = 0.003). These observations suggested that a temperature of 40 ◦C
had an additive effect on the degradation of SMC and justified the
use of the external cooling system for the experiments (Fig. 5).
Another irradiation experiment was  performed with a UV-B fil-
ter (OM at 0.1 g L−1) above the SMC  cuvet. Results have shown
strong statistical differences between tests in either the presence
(k = 0.0031 ± 0.0001) or the absence (k = 0.0041 ± 0.0001) of the
external cooling system (Student’s t-test, p < 0.001). So, the tem-

perature could have an influence on the degradation of both SMC
and UV-B filter, which underlines the interest of an external cooling
system.
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ig. 6. Influence of SMC  concentration on the half-life time of SMC (t50%) after 2 h
f UV irradiation (60 W m−2). Each bar is the mean ± standard deviation (n = 6) and
egression curve between t50% and SMC  concentration was  added.

.2.2. Effect of SMC  concentration
The  influence of SMC  concentration was tested from 0.1 g L−1

A650 nm (0) = 0.2) to 0.7 g L−1 (A650 nm (0) = 2.0) (Fig. 6). Photodegra-
ation  curves were obtained after 6 h of UV irradiation for each
oncentration (exponential regression, r2 > 0.99, data not shown)
nd the half-life time of SMC  (t50%) was calculated from overall
ata. Regression analysis has pointed out a logarithmic relation
r2 = 0.999) between the concentration of SMC  and its t50%. As irra-
iation time was fixed at 2 h, we have chosen a SMC  concentration
or which t50% was less than 2 h, i.e. in the range of 0.1–0.3 g L−1,
o appreciate noticeably the photoprotective effect of samples. So,

 mean SMC  concentration at 0.2 g L−1 was used for the method,
orresponding to an average t50% of 95 min.

After  these initial tests, the standard conditions retained in our
ethod was a 2-h UV irradiation at 60 W m−2, a temperature below

0 ◦C (cooling system) and a concentration of SMC  at 0.2 g L−1.

.2.3. Effect of solvent
Some  solvents absorb UV wavelengths and can interfere with
ltraviolet absorbance of sunscreens [44]. For this reason, the sol-
ents used to dissolve UV-B filters and plant extracts were tested
or their potential effects on the t50% of SMC  (Fig. 7). ANOVA analysis
emonstrated an effect of solvent (p < 0.001) for ethanol, methanol

ig. 7. Influence of solvent on the half-life time of SMC  (t50%) after 2 h of UV irra-
iation  (60 W m−2). Each bar is the mean ± standard deviation (n = 6) and samples
haring  a common letter are not significantly different (ANOVA, Fisher’s LSD test,

 = 0.05).
6 (2011) 362– 371 367

and ethyl acetate in comparison with control condition (empty
cuvet). No effect of water was detected whereas alcoholic solvents
and ethyl acetate induced a 20 min  and a 15 min  increase of the
t50%, respectively.

Consequently, we  recommend two  steps for the evaluation of
the photoprotective activity in our method: a first 2 h UV-B irra-
diation with only solvents (at the future location of samples in
the disposal), followed by a 2-h UV-B irradiation with the tested
samples (compound + solvent). Then, the effective photoprotec-
tive activity of potentially photoprotective compounds can be
expressed as the additional half-life time of SMC  occurring without
any influence of the corresponding solvent (�t50%):

�t50% = t50% sample − t50% solvent

where t50% sample is the half-life time of SMC  with sample and
t50% solvent the half-life time of SMC  with the solvent only.

Following our method, the �t50% may  be considered as a useful
index to classify the tested compounds in two categories: those
which allow an increase of the initial half-life time of SMC  of
more than 2 h (�t50% > 120 min; good photoprotection) versus those
which allow an increase of less than 2 h (�t50% < 120 min; poor
photoprotection).

3.3. UV-B filters

First,  the photostability and photoprotective activity of UV-B
filters authorized in the European cosmetic industry were tested
to check the adequacy of our method with data obtained from
other procedures. Whereas a large number of studies describe the
performances of commercial sunscreen formulations with various
proportions of combined filters [e.g. 21, 24], few data are avail-
able on both the photostability and the SPF of single sunscreens.
However, some researchers in pharmaceutics (Faculty of Phar-
macy, Nantes, France) have obtained data for single sunscreens
with an in vitro method based on transmission measurements
through creams containing UV filters and applied onto PMMA
plates [19,20,30,31]. The light source used for the photostability
analyses of the filters provides 50 W m−2 of UV radiation with a
UV-A/UV-B ratio of 15. This procedure was optimized following the
recommendations given by the reference COLIPA in vitro method
[17] and was  chosen for comparison with our results.

3.3.1. Spectral properties and photostability
Analyses of initial UV-B/UV-A ratios have shown a pre-

dictive preferential protection against (i) only UV-B radiation
(290–320 nm)  for PBS (15.22), PABA (10.02), OP (3.92), OS (3.81),
OM (3.02) and OC (1.72); (ii) both UV-B and UV-A radiation
(290–400 nm)  for OX (1.14); (iii) only UV-A radiation (320–400 nm)
for TS (0.54) and TM (0.36) (Table 2). Moreover, both UV absorption
maxima (�max) and initial critical wavelength (�c0) pointed out a
potential protection in both UV-B and UV-A for TM (�max = 306 and
348 nm;  �c = 385 nm)  and TS (�max = 310 and 340 nm;  �c = 364 nm)
as well as partially in UV-A for OC (�c = 343 nm). The protection in
UV-A for TS, TM,  OC and OX was  confirmed by a stability of the crit-
ical wavelength after 2 h of UV irradiation. A significant decrease of
the UV-B/UV-A ratio was  observed for PABA, OP and TS after irra-
diation (Student’s t-test of paired samples, p < 0.05), suggesting a
more important loss of absorption in the UV-B domain than in the
UV-A domain, whereas it seemed to be the opposite for OS, OC and
OM (Table 2).

In  addition to its spectral properties, a filter has to be pho-

tostable during 2 h for its use in suncare products. Calculations
of UV-B120/UV-B0 ratios have shown a total stability of TM (1.0)
and PBS (0.99), a good stability for OC (0.91), OX  (0.88), TS (0.87)
and PABA (0.84), a poor stability for OM (0.56) and OP (0.65)
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Table 2
Spectral properties (UV absorption maxima (�max) as well as critical wavelength (�c) and UV-B/UV-A ratio before and after 120 min  of irradiation) and photostability (UV-
B120/UV-B0 ratio) of UV-B filters tested in this study. For each calculated ratio, values of samples (mean ± standard deviation; n = 6) sharing a common letter are not significantly
different at 95% confidence level (ANOVA, Fisher’s LSD test). For each sample, the occurrence of an asterisk (*) denotes a significant difference between UV-B/UV-A ratios
before and after irradiation at a 95% confidence level (Student’s t-test of paired samples).

Sample �max �c0 �c120 (UV-B/UV-A)0 (UV-B/UV-A)120 UV-B120/UV-B0

OS 307 324 324 3.81 ± 0.02d 5.19 ± 0.03c * 0.10 ± 0.00h

PBS 302 317 317 15.22 ± 0.02a 15.22 ± 0.02a 0.99 ± 0.01b

PABA 290 316 316 10.02 ± 0.03b 8.68 ± 0.02b* 0.84 ± 0.01e

OP 310 325 325 3.92 ± 0.02c 3.56 ± 0.02d* 0.65 ± 0.01f

OC 303 343 343 1.74 ± 0.02f 1.78 ±  0.03f* 0.91 ± 0.00c

OX 287/325 346 346 1.14 ± 0.01g 1.14 ± 0.01g 0.88 ± 0.01d

OM 308 329 329 3.02 ± 0.03e 3.08 ± 0.02e* 0.57 ± 0.01g

TS 310/340 364 364 0.57 ± 0.01h 0.54 ± 0.02h* 0.87 ± 0.02d
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TM 306/348 385 385 

nd a very poor stability for OS (0.1) (Table 2). Our results were
lobally in agreement with half-life time values of filters as cal-
ulated in the comparative method, which had demonstrated a
otal stability for PABA (7500 min), TM (1700 min), OX (1500 min)
nd PBS (1390 min), a high stability for OC (515 min), a relative
oor stability for OM (225 min) and TS (155 min) and a very poor
tability for OS and OP (85 min) [19]. In addition, sunscreen for-
ulations containing OM are known to be photolabile, because of

is–trans isomerization under UV irradiation which altered pro-
ection parameters, whereas those which incorporate TS, OC or
X are photostable [19,21,45]. However, slight differences can be
bserved in the photostability of filters between our method and
he comparative procedure, that could be due to the spectral emis-
ion of the UV light source with different proportions of UV-B
nd UV-A radiation. Indeed, our method pointed out that increas-
ng the UV-B/UV-A ratio of the light source seemed to have a
egative effect on the photostability of PABA and OX and a posi-
ive effect on the photostability of TS, related to the comparative

ethod [19]. For further investigations, we have chosen to precise
he UV photostability criterion: a tested sample is highly stable
ith a UV-B120/UV-B0 ratio ≥ 0.9, poorly stable with a 0.5 ≤ UV-

120/UV-B0 ratio < 0.9 and totally unstable with a UV-B120/UV-B0
atio < 0.5.

.3.2. Photoprotective activity
Values  of SPF obtained by the comparative method for the UV-B

lters used in this study are mentioned in Table 3. At maximum
oncentrations authorized in the European Union, the following
rder of activity could be given if we consider the minimum mea-
ured SPF: TS (20) > OM (11) > OC–OP (8) > PBS (5) > TM–PABA–OX
3) > OS (2). This order is based on concentrations up to 10 times
igher than the maximum tested in our method (TS, OM,  OC,
M and OX at 10%; PBS at 8%; PABA and OS at 5%). Our results
ave shown an effect of the nature of the filter on their photo-
rotective activity (�t50% of SMC) for all tested concentrations
ANOVA; p < 0.05), which underlines the discriminative power of
ur method. However, the photoprotective activity was  strongly
ependent on the concentration of the sample (Table 3). The
rder of activity of UV-B filters was almost the same at both

 and 10 g L−1 (TM > TS > OM > PBS > PABA ≥ OS ≥ OC–OX > OP). At
.01 g L−1, TS was more active than TM,  whereas OX, OC, OP and
ABA were more active than PBS. At 0.1 g L−1, OX, OC and OS pre-
ented a higher sunscreen activity than PABA.

For all the UV-B filters, a logarithmic relation seemed to
ink their concentration to the � t50% (r = 0.99 for all the filters)

ith variable a and b parameters (Table 3). This observation

upposed differences in the efficient concentration (EC) of sun-
creen required for minimal protection of SMC  (�t50% = 120 min)
nd a possible loss of sensitivity for the discrimination of the
ctivity of filters at high tested concentrations (10 g L−1). In
0.36 ± 0.01i 0.36 ± 0.01i 1.01 ± 0.01a

fact,  the progressive loss in the specific activity of a filter with
the increase of concentration could be explained by (i) the
structure and absorption properties of the sunscreen which are
more implicated than the concentration in the photoprotec-
tive activity; (ii) an increase of interactive effects between the
sunscreen molecules in UV irradiated solutions, which limits
progressively their photoprotective activity. Calculation of the
efficient concentration of UV-B filter for minimal protection
of SMC  (EC120) from their respective logarithmic equations, as
determined by our method, made possible to order their activ-
ity: TS (<0.010 g L−1) > TM (0.011 g L−1) > OM (0.019 g L−1) > OX
(0.052 g L−1) > OC (0.064 g L−1) > PBS (0.070 g L−1) > PABA
(0.122 g L−1) > OS (0.147 g L−1) > OP (0.400 g L−1). For TS, the
efficient concentration cannot be exactly calculated because the
�t50% > 120 min  at 0.01 g L−1. It appeared that an efficient concen-
tration of 0.15 g L−1 was globally necessary to detect a significant
activity (�t50% = 120 min) for all the UV-B filters (Table 3). Except
for OX, OP and TM,  our method has described the same order
of activity than the reference method chosen for comparison.
The high activity obtained for TM could be explained by its large
molecular size and its opaque white color which probably results
in both scattering and reflection, in addition to its UV absorbing
capacity. OX seemed to be more efficient against higher UV-B/UV-
A ratios than in the comparative method because it absorbed
strongly in the UV-B band. On the other hand, OP could be more
affected by our conditions because of its poor stability. Moreover,
filters were tested for sunscreen activity after incorporation in a
cream emulsion in the reference procedure, whereas they were
in solution and physically separated from SMC  in our method. So,
differences in the sunscreen activity of filters observed between
our method and the reference procedure might be also explained
by a matrix effect of cream emulsion. The photoprotective activity
of the UV-B filters has also to be relativized by their photostability
(TS–TM–OX–OC–PBS > OM–PABA–OP > OS), which placed OS as the
least photostable sunscreen and OM as a poorly stable compound,
despite of its high activity.

The  erythema induced by sunlight UV in unprotected human
skin is mainly generated by wavelengths between 295 and 320 nm,
with a maximum effectiveness around 308 nm [16]. For this reason,
the use of a light source concentrated on UV-B wavelengths, as in
our method, must allow a good evaluation of both photoprotective
activity and photostability of sunscreens. However, when a filter
predominantly protects in the UV-B wavelengths, the erythemal
effect by UV-A wavelengths can become important and vice versa
[16]. Consequently, it could be useful to test both high UV-B/UV-A
ratios (65% UV-B and 35% UV-A in our method) and natural high

UV-A/UV-B ratio (i.e. approximately 90–95% UV-A and 5–10% UV-B
radiations in the reference COLIPA method), to better evaluate both
the photoprotective activity and the photostability of sunscreens
against a large range of UV conditions.
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Table 3
Results of �t50% (min) of sodium magnesium chlorophyllin obtained after 2 h of UV irradiation for UV-B filters at each tested concentration (mean ± standard deviation;
n = 6). For each sample, the efficient concentration (g L−1) required for �t50% = 120 min  (EC120) was  determined from equations linking the photoprotective activity (�t50%)
to the tested concentration (regression analyses; r = 0.99). Literature data on sunscreen performances of UV-B filters (SPF range) at maximum authorized concentrations in
the  European Union are noticed (values in brackets) [19,20,30,31]. At a given concentration, values of �t50% sharing a common letter are not significantly different at a 95%
confidence level (ANOVA, Fisher’s LSD test).

Sample Concentration (g L−1) Correlation of �t50% (y)
with  concentration (x)

EC120 (g L−1) SPF range

0.01 0.1 1 10

OS 15 ± 3i 120 ± 6f 183 ± 7f 273 ± 8e y = 189.8 + 36.4 ln x 0.147 2–3 (5%)
PBS  24 ± 3h 149 ± 6d 244 ± 10d 332 ± 12d y = 237.5 + 44.1 ln x 0.070 5–14 (8%)
PABA  30 ± 3g 112 ± 5g 200 ± 11e 274 ± 14e y = 195.0 + 35.6 ln x 0.122 3–14 (5%)
OP 52 ±  7f 87 ±  5h 137 ±  5g 184 ±  7g y = 137.4 + 19.0 ln x 0.400  8–11 (8%)
OC 70 ± 7e 140 ±  6e 185 ±  9f 233 ±  12f y = 183.8 + 23.2 ln x 0.064 8–15 (10%)
OX  80 ± 5d 142 ± 5e 180 ± 6f 244 ± 10f y = 188.2 + 23.1 ln x 0.052 3–6 (10%)

c c c ± 10c
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OM  91 ± 7 185 ± 7 274 ± 7 353 

TS  134 ± 5a 417 ± 6b 569 ± 9b 682 

TM  122 ± 5b 522 ± 7a 971 ± 7a 1472 

.4. Plant extracts

.4.1.  Spectral properties and photostability
Analyses of initial UV-B/UV-A ratios have shown a predictive

referential protection against UV-A radiations (320–400 nm)  for
ll methanol plant extracts (ratios < 1) (Table 4). The initial critical
avelength (�c0) was close to 370 nm for all tested samples and
ointed out a potential balanced protection throughout both the
V-B and UV-A ranges. Values of UV absorption maxima (�max)
ere in agreement with this result for the three angiosperm plant

xtracts (290 and 330 nm for Salicornia ramosissima (SR); 302 and
25 nm for both Crithmum maritimum (CM) and Matricaria maritima
MM)), as well as for both extracts of the red seaweed Porphyra
ioica (PD) and the green seaweed Enteromorpha compressa (EC)
280 and 334 nm)  (Table 4). The extract of the brown seaweed Pel-
etia canaliculata (PC) absorbed strongly in UV-C but weakly in both
V-B and UV-A (�max = 220 and 270 nm). After 2 h of irradiation, no
ariation of both the UV-B/UV-A ratio (Student’s t-test of paired
amples, p > 0.05) and the critical wavelength was  observed for the
ngiosperms and EC, suggesting no loss in their ability to protect
gainst both UV-A and UV-B. However, calculations of UV-B120/UV-
0 ratios have shown a poor stability for all of these extracts: EC
0.50), SR (0.67), CM (0.66) and MM (0.73) (Table 4). These results let
uppose that some molecules, absorbing between 290 and 400 nm,
ere degraded during the exposure without modifying the global

pectral profile of the corresponding extracts. A decrease in the
ritical wavelength was detected for PD and PC extracts after irra-
iation, associated with a strong increase of the UV-B/UV-A ratio
or PC (0.49 ± 0.01 at t = 0 min  and 0.86 ± 0.02 at t = 120 min; Stu-
ent’s t-test of paired samples, p < 0.001) and a slight decrease of the
V-B/UV-A ratio for PD (0.40 ± 0.01 at t = 0 min  and 0.37 ± 0.01 at
 = 120 min) (Table 4). This result suggested that the UV absorption
pectra of these seaweed extracts were modified after UV irradia-
ion. For PD extract, it seems that an important degradation of both
V-A absorbing molecules (�c0 = 380 nm and �c120 = 360 nm)  and

able 4
pectral properties (UV absorption maxima (�max), as well as both critical wavelength (�
UV-B120/UV-B0 ratio) of plant extracts tested in this study. For each sample, values of t
ot  significantly different at 95% confidence level (ANOVA, Fisher’s LSD test). For each s
V-B/UV-A ratios before and after irradiation at a 95% confidence level (Student’s t-test o
ompressa; SR: Salicornia ramosissima; CM:  Crithmum maritimum; MM:  Matricaria maritim

Sample �max �c 0 �c 120

PC 220/270 390 381 

PD 280/334 380 360 

EC 280/334 390 390 

SR 290/330 375 375 

CM 302/325 365 365 

MM 302/325 365 365 
y = 269.2 + 37.9 ln x 0.019 11–14 (10%)
y = 593.9 + 93.9 ln x <0.010 20–37 (10%)
y = 997.0 + 195.5 ln x 0.011 3–7 (10%)

UV-B  absorbing molecules (UV-B120/UV-B0 = 0.60) occurred, with
a slight modification of the spectral profile. On the other hand,
modifications observed for PC were due to a strong increase in
the UV-B absorption domain (UV-B120/UV-B0 = 4.21), opposed to
a strong decrease in the UV-C absorption domain (data not shown).
These data suggest that the initial pool of UV-C absorbing com-
pounds found in the PC extract could be modified by UV-B radiation
and form new molecules able to absorb UV-B radiation.

These spectral properties results let suppose the presence
of polyphenolic compounds in the plant extracts tested as (i)
flavonoids and phenol acids in SR, CM and MM because of both
the absorption between 300 and 400 nm and previous studies con-
firming the occurrence of high contents in these species [37–39];
(ii) phlorotannins in PC, by a similar UV absorption profile as the
phloroglucinol standard [40]. The maximal absorption at 334 nm
measured for EC could correspond to the production of phenols, as
already measured in different species of the genus Enteromorpha
[46]. Moreover, the presence of mycosporine like-amino acids can
be suspected in both PD and EC, since porphyra 334 and shinorine,
which both absorb at 334 nm,  occur in high amounts in Porphyra
species [12,35] and have already been found in Ulvaceae [35].

3.4.2.  Photoprotective activity
While  a large number of studies exists on the determination of

the photoprotective activity of various cosmetic formulations, few
data are available on methods applied to plant extracts [11,32–34].
In our study, we  have applied our method to marine and coastal
plants because their extracts can contain high amounts of UV pho-
toprotective compounds, produced in response to their extreme
environmental conditions.

Results  showed that a concentration of 0.01 g L−1 was  not sen-

sitive enough to detect any activity in all plant extracts (data
not shown), as well as a concentration of 0.1 g L−1 for PD and EC
(Table 5). As in the case of UV-B filters, a logarithmic relation
seems to link the concentration of extract to the �t50% (r = 0.99)

c) and UV-B/UV-A ratio before and after 120 min  of irradiation) and photostability
he different ratios (mean ± standard deviation; n = 6) sharing a common letter are
ample, the occurrence of an asterisk (*) denotes a significant difference between
f paired samples). PC: Pelvetia canaliculata; PD: Porphyra dioica; EC: Enteromorpha
a.

(UV-B/UV-A)0 (UV-B/UV-A)120 UV-B120/UV-B0

0.49 ± 0.01d 0.86 ± 0.02a * 4.21 ± 0.03a

0.40 ± 0.01f 0.37 ± 0.01f * 0.60 ± 0.03d

0.47 ± 0.01e 0.47 ± 0.01e 0.50 ± 0.02e

0.53 ± 0.01c 0.53 ± 0.01d 0.67 ± 0.01c

0.71 ± 0.01b 0.71 ± 0.01c 0.66 ± 0.03c

0.73 ± 0.01a 0.73 ± 0.01b 0.77 ± 0.02b
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Table 5
Results of �t50% (min) of sodium magnesium chlorophyllin obtained after 2 h of UV irradiation for plant extracts at each tested concentration (mean ± standard deviation;
n = 6). For each sample, the efficient concentration (g L−1) required for �t50% = 120 min  (EC120) was firstly determined from equations linking the photoprotective activity
(�t50%) to all tested concentrations (regression analyses; r = 0.99) (EC120 (1)) and then from results obtained only at 0.1 g L−1 and 1.0 g L−1 (EC120 (2)). At a given concentration,
values  of �t50% sharing a common letter are not significantly different at a 95% confidence level (ANOVA, Fisher’s LSD test). PC: Pelvetia canaliculata; PD: Porphyra dioica; EC:
Enteromorpha compressa; SR: Salicornia ramosissima; CM:  Crithmum maritimum; MM:  Matricaria marítima.

Sample Concentration (g L−1) Correlation of �t50% (y)
with  concentration (x)

EC120 (1) (g L−1) EC120 (2) (g L−1)

0.1 1 10

PC 85 ± 7a 481 ± 7b 965 ± 8a y = 511.8 + 191.0 ln x 0.13 0.127 ± 0.002b

PD * 175 ± 9e 878 ± 7c – – –
EC * 54 ±  6f 656 ±  8e – – –
SR 38 ±  6c 337 ± 7d 597 ± 6f y = 323.6 + 121.4 ln x 0.19 0.186 ± 0.006d

CM 68  ± 5b 438 ± 7c 813 ± 7d y = 439.7 + 161.9 ln x 0.14 0.139 ± 0.004c
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MM 86 ± 6a 494 ± 7a 922 ± 7b

* No activity detected.

or PC, SR, CM and MM between 0.1 g L−1 and 10 g L−1. Like for UV-
 filters as well, increasing concentrations of these plant samples
ecrease their sunscreen specific activity, which could be explained
y a negative effect of possible intermolecular interactions on the
unscreen efficiency. For EC and PD, it seems that this logarith-
ic relation would be only adequate for concentrations between

 g L−1 and 10 g L−1. This observation underlines the fact that active
ompounds are potentially present in EC and PD but need to be
ore concentrated to be efficient. The order of activity (�t50%) was

lobally PC–MM > CM > SR > PD ≥ EC at both 0.1 g L−1 and 1 g L−1,
hereas PD was more active than CM and EC was more active than

R at 10 g L−1 (Table 5).
The aim of this study was to test only crude extracts to see

f our method was sensitive to screen rapidly the photoprotec-
ive status of a plant and to propose a procedure to classify their
unscreen activity. Among the extensive literature on active plant
xtracts, it appears that concentrations between 0.01 and 10 g L−1

re generally used for testing their biological activity, as realized
n our study. Moreover, a compound is considered as highly active

hen its required concentration for minimal activity is the low-
st in the ranges of tested concentrations. So, we can consider that
he methanol extract of EC was totally inactive (�t50% = 54 min  at

 g L−1), whereas PD seemed to have a medium photoprotective
ctivity, with �t50% > 120 min  at 1 g L−1 (�t50% = 170 min) (Table 5).
or the other extracts, calculation of the efficient concentration
equired for a minimal protection of SMC  (EC120) were based on
ogarithmic equations obtained from overall data (EC120 (1)). In
ddition, efficient concentrations were calculated only from data
btained at 0.1 g L−1 and 1 g L−1 (EC120 (2)) because (i) a logarith-
ic  relation always links the concentration of active crude extracts

o the corresponding �t50% between these two concentrations
�t50% = b + a ln(concentration)); (ii) these concentrations are in the
ange of the concentrations generally used for the screening of bio-
ogical activity of plant extracts; (iii) a concentration of 10 g L−1

equires large amount of samples and seems few sensitive in our
ethod. The equation used for calculation of EC120 (2) was:

C120(2) = e(120−b)/a

here b corresponds to the �t50% obtained for a given plant extract
t 1 g L−1 and a was obtained after resolution of the logarith-
ic equation with a �t50% obtained for the same plant extract at

.1 g L−1.
Calculation of the efficient concentration with this equation was

nly applicable if both an activity was detected at 0.1 g L−1 and

t50% > 120 min  at 1 g L−1. Moreover, UV-B irradiation has to be

ealized in three steps (SMC + solvent, SMC  + sample at 0.1 g L−1 and
MC + sample at 1 g L−1) with tested samples at always the same
ocation in the experimental disposal.
 = 501.0 + 181.5 ln x 0.12 0.121 ± 0.004a

Calculations of EC120 (1) and EC120 (2) have shown similar results
and have evidenced the same order of activity: MM > PC > CM > SR
(Table 5). All these plant extracts denoted a significant high pho-
toprotective activity which corresponds to approximately 10–20
times less activity than a pure molecule like TS (<0.01 g L−1),
the most active UV-B filter in our study. If we correlate these
results with those obtained on the photostability (UV-B120/UV-B0),
we can propose the following order for the photoprotec-
tive activity of the tested marine and coastal plant extracts:
MM > PC > CM > SR > PD > EC. The UV-B absorption of the PC extract
was strongly modified during the exposure (UV-B120/UV-B0 = 4.21)
and it would be interesting to test the new formed extract for both
its photostability and photoprotective activity. The high sunscreen
activity found in methanol crude extracts of PC, MM,  CM and SR
could be due to the occurrence of phenol compounds, whereas the
potential activity found for PD could be due to mycosporine like-
amino acids, which would be better extracted in other conditions.
However, these assumptions need to be confirmed by further inves-
tigations, especially by testing purified extracts with the method
used in this study.

So,  we  propose the following procedure to classify the activity
of crude plant extracts:

(1)  If �t50% > 120 min  at 0.1 g L−1, the plant extract is very highly
photoprotective and it is not necessary to test a concentration
of  1 g L−1.

(2)  If �t50% at 0.1 g L−1 < 120 min  < �t50% at 1 g L−1, the plant extract
is highly photoprotective and EC120 can be calculated from data
at  0.1 and 1 g L−1 to classify the activity of extracts (PC, SR, CM
and  MM).

(3) If no activity is detected at 0.1 g L−1 but �t50% > 120 min  at
1  g L−1, the plant extract is potentially photoprotective (PD).

(4)  If no activity is detected at 0.1 g L−1 and �t50% < 120 min at
1  g L−1, the plant extract is not active (EC).

This procedure could be also applied to both purified extracts
and pure UV-B filters, but it seems more accurate to test firstly a
concentration of 0.01 g L−1 which could be sufficient to evaluate the
activity of some isolated compounds (Table 3). Thereby, we have
determined that an amount of only 30 mg  was enough to test both
pure compounds and crude extracts with our method.

Finally, the classification of the photoprotective activity of the

samples has to be adjusted with the UV photostability criterion:
a tested sample is highly stable with a UV-B120/UV-B0 ratio ≥ 0.9,
poorly stable with a 0.5 ≤ UV-B120/UV-B0 ratio <0.9 and totally
unstable with a UV-B120/UV-B0 ratio <0.5.
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[46]  K. Ganesan, K. Suresh Kumar, P.V. Subba Rao, Innovat. Food Sci. Emerg. Tech.
M. Hupel et al. / Ta

. Conclusion

The aim of this study was to develop a new in vitro method for
creening and evaluating rapidly the sunscreen photoprotective
ctivity of small amounts of plant extracts against high UV-B
adiation. In plants, chlorophyll molecules localized in internal
issues are one of the first targets of UV-B radiation and UV
bsorbing compounds can be produced in epidermal cells to
imit their photodegradation. The hierarchical vertical location of
rotecting epidermal compounds above sensitive photosynthetic
igments in plants has served as model for the development
f our experimental design. In our method, sodium magnesium
hlorophyllin (SMC) was chosen as UV-B target because (i) it was
ydrosoluble and was used easily; (ii) its spectral properties and
hotodegradation kinetics were close to natural chlorophyll. The
hotodegradation kinetic of SMC  was evaluated under the effect
f several factors (UV-B intensity, temperature, concentration,
ample solvent) to both optimize the experimental parameters
nd establish a recommended procedure for the use of our method.
hen, validation of the method was realized by testing standard
unscreens used in the European cosmetic industry. Comparisons
f the results obtained by an in vitro procedure close to the COLIPA
eference method have shown differences in both the photosta-
ility and photoprotective activity of some filters, suggesting that

rradiation with high UV-B/UV-A ratios could give supplementary
nformation on the real photoprotective potential of a sample. In
ddition, extracts of marine and coastal plants were tested because
i) these plants live in extreme conditions and their extracts were
ikely to be highly photoprotective; (ii) UV-B absorbing compounds
ave already been found in their tissues; (iii) results would allow
o validate the method for extracts of both seaweeds and higher
lants. We  have chosen to realize methanol extracts because this
olvent is usually used in the screening of biological activities in
lants, for its ability to extract a large number of various polar and
elatively apolar compounds. In seaweeds, results have shown that
he methanol extract of the brown species Pelvetia canaliculata was
ighly active related to a low photoprotective activity in the red
pecies Porphyra dioica and no activity in the green species Entero-
orpha compressa. On the contrary, all extracts of angiosperms

Salicornia ramosissima, Crithmum maritimum and Matricaria
aritima) seemed highly active. However, the potential sunscreen

ctivity and the nature of the photoprotective compounds in these
arine plants have to be confirmed by testing purified methanol

xtracts and/or other solvent systems.
In summary, the developed method was successful to evalu-

te rapidly, sensitively and at a lower cost the sunscreen activity
f small amounts of either pure or crude samples (30 mg)  against
igh UV-B radiation. It could be applied for both promoting nat-
ral UV-absorbing compounds in the cosmetic industry, as well
s in ecological and physiological studies for evaluating the pho-
oprotective responses of plants against UV-B radiation. Further
nvestigations would be interesting by testing the activity of the
amples under other UV conditions, with both our experimen-
al design and reference procedures, to extend the scope of our

ethod. Finally, we have to notice that sunscreens evidenced with
his new method have to be supplementary tested for their pho-
otoxicity on human cells and their protective effect against UV
ndirect damages, as free radical generation, before to be potentially
sed in suncare products [47].
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