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Abstract
Photo-instability of common UV-fi lters is a well documented phenomenon. This study develops a method for concomitant 
measurement of photostability and photo-induced ROS generation in cosmetic formulations. Oil-in-water formulations 
containing three common UV fi lters (OMC, BMDBM, EHT), individually or combined, were further supplemented with 
phosphatidylcholine and exposed to UVA. All fi lters show spectral decrease after UVA exposure. OMC and EHT do not 
induce signifi cant lipid-peroxidation (as measured by TBARS production) while BMDBM does. In the latter case, this is 
reduced when BMDBM is combined with OMC but not with EHT. Neither OMC nor EHT stabilize BMDBM with respect 
to loss of absorbance. ROS-generation assessed via TBARS formation was supported by EPR experiments. The UV-induced 
changes in UV-fi lter performance, as monitored in the model formulations and in commercial sunscreens, demonstrate that 
this is a simple and effective method for stability assessment of sunscreen fi lters under conditions of use.

Keywords: UV-fi lters, photostability/instability, lipid peroxidation, sunscreen formulations, UV protection.

particulate fi lters [8]. However this is not always the 
case: some common UV-fi lters are photo-unstable, a 
well documented phenomenon that can be induced by 
UV doses similar to those acquired during sunbathing 
[9–13]. If UV-fi lters are photochemically unstable, 
this leads to loss in absorbance following their UV 
exposure, which ultimately translates into reduced 
photoprotection. The absorbance spectrum of photo-
unstable organic UV-fi lters changes during UV expo-
sure due to structural transformations or degradation, 
leading in the latter case to photoproduct(s) [14]. 
These products, which can also include free radicals 
[15–17], may interact with other co-formulated UV-
fi lters, other ingredients of sunscreen products, oxy-
gen and even skin constituents (e.g. lipids, proteins, 
nucleic acids), thus altering the performance of sun-
screens and possibly inducing oxidative damage on 

Introduction

UV-fi lters are the key ingredients of cosmetic sun-
screen formulations that absorb specifi c wavelengths 
of ultraviolet radiation, UVA (320–400 nm), UVB 
(290–320 nm) or both, making the sunscreen protec-
tive against UV-induced skin damage [1]. Sunscreens 
should ideally protect from sunburn/erythema 
induced by UVB [2,3] and from the genotoxic/
oxidant effects of both UVA and UVB [4,5] which 
contribute to skin photodamage (photoageing, photo-
carcincogenesis, immunosuppression) [6,7]. For a 
sunscreen’s optimum performance and effi cacy, the 
fi rst and foremost requirement is that the UV-fi lters 
should remain stable during the entire period of 
exposure. The light absorbed should ideally be 
dissipated into heat in the case of soluble fi lters 
or absorbed, refl ected and scattered in the case of 
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L-α-phosphatidylcholine (P2772: Type XI-E) as well 
as all other reagents and solvents were purchased 
from Sigma-Aldrich Chemical Co. (Milan, Italy). 
Three commercial sunscreens were purchased from 
local stores and tested within 3 months from pur-
chase. The labelled SPF’s (Sun Protection Factor) 
and the UV active ingredients (INCI) of the three 
products are as follows: Cream A (SPF 25) ethylhexyl 
methoxycinnamate, benzophenone-3, butylmethoxy-
dibenzoylmethane, octocrylene, titanium dioxide; 
Cream B (SPF 25) ethylhexyl methoxycinnamate, 
butylmethoxydibenzoylmethane, octocrylene; Cream 
C (SPF 30) ethylhexyl methoxycinnamate, titanium 
dioxide, butylmethoxydibenzoylmethane. 

Preparation of formulations

The various UV-fi lters or their combinations were 
integrated in the same oil-in-water based formula-
tions, which were obtained as here briefl y described: 
Phase A [(5% tribehenin PEG-22 esters, 0.5% stearyl 
alcohol, 5% dibutyl adipate, 3% triheptanoin, 5% 
PPG-2-myristyl ether propionate, 0.4% phosphati-
dylcholine) with 0.5%, 2% or 4% individual UV-fi lter 
plus 5.5%, 4% or 2% caprylic/capric triglycerides or 
2% UV-fi lter 1, 2% UV-fi lter 2 plus 2% caprylic/
capric triglycerides (for combined fi lters)] and phase 
B (3% glycerol, 0.2% disodium EDTA and deionized 
water making up to 100%) were heated separately to 
70–75°C until homogeneous. Afterwards, 0.6% 
sodium polyacrylate was added to phase B and 
homogenized with an Ultra-Turrax T50 at 5000 rpm 
(Janke & Kunkel GmbH & Co., Staufen, Germany). 
Then A was added into B and mixed until homoge-
nous at 7500 rpm. The emulsion was moderately 
stirred until the temperature dropped to 60°C, 
(Eurostar digital and paddle mixer by Janke & Kunkel 
GmbH & Co., Staufen, Germany). Then phase C (5% 
cyclohexasiloxane�cyclopentasiloxane) was added to 
the emulsion and continuously stirred until ambient 
temperature was reached. At this point, phase D 
(1% phenoxyethanol (and) methylparaben (and) ethyl-
paraben (and) butylparaben (and) propylparaben 
(and) isobutylparaben) was added to the emulsion 
and homogenized again under stirring. 

UV exposure

Of each formulation, 50 � 2 mg were spread (2 mg/cm2)
onto 5 � 5 cm glass plates with a gloved fi nger 
and left to dry at room temperature in the dark for 
30 min before exposure. The amount loaded was that 
recommended by the COLIPA sun protection factor 
test method [31]. For UVA exposure, the plates were 
placed on a brass block embedded on ice at a distance 
of 20 cm from the light source. A commercial UVA 
sun lamp, Philips Original Home Solarium (model 

skin structure and/or function [18,19]. Evaluating the 
fate of UV-fi lters upon dissipation of absorbed UV 
energy is therefore critical. 

In this regard, we previously developed a method 
for examining the spectral stability and photo-induced 
radical generation of several UV-fi lters incorporated into 
phosphatidylcholine (PC)-based liposomes exposed 
to UVA [20]. This system revealed that (i) in many 
cases, a photo-unstable absorbance spectrum of UV-
fi lters goes along with enhanced levels of lipid per-
oxidation, a well known radical-based process, and 
that (ii) spectral stability does not necessarily exclude 
radical generation. Such information obtained from 
this and other spectroscopic and photochemical 
investigations is important for understanding the 
photochemical behaviour of UV-absorbing molecules 
[21–24]. However, such studies have certain method-
ological drawbacks: the experiments are usually car-
ried out on single fi lters in more or less dilute solutions, 
i.e. much lower than use concentrations and in the 
absence of further formulation constituents. Instead, 
under actual conditions of use, several UV-fi lters are 
normally present at relatively high concentrations in 
an emulsion composed of a polar phase and an apolar 
one and containing, besides the typically apolar UV-
fi lters, water, surfactants, thickeners, cosmetic oils 
and other cosmetic actives [25]. Hence, all these 
ingredients may interfere with the UV behaviour of 
the fi lter molecules. Those studies that describe the 
UV behaviour of fi nished sunscreen products concen-
trate on stability of the transmission spectra, paral-
lelled at times with HPLC, GC/MS analysis for the 
chemical stability of the fi lter molecules [10,13,26–30]. 
They do not address the existence and consequences 
of dissipation-related radical processes. In order to 
obtain more realistic information, we here aimed at 
transferring the simple method for the assessment of 
both photo-stability and photo-induced radical gen-
eration of UV-fi lter molecules, already measured 
under dilute conditions in PC liposomes [20], to UV-
fi lter molecules in cosmetic formulations. To this end, 
PC was incorporated during the sunscreen prepara-
tion to be used as a marker for lipid peroxidation. 
Since PC is very susceptible to oxidation, any reactive 
oxygen species (ROS) generated within the sunscreen 
formulation should oxidize the lipid whose oxidation 
products can then be easily detected and quantifi ed 
via TBARS as described. The method proved feasible 
also for commercial sunscreens which often contain 
PC or other unsaturated lipids.

Materials and methods

The following UV-fi lters were supplied by CIBA Inc. 
(Basel, Switzerland); ethylhexyl p-methoxycinnamate 
(OMC), butylmethoxydibenzoylmethane (BMDBM) 
and trianilino p-carboxyethylhexyl triazine (EHT). 
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ER 4102ST, 50% optical transmittance). The samples 
were irradiated at 293 K directly inside the EPR spec-
trometer microwave cavity and the EPR spectra were 
recorded in situ with the following instrumental set-
tings: 9.78 GHz microwave frequency, 5 mW micro-
wave power, 100 G sweep width, 5 � 103 receiver gain, 
2 G modulation amplitude, 41 s scan time, 1.28 ms 
time constant. As irradiating source, a 500 W Xe/Hg 
lamp (Oriel 66905, Oriel Corporation, USA) coupled 
with an IR-block fi lter (Oriel 61945, Oriel Corpora-
tion, USA) to avoid thermal effects was used. Light 
was passed through a Pyrex glass fi lter (1 mm thick) 
to eliminate the radiation wavelengths below 300 nm. 
Sunscreen formulations (80 mg) were diluted with 
900 μL of water and to this 20 μL of 1 mM TEMPOL 
(4-hydroxy 2,2,6,6-tetramethylpiperidine-N-oxyl) aque-
ous stock solution was added. The mixture was 
degassed with argon, transferred into a quartz fl at cell 
and irradiated in the EPR cavity. The low fi eld line of 
the TEMPOL triplet was double integrated and the 
relative amplitude decrease was measured during 20 
min of irradiation by means of WinEPR program.

Appropriate controls were carried out throughout 
all the experiments described above. The data reported 
represent average values from at least three indepen-
dent experiments. Statistical analysis was performed 
using the student’s T-test.

Results and discussion

In the fi rst part of this study, we examined (i) the 
spectral behaviour of three common UV-fi lters incor-
porated into the same PC-supplemented sunscreen 
formulations and (ii) the lipid peroxidation levels of 
these same formulations, when exposed to UVA 
radiation. Three concentrations of UV-fi lters were 
employed: 0.5%, 2% and 4%, which all fall within the 
levels permitted in the European Union, i.e. for OMC 
up to 10% and for BMDBM and EHT up to 5%. 
When combinations of two fi lters were used, these 
were each present at a concentration of 2%. 

Figure 1 shows the spectra of OMC before and 
after UVA exposure, extracted with ethyl acetate from 
the formulations containing decreasing concentra-
tions of this UV-fi lter. The spectral absorbance relates 
directly to the concentrations of OMC in the formu-
lations, i.e. levels of absorbance for non-exposed for-
mulation at 4% is twice that at 2% which in turn is 
four times that at 0.5%, thus demonstrating that the 
extraction method employed is effi cient. The same 
behaviour was also observed for the other two fi lters 
(not shown). In addition, a decrease in absorbance 
without changes in the spectral profi le was observed 
for each concentration of OMC after UVA exposure. 
This is attributable to the cis-trans photo-isomerization 
and possibly [2�2] cyclo-addition of OMC reported 
earlier [20,34–36].

HB 406/A; Philips, Groningen, Holland) equipped 
with a 400 W ozone-free Philips HPA lamp, UV type 
3 was used for irradiation. The output of UVA was 
measured with a UV Power Pack Radiometer (EIT 
Inc, Sterling, MA). The emission spectrum of the 
UVA lamp was further checked using a StellarNet 
portable spectroradiometer (Tampa, FL) which con-
fi rmed the manufacturer’s declaration. The emission 
of UV light below 320 nm was �1.5% of the total 
emitted between 300–400 nm, hence the UV source 
is essentially a UVA one. The lamp was always pre-run 
for 10 min to allow the output to stabilize. Samples 
were irradiated for 15 min corresponding to an inci-
dent dose of UVA of 275 kJ/m2, i.e the dose approx-
imately equivalent to ~90 min of sunshine at the 
French Riviera (Nice) in summer at noon [32]. The 
temperature of the plates during irradiation, as mea-
sured with a thermocouple was 35 ± 2°C. 

For each irradiated sample, a non-irradiated sam-
ple serving as (non-irradiated) control was kept in the 
dark at room temperature for 30 min. 

Optical absorption spectra

Irradiated and control formulations were collected 
by immersing the plates in 10 ml ethyl acetate for 
30 min. From this organic solution, 50 μl were added 
to 2450 μl ethyl acetate in a quartz cuvette and its 
absorption spectra was measured on a UV Kontron 
941 spectrophotometer against a blank containing 
ethyl acetate.

Evaluation of lipid peroxidation

The remaining dissolved formulation was evaporated 
under vacuum by Rotavapor. To the residue, 3 ml of 
TBA-TCA-HCl (0.375% w/v TBA (thiobarbituric 
acid), 15% w/v TCA (trichloroacetic acid), 0.2 M 
HCl) was added followed by BHT (butylated hydroxy-
toluene) 0.1 mM to prevent possible peroxidation of 
phosphatidylcholine during the TBA assay. The sam-
ples were heated for 30 min at 95°C followed by cool-
ing and centrifugation. The absorbance of the pink 
chromophore formed in the supernatant by TBA and 
aldehydic breakdown products upon heating was mea-
sured at 532 nm and compared to that of a calibration 
curve of 1,1,3,3-tetraethoxypropane reacted with 
TBA. The absorbance of aldehydic breakdown prod-
ucts of lipid peroxidation (TBA reactive substances �
TBARS) [33] was related to that of the respective 
amount of malondialdehyde in the calibration curve. 

EPR spectroscopic measurements

EPR measurements were performed with an X-band 
Bruker EMX EPR spectrometer (Bruker, Karlsruhe, 
Germany) equipped with a TE102 resonator (Bruker 
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the two fi lters, especially of BMDBM, present in the 
combination and already commented on above. 

Besides monitoring spectral stability of the UV fi lters 
in the formulations, the oxidative status of these same 
formulations were also tested before and after UV 
exposure. Since the formulations were supplemented 
with PC, any UV- and/or UV-fi lter-induced ROS gen-
erated within the sunscreen formulation will increase 
lipid peroxidation and eventually contribute to 
increasing the TBARS levels. Moreover, the butylated 
hydroxytoluene (BHT) present during the test itself 
will ensure that the levels of TBARS measured derive 
exclusively from peroxide decomposition of oxidized 
PC following UVA exposure. The measurement of 
TBARS has its limitations such as its unsuitability for 
measuring and comparing levels of lipid peroxidation 
in vivo and between biological tissues or body fl uids 
with different fatty acid compositions, as well as the 
uncertainty of the identity of the chromogen mea-
sured [41]. However, it is valuable as a simple means 
of determining lipid peroxidation in isolated lipid sys-
tems, as in our case. Figure 4A shows the contribu-
tion of the individual UV-fi lters at the three 
concentrations tested to UVA-induced lipid peroxida-
tion. UVA was chosen since it is the principal UV 
component in sunlight (�95%) and promotes and 
propagates lipid peroxidation much more effi ciently 
than UVB [42,43]. Accordingly, the graph shows 
already a signifi cant increase in TBARS in the irradi-
ated formulation supplemented with PC in the 
absence of UV-fi lters, yet not without PC, indicating 
that the increase in TBARS levels observed derives 
exclusively from the breakdown products of PC 
(among which is malondialdehyde, the most abun-
dant aldehyde resulting from lipid peroxidation [41]). 
TBARS levels in the presence of OMC at all concen-
trations tested remained in the range of the irradiated 
control, indicating that no ROS are generated in the 
presence of this UV-fi lter, i.e. no PC/OMC interac-
tion. It is noteworthy that this molecular integrity of 
OMC in formulation, assessed indirectly via quanti-
fi cation of UVA-induced PC peroxidation, is not 
correlated with its decrease in spectral absorbance 
(Figures 1 and 2), which confi rms our previous 
results, i.e. spectral lability does not necessarily have 
to lead to radical generation and molecular decay 
[20]. In the case of formulated EHT, the level of 
TBARS compares well to those measured in the 
irradiated control without UV-fi lter (CNTRL). This 
implies that EHT per se does not lead to the genera-
tion of ROS when formulated at these concentrations, 
a result which is strikingly different from what had 
been observed in our previous investigation [20]. In 
fact, at 100 μM concentration in liposomes suspended 
in PBS and exposed to UVA, EHT remarkably increased 
lipid peroxidation to the same extent as BMDBM and 
this suggested that ROS may be generated from EHT 
as a consequence of ineffi cient energy dissipation 

Figure 1. UV-absorption spectra of PC-supplemented sunscreen 
formulation containing different concentrations of OMC before 
and after UVA exposure followed by extraction with ethyl acetate. 
See Materials and methods for experimental details.
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Figure 2 documents the UV absorbance spectra of 
the three UV-fi lters (OMC, BMDBM, EHT each for-
mulated at 4%) before and after UVA exposure. The 
decrease in spectral absorbance of OMC, which is the 
most popular UVB fi lter used in sunscreens, has 
already been commented on above. For BMDBM, 
which is the most widely used UVA fi lter due to its 
broad UVA spectrum coverage, the exposure to UVA 
leads to a substantial decrease in spectral absorbance. 
This loss in photo-stability is in accordance with the 
earlier reports on BMDBM when in certain sunscreen 
formulations [10,37] and is attributed to the well-
established keto-enol isomerization upon UV expo-
sure (the diketo tautomer of BMDBM absorbs at 260 
nm) followed by photo-cleavage leading to radical 
generation [16,22,38]. In the case of EHT, its char-
acteristically very high molecular absorbance slightly 
decreases after exposure to UVA without changes in 
spectral profi le. 

For achieving a protection spectrum spanning both 
the UVA and UVB region of the solar spectrum and 
to reach higher overall absorbance, sunscreens are 
commonly formulated as a combination of two or 
more UV-fi lters [39]. Hence the two UVB fi lters 
(OMC, EHT) were combined with the UVA one used 
in this study (BMDBM) and irradiated accordingly. 
Their absorbance spectra are reported in Figure 3. 
Here we can observe that in the combination 
BMDBM�OMC there is broad spectrum coverage 
but its absorbance is reduced upon exposure. This is 
expected since this combination is known to be spec-
troscopically unstable if specifi c stabilizing molecules 
are absent and in accordance with earlier reports 
[9,40]. These two fi lters may undergo an irreversible 
[2�2] cycloaddition reaction, yielding a mixture of 
diketones whether in apolar solvents, neat form or 
commercial sun creams [11]. With the other broad 
spectrum combination BMDBM�EHT, which dis-
played a much higher absorbance in the UVB range due 
to the presence of EHT, a similar decrease in absor-
bance after UVA exposure was observed. This decrease 
can be attributed to the inherent photo-instability of 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



308 E. Damiani et al.

mechanisms when present at low concentrations. In 
the current experiment, EHT is present at a much 
higher concentration (~400-fold) and as a thin fi lm, 
hence it is very likely that the dissipation mechanisms 
of the absorbed energy is more effi cient. It is in fact 
known that at higher concentrations there is a self-
protecting effect of EHT due to the increased optical 
density and this in turn increases the half-life of any 
photoreaction [44]. Another reason for the confl icting 
results with our previous measurements in UV-fi lter 
liposome preparations [20] could be due to greater 
oxygen availability (the exposed lipid surface area and 
oxygen availability is possibly greater in liposomes 
than in the thin fi lm), since lipid peroxidation requires 
oxygen. The slight decrease in spectral absorbance 
after UVA exposure for EHT (Figure 2) correlates 
well with the observations reported above. With 

formulated BMDBM, however, there is a signifi cant 
increase in lipid peroxidation due to ROS generated 
from UVA exposure of this fi lter. In this case, increased 
TBARS also correlates with the observed loss in spec-
tral stability (Figure 2). This again is in accordance 
with what had been observed in our previous investi-
gation where UV-fi lters had been incorporated into 
liposomes and exposed to UVA [20]. Figure 4B com-
pares the levels of TBARS achieved after exposure to 
UVA in formulations containing a combination of 
UVA and UVB fi lters with formulations of each indi-
vidual UV-fi lter at 2% concentration. The combina-
tion of BMDBM�OMC shows lower peroxidation 
levels than BMDBM�EHT. Furthermore, the 
TBARS levels are lower in the BMDBM�OMC
combination than with BMDBM alone. Although this 
combination is not photo-stable from the absorbance 

Figure 2. UV-absorption spectra of sunscreens containing 4% concentrations of UV-fi lters before and after UVA exposure followed by 
extraction with ethyl acetate. See Materials and methods for experimental details.
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point of view (Figure 3), the low TBARS levels imply 
that in this combination lower levels of ROS are being 
generated, leading to less oxidation of lipid-based 
substrates than when BMDBM is present alone or in 
combination with EHT. In this latter mixture, the 
high TBARS levels are most likely due to the contribu-
tion of BMDBM breakdown alone. The BMDBM 
breakdown proceeds via cleavage of the BMDBM 
diketone, thus giving rise to radical generation. In the 
BMDBM�OMC mixture, less ROS are generated 
because the [2�2] cyclo-addition of OMC and 
BMDBM does not involve radical formation and com-
petes with the cleavage of the BMDBM diketone. 

The TBARS data which are indirectly a measure of 
free-radical induced lipid peroxidation were further 
supported by the EPR experiments. Any carbon-
centred radicals generated from the sunscreen formu-
lations during UV-irradiation should be trapped by 
the nitroxide function of TEMPOL to give an EPR-
silent species, leading to a decrease in intensity of the 
TEMPOL EPR signal [45]. Although this method is 
not specifi c with regard to the identity of the radical 
trapped, it is nevertheless useful for determining the 
extent of ROS production from a complex system 
such as a sunscreen, by monitoring signal intensity. 
This signal was followed for 20 min in each case and, 
as shown in Figure 5, there was an abrupt decline 
after only 5 min of UV exposure in the case of 
BMDBM and BMDBM�EHT indicating a high 
yield of radicals which then levelled off. This is in line 
with the high levels of TBARS detected in these two 
formulations (Figure 4). The decline in EPR signal 

was similar for the remaining formulations, which 
again is in good agreement with the levels of TBARS 
detected in these cases (Figure 4).

Since many commercial sunscreen formulations do 
contain lipid-based substrates which can be suscep-
tible to oxidation, we also tested three commercial 
sunscreens which all contained BMDBM and OMC 
for UVA-induced spectral changes and TBARS pro-
duction as described above. Figure 6 documents for 
all three a loss in absorption after UVA exposure 
accompanied by lipid peroxidation. The drop in spectral 

Figure 3. UV-absorption spectra of sunscreens containing 
combinations of different UV-fi lters each individually present at 
2% concentration, before and after UVA exposure followed by 
extraction with ethyl acetate. See Materials and methods for 
experimental details.
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Figure 4. Concentration of TBARS determined in sunscreens 
containing different UV-fi lters or their combinations after extraction 
with ethyl acetate followed by subsequent treatment for detection 
of TBARS. (A) TBARS levels after UVA exposure of sunscreens 
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absorbance was parallelled by an increasing difference 
in TBARS production from A to C, with increase in 
TBARS proving statistically signifi cant for B and C. 
This is in line with the fact that sunscreen A contains 
benzophenone-3 and octocrylene which both stabilize 
BMDBM, B contains octocrylene, while C does not 
contain any stabilizer [14,46]. It is noteworthy that 
sunscreens A and B (having the same labelled SPF) 
exhibit similar absorbance levels (~0.5) in the UVB 
range but different ones in the UVA range. This is not 
surprising since SPF is based primarily on measuring 
protection from UVB-induced erythema and follows 
an internationally accepted procedure [31], whereas 
measurement of UVA protection is only recently 
becoming progressively standardized by the cosmetic 
industries following the increased knowledge on the 
role of UVA in photoageing and photocarcinogenesis. 
Sunscreen C, having a higher SPF, also shows a higher 

Figure 6. UV-absorption spectra of three commercial sunscreens before 
and after UVA exposure followed by extraction with ethyl acetate. 
Inserts: Concentration of TBARS determined in each commercial 
sunscreen before and after UVA exposure and after extraction with 
ethyl acetate followed by subsequent treatment for detection of TBARS. 
∗p � 0.05; ∗∗p � 0.01 vs the respective non-irradiated control. See 
Materials and methods for experimental details.

absorption since it contains higher concentrations of 
active UV-fi lters. The loss in absorbance for this prod-
uct after UVA exposure is, however, remarkable, espe-
cially in the UVA range, and likely due to the absence 
of stabilizers. Secondly, sunscreen C contains tita-
nium dioxide which may also affect the performance 
of this sunscreen. If this still retains some photocata-
lytic activity according to the type of coating it has, it 
may interact with the other active ingredients of the 
sunscreen leading to rapid photodegradation [47]. 
The lipid peroxidation levels in the sunscreens should 
also be affected by the antioxidants present in the 
formulation [48]. Although both products A and C 
contained tocopheryl acetate and retinyl palmitate, 
these vitamins are not active in their ester form. In 
contrast, sunscreen A also contained vitis vinifera, a 
grape seed extract rich in polyphenols and other anti-
oxidants [49,50], that may have contributed to pro-
tecting this sunscreen against UVA/fi lter-induced 
lipid peroxidation. In addition, sunscreen A, having 
less BMDBM than sunscreen C in its formulation, 
will generate less radicals upon UV exposure, hence 
indirectly lower TBARS levels.

Conclusions

Summarizing, the simple method of testing UV-fi lters 
incorporated into PC liposomes following UVA expo-
sure [20] has now been further developed to deter-
mine their photo-stability under conditions that 
parallel those encountered upon typical conditions of 
usage. Three representative UV fi lters incorporated 
into PC-supplemented sunscreen formulations and 
exposed to UVA as a thin fi lm were investigated by 
absorbance spectroscopy and by indirect measure-
ment of radical processes. It is shown that all the fi l-
ters (individually) are not stable to UVA as determined 
by UV absorbance alone. OMC and EHT (individu-
ally) do not induce signifi cant lipid-peroxidation (as 
measured by increased TBARS) but decrease TEM-
POL radical signal. BMDBM induces signifi cant 
TBARS production (and decrease in the TEMPOL 
signal), which is reduced when it is combined with 
OMC but not with EHT (substantiated by EPR mea-
surements), suggesting stabilization of BMDBM by 
OMC with respect to induction of radical-induced 
peroxidation. Neither OMC nor EHT stabilize 
BMDBM with respect to loss of absorbance. These 
fi ndings obtained from formulated UV fi lters at use 
concentrations, i.e. with fi lter molecules at least 200�
more concentrated than in solution and exposed as a 
thin fi lm, are more representative than those that were 
previously obtained in liposomes. In addition they 
support our earlier fi ndings that the behaviour of UV-
irradiated molecules cannot be predicted on the basis 
of their UV absorbance alone [20]. The concomitant 
measurement of other parameters, such as the gen-
eration of ROS, may be useful.
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Three commercial sunscreens, rated SPF 25�,
were also tested and show loss of UV absorbance 
upon UVA irradiation, with sunscreen C (lacking 
photostabilizers) being least photostable both with 
respect to loss of absorbance and lipid peroxidation. 
A signifi cant loss in spectral absorbance of sunscreens 
in use may have an impact on their UVA screening 
effi cacy (and claims for UVA protection), while 
photo-induced lipid peroxidation in the base cream 
may compromise other ingredients of the sunscreen 
formulation. In the latter case, this may not be relevant 
if the sunscreen remains in the superfi cial dead layer 
of skin (stratum corneum), but it may be potentially 
relevant to skin damage if the cream is rubbed into 
the skin (as currently recommended) and contacts 
living cells of the epidermis. Within this respect, the 
use of antioxidants in commercial sunscreen formula-
tions does not necessarily guarantee that the fi nished 
product is spectroscopically photostable and less oxi-
dizable, whereas the presence of molecules acting as 
photostabilizers substantially improved the stability. 

It is worth bearing in mind that since sunscreens 
were not applied to skin itself, the information obtained 
from our previous study on UV fi lters in liposomes 
[20] and from this present study of formulated UV 
fi lters exposed as a thin fi lm on glass plates may not 
totally refl ect the true behaviour of sunscreens when 
applied to skin. Sunscreen performance is known to be 
dependent on whether it is as a thin fi lm or disrupted 
such as in real application to the irregular surface of 
the skin [51,52]. Therefore it is extremely important 
that the photostability of UV-fi lters is studied in sun-
screens instead of isolated fi lter preparations, and ide-
ally (where possible) as applied to skin. Furthermore, 
the chromatographic effect of skin (the UV and visible 
light refl ected, scattered, absorbed and dissipated by 
chromophores in various layers of skin depending on 
the different skin types/tones) and the skin’s in-built 
antioxidant defensive system, may all affect the true 
behaviour of sunscreens. Hence, without appropriate 
in vivo experiments it is diffi cult to predict whether 
photo-induced ROS-formation from UV-fi lters will 
have a direct impact on skin cells and function.

Overall, the method proposed here may, however, 
prove useful for formulators during the screening stage 
to help optimize which are the best UV-fi lter combina-
tions, antioxidants and photostabilizers that can be 
mixed together for achieving more effi cient and safer 
sunscreen products. This simple technique may also be 
valuable to compare the photostabilities of different 
sunscreen products already present on the market. 

Declaration of interest: The authors thank the 
Polytechnic University of the Marche and CIBA Spe-
cialty Chemicals Incorporation, Basel, Switzerland 
for fi nancial support. The authors report no  confl icts 

of interest. The authors alone are responsible for the 
content and writing of the paper.

References

Palm MD, O’Donoghue MN. Update on photoprotection. [1]
Dermatol Ther 2007;20:360–376.
Healy E, Reynolds NJ, Smith MD, Campbell C, Farr PM, [2]
Rees JL. Dissociation of erythema and p53 protein expression 
in human skin following UVB irradiation, and induction of 
p53 protein and mRNA following application of skin irritants. 
J Invest Dermatol 1994;103:493–499.
Gilchrest BA, Soter NA, Stoff JS, Mihm MC Jr. The human [3]
sunburn reaction: histologic and biochemical studies. J Am 
Acad Dermatol 1981;5:411–422.
Agar NS, Halliday GM, Barnetson RS, Ananthaswamy HN, [4]
Wheeler M, Jones AM. The basal layer in human squamous 
tumors harbors more UVA than UVB fi ngerprint mutations: 
a role for UVA in human skin carcinogenesis. Proc Natl Acad 
Sci USA 2004;101:4954–4959.
Scharffetter-Kochanek K, Wlaschek M, Brenneisen P, [5]
Schauen M, Blaudschun R, Wenk J. UV-induced reactive oxygen 
species in photocarcinogenesis and photoaging. Biol Chem 
1997;378:1247–1257.
Wlaschek M, Tantcheva-Poor I, Naderi L, Ma W, Schneider LA, [6]
Razi-Wolf Z, Schuller J, Scharffetter-Kochanek K. Solar UV 
irradiation and dermal photoaging. J Photochem Photobiol B 
2001;63:41–51.
Trautinger F. Mechanisms of photodamage of the skin and its [7]
functional consequences for skin ageing. Clin Exp Dermatol 
2001;26:573–577.
Shaath NA. The chemistry of ultraviolet fi lters. In: Shaath NA, [8]
editor. Sunscreens: Regulations and commercial develop-
ment. Boca Raton: Taylor & Francis; 2005. p. 217–279.
Maier H, Schauberger G, Brunnhofer K, Honigsmann H. [9]
Change of ultraviolet absorbance of sunscreens by exposure 
to solar-simulated radiation. J Invest Dermatol 2001;117:
256–262.
Tarras-Wahlberg N, Stenhagen G, Larko O, Rosen A, [10]
Wennberg AM, Wennerstrom O. Changes in ultraviolet 
absorption of sunscreens after ultraviolet irradiation. J Invest 
Dermatol 1999;113:547–553.
Dondi D, Albini A, Serpone N. Interactions between different [11]
solar UVB/UVA fi lters contained in commercial suncreams 
and consequent loss of UV protection. Photochem Photobiol 
Sci 2006;5:835–843.
Gonzalez H, Tarras-Wahlberg N, Stromdahl B, Juzeniene A, [12]
Moan J, Larko O, Rosen A, Wennberg AM. Photostability of 
commercial sunscreens upon sun exposure and irradiation by 
ultraviolet lamps. BMC Dermatol 2007;7:1–9.
Roscher NM, Lindemann MKO, Kong SB, Cho GC, Jiang P. [13]
Photodecomposition of several compounds commonly used as 
sunscreen agents. J Photochem Photobiol A 1994;80:417–421.
Bonda CA. The photostability of organic sunscreen actives: a [14]
review. In: Shaath NA, editor. Sunscreens: Regulations and 
commercial development. Boca Raton: Taylor & Francis; 
2005. p. 321–349.
Brezova V, Gabcova S, Dvoranova D, Stasko A. Reactive [15]
oxygen species produced upon photoexcitation of sunscreens 
containing titanium dioxide (an EPR study). J Photochem 
Photobiol B 2005;79:121–134.
Schwack R, Rudolph T. Photochemistry of dibenzoylmethane [16]
UVA fi lters, Part 1. J Photochem Photobiol B 1995;28:229–234.
Allen JM, Gossett CJ, Allen SK. Photochemical formation of [17]
singlet molecular oxygen in illuminated aqueous solutions of 
several commercially available sunscreen active ingredients. 
Chem Res Toxicol 1996;9:605–609.

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



312 E. Damiani et al.

Cook N, Freeman S. Report of 19 cases of photoallergic con-[18]
tact dermatitis to sunscreens seen at the Skin and Cancer 
Foundation. Australas J Dermatol 2001;42:257–259.
Butt ST, Christensen T. Toxicity and phototoxicity of chemi-[19]
cal sun fi lters. Radiat Prot Dosim 2000;91:283–286.
Damiani E, Baschong W, Greci L. UV-Filter combinations [20]
under UV-A exposure: concomitant quantifi cation of over-all 
spectral stability and molecular integrity. J Photochem 
Photobiol B 2007;87:95–104.
Serpone N, Salinaro A, Emeline AV, Horikoshi S, Hidaka H, [21]
Zhao J. An in vitro systematic spectroscopic examination of 
the photostabilities of a random set of commercial sunscreen 
lotions and their chemical UVB/UVA active agents. Photo-
chem Photobiol Sci 2002;1:970–981.
Cantrell A, McGarvey DJ. Photochemical studies of 4-tert-[22]
butyl-4’-methoxydibenzoylmethane (BM-DBM). J Photochem 
Photobiol B 2001;64:117–122.
Morliere P, Avice O, Melo TS, Dubertret L, Giraud M, [23]
Santus R. A study of the photochemical properties of some 
cinnamate sunscreens by steady state and laser fl ash photolysis. 
Photochem Photobiol 1982;36:395–399.
Vanquerp V, Rodriguez C, Coiffard C, Coiffard LJ, De Roeck-[24]
Holtzhauer Y. High-performance liquid chromatographic 
method for the comparison of the photostability of fi ve sun-
screen agents. J Chromatogr A 1999;832:273–277.
Klein K. Formulation and regulatory considerations. In: [25]
Lowe NJ, Shaath NA, Pathak MA, editors. Sunscreens, 
development, evaluation and regulatory aspects. New York: 
Marcel Dekker; 1997. p. 285–311.
Couteau C, Pommier M, Paparis E, Coiffard LJ. Study of the [26]
effi cacy of 18 sun fi lters authorized in European Union tested 
in vitro. Pharmazie 2007;62:449–452.
Berset G, Gonzenbach H, Christ R, Martin R, Defl andre A, [27]
Mascotto RE, Jolley JD, Lowell W, Pelzer R, Stiehm T. 
Proposed protocol for determination of photostability Part I: 
cosmetic UV fi lters. Int J Cosmet Sci 1996;18:167–177.
Stokes R, Diffey B. In vitro assessment of sunscreen photo-[28]
stability: the effect of radiation source, sunscreen application 
thickness and substrate. Int J Cosmet Sci 1999;21:341–351.
Diffey BL, Tanner PR, Matts PJ, Nash JF. [29] In vitro assessment 
of the broad-spectrum ultraviolet protection of sunscreen 
products. J Am Acad Dermatol 2000;43:1024–1035.
Gaspar LR, Maia Campos PMBG. Evaluation of the photo-[30]
stability of different UV fi lter combinations in a sunscreen. 
Int J Pharm 2006;307:123–128.
COLIPA. COLIPA sun protection factor test method. The [31]
European Cosmetic, Toiletry and Perfume Association: ref. 
94/289, October 1994.
Seite S, Moyal D, Richard S, de Rigal J, Leveque JL, [32]
Hourseau C, Fourtanier A. Mexoryl SX: a broad absorption 
UVA fi lter protects human skin from the effects of repeated 
suberythemal doses of UVA. J Photochem Photobiol B 
1998;44:69–76.
Buege JA, Aust SD. Microsomal lipid peroxidation. Methods [33]
Enzymol 1978;52:302–310.
Venditti E, Spadoni T, Tiano L, Astolfi  P, Greci L, Littarru GP, [34]
Damiani E. In vitro photostability and photoprotection studies 
of a novel ‘multi-active’ UV-absorber. Free Radic Biol Med 
2008;45:345–354.
Broadbent JK, Martincigh BS, Raynor MW, Salter LF, [35]
Moulder R, Sjoberg P, Markides KE. Capillary supercritical 
fl uid chromatography combined with atmospheric pressure 
chemical ionisation mass spectrometry for the investigation of 
photoproduct formation in the sunscreen absorber 2-ethylhexyl-
p-methoxycinnamate. J Chrom A 1996;732:101–110.

Huong S-P, Andrieu V, Reynier J-P, Rocher E, Fourneron J-D. [36]
The photoisomerization of the sunscreen ethylhexyl p-methoxy 
cinnamate and its infl uence on the sunscreen protection factor. 
J Photochem Photobiol A: Chem 2007;186:65–70.
Diffey BL, Stokes RP, Forestier S, Mazilier C, Rougier A. Sun-[37]
care product photostability: a key parameter for a more realistic 
in vitro effi cacy evaluation. Eur J Dermatol 1997;7:226–228.
Andrae I, Bringhen A, Boehm F, Gonzenbach H, Hill T, [38]
Mulroy L, Truscott TG. A UVA fi lter, (4-tert,butyl-4-methoxy-
dibenzoylmethane): photoprotection refl ects photophysical 
properties. J Photochem Photobiol B 1997;37:147–150.
DeBuys HV, Levy SB, Murray DL, Madey DL, Pinnell SR. [39]
Modern approaches to photoprotection. Dermatol Clin 
2000;18:577–590.
Sayre RM, Dowdy JC, Gerwig AJ, Shields WJ, Lloyd RV. [40]
Unexpected photolysis of the sunscreen octinoxate in the 
presence of the sunscreen avobenzone. Photochem Photobiol 
2005;81:452–456.
Halliwell B, Gutteridge JMC. Detection of free radicals and [41]
other reactive species; trapping and fi ngerprinting. In: Halli-
well B, Gutteridge JMC, editors. Free radicals in biology and 
medicine. 3rd ed. Oxford: Oxford University Press; 1999. 
p. 393–413.
Morliere P, Moysan A, Tirache I. Action spectrum for UV-[42]
induced lipid peroxidation in cultured human skin fi broblasts. 
Free Radic Biol Med 1995;19:365–371.
Polte T, Tyrrell RM. Involvement of lipid peroxidation and [43]
organic peroxides in UVA-induced matrix metalloproteinase-1 
expression. Free Radic Biol Med 2004;36:1566–1574.
Herzog B, Muller S, Sohn M, Osterwalder U. New insight [44]
and prediction of photostability of sunscreens. SOFW J 
2007;133:26–35.
Damiani E, Greci L, Parsons R, Knowland J. Nitroxide radi-[45]
cals protect DNA from damage when illuminated in vitro in 
the presence of dibenzoylmethane and a common sunscreen 
ingredient. Free Radic Biol Med 1999;26:809–816.
Defl andre A, Forestier S, Lang G, Herve R, Leduc M. Pho-[46]
tostable cosmetic sunscreens containing dibenzoylmethane 
derivative and dialkylbenzalmalonate. US patent 5624663, 
USA; 1997.
Wakefi eld G, Green M, Lipscomb S, Flutter B. Modifi ed [47]
titania nanomaterials for sunscreen applications—reducing 
free radical generation and DNA damage. Mater Sci Technol 
2004;20:985–988.
Lin JY, Selim MA, Shea CR, Grichnik JM, Omar MM, [48]
Monteiro-Riviere NA, Pinnell SR. UV photoprotection by 
combination topical antioxidants vitamin C and vitamin E. J 
Am Acad Dermatol 2003;48:866–874.
Dos Santos Freitas L, de Oliveira JV, Dariva C, Jacques RA, [49]
Caramao EB. Extraction of grape seed oil using compressed 
carbon dioxide and propane: extraction yields and charac-
terization of free glycerol compounds. J Agric Food Chem 
2008;56:2558–2564.
Torres JL, Varela B, Garcia MT, Carilla J, Matito C, Centelles JJ, [50]
Cascante M, Sort X, Bobet R. Valourization of grape 
(Vitis vinifera) by products. Antioxidant and biological 
properties of polyphenolic fractions differing in procyanidin 
composition and fl avonol content. J Agric Food Chem 
2002;50:7548–7555.
Farr PM, Diffey BL. How reliable are sunscreen protection [51]
factors? Br J Dermatol 1985;112:113–118.
Haywood R. Relevance of sunscreen application method, [52]
visible light and sunlight intensity to free-radical protection: 
a study of ex-vivo human skin. Photochem Photobiol 2006; 
82:1123–1131.

This paper was fi rst published online on Early Online on 31 
December 2009.

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
U

ni
ve

rs
ity

 o
f 

Sa
sk

at
ch

ew
an

 o
n 

12
/0

5/
11

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


