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Abstract. — OBJECTIVE: Spray formulations
are currently under development in the field of
topical photoprotection. Such forms are charac-
terized by their high fluidity, a property that is
obtained by the presence of alcohol in the for-
mula. The purpose of this work was to study the
influence of ethanol in sunscreens on the pho-
toprotective efficacy as well as the photostabil-
ity of UV filters.

MATERIALS AND METHODS: The filters test-
ed were octyl methoxycinnamate (OMC), PEG-25
PABA, octyl salicylate and butyl methoxydiben-
zoylmethane (BMDBM) at their maximum con-
centration authorized by European regulations
and in the presence of increasing amounts of al-
cohol, up to 15% (w/w).

RESULTS: The effect of the presence of alco-
hol on the efficacy of the filters and their photo-
stability varies depending on the molecule con-
sidered. Alcohol has no effect on octyl salicy-
late, either on its efficacy or its photostability.
However, filter stabilization is seen for BMDBM
and PEG-25 PABA.

CONCLUSIONS: Although these differences
are significant, they are not great enough to
justify large-scale use of ethanol in sunscreen
products due to some of its properties, such as
flammability.
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Introduction

Skin cancer is the most common form of
cancer worldwide?. It is classified into basal
cell carcinoma (BCC), squamous cell carcinoma
(SCC) and melanoma®?. Approximately 80% of
skin cancer cases are BCC, about 16% are SCC
and the remaining 4% are melanomas*°. In 2010,
Narayanan et al® reported between 2 and 3 million
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patients with non-melanoma skin cancer (NMSC)
and 132,000 cases of melanoma worldwide. The
incidence of all types of skin cancer continues to
rise due to various factors. The pathogenesis of
skin cancer is, in fact, multifactorial, but it is now
clear that the main causative agent is ultraviolet
(UV) radiation’. Ultraviolet radiation is capable
of causing DNA damage, genetic mutations, im-
munosuppression, oxidative stress and inflamma-
tory reactions, all of which play a significant role
in photoaging of the skin and the genesis of skin
cancers®. In this context, it is essential to ensure
effective photoprotection during sun exposure.
This relies on protective clothing and the use of
sun protection products, which are part of the
overall strategy for preventing skin cancers as
well as photodermatoses®'®.

Sunscreen products are formulated using or-
ganic and/or mineral UV filters. In Europe, Reg-
ulation (EC) No. 1223/2009 currently authorizes
27 organic filters and two mineral filters (titanium
dioxide and zinc oxide)"'. Many formulations are
available, including emulsions, which are more
or less fluid (lotions, creams), with the more fluid
forms packaged as sprays and known as spray-
able forms, oils and sticks. An important proper-
ty of the preparation is its photostability, which
provides the user with sufficient UV protection
between successive applications. The photosta-
bility of different filters is highly variable'?, and
excipients can play a certain role in this area. Any
ingredient added to increase photostability may
be of interest. We investigated forms containing
alcohol, including the sprayable forms currently
particularly popular with consumers'®. In this
regard, we studied the influence of alcohol on
the photostability of four organic filters that are
currently used and are characterized by their poor
photostability.
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Materials and methods

Materials

The filters tested were octyl methoxycin-
namate (OMC), PEG-25 PABA, octyl salicylate
and butyl methoxydibenzoylmethane (BMDBM).
These were incorporated at their maximum us-
able dose per Regulation (EC) No. 1223/2009,
i.e., 10% (w/w) for octyl methoxycinnamate and
PEG-25 PABA, and 5% (w/w) for octyl salicy-
late and butyl methoxydibenzoylmethane, in an
emulsion model whose composition has been
previously described (Couteau et al'?). Cetiola
HE, stearic acid, glycerin, parabens and trieth-
anolamin (TEA) were purchased from Cooper
(Melun, France). Xanthan gum (Keltrola BT) was
obtained from Kelco (Lille Skensved, Denmark).
Up to 10% (w/w) alcohol was added to evaluate its
influence on the photostability of the filters. The
polymethylmethacrylate plates were purchased
from Europlast (Aubervilliers, France).

Methods

Fifty mg of product, exactly weighed, were
spread over the whole surface of polymethyl-
methacrylate (PMMA) plates (25 cm?) using a
finger coat to provide a homogenous layer over
the entire plate. Three plates were prepared for
each product to be tested; after the application,
the plates were placed for 15 minutes in the dark
at ambient temperature. The plates were irra-
diated for various times with a solar simulator
(Suntest CPS+; Atlas, Moussy-le-Neuf, France)
apparatus equipped with a xenon arc lamp (1500
W) and special glass filters restricting transmis-
sion of light below 290 nm. The temperature of
the samples was kept low and constant using a
tap water cooling circuit along the walls of the
reactor. In order to eliminate turbulence inside
the Suntest chamber, we have developed a system
in our laboratory where the plates are blocked be-
tween two rails and covered with a quartz plate.
The light source emission was maintained at 650
W/m? in accordance with global solar spectral ir-
radiance at sea level, measured as specified by the
International Commission on Illumination (CIE).
Before and after irradiation, the SPF and UVA-PF
of the creams was measured in vitro according to
the protocol previously described. Nine measure-
ments were performed on each plate. Transmis-
sion measurements between 290 (or 320) and 400
nm were carried out against a matching blank
glycerin loaded PMMA plate using two different
spectrophotometers equipped with an integrating
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sphere, UV Transmittance Analyzer UV1000S
and UV Transmittance Analyzer UV2000 (Lab-
sphere, North Sutton, NH, USA). The minimum
required dynamic range for this method is 2.2
absorbance units. The calculations for either term
use the same relationship:

400 400
SPF = ZEAS)\ A}L/Z EjSy ThAx

290 290
400 400
PF — UVA = z ExSa A)\/ Z Ex Sy ThAx
320 320

where E is the CIE erythemal spectral effec-
tiveness, S is solar spectral irradiance, T is spec-
tral transmittance of the sample at wavelength
lambda and d is the wavelength increment (1
nm)14—16.

Statistical Analysis

The first step of the statistical analysis consists
in visualizing the data in order to highlight the
effects of alcohol on the SPF and PF-UVA val-
ues. For each filter, the measurements are plotted
as a function of the amounts of alcohol. We also
summarize the data by the mean value with error
bars representing the standard error of the mean.
Then, we visualize the evolution of the mean as a
function of amounts of alcohol.

Conclusions on the existence of an effect from
the graphical analysis are then confirmed by sta-
tistical hypothesis tests.

For each of the filters, we want to check if the
alcohol has an effect on the value of the SPF and
PF-UVA. We define four groups corresponding to
the amounts of alcohol: 0%, 5%, 10% and 15%.
We test the hypothesis which states that the mean
value is the same in all groups. This hypothesis
means that the alcohol has no effect. A one-way
analysis of variance is applied for testing the
equality of means. This is the standard statisti-
cal method to test if the variability between the
group is greater than the variability within the
groups. Table I provides the result of one-way
analysis of variance. If the p-value is less than
.05, then all groups do not have the same mean
at significance level 5%. In the other words the
alcohol has an effect on SPF or PF-UVA. We also
apply the one-way analysis of variance on three
groups corresponding to the amounts of alcohol:
0%, 5% and 10% (Table II).
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Table I. Numerical results of one-way analysis of variance for SPF or PF-UVA before irradiation [/ef?] and for the difference Z
(after-before) irradiation [right]. Comparison of the mean of 4 groups defined by their alcohol amounts: 0%, 5%,10% and 15%.
The p-values in red indicate that there is an effect of alcohol at significance level 5%.

Before irradiation

Difference after-before irradiation (Z)

df Sumsq meansq Statistic

p-value df Sumsq Meansq Statistic p-value

Octylsalicylate 3 0.116 0.039 16.288

Octylmethoxycinnamate | 3 2332 0.777 1.897

PEG-25 PABA 3 10.246 3415 1090.512

Butylmethoxy 3 1.664  0.554 133.375
dibenzoylmethane

3 2.061 0.687 178.085
0.13 3 36.046 12.015 15.518
3 5.512 1.837  445.008
3 2.419 0.806 183.371

SO OO

We can also express the SPF and PF-UVA val-
ues as function of the amount of alcohol. We fix
as reference group the one without alcohol and we
write the model of the form: SPF = p + o, 1 (5%)
(alcohol) +a, 1 (10%) (alcohol) + a,, 1 (15%) (alco-
hol) + error or PF-UVA = u + a, 1 (5%) (alcohol) +
o, 1 (10%) (alcohol) + a., 1 (15%) (alcohol) + error.

The parameter corresponds to the value of SPF
or PF-UVA for the reference group and the ’s
represent the variation of this value with respect
to the reference group. Let’s take the first coeffi-
cient (i=1) for example. It represents the variation
of SPF when the amounts of alcohol vary from
0% to 5%. We test the hypothesis = 0 against the
alternative #0. If the p.value is less than .05 (Ta-
ble III) it means that, at significance level 0.05,
the mean value of the SPF for the group with
amounts of alcohol 5% is different from that of
the reference group without alcohol.

For all filters, the SPF and PF-UVA values are
measured before and after irradiation. Thus, we
have matched samples from which we can test the
stabilizing effect of alcohol. In order to analyze
the evolution of the index before and after irradia-
tion, we apply the same analysis as previously on
the difference: Z = SPF (after irradiation) — SPF
(before irradiation) or Z = FP-UVA (after irradia-
tion) — FP-UVA (before irradiation).

The one-way analysis of variance is applied
to test the effect of the alcohol as well as the
following model: Z = p + o, 1 (5%) (alcohol) + a,
1 (10%) (alcohol) + a, 1 (15%) (alcohol) + error.

The analysis of the data presented is performed
with the R software.

Results

We studied the influence of adding alcohol
in an emulsion model, up to 15% (w/w), on the
stability of the filters by looking for possible
changes in the SPF and UVA-PF values for octyl
methoxycinnamate, octyl salicylate, PEG-25 PA-
BA and butyl methoxydibenzoylmethane, before
and after irradiation.

The results for octyl methoxycinnamate and
octyl salicylate are shown in Figures 1 and 2
[left]. Before irradiation, it seemed that these two
UVB filters behaved similarly in the presence of
alcohol at the levels tested, namely 5 and 10%.
If the amount of alcohol is less than 15%, then,
the alcohol has no effect on SPF for octylme-
thoxycinnamate but it does have an effect for
octylsalicylate. The presence of alcohol has no
effect on the SPF value, which was not changed
by the incorporation of this solvent. To evaluate

Table II. Numerical results of one-way analysis of variance for SPF or PF-UVA before irradiation [/eff] and for the difference
Z (after-before) irradiation [right]. Comparison of the mean of 4 groups defined by their alcohol amounts: 0%, 5% and 10% The
p-values in red indicate that there is an effect of alcohol at significance level 5%.

Before irradiation

Difference after-before irradiation (Z)

df Sumsq meansq Statistic

p-value df Sumsq Meansq Statistic p-value

Octylsalicylate 2 0.009 0.005 1.848
Octylmethoxycinnamate | 2 2.153 1.076 2.791
PEG-25 PABA 2 7114 3.557 1085.986
Butylmethoxy 2 0.866 0.433 129.78
dibenzoylmethane

0.161 2 0.005 0.003 0.625  0.537
0.063 2 5.063 2.531 4.074  0.018
0 2 4529 2.264 582.79 0
0 2 0.706 0.353 106.14 0
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Table Ill. Estimations of the parameters with the standard deviation and the p-value of #-test for SPF or PF-UVA before
irradiation [/ef?] and for the difference Z (after-before) irradiation [right].

Before irradiation Difference after-before irradiation

Estimate Std.error  p-value Estimate Std.error p-value
Octylsalicylate
(Intercept) p 2.639 0.007 0 -0.961 0.008 0
(Alcohol 5%) a, 0.018 0.009 0.057 0.007 0.012 0.578
(Alcohol 10%) a, 0.012 0.009 0.207 0.014 0.012 0.253
(Alcohol 15%) a, 0.061 0.009 0 -0.219 0.012 0
Octylmethoxycinnamate
(Intercept) p 11.512 0.071 0 -2.791 0.098 0
(Alcohol 5%) a, -0.082 0.101 0.418 -0.147 0.138 0.288
(Alcohol 10%) a, 0.146 0.101 0.148 -0.352 0.138 0.011
(Alcohol 15%) a, -0.033 0.101 0.744 -0.880 0.138 0
PEG-25 PABA
(Intercept) p 3.045 0.008 0 -0.925 0.009 0
(Alcohol 5%) a, 0.024 0.011 0.029 0.333 0.012 0
(Alcohol 10%) a., 0.456 0.011 0 0.373 0.012 0
(Alcohol 15%) a, 0.438 0.011 0 0.391 0.012 0
Butylmethoxy dibenzoylmethane
(Intercept) p 2.856 0.012 0 -1.636 0.013 0
(Alcohol 5%) a, -0.182 0.018 0 0.182 0.018 0
(Alcohol 10%) a., -0.244 0.018 0 0.211 0.018 0
(Alcohol 15%) a, -0.340 0.018 0 0.422 0.018 0

Octylsalicylate
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Figure 1. Evolution of the SPF as a function of the alcohol level before and after irradiation [left] and the difference (Z value)

[right] for octylsalicylate.
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Octylmethoxycinnamate
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Figure 2. Evolution of the SPF as a function of the alcohol level before and after irradiation [left] and the difference (Z value)

[right] for octyl methoxycinnamate.

the influence of alcohol on the photostability of
the filters, we considered the Z variable = SPF
(after irradiation) — SPF (before irradiation) (Fig-
ures 1 and 2 [right]). The difference before and
after irradiation (Z) is significant. The SPF value
decreased after exposure, since both these filters
are known to be photolabile'>". The presence of
alcohol had no effect on the photostability of oc-
tyl salicylate (except for the amounts of 15%), and
the decrease in SPF after irradiation is consistent,
regardless of the ethanol content. In contrast,
in the case of octyl methoxycinnamate, alcohol
potentiates the UV effect on the filter. Alcohol
also had a significant effect on the value of the Z
difference. There is a greater decrease in the SPF
as the percentage of alcohol increases. This could
be explained by a ratio of trans and cis isomers at
the photostationary state, which depends on the
solvent due to variations in the quantum isomer-
ization yield's.

The results for PEG-25 PABA are shown in
Figure 3. In this case, alcohol has an effect on
the performance of the filter and this effect is
nonlinear. The difference before and after irra-
diation (Z) was evaluated, and we observed that

the presence of alcohol had a significant effect on
its value. The demonstrated SPF decrease is less
marked as the percentage of alcohol increases in
the emulsion. As the maximum authorized dose
for this filter in Europe is 5%, there is a dose-re-
sponse relationship regarding the influence of the
solvent on the filter, with the effect of the alcohol
being stronger since it is present in excess com-
pared with that of the filter. As this compound is a
polyoxyethylated ester of p-aminobenzoic acid, it
is one of the rare water-soluble filters. Given that
ethanol is a polar solvent, its addition will cause
an increase in the polar phase of the emulsion
and may result in hydrolysis, leading to transfor-
mation into para-aminobenzoic acid, which has
greater photostability.

With regard to butyl methoxydibenzoylmeth-
ane, alcohol was found to have an effect on the
PF-UVA value (Figure 4). The presence of eth-
anol negatively influences the performances of
this filter with respect to UVA. As with the UVB
filters studied, we then evaluated the effect of
alcohol on the photostability of this UVA filter.
To do this, we studied the influence of alcohol
on the difference between the PF-UVA values
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Figure 3. Evolution of the SPF as a function of the alcohol level before and after irradiation [left] and the difference (Z value)
[right] for PEG-25 PABA.
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Figure 4. Evolution of the PF-UVA as a function of the alcohol level before and after irradiation [left] and the difference (Z
value) [right] for butylmethoxydibenzoylmethane.
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before and after irradiation. The difference is sig-
nificant, and alcohol plays a photostabilizing role
for BMDBM. When the percentage of alcohol in-
creases in the emulsion, there is a decrease in the
loss of PF-UVA units. It has been demonstrated
that the photostability of avobenzone is related
to the environment in which it is found, being
relatively stable in polar protic solvents and con-
siderably photolabile in non-polar media'®*. The
presence of alcohol in the medium is therefore
favorable to its stability.

Before irradiation the results obtained by the
one-way analysis of variance are confirmed by
the results of modelling (Table III). For octyl-
salicylate, it means that alcohol has no effect.
For octylmethoxycinnamate, we have and is
different from zero. This confirms the existence
of a significant effect of alcohol only on the 15%
group. For butylmethoxy dibenzoylmethane and
PEG-25 PABA all the parameters are different
from zero, and so there is a significant effect of
alcohol. For all filters, is different from O there
is an effect on the irradiation and the sign of the
parameter indicates a decrease of SPF or FP-
UVA. For butylmethoxydibenzoylmethane and
PEG-25 PABA all the parameters are different
from zero, and so there is a significant effect of
alcohol. The parameters are positive, it means
that the decrease is less important compared to
the reference group (0%). For octylsalicylate and
is different from zero. There is a significant ef-
fect of alcohol for the 15% group. This decrease
is more important in the presence of alcohol
compared to the reference group (0%). For oc-
tylmethoxycinnamate we have and are different
from zero. There is a significant effect of alcohol
for the 15% and 10% groups. This decrease is
more important in the presence of alcohol com-
pared to the reference group (0%).

Discussion

Three of the four filters studied are UVB fil-
ters. Only butylmethoxydibenzoylmethane is a
UVA filter.

As the addition of alcohol reduces the viscosity
of the preparations, it is especially used in spray
formulations. In the case of the filters studied, the
effects are variable and depend on the molecule
tested, considering that we voluntarily selected
these from four different chemical families. We
observed that the presence of alcohol had no ef-
fect in the medium on the performances of OMC

or octylsalicylate, a positive effect for PEG-25
PABA and a negative effect for BMDBM. It is
of note that even though the effect observed with
PEG-25 PABA is significant, it remains weak
(less than 1 SPF unit gained) and will therefore
have no impact on the SPF. Similarly, the effect
of the presence of alcohol on the photostability
of the filters differs according to the molecule
considered. In the case of octyl salicylate, alcohol
does not modify the photostability of this UVB
filter. In contrast, there is accentuated photodeg-
radation of OMC and stabilization of PEG-25 PA-
BA and BMDBM. However, once again, it should
be noted that although these effects are signifi-
cant, they remain minimal and there will be no
impact on the final SPF of the formulation. In-
deed, we recall here that the only SPFs that can be
displayed on sunscreen products are 6, 10, 15, 20,
25, 30, 50 and 50+ (if the experimentally deter-
mined SPF is > 60) ?'. A gain in efficacy of a half
to one whole SPF unit therefore has no impact on
the protection of the product user. Our tests show
that alcohol is not essential for photostabilization
of UV filters in sunscreen products, especially
since it is a penetration enhancer’>?. This is an
unwanted phenomenon since UV filters, such as
butylmethoxydibenzoylmethane, show increased
transdermal penetration, known as passing the
skin barrier®.

In addition, it seems difficult for the user to
know whether they have applied a sufficient quan-
tity of the product when it is a very fluid formula
containing alcohol®. It appears that consumers
tend to put less product on their skin?, which is
detrimental to them in terms of protection since
the level attained depends on the amount of prod-
uct applied to the epidermis?’.

Lastly, with regard to alcohol, it is important
to remember its highly flammable nature. Cases
of serious adverse reactions have already been
reported following the use of sunscreens with
alcohol packaged in the form of sprays. For
example, in 2012, an American, Brett Sigworth,
suffered serious burns while cooking a barbe-
cue in his yard after having applied this type of
product?.

Conclusions
It therefore seems that the presence of alcohol
in sunscreen products causes more problems than

it solves in terms of improving the formulation.
Combining molecules remains the best solution
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at this time for stabilizing the filters®, which is
required to obtain high indexes and broad photo-
protection as required by the 2006 recommenda-
tions. The originality of our work demonstrates
the uselessness of alcohol in sunscreens, especial-
ly since it has undesired properties.
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