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Summary
Due to the reduc tio n o f the ozone layer, there is an increasing need of effective UV protection
syste ms with minim ised side-effects. Trans-2-ethylhexyl-p-me thoxyc inna mate (trans-EHMC) represents one of the most widely used sunscreen compound . Severa! studies demonstrated that transEHMC is unstable following UV irradiation both in solution and in emulsion formulati ons .
Moreover, various reports of photocontact sensitization induced by trans-EHMC have appeared in
the literature . Conseque ntly, in order to ensure adeguate efficacy and safety for this sunscreen agent,
there is a need for new carrier syste ms to enha nce trans-EHMC photostabi lity.
In the present study the photostability of the fi lter in different fo rm ulation types (emu lsion-gel, gel
and e mulsion) with various ingredients is evaluated .
In addi tion , nanoparticles based on poly-D ,L-lactide-co-glycol ide (PLGA) as carrier for transEHMC are investigated. The influence of nanoparti cle matrix on the photoche mical stability of the
sunscreen agent is also presented .
The results obtained demonstrated that PLGA nanoparticles are effecti ve in reducing the light-induced degradation of the sunscreen agent.
Moreover, the choice of formulation type and the excipie nts used play an importa nt role in order to
obtain a stable cosme tic product containing trans-EHMC.

Riassunto
A causa della continua riduzione dello strato di ozono risulta sempre più necessaria un 'efficace protezione dagli effetti indeside rati di una continua esposizione alle radi azioni UV.
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Il trans-2-etilesil-p-metossicinnamato (trans- EHMC) rappresenta uno dei filtri organici maggiormente utilizzati per la preparazione dei prodotti solari. Diversi studi hanno però dimostrato che il
trans-EHMC risulta instabi le all'irraggiamento UV s ia quando è formulato in solu zione che in emulsione. Sono, inol tre, noti casi di dermatiti fotoalle rgiche associabili ad esso.
Al fine di assicurare adeguate condizioni d i efficacia e sicurezza nasce qui ndi l'esigenza di uno studio accurato della fotodegradazione di questo filtro solare a seconda del tipo di formulazione utilizzata e dello sviluppo di nuovi sistemi di ve icolazione in grado d i aumentarne la fo tostabi lità.
In questo studio viene valutata la fotostabil ità del trans-EHMC in differenti tipi di formulazione,
quali emul sioni-gel, gel ed emu lsioni.
Inoltre sono state studiati sistemi nanoparticellari a base di poli-D,L-Jattide-co-glicolide per la veicolazione del filtro va luta ndo in particolare l' influenza della matrice nanoparticella re su lla sua stabilità a ll 'irraggiamento .
I risultati ottenuti dimostrano che le nanoparticelle di PLGA risultano efficaci nel ridurre la degradazione foto indotta de ll 'agente solare. Inoltre, la scelta del tipo di form ul azione e degli eccipienti
utilizzati per le preparazioni contenenti il trans-EH MC è fondamentale al fi ne di ottenere un prodotto cosmetico stabile e quind i sicuro.
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INTRODUCTION
Sunscreen preparations contain combinations of
various organic chemicals wh ic h lessen the
amoun t of UV light reach ing human skin by
absorbing radiations. The photoacti vated sunscreen molecule disposes of the excitation
e nergy in severa! ways: in the form of heat, by
fluo rescence, phosphorescence, interaction with
neighbourin g molecu les or by unde rgoing
photo-induced decompositions (I , 2). The latte r
reactions not only decrease the sunscreen UVprotecti ve capacity during usage (2-4) but can
also produce alle rgie or tox ic degradation products (5 ,6). Therefore a hi gh photostabil ity is a
pre requ isite for the effecti veness of sunscreen
products .
Trans-2-ethylhexyl-p-methoxycinna mate (transEHMC) represents the most wide ly UY-8 fi lter
in sun
protective
fo rmul ati ons.
used
Unfo1tunate ly, severa! studies have demonstrated that trans-EHMC is unstable fo llowing irrad iation both in solut ion ( 1,3,4) and in e mulsion
fo rmulations (5) . Moreover, vari ous repo1ts of
pho tocontact sensitization induced by transEHMC appeared in the literature (7 ,8).
Although it is known that fo rmulation compone nts can greatly influence the effectiveness and
the safety of a sunscreen agent, at present there
is li ttl e published data describ ing the influence
of excipients and form ulation type on transEHMC photostability (9- 11).
In the present study the photostabili ty of transEHMC in different formulations (emulsion-ge l,
gel a nd emulsion) w ith vari ous ingredients was
eval uated .
Furthermore, a new technological strategy to
e nha nce trans- EHMC photostability is proposed . In particular, nanopartic ula te del ivery
systems based on poly-D ,L-lactide-co-glycolide
copolymer as carrier for tran s-EHMC are investigated . T he structure of thi s polyester poly-

mers, widely e mployed in the pharmaceutical
fie ld , is repo1ted in Figure I.
Nanoparticles are solid structures in the nanome tric size range made of a polyme ric matrix
inside which an active substance is dispersed . In
the pharmaceutical field these system s are studied to enable the modified release of drugs
and/or their stabilization ( 12). In our opin ion ,
they can be evaluate as carriers of cosmetic substances such as sunscreens, in order to improve
the ir photostability. The use of nanoparticles for
sunscreen vehicolation can be very advantageous . At first , thanks to the ir pa1tic le size it is
possible to concentrate the sunscreen at the
upper layers of the skin . ln fact , it is well known
from Iiterature that partic le s sma ller than 3 ft m
were randoml y distri buted in the ha ir fo ll ic les
and stratum corneum wi thout penetrati on into
the dee per skin tissue ( 13, 14). T his effect is propitious in the case of sunscreen agent because
this agent has to act on the surface of the skin .
Furthermore, nanoparticle powders dispe rsed in
cosmetic form ul ati ons can g ive the opportun ity
to obtai n the phys ical scattering e ffect , improving sun protection factor and the reby reduc ing
sunscreen concentrat ion in the final product.
T he aim of th is work was, the re fore, to look at
the properties of nanoparticul ate syste ms with
regard to their possible photostabili zing effect
on trans-EHMC. For th is purpose various
cos metic formulations, such as gel, emu lsionge l, and O/W e mulsion, representiti ve of many
persona! care products, have been examined.
T he photostability of trans-EHMC was evaluated in these cosmetic preparations both as free
fi lter and as sunscreen loaded nanoparticles.

MATERIALS ANO METHODS
Materials
Trans-EHMC was supplied by Hoffmann -La
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Roche Ltd (Base!, Switzerland) . Polylactide-coglycolide copolymer Resomer RG 752 (D ,L-lactide:glycolide 75 :25 molar ratio) , inherent viscosity 0.23 dl/g, O.I o/o in c hl oroform was purchased by Boehringer Ingelheim (Ingelheim , G.).
Isopropy I miristate , Sorbi tan stearate and
Pol ysorbate 60 , were purc hased by Fluka ,
S igma-Aldrich S.r.l. (MilanJ.); Lanolin , was
obtained by Variati S .p .A. (Milan, I.); Cetearyl
octanoate, polyacry lamide, Cl3- 14 isoparaffin ,
laureth-7, phenoxyethanol , methy lpa raben,
ethylparaben, propylparaben and butylparaben
were supplied by Seppie Italia S.r.l. (Milan, I.)
Methanol, acetonitrile, tetrahydrofuran and
water HPLC grade were from Merck
(Darmstadt, G.). Ali othe r che micals were of
analytical-reagent grade (Sigma, M ilan, I.).
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Fig. 1 Srrucrure of PLGA polyesrer used in 11a11oparricle
prepararion.

Set up of cosmetic formulations
A gel, two emulsion-gels and an O/W emulsion,
representitive of many persona! care formu lations, were chosen and tested in this work. Their
compositions are reported in the Table I .
Emulsion-gels were prepared at room temperature by dispersion of the polimerie gelifiant
agent in the oil phase followed by addition of the
aqueous solution. Gels were obtained by direct
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solubilization of polymer into water. The sunscreen agent was dispersed into the polimer
before the addition of the aqueous phase.
The O/W emulsion was prepared by a procedure refeITed to as the in version phase process. The
oil- and aqueous-soluble components were separately heated to approximately 60 °C and the
aqueous phase was slowly added to the oil
phase while stirring w ith a homogenize r
Sil verson model SL2T at 3,500 rpm. Mild agitation was continued unti! the emulsion cooled at
room temperature. Trans-EHMC were added in
the cooling phase of the production process at
about 40 °C.

Nanoparticle preparation and
characterization
Trans-EHMC Joaded nanoparticles were prepared by the "salting out" method ( 15). Briefly,
polymer and sunscreen (I: I weight rat io) were
dissolved in acetone as organic solvent; separately, a viscous aqueous solution was prepared
dissolving polyvinyl alcohol (3% w/ w) in a concentrated CaCl2 aqueous solution (40% w/w);
addition of the aqueous solution to the organic
phase under vigorous stirring at 13,500 rpm
using an IKA Ultraturrax T25 equipped with a
S25N dispersing tool gave a W/O emu lsion that
inve1ted to an 0/W emulsion by further addition
of the aq ueous phase portion (final organic
phase: aqueous phase, 1:2 weight ratio). Pure
water was then dropped into the e mulsion to
induce diffusion of the organ ic solvent from the
polyme r organic so lu tion into the aqueous solution resulting in a nanoparticle dispersion.
The purification of nanoparticles was performed
by 2 hours dialysis through 12- 14,000 MWCO
me mbranes followed by one night dia lys is
through
300 ,000
MWCO
membranes
(Spectra/Por, Spectrum Laboratories, Canada);
then nanoparticles were recovered by centrifugation at 30 ,000 g and one night freeze-drying at
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- 40°C and 40 mbar. Ali batches of nanoparticles
were produced at least in triplicate.
Nanoparticles were c haracterized for particle
size distribution and sunscreen content.
Particle size analysis was performed by light diffraction method using a Malvern Mastersizer
2000 (Malvern Ltd, Malvern , UK); th is instrume nt works on laser diffraction optics . The s ize
range of this version is from 0 .02 Jtm to 2000
pm. Nanoparticle samples were suspended in
filte red water, sonicated for 30 seconds , and
subsequently analyzed . Three a nalyses were
performed for each sample.
The actual amount of trans-EHMC entrapped in
the nanopart icles was determi ned by HPLC
method , as previously set up ( 16). The HPLC
apparatus comprised a Model LabFlow 3000
pump (LabService Analytica, Bologna, Italy), a
Model 7 125 injection valve with a 20 p i sample
loop (Rheodyne , Cotati , CA, USA) and a Model
975-UV variable wavelength UV-Vis detector
set at 307 nm (lasco, Tokyo, Japan). Separations
were performed on a 5-11m Zorbax CN column
( I 50x4.6 mm i .d.; Ag ile nt Techno logies,
Wa ldbron n, Germany) fi tted w ith a gua rd
column (5-p m particles, 4x2 mm i.d .) a nd eluted
isocratically, at a flow-rate of I .O ml/min , with
methanol-acetonitri le- water (40:25:35 , v/v/v).
The identity of trans-EHMC peak was ass igned
by co-chromatography with the authentic standard. Quantification was carried o ut by integration of the peak areas using the exte rn al standardization method.
Nanopa1ticles (20-25 mg) were dispersed in acetoni trile under sonication, di luted to volume ( IO
ml) with the solvent and assayed for transEHMC after filtration through 0.45 -ftm membranes.
Trans-EHMC loaded nanoparticles made of
PLGA were formu lateci in the same cosmetic
preparations as above descri bed for free transEHMC by dispersion into the aqueous phase of
an equi valent amount of nanoparticles able to

reach the same final concentration of sunscreen
agent.

Sunscreen photostability assessment
Photodegradation studies were carried on fo rmu lations contai ning free or nanoparticle- loaded trans-EHMC. Furthermore, nanoparticle
systems were investigated not formulated in
order to investigate the influence of polyme ric
matrix in the photostability process . A portion of
the test sample was transferred onto the bottom
of a beaker and then irrad iated fo r 2 h with a
solar simulator (S untest CPS+ ; At las,
Linsengeri cht, Ge rm any) equipped with a
Xenon lamp, an optical fi lter to c ut o ff wavelengths shorter than 290 11111 and an TR-block filter to avoid thermal effects. The solar simulator
emission was maintained at 250 W/ m2 • The
applied UV-B e ne rgy corresponded to 20
Minimal Erythemal Doses (MED) which is considered comparable to a dai ly solar emission (4).
After the exposure interva l (2 h) . the beaker was
removed and its content quantitati vely transferred into a LO-ml calibrateci fl ask with methanol
and the remaining trans-EHMC concentration
was quantified by HPLC , as outlined above. Ali
samples were protected from lig ht both before
and after irradiation. The degree of photodegradation was evaluated by comparing the peak
areas of trans-EHMC fro m the irrad iated samples with those obtained by a nalys is of an equivale nt amount of the unirradiated preparations.
The percentage ratio of the photodegradation
product peak area (cis isomer) to the transEHMC peak area was also used to evaluate the
exte nt of p hotodecomposition (Fig ure 2) .
Statistica! analysis of the results was carried out
by Student's t-test. Significance was taken as P <
0.05.
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Fig. 2 Typical HPLC chromatogram of: a) trans-EHMC;
b) photolitic degradai// ami trc111s-EHMC.

RESULTS
Results concerning photodegradation stud ies on
formulation s containing free trans-EHMC are
shown in Figure 3. The only degradation product originated from the irradiation of transEHMC was ide ntified as cis-EHMC, in accordance with previous stud ies ( 3-5 , 16) . Since the
cis-isomer absorbs the UV radiation less efficientl y than trans-EHMC , the photo-induced
isomerization of the sunscreen agent decreases
its UV-protective capacity. For the evaluation of
the photodegradation the cis- to trans-isomer
peak area ratio was used because it produced
more reproducible results compared with those
obtained with the determination of the parent
compound only.
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Among the different formulations examined
containi ng free trans-EHMC, the emulsion exhibited the highest degree of sunscreen photodegradation; on the other hand, the photo-instability of trans-EHMC was reduced in the emulsion-gel vehicle . The extent of photodecomposition observed in the gel preparation was intermediate between the values measured fo r the
emu lsion and the emulsion-gel (Fig .3) . On the
basis of these results, the gel and emulsion-gel
vehicles were selected to investigate the effect
of nanoparticle encapsulation on the light-induced degradation of the sunscreen agent.
The salti ng out technique produced nanoparticles with narrow size distribution (d9<n= 2.05
ftm, S.D. <0.3), and high encapsul ati on efficie ncies (9 1.24% ± 4.8 ) .
Resu lts of photodegradation stud ies petformed
on trans-EHMC loaded nanoparticles are summarized in the Figure 4. The lowest value fo r the
cis-trans ratio, and he nce the lowest degree of
UV filter degradation, was achieved by the
nanoparticles not included in the formulation .
Both the e mulsion-gel and gel matrices reduced
the photostabilization effect achieved by the
polymeric particle carrier, although the sunscreen agent decomposition measured in the
preparations contammg the nanoparticle
systerns was lower than that observed fo r the
non-encapsulated trans-EHMC.
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DISCUSSI ON
In this work we evaluated the influence of formulation type on the photostability of transEHMC. It is known that the effectiveness of a
sun filter depends on severa! factors like concentration, penetration, spreading and adherence
and most of these characteristics are determined
almost exclusively by the formulatio n (9). In
fact, emollients used in cosmetic preparation can
concentrate the sunscreen in the uppermost skin
cutaneous layers due to their penetrating ability
in the horny layer. An other factor strictly correlated to the emollient used is the formulation
spreadability that cou ld modify the layer thickness and thus the efficacy of sun-protection
agent. Moreover, emollient contained in the
lipid phase may also affect the stability of sunscreens under irradiation modifying their À max
and molar absorptivity (4,J I ).
Among the examined formulations, emulsiongels made of a polyacrilamide polymer highlighted the best results, especially the formulation containi ng emulsifiers, indicating that excipient selection is very important in formulating
cosmetic product containing trans- EHMC.
The results obtained from the photolysis experiments performed on preparations containing the
sunscreen agent encapsulated in nanoparticles
demonstrated that the preparation based on
nanosystems loaded with trans-EHMC was
effective in reducing the Iight-induced degradation of the sunscreen agent. Moreover, encapsulation in the polymeric particles should limit the
interaction of the UV fi lter with the skin.
An other advantage correlated with the use of
solid nanoparticles in suncare form ulation is the
physical scattering effect that could increase the
sun protection factor of the formulation thereby
reducing sunscreen concentration and their irritation potential .
In conclusion, although, at the present, an assessment of the photostability of suncare products
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is not a generai requirements before marketing,
results from our study indicated that the choice
of formulation type and the excipients used play
an important role in order to obtain a stable
cosmetic product containing trans-EHMC .
Furthermore, the incorporation of the sunscreen
agent into nanoparticle systems is effective in
reducing its light induced degradation.
Further studies are in progress in order to evaluate the effective sun protection factors of formulations containing trans-EHMC loaded nanoparticles.
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Table 1. Composition of formulations tested
lngredients
I sopropylmyristate
Lanolin
trans-EHMC
Cetearyl octanoate
Sorbitan stearate
Polyacrylamide, C13-14
iisoparaffin, Laureth-7
l/'olysorbate 60
f..henoxyethanol,
Methyl,Ethyl,Propyl and
Butyl paraben
Water

Emulsion-gel Emulsion-gel

Emulsion

Gel

.

A

B

.
.

9.34

9.34

0.66

0.66

0.66

3

3

9.2
3

9.34
0.66
4.7

.
.

.
.

.

.
.

.
.

1
0.2

.

-

0.2

0.2

2.4
0.2

84.3

96.14

86.8

75.2
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