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Synergy effects between organic and inorganic UV
filters in sunscreens

J. Lademann Abstract. The influence of the synergy effects between organic and
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1 Introduction 2  Methods

Sunscreens are becoming increasingly important as protection2.1  Model Calculation Using the Monte Carlo

measures against UV radiation, on account of the increasing Method

spare time of the population and the growing popularity of pe gistribution of photons in a medium similar to human
holidays on the beach. Modern sunscreens usually containskin was investigated by Monte-Carlo calculatfofihe me-
organic UV-filter substances such as butyl methoxydibenzoyl- dium was considered to possess reflection, absorption, and

methane_(BMDBl_\/I), 4-methylbenzylidgne camphd¢MBC), scattering properties. Typical optical skin parameters were
and the inorganic UV-filter substanc@®0, and ZnO. After used to characterize this medidfh

topical_application and equilibration, these UV filters are lo- It was investigated how the absorption of photons changes

cated in the upper part of the stratum corneum W_her? theY the medium if an absorber and scattering particles were

;O.rm da pr?]tectlve Iay'i'z or, especially in thﬁ Cg;gqorf] t|ta?f!um added. The investigations were carried out in the visible part
loxide, they are said not even to enter_t € The effi- of the spectrum using the absorption parameter of the dye

cacy of sunscreen products is characterized by f[he sun p_rOteCEvans blue and scattering and reflection parametef&®j

tion factor(SPF)..UsuaIIy, the SPFofa form.ulatllon contain- microparticles, which were tested in tirevitro experiments.

ing organic and inorganic filter compounds is higher than_the In this spectral region, th€&O, microparticles have only scat-

sug1 tOf thzgi_uhn p:cotecttlgn fa_ctors of the sf;:-patrztet UV-filter tering but not absorption properties. In this case, the effect of

substances.  1herefore, ere 1S a synergy efiect between or- absorption and scattering can be separately investigated by

gar_}_'ﬁ an_d |n(]3rgan_|c U\/t-_f|lt(ta_r substantces. vze th ¢ changing the concentration of Evans blue or microparticles.
€ aim of ourinvestigations was 1o analyze Ih€ reason Ior-——, o caiculation, the absorption of the medium was in-

ﬂ:'s d_synergy effe_ct;j thetr(teforei thteho_rettlca:! and experimental creased by increasing the concentration of Evans blue, which
studies were carried out to solve this task. corresponds in practice to the topical application of an organic
UV filter onto the skint! Additionally, the reflection and scat-

Address all correspondence to Juergen Lademann, Dermatology/CCP, Humboldt
Univ. Berlin, Schumannstrasse 20/21, Berlin, Berlin D-10117, Germany. Tel: 49
30 450 518100; Fax: 49 30 450 518918; E-mail: juergen.lademann@charite.de 1083-3668/2005/$22.00 © 2005 SPIE

Journal of Biomedical Optics 014008-1 January/February 2005 * Vol. 10(1)



Lademann et al.

Table 1 Overview of the microparticles used in the experiments. 2.2.2  Topically applied organic and inorganic
substances
Type of microparticles Composition/parameters The inorganic particlegreceived by Merck KGaA, Darms-
. o . N tadt, Germanyused in the experiments are listed in Table 1.
Type 1 Light diffusing pigment (INCI: silica, All microparticles, excluding type 5, have absorption
fitanium dioxide, alumina). bands in the UV range. Therefore, the effect of the increase in
Type 2 Eusolex® T.S (INCI: fitanium dioxide, absc_)rption effica_cy caused by_scatteri_ng microparticles was
alumina, stearic acid). not investigated in the UV but in the visible range. Here no

superposition of the absorption bands of the organic and inor-
ganic components could be observed. Evans blue was selected
as an absorbing organic component. The substance has a char-
Type 4 Hydrophobic ZnO for cosmetic use (INCI: acteristic absorption band at 600 nm.
zinc oxide, trimethoxycaprylylsilane). Six different types of formulation were prepared. The first
formulation consisted of an oil and wat@/w) emulsion. The
second type of the formulation was identical to formulation 1.
Additionally, 10% of different types of micropatrticles listed in
Type 6 Eusolex® T-2000 (INCI: titanium dioxide, Table 1 were added to this formulation. The third and fourth
alumina, simethicone). formulations were identical to formulations 1 and 2. Addition-
ally, 1% of Evans blue was added. The fifth formulation was
based on formulation 1. Additionally, it contained 2% of
Eusole® 9020 (BMDBM, Avobenzong, and 4% Eusoleék
tering properties of the medium were increased by increasing 6300(MBC). The sixth formulation was based on formulation
the concentration of microparticles, which correspond to the g Additionally, it contained 10% of microparticléspherical
application of microparticle&norganic filter substancesnto silica particles, type b
the skin. The changes in the absorption properties of the or-  The compositions of the six formulations are summarized
ganic filter substances were analyzed depending on the con+p Taple 2.
centration of the microparticles.

Type 3 TiO, with high bulk density (INCI: titanium

dioxide, alumina, simethicone).

Type 5 Spherical silica particles (particle size

500 nm, INCI: silica).

2.2.3  Application of the formulation

The formulation was applied onto the split skin at a concen-

] tration of 2 mg/cr following the COLIPA standard? The
2.2.1  Tissue samples homogeneous application of such a small amount on a small
In the first step, the synergy effect between organic absorbersskin sample 14 mm) became difficult. Therefore, a special
and microparticles was investigatgdvitro using human split application system was developéelg. 1), which consists of
skin. In the second phase, split skin freshly obtained from pig an optical quartz cell formed like a “pot” with a flat bottom
ears was used. Approval was obtained for these experimentgoptical window. The bottom has a diameter of 14 mm, iden-
from the Veterinary Board of Control, Berlin Treptow- tical to the diameter of the skin samples. The optical cell was
Kopenick. put on a balancéBP211 D-OCE, Satorius GmbH, @imgen,

All tissue samples had a thickness of 0.3 mm and were cut Germany. 3.5 mg of the formulation(corresponding to 2
using a dermatoméGA 140, Aesculap AG, Tuttlingen, Ger- mg/cn?) were applied to this optical cell. Subsequently, the
many). Samples of identical size were used in all experiments. skin sample was placed onto the optical cell so that the skin
Therefore, tissue samples with a diameter of 14 mm were surface was faced to the formulation. Using a small “stamp,”
punched from the split skin. which fit exactly into the opening of the optical cell, the skin

2.2 In vitro Measurements

Table 2 Composition of different formulations used in the experiments.

2% of Eusolex® 9020 10%

Number of o/w (BMDBM, avobenzone), microparticles 1% Evans

formulation emulsion 4% Eusolex® 6300 (MBC) type 1 through 5 blue
Formulation 1 X
Formulation 2 X X
Formulation 3 X X
Formulation 4 X X X
Formulation 5 X X
Formulation 6 X X type 5
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Formulation Split Skin Stamp for base line correction. In analogy, the Evans blue absorption
applied in formulation 4 containing microparticles was deter-
mined using formulation 2 for base line correction.

The increase in the absorption caused by the microparticles
was determined by comparison of the absorption of Evans
blue in formulation 3(without particle$ and formulation 4
(with particles.

The formulation 3 and all types of formulation 4, contain-
ing different types of microparticles, were applied and ana-
lyzed on ten skin samples. The main value and the standard
deviation were determined.

2.3 In vivo Measurements

2.3.1 Topically applied organic and inorganic
substances

In the second part of the experiments, we checked whether the

Fig. 1 System for the homogeneous application of formulation on the changes of the VIS_Ible _absorptlon of the samples_ containing

skin samples. Evans blue on split skin could be reproduced with the UV
filters (2% BMDBM and 4% MBQ in the UV range. Micro-
particles of type Ssilica microparticles were used in these

was gently pressed to the bottom of the pot. In this way the €xperiments, which have no absorption in the spectral range

formulation was distributed homogeneously between the op- of the UV filters. Formulations 5 and 6 were applied on the

tical window and the skin surface. The stamp was removed back of six volunteers at a concentration of 2 mgidatiow-

and the opening was closed with a thin optical quartz window. ing the COLIPA protocot? The SPF was determined for for-

After a penetration time of 6 h, the optical cell was put into mulations 5(without microparticlesand 6(with SiO, micro-

the spectrometer and the spectrum was measured. particles, type pone hour after application.

2.2.4 Absorption measurements 2.3.2  SPF determination

The absorption measurements were carried out in the spectralfhe minimal erythema dos@ED) was determined on the
range of 280 nm up to 800 nm using a spectrometer M 80 back of volunteers using the sun simulator ETG-4. A.L.T.
(Perkin Elmer, Gttingen, Germany The measuring spot was  Lichttherapietechnik GmbH, Zbig, Germany.** This device
6x8 mnt. Because of the scattering properties of the tissue was equipped with a lamp TL 4 W/1(Fa. Philips, Hamburg,
and the microparticles, the light transmitted through the Germany. The time of irradiation was calculated on the basis
samples was collected by an Ulbricht sphere containing the of the skin phototype, taking into consideration the Fitzpatrick
detector. The absorption of Evans blue was detected by deterscale® All MED measurements stadel h after application
mining the difference spectra of formulations 1 anE3ans of the emulsions to the skin. The erythema was determined 24
blue absorption without microparticleand of the formula- h later using the colorimeter “spectroperiFa. Dr. Lange,
tions 2 and 4Evans blue absorption with microparticle$he Berlin, Germany. The SPF of formulations 5 and 6 was de-
principle of the determination of the absorption of Evans blue termined using the results of the MED measurements.

in the skin samples is demonstrated in Fig. 2, where the spec- The SPF determination was repeated for every formulation
tra of the formulations 1 and 3 are presented. The absorptionon six volunteers aged between 26 and 35 years. Ethical ap-
band of Evans blue at 600 nm is seen in the spectrum obtainedproval had been obtained for these experiments from the Eth-
from formulation 3. The spectrum of formulation 1 was used ics Commission of the Medical Faculty Charite

2.3.3 Sunscreen distribution on the skin

0.9 Formulation 3 Tape stripping can be used to determine the homogeneity of
0.8 P the distribution of topically applied substances on the
0.7 / skin#~1®The homogeneity of the distribution of formulations

5 and 6 used for SPF determination on the skin was investi-
gated by laser scanning microscoflySM 2000, Carl Zeiss,
Germany. 0.1% of the fluorescent dye sodium fluorescein

Formulation 1
P

Absorbance
o
;]

8;? (MERCK-Schuchardt, Hohenbrunn, Germanyas added to
0 both formulations.”*8
B0 b0 50 b0 S0 Yh 70 si0 The formulations were applied onto the skin following the

Wavelength [nm]

COLIPA protocol*? After 1 h, the tape strips were removed
Fig. 2 Determination of absorption of Evans blue by calculation of the from the trez_ited skin areas following the preV|(_)ust described
difference spectrum of the spectra obtained from formulation 1 (emul- protocoF using tesa tapes (number 5529, Beiersdorf AG,
sion) and formulation 3 (emulsion+Evans blue). Hamburg, Germarny The homogeneity of distribution of the
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Fig. 3 Results of Monte-Carlo calculations describing the photon dis- PO  PEFICIE  jparicie particle

tribution in a skin layer after application of absorbing substances and

scattering and reflecting microparticles. Fig. 4 Comparison of the Evans blue absorption with and without

addition of microparticles measured on human and porcine skin.

dye on the removed corneocytes was analyzed by fluores-

cence measurements using the LSM excitation wavelength atticles with a high reflection coefficieritype 2 increased the
488 nm. Evans blue absorption up to 174dar C in Fig. 5. On the

other hand, the Evans blue absorption did not change if coated
3 Results TiO, microparticles with a different structure and a low re-
flection coefficienitype 3 were addedbar D in Fig. 5. ZnO
3.1 Model Calculation microparticles in the configuration uséfpe 4 increased the
The results of the Monte Carlo calculation are presented in Evans blue absorption up to 125%ar B. Pure silica micro-
Fig. 3. The bar groups describe the transmission, absorption,particles with a special high reflection coefficieftype 5
and reflection properties of the skin at 600 nm. This wave- increased the Evans blue absorption up to 180%% 5.
length corresponds to the absorption band of Evans blue. The
relative transmission, absorption, and reflection values for the 3.3  |n vivo Measurements
nontreated skin are presented by the bar group A. If Evans
blue (EB) was added to the system, the absorption of the skin 3 3 1 spf determination
surface consequently increadesgte graphb) in Fig. 3].

The addition of TiO, microparticles to the skin slightly
increased the reflection of the skin. Additionally, the skin ab-
sorption determined via the absorption of Evans blue in-
creased if microparticles were addege grapkic) in Fig. 3].

In this case, the skin absorption increased by 40% because o
the scattering and reflection properties of the microparticles
[compare(b) and(c) in Fig. 3.

SPF measurements were carried out to confirmitheitro
results concerning the influence of microparticles on the ab-
sorption of a topically applied substange vivo. The mea-
surements were carried out wusing formulation 5
I(emulsior1+UV filters) and formulation 6 (emulsion-UV
filters+microparticle$. These silica microparticlegtype 5
showed a high influence on the Evans blue absorption in the
previous experiments, and have no absorption in the spectral
region of the UV filter substances. In Fig. 6, the sun protec-
tion factors are presented, which were obtained for the UV

3.2.1 Comparisons between human and porcine skin filter containing formulations with and without silica micro-
particles. The SPF values are compared with the results of the

3.2 In vitro Measurements

The influence of coatediO, microparticles(type 6 on the
absorption of Evans blue was analyzed using six samples of
human and porcine split skin obtained from pig ears. The
results are presented in Fig. 4. For better comparison, the
absorption of Evans blue in the nonparticle-containing formu-
lation 3 was standardized to a value of 1. The absorption of

2.5
2 +

the same amount of Evans blue in the particle-containing for- 15
mulation 4 was related to this standard. The absorption of
Evans blue increased if the microparticles were added to the 1
0.5
0
A B c D E

(standardized)

formulation. Identical results were obtained for human and
porcine skin.

Absorbance Evans Blue

3.2.2 Influence of different types of microparticles

The influence of different types of microparticles on the ab- Types of formulation

sorption of Evans blue is demonstrated in Fig. 5. The absorp-

tion of E\_/ans blue WlthQUI mlcropamdéﬁ)rmmaﬂon 3 Wa.s of Evans blue: A is formulation 3, B is formulation 4+microparticles
_Standardlzed to tbar A m_ Flg_'_ 5. Th_e Evan_s blue absorptlor_'n type 1, C is formulation 4+microparticles type 2, D is formulation
increased up to 150% if silica microparticles covered with 4+micropatrticles type 3, E is formulation 4+microparticles type 4, and
TiO, (type 1) were addedbar B in Fig. 5. TiO, micropar- F is formulation 4+microparticles type 5.

Fig. 5 Influence of different types of microparticles on the absorption
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Fig. 6 In vivo SPF and Evans blue absorption obtained with and with-
out silica microparticles (type 5).

in vitro Evans blue absorption measurements. Similar to the
Evans blue absorption, the SPF increased if microparticles
were added.

3.3.2 Sunscreen distribution on the skin

It was checked whether the microparticles have an influence
on the distribution of the formulations on the skin. The distri-
bution of formulations 5 and 6 on the skin could be consid-
ered to be identical. The distribution of the fluorescent dye
sodium fluorescein on the removed tape strips is presented in
Figs. 1a) and {b). No differences in the distribution of for-
mulations 5 and 6 were observed.

4 Discussion
4.1 Monte Carlo Calculation

The Monte Carlo calculation demonstrates that microparticles
with scattering properties can increase the absorption of pho-
tons in an absorbing medium. This effect is caused by the
increase of the optical pathway of photons in the absorbing
medium because of scattering, as is schematically presented

in Fig. 8.

From Fig. 8 it becomes clear that the effect had to be
measured using an Ulbricht sphéPdn this case, all the scat-
tered light would be detected.

The Monte Carlo calculation presents an estimation of the

Fig. 7 Distribution of the fluorescent dye sodium fluorescein added to

synergy effect between organic and inorganic filter substancesiormulations 5 and 6 on the removed tape strips: (a) formulation 5 and

topically applied. Regardless of the application of estimated
spectroscopic parametefabsorption, reflection, and scatter-
ing), the calculations of the experimentally observed effect of
the increase in the absorption of Evans bisee Fig. % and

of the SPH(see Fig. 6 were well described.

4.2 Measurements on Human and Porcine Tissue

(b) formulation 6.

absorption measurements were carried out in the visible part
of the spectrum, where the microparticles have no absorption
but only scattering properties. Microparticles with different

scattering properties influence the Evans blue absorption to a

From the results presented in Fig. 4, it can be seen that theregifferent extent. The best results were obtained with silica

are no differences in the absorption properties of the topically
applied formulation when human or porcine tissue is used.
Therefore, the experiments can be perfornreditro on por-

cine skin. This tissue is readily available and easy to handle.

4.3 Influence of Different Types of Microparticles on
the Absorption of Evans Blue

In agreement with the Monte Carlo calculations, the absorp-
tion of Evans blue increased if microparticles with scattering
properties were added to the formulation. All the Evans blue

Journal of Biomedical Optics

014008-5

microparticles(type 5. These microparticles have a diameter
of 500 nm and high scattering properties. They increased the
Evans blue absorption up to 180%. Similar results were ob-
tained usingTiO, microparticles(type 2 used in commercial
sunscreens. With microparticles based on zinc oxide only, a
medium absorption can be achieved.

The medium absorption of the microparticles based on
TiO, with a high bulk densitytype 3 might be caused by a
higher secondary particle siz@gglomeratéscompared to
other high-grade titanium dioxide typde.g., type 2 The

January/February 2005 « Vol. 10(1)
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Fig. 8 Increase in the optical pathway of photons in an absorbing
medium on account of scattering.

distribution of the secondary particle size depends on the en-
ergy input during processing of the emulsions. But all types of
microparticles used in the present work were introduced into
the formulations with more or less the same energy. Higher
bulk density material would at least need a higher energy
input to lead to a similar degree of distribution.

In this way, the synergy effect could be studied under defi-
nite conditions, without taking into consideration a superpo-
sition of the absorption of Evans blue and the microparticles.
It can clearly be seen from Fig. 5 that the light scattering

particles and organic UV filter substances. In this wayivo
SPF measurements based on erythema formation can be
avoided.

In contrast to the SPF determination, the results ofithe
vitro measurements can be immediately obtained, whereas the
results of the SPF measurements are available only after 24 h.
Additionally, in the case of SPF measurements, the minimal
erythema doséMED) has to be determined by means of pre-
tests for every volunteer.

5 Conclusion

Microparticles characterized by high scattering efficiencies in-
crease the optical pathway of photons in absorbing media. In
the case of topically applied sunscreens containing organic
UV filter substances, the addition of microparticles increases
the UV protection of these sunscreens, even if the micropar-
ticles have no absorption bands in the UVB and UVA. This
means that micronized titanium dioxides, such as EuSolex
T-S, currently used in cosmetic formulations, do not only act
through their own UV absorption capacity. Their advantage is
the synergistic effect caused by light scattering in combina-
tion with traditional organic UV filters to reach high SPF
values. As found in our study, spherical silica powders or
other microparticles with special light scattering properties
also can be used in cosmetic formulations to support their
performance.

The efficacy of the microparticles in connection with the
SPF increase could easily be tested by using itheitro
method presented. The results correlate to the values obtained
in vivo by SPF determination.

caused by the microparticles increased the number of photonsreferences

absorbed by Evans blue.

4.4 SPF Determination

The aim of the SPF determination was to reproduce the results

of thein vitro measurements obtained in the visible part of the
spectrum undein vivo conditions in the UVB part of the
spectrum. In the case of the silica micropartidigpe 5, only

the scattering properties of the microparticles but not their

absorption had to be considered. From Fig. 6, it can be seen 3

that the SPF increased by a factor of 1.4 after the addition of
these microparticletype 5, silica microparticlesto the for-
mulation containing chemical UV filtef$ormulation 5. Both

in vitro experiments based on the Evans blue absorption mea- 4

surements, and thie vivo measurements based on the SPF
determination, show an increased absorption of photons by

the organic absorbers caused by scattering processes. The in-

crease in SPF by a factor of 1.4 is lower than the increase of
the Evans blue absorptigifactor of 1.8 but still significant.

An influence on the distribution of the formulations on the
skin, based on the difference in the SPF values, could be
ignored because of the identical distribution demonstrated by
the results of the fluorescence measurements shown in Fig. 7
Thus, the increase in SPF in the case of silica microparticles
being added to the formulation is only determined by scatter-
ing properties of the microparticles.

Taking into consideration the obtained results, the pro-
posedin vitro method can be used to screen the protection
properties of sunscreens containing different types of micro-
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