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Introduction

Sunscreens should deliver an efficient protection of human skin from harmful
UV radiation. Today the efficacy of sun products is described by the sun
protection factor (SPF). The SPF value determines the potency of the inhibition
of an erythema which is mainly induced by the short wavelength UVB light
(290 - 320 nm). Therefore most recently it has been proposed to use the term ”SPF"
as sunburn protection factor.

The demand to measure and to label the efficacy of the sunscreens in order
to protect against longer wavelength UV radiation (320-400 nm) reflects the
increasing scientific knowtedge about UVA induced skin damage such as prema-
ture skin ageing or photodermatoses.

A number of methods is discussed with regard to the UVA protection. In Australia
an in vitro determination is officially accepted which is based on a transmission
measurement through a layer or a solution of the sunscreen [Lit. 1]. In comparison
Japanese authorities accept the PPD method (persistent pigment darkening), an in
vivo method which takes the darkening/tanning reaction following to UVA expo-
sure as an endpoint [Lit. 2]. In Europe as well as in US the debate about the right
or relevant method is still ongoing.

The task force “sun protection” of the DGK (German Society for Scientificand Applied
Cosmetics) designed an in vitro determination of relative parameters such as the
critical wavelength or the UVA/B ratio [Lit. 3]. The main aim of this initiative is the
application of the resulting protocol to a number of marketed sunscreens and also
the investigation of the reproducibility of the chosen relative parameters
measured in different laboratories. The tested products should represent a variety
of commonly used vehicles in this segment (o/w-, w/o-emulsions, oils and sticks) and
different UV filter systems.

Method

In this study seven laboratories participated and their individual technical devices
are given in {Lit. 3]. Following to the results of previous ring studies the substrate
was identified as a probable source of variation. Therefore we used in the present
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investigation roughened quartz plates with the same quality as substrates.

As described by several authors [Lit. 4, 5, 6] the principle of the analysis is a trans-
mission measurement. A sample amount of 0.75 mg/cm? was spotted evenly across
the plate surface using an appropriate device {(e.g. self-displacing pipette). After-
wards these spots were homogeneously distributed with a saturated (latex-)
gloved finger. Then the plates were equilibrated in the dark for about 15 minutes
before they were measured. Quartz plates covered with a film of glycerin across
the surface were taken as a reference.

Calculation

Three different parameters were calculated from the transmission curves. On the
one hand we followed the absolute in vitro sun protection factor (SPF) and on the
other hand the two relative parameters, the critical wavelength and the UVA/B ra-
tio. The detailed description of the calculation of these factors is given elsewhere
[Lit. 3, 1].

Products

In order to cover a) different UVA protection levels, b) different UVA filter systems
and ¢) a broad variety of product forms and vehicles ten different commercially avai-
lable products were selected for this investigation. A detailed description (product
type, UV filtersystem etc.) of all chosen sunscreens is given in Table 1.

Code |Product SPF | Type [Filtersystem
A 1Ambre Solaire Oil gel 8 o OC-BMDBM
B ;Ambre Solaire Sun lotion 5 OW OC-TDSA-TiO2-BMDBM
C Coppertone Kids Colorblock 30 OW |EHMC-0OXY-0OS-HS
D  |Delial Lip protection stick 16 6} MBC-BMDBM-EHT-0OC
E  |Delial Sun lotion for children 15 WO [MBC-0OS-BMDBM-OC
F Hawailan Tropic Sunblock 30 WO  [OS-EHMC-TiO2
G Nivea Sun Sensitiv Balm 24 BA |MBC-EHT-BMDBM-TiO2
H |Ombra Sun cream 12 OW | EHMC-BMDBM
I Ombra Sun lotion for children 30 WO  |OC-ZnO-EHMC-PBSA
K  |Penaten Baby Sunblock 30 OW |ZnO-EHMC-MC-PBSA-IMC-
BMDBM

Table 1 Test products
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Results and Discussion

Spectra

Fig. 1a and 1b show the inverse transmission spectra (monochromatic protection
factor) of two products which differ significantly with regard to their UV protec-
tion profile. Product B (SPF 5) provides a broad protection with a flat decrease from
the UVB to the UVA region and product C (SPF 30) starts with an enormous peak
in the UVB but drops steeply down in the UVA region. At wavelengths higher than
350 nm no protection has been determined due to the use of Benzophenone-3 as
single UVA filter.

Interestingly, all laboratories found a similar shape of the spectra but with an ex-
tremely different level of absorption.

MPF (1T}

Fig. 1 a Monochromatic protection Fig. 1 b Monochromatic protection
factor / spectrum of Product B factor / spectrum of Product C

Sun protection factor (in vitro)

The SPF data of the ten products are given in Table 2. Again these results reflect
the observation described above. The in vitro SPF represents the absolute altitude
of the transmission curve and it differs dramatically between various laboratories.
A standard deviation for each of the ten sunscreens is found between 20 and 64%.
Consequently, in almost all cases the highest value is more than doubled compared
to the lowest value for the same product.

it was obvious that the oily formulation (product B = oil SPF 8 and product E = stick
SPF 16) leads to extraordinarily high values. Any determination of the in vitro SPF
depends on the product type.

All described investigations indicate that the reproducibility of the absolute pro-
tection parameter, the in vitro SPF, is currently not sufficient enough.

Critical wavelength and UVA/B ratio

The relative determination of the UVA protection can be achieved in a more re-
producible manner. As listed in Table 3 we found the values for the critical wave-
length in very small ranges. For most of the samples the standard deviation is sig-
nificant fower than 10%. Only the data for product F, which provide the lowest UVA
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lLab A B C bl F F G H 1 K
Product
Lab 1 15.2 4.3 13.2 249 12.6 6.3 0_1)% 8.8 18.% 19.0
[ab 2 1.3 4,(); 17.0 18.2 8.9 6.3 10 l)i 8K 13.9 18;;
le i 180 104 214 36.0 13.0 10.6 20.7§ 7.8 27.2 28.1
Lab 4 8.5 0.7 275 216 14,1 11.6 228, 8.6 30.8 27.6
7I:b: - S 19.3 - - 13.5 10.1 8.8 - -
Lab 6 . 9.6 :%,7 12.0 36.1 6.8 +.9 9.9 3.1 13.9 13.1
Lab 7 199 2R 157 417 122 7.6 12.4 8.0 14.7 17.8
Mean 154 5.4 173 29.8 1.3 7.9 14.2 7.8 199 20.6
-SD 442 2791 5.79 9.43 279 263 6.0+4 143 7.39 598
R 5[)>§< 8.3 641 344 ERA 272 38.0 459 209 390.1 3(1."5

* 100% = (mean - 1)

Table 2 in vitro SPF

[Lab A ‘ 3 & D F F [€F H I K
Product 51
fab | 3720, 3730 3337 3710 37440 340.0 3767 3530 339.0 374.0
Lab2 3710 :r’i.O 350.2 370.0 3730 3350 37341 3512 355.0 3737.2
Lab3 3733 3720 3550 372.0 3753 4970 3777 3603 361.7 3737
Lab 4 S B I N T
Lab 3 - 371.5 350.0 - - 33750 3670 35035 - —T
VVVVVV th (\ 372.0 ‘ 373.0 353.0 370.j 3740 347.3 376.7 3563 361.7 373.0
Lab7 3730] 37070 351 ~ 571 : . l Mpd I8 35350 3s6x| 3737
Mean 3720 KRN ‘ ; 2/()Mi 3740 3411 3758, 3548 3387 3732
--SD 098 106 1.713 0,935 .79 <3‘)§ 154? 3.1% 2.63 0.74
—SD* 1o 1,1?" 32 ‘j 19 1.5 35,53 E.X:S ” 9.1 (;XT’ 7 1.4
\ i

Table 3 Critical Wavelength
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protection over all, exceed this value. When the critical wavelength is higher than
370 nm then the standard deviation levels down to 2% or less. The reproducibitity
of all the data for the UVA/B ratio is very high between all the different institutes.
The calculated standard deviation is slightly higher compared to the critical wave-
length.

In contrast to the in vitro SPF determination there is no evidence that the measured
relative UVA parameters are dependent on the product type or formulation.

The UVA protection efficacy of the sunscreens was differentiated according to their
critical wavelength. Six out of ten products reached values higher than 370 nm in-
dicating a broad UV protection. All ten products contain the UVA filter Butyl-
methoxydibenzoylmethane (BM-DBM) which at the moment is known as the most
efficient UVA filter, especially with its activity in the long wavelength region
around 360 nm. Three out of ten sunscreens exhibit a critical wavelength between
350 and 370 nm. Here the UVA protection is provided by low amounts of BM-DBM,
by zinc oxide or oxybenzone. Product F contains only titanium dioxide as a UVA
screening agent. The critical wavelength is lower than 350 nm and indicates a very
weak UVA protection. There is a good correlation between the UVA/B ratio and
the data of the critical wavelength determination (cf. Table 4).

Lab A B c D E F G 1 I K
Prodict
Lab | 065 o4 036 048 053 019 055 027 032 045
Lab 2 0020 060|033 043 050 0160 0511 025 030 042
Lab 3 067 64| (40 04 0S8 023 060 034 035, 042
Lab 4 003 o6 0% 0a 055 o 0s2 030l 033 037
]
Lab 5 S 06 033 - - 017 030l 027 -
Labe 0oy Ges 0% 04T esa on 053 029 032l 0
Lab = D66 uet! 036 046 055 020 0si| 029 03 040
Mean 004 63| 036 0do 0S4 009 0300 029 633 04l
sp | oo oois| neas 0023 002 0020 009 0028 0020 0027
£5SD SU 24l e os1 4 2 sk 97 6.0% 66

Table 4 UVA/B-Ratio

Critical wavelength and SPF

The general concept of the relative UVA parameters such as the critical wavelength
or the UVA/B ratio is that the UVA protection provided by a sunscreen should be
appropriately adjusted to its protection against sunburn. For products with a dif-
ferent SPF value reaching or exceeding a wavelength of e.g. 370 nm, this means
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that the UVA protection is appropriately adopted. Only products with the same or
very similar SPF numbers can be compared directly by using the critical wavelength
criteria. Within such a comparison, the relative parameter represents the absolute
UVA protection. This is illustrated in Figure 2 where the UVA protection of the four
sunscreens with SPF 30 are depicted.

In the described study the highest UVA protection is found for product J whereas
product F provides the lowest UVA protection.

35
- 30
25
- 20
15
ERT

° Fig. 2 Different Levels of UVA-Protec-
tion, equal UVB-Protection

Condusion

The results of our investigations with ten different commercial sunscreens give evidence
that the protocol of the UVA measurement developed by the DGK task force "sun
protection” can be applied to a broad variety of sun products from the European
and US market. The test results of the seven participating laboratories for the two
relative parameters, the critical wavelength as well as the UVA/B ratio, are repro-
ducible and comparable. There is still a contradiction between these results and the
ones obtained by a measurement of the in vitro SPF, an absolute parameter.

The method allows to judge the UVA protection of sunscreens for which an in vivo
SPF is known and to compare the efficacy of sunscreens with similar SPF values.
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