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Concerns have increased for the establishment of reliable and reproducible in vitro evaluation method of UV protection
efficacies of sunscreens, since it gives results more quickly, is less expensive and is more ethical. In this study, attempts were
made to establish accurate and universal in vitro evaluation method of UV protection efficacies of sunscreens. Two subjects,
hydrophilicity of the substrate surface on which sunscreens are applied and surface roughness of the cosmetic standard
PMMA UV evaluation plates, were studied to analyze their influence on the value of in vitro UV protection efficacies.

Corona-discharge treatment was conducted on the quartz plate, and it was succeeded to make the surface super-
hydrophilic to have a contact angle of water at 0 degree. The contact angle exponentially recovered to the initial value and
its half life was around 5 d. Four types of commercially available sunscreens, water gel type, mist spray type, silicone/
water type, and non organic UV absorber type, were applied onto the quartz plate exhibiting different hydrophilicity. It was
found that the wettability of each sample differed and the values of in vitro UV protection efficacies drastically changed by
changing the hydrophilicity of the surface.

Surface structures were analyzed for three cosmetic standard PMMA UV evaluation plates: Helioplates HD 6 (Sa= 6 um)
and ISO plates (Ra=2 and 5um). Solution of acrylsilicone resin was added dropwise onto the plates and the solvent was
evaporated. The plates were cut and the cross section was analyzed using SEM-EDS. The maximum depth of penetrating of
acrylsilicone resin was larger than Ra and cracks into which the acrylsilicone resin penetrated were observed. Clear solution
type pseudo-sunscreen samples containing acrylsilicone resin were deposited on the plates. It was found that the addition of
acrylsilicone resin drastically changed the UV transmission.
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Fig. 2 UV absorbance of applied sample sunscreen layers
on the quartz plate having different contact angle of water.
(a) : Water gel type, (b) : Mist spray type, (c) : Silicone/
water type, (d) : Non organic UV absorber type.

3. 2. in vitro ¥R ERRRERIE BAIREE PMMAE
ROFRMEEE DFEL SVISF DENRERREERITE
ICEABRE
3HEDOIEHE PMMA 24K CT&H % HD6 72 5 N2 IS02 B X

UISO5 122 WT, SEM I CIIZ o KEHEE O BHE

RIEBWIZRO LN H o725, SEM/EDSTIEE~Y v ¥ 0 7

P& B ST HEOFEREM D ST S H~O5A . %

HEMIFEIC R AT DS BIE S e Fig 3 O Wilsix

ZFIIZSITEPFIELTWAZ L2 ERLTE Y., I1SO2

BLUISO5 Z WM A RIS 2 AL TW5H DI

xt Ly HD6 XA L CSiTLHEAFAE L TV B HEAH D .

COZEIFERICBREED Y AT 7YV T — 8

TROBEPBRALIZZ EERL TS, LT, 72UV

DY a—UBIROBW AT LS A2 5% S E7-HD6 ©

BT IZ oW T, KR5S FMOMENITB T, Sivt

FOHFAERDSL C. ODETLHRAIERIIHT 2 2 fllE

L7k 2 A, ZOIRED SIS T 5D TIER

< RPN Z DB WEIRSFET A 2 ERRBD LN

72 (Fig.4)o 2,253, HD6 OEEMNTIZIX, 72

YT a— YBIROBERMREA LS\ X ) BRI

LCTW5 I EDMERENT,

DN, BHEOR L s-REOT 7 YN ) a—
I WA ] — 1 D SRANRIBINR & i S 2 72 R v
A7) — iR e R L, BEEEILARISO5 FICiH T L CHE
WA SEL A, BROKETIED L0 ABHFO
B OB P B E AR R ML S O MR AS L b £ <L
DOHLNTW LT PRI N (Fig.5)s LT, IhH
DERAVRIE MIEHREE 2 A i 2 S E L CllE L7z 3.
BN L 72 88D T LSRRI AT 5 7w
BRICBWTHEBMEIWET S RO LN, £
DG 2 AN L % o 723 BV THiD THZE C
HDHIENROLNT (Fig. 6(2)s L7zA> T, ZOEMR
FEHRE O I (AR FEAR DM RIS BV B ELUETIC & B
BDOTHY . ZOESVITFEH OB ERE OIS T
BT LB SN, 22C REEFBOTZY LY
) a— RO R EERSELBEZI T LR Z 25
K7 EREIN A B L LT, [ OSRINE B GR EE % I
EL72RER. SO HMBORIBRECEE Sl Sh- L 5
2 B RERAME 5 N7z (Fig. 6 (b)) o

ZLT, ZZTHRBL~513WFR 80y
AREETN TR Db o, BINRESEEE LA X <
B, 77U YY) a—-YEREOBRIEVAE K
T AR SN (Fig. 6(b). ko772 Y
a—UBHREDN AR s L, N X Y BRI o i
MEOERICERT 2B s (Fig.5). L72d%>
TERIREINH 23 L 0 RFTNARET 2 L9 10 h b EF 2
b0 TNFTEAREZELIE, A7) — VY HOEA OB

_6_



Y27 =L EIDRINFREHREE X < IEFEIC in vitro FHE 2 RIE B A DML

HD6
AR g
I:I‘ﬂ‘l BES
ISO5
502

————————01mm SiK

Fig. 3 SEM-EDS mapping images of the cross section of HD6, 1SO2, and ISO5 on
which acrylsilicone resin was deposited. Yellow color represents the existence of Si
atom. Amount of acrylsilicone resin per unit area was 2.0 mg cm™.
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Fig. 4 SEM image of the cross section of HD6 on which the acrylsilicone resin was deposited
(1.3mg cm™®), and the and Si atom ratio at different depth from the surface of HD6 determined
by the point analysis.
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Fig. 5 Digital microscope image of the surface of ISO5 on which pseudo-sunscreen sample was deposited. All the pseudo-
sunscreen samples consisted of 1.0 mg of the same UV absorbers and 0.80 mL of hexane, while the content of acrylsilicone
resin in the sample 1, 2, 3, 4, and 5 was 40, 30, 21, 11, and O mg, respectively.
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Fig. 6 Values evaluated as UV absorbance of the cosmetic standard PMMA UV evaluation plates on which pseudo-sunscreen
sample was deposited. (a) : Using a flat quartz plate as a reference. (b) : Using the plates on which the identical amount of
resin was deposited.
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