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Abstract — In recent years, the safety of sunscreens has been challenged based on the reports of their adverse
cffect on users; dermatitis, allergic contact dermatitis and photoallergic contact dermatitis. The unscientific
idea that higher SPF suncreen is good for health mealeads many users to tend to prefer higher SPF sunscreen,
In the toxicological aspect, the need to investigale the safety of sunscreens is steadily increasing. However,
there were few studies on the correlation between sun protection factor (SPF) and the safety of sunscreens. The
objective of this study was to assess whether there was a correlation between SPF and the safety of sunscrecns.
We measured in vitro SPF index using homosalate as a standard and examined the toxicity tests such as pri-
mary skin irritation tests, ocular irritation test and skin sensitization test. Homosalate (HS), octyl methoxycin-
namate (OMC), octyl salicylate (O8), octocrylene (OC) as UVB organic filter and benzophenone-3 (BP3),
butyl methoxy dibenzoil methane (BMDM) as UVA organic filter, and titanium dioxide (TD), zinc oxide (ZO)
as inorganic filters were used. The skin irritation indexes in rabbits treated with HS, OMC, OS, BP3, and
BMDM were significantly increased as SPF indices were increased. Neither ocular irritation in rabbits nor skin
sensitization in guinea pigs were increased. 1t suggests that there might be a good correlation between SPF and
the skin irritation indices of organic UV filters and skin irritation might be onc of most sensitrve index to assess
the safety of sunscreens.

Key words ] sunscreens, SPF index, cosmetic safety, organic filters, skin irritation
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Table 1. SPF index of different concentrations of sunscreens

Concentrations.

Chemical %) SPF index
01.03
ca 30 9.99
HS? 40 12.89
50 16.07
0 1.04
10 11.27
oMC 30 14.62
50 17.94
0 1.03
10 6.08
oS 30 8.97
50 9.78
0 1.01
10 5.84
oc 30 21.80
50 31.73
0 1.02
10 13.46
R 30 25.12
40 24.72
1 2.41
BP3 3 6.05
5 9.12
1 2.06
BMDM 3 4.67
5 7.00
10 10.61
Z0 20 13.11
30 15.76

a08, octylsalicylate; OC, octocrylene; BP3, benzophenone-3;
titanium

BMDM, butylmethoxydibenzoyl methane, TD,
dioxide; Z0O, zinc oxide.

Z7L Aol gledew, 30, 40, 50%2] 2447k S
Zr7 13374, 1.83%F, 2174 Fukgk 033%, 0.674,
08349 B2 Hgom 747+ 7§ Zht 08324
1507, 1.838¢] Fula) 0333, 0334, 067499 £35&
Vel eh. OMC Al 8o )3t 24417, 72412E 734 3
o] FFAFAE A5 A, IANEFE A=l ¢

9lem™. 10, 30, 50%% OMC /\]i°] % 24X 7] A
+ 42 1084, 2174, 2.838 2] FH} 0.00%H, 0924,
15839 ¥3g& nygen, 12417k A% 2 0504,
1254, 1.58% 2] Zulkx} 0004, 0424, 09282 ¥=2
el olet. OS Al ek 24412, 724]2F 73} F2
o RA 5L E5g o, SANEEFE AT 3'}19}3—

Table 2. Skin irritation index of different concentration of sun-
screens in rabbits

Erythema and Edema
eschar formation  formation PILI®

24h 72h 24h 72D

Chemical Conc. Animal
(%) No.

0 3 000 000 000 000 0.00

bg 30 3 133 08 033 033 071
40 3 183 150 067 033 1.08

50 3 217 183 083 067 138

0 3 000 000 000 000 0.00

10 3 108 050 000 000 040

OMC 30 3 217 125 092 042 LI
50 3 28 158 158 092 L73

0 3 08 017 000 000 025

ogp 10 3 16T 117 033 017 083
30 3 200 150 100 050 125

50 3 233 183 133 067 154

0 3 000 000 000 000 0.0

oc 10 3 000 000 000 000 000
30 3 000 000 000 000 000

50 3 000 000 000 000 0.00

0 3 000 000 000 000 0.00

m 10 3 000 000 000 000 000
30 3 000 000 000 000 0.00

40 3 000 000 000 0.00 0.00

1 3 245 185 155 100 171

BP3 3 3 275 225 165 135 2.00
5 3 28 240 200 155 220
13 200 145 105 050 1.25
BMDM 3 3 220 160 130 050 140
5 3 233 18 133 067 154

10 3 075 025 000 000 020

ZO 20 3 083 050 043 024 050
30 3 083 050 043 024 050

@PLL: Primary irritation index, X Total score/(Animal No.X 4),
BOS, octylsalicylate; OC, octocrylene; TD, titanium dioxide;
BP3, benzo-phenone-3; BMDM, butylmethoxydibenzoyl me-
thane, ZO, zinc oxide
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=, 10, 30, 50%%] OS AR.&] H-$ 2441742 A% Z47+
1.674, 2.004, 2.33% 2] Faks} 0.33%, 1.00%, 1.332321
BE3E Hgen, 247 A% 42 1173, 1504,
1.833 8] kel 0.174, 0.504, 06789 YL Jeh)
%I oh(Table 1).

oc TD A B2 10%, 30%, 50%] W E7]3 o-&
g HRATANHE ok 2447, 7247 AT F
2] —L]Tz]‘%/‘é% 53 A, ¥ A5E vepiE] &

4T (Table 2).
BP3 A8 1%, 3%, 5% Hg &7]8 o435 I
AFAHE eesldet BP Al gk 2447}, 724)17F
A 5o HREASAS B5 FA |, 3, 5% BP A
i 1 A5 2477E2] A T2 245%, 2,754, 2.858 9]
sk 1553, 1654, 20089 EFL Hgow, 724
S Zhzr 1853, 1254, 24089 9kt 1.004,
354, 1558 9] ¥-F-2 el 9 oh(Table 2).
70 ANEBX= 10%, 30%, 50%] Har BE7E o] &3l
FAFAEE PalslAc). 24478, 72717 A=) Fe
BA=4S #5g A, A58R5ES vepgA o

(Table 2).

oo oh
do o
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ket
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ENE 0I86 ATUXZAH

A #H7)7HEqre] A @EA ] 7]ela HEw 3,
A, FAE 5 TEAEA] Agken, B7E o] 48 A
A A7) GARNRTH TE Fol oAl A

=& A estek(Table 3),
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oo
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Table 3. Eye irritation index test of tested sunscreens in rabbits

. Treated Time after treatment
Chemical ,yima) 1 hr 24 hrs 48 hrs 72 hrs 4 days 7 days A0
S 300 0 0 0 0 0 0.00

19

oMC 3 0 0 0 0 0 0 0.00
08 3 0 0 0 0 0 0 0.00
ocC 3 0 0 0 0 0 0 0.00

BP-3 3 0 0 0 0 0 0 0.00

BMDM 3 0 0 0 0 0 0 0.00
D 3 0 0 0 0 0 0 0.00
z0 3 0 0 0 0 0 0 0.00

Total score=(Coma opacity X area of corea involved X 5)+(Iris
lesion X 5)+(Conjunctiva redness+chemosis+exudate) 2.
“M.0Q.1 (Mean ocular irritation index): total score/tested anirnal
No. in cach observation time.

MA.01. (Acute ocular jritation index): Maximum among
M.O.1. (0~5, non irritant; 5~15, minimally irritant; 15~30,
mildly irritant; 30~60, moderately imitant; 60~80, severely
irritant; 80~100, extremely irritant).

908, actylsalicylate; OC, octocrylene; BP3, benzophenone-3;
BMDM, butylmethoxydibenzoyl methane, TD, titaniom di
oxide; ZO, zinc oxide.

Table 4. Skin sensitization test of tested sunscreens in guinea pigs

Sensitization Sensitization Grade®
score? rate (%)” rade
HSd) 5 0 0 -
oMC
0Ss
QoC
BP3

BMDM
D
z0

DNCB 5 1.8 100 A\

“Score 0, no reaction; 1, scatterd mild redness; 2, moderate and

diffuse redness; 3, intense redness.

#No. of positive animals/no. of total animalx 100.

9)Grade —, no reaction; Grade 1 ((~8%), weak sensitizer; Grade

II (9~28%), mild scnsitizer; Grade III (29-64%), modcrate

sensitizer; Grade IV (65~80%), strong sensitizer; Grade V

(81~100%), extreme sensitizer; estimated allersen showed

above 29% of positive response.

D08, octylsalicylate; OC, octocrylene; BP3, benzophenone-3;

BMDM, butylmethoxydibenzoyl methane, TD, titanium dF

oxide; ZO, zinc oxide.

Chemical Treated animal

th Ln th LAt th
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Fig. I. Comparison of comelation coefficient of the skin
irritation index with SPF index treated with differcnt concentra
tion of homosalate.
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Fig. 2. Comparison of correlation coefficient of the skin irrita

tion index with SPF index treated with different concentration

of octyl salicylate.
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Fig. 3. Comparison of correlation coefficient of the skin irritation
index with SPF index treated with different concentration of
benzophenone-3.
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Fig. 4. Comparison ol correlation cocfficient of the skin irritation

index with SPF index treated with different concentration of

butylmethoxydibenzoylmethane.

Z7HEE e B 4 e, A SE #=09312
=2 A ol (Fig. 2).
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