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Abstract: In this study, we have investigated the stability of sunscreens based on the solubility of organic UV absorbers
in the oil and sun protection efficacy of the products composed of a combination of organic UV absorbers to develop
more stable and efficient sunscreen products. Results showed that the solubility of the organic UV absorber and stability
were varied depending on the type, storage conditions and concentration of oil. It was also observed from the products
in the emulsion type. Various UV absorbances were determined to the products composed of the combination of organic
UV absorbers. In some combinations, a synergistic effect was observed to make an increase in absorbance compared
to a single component. In other cases, specific synergistic effect was displayed only when combined with the particular
component. In addition, the storage condition also affected the sunscreen efficacy. In conclusion, this study confirmed
that there are various factors which could affect the UV-blocking efficiency of sunscreen products.
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Table 1. Formulation of Oil and Organic UV Absorbers

[}

1748 - ol - sl

Sample (wt%)

Ingredients

2 3 4

Bis-ethylhexyloxyphenol methoxyphenyl triazine 10.00

30.00

Butyl methoxydibenzoylmethane

10.00

30.00

Diethylamino hydroxybenzoyl hexyl benzoate

10.00

30.00

. Isohexadecane

: Coco-caprylate/caprate

: Polyglyceryl-2 triisostearate

: Dicaprylyl carbonate

: Octyldodecyl neopentanoate
: C12-15 alkyl benzoate

: Caprylic/capric triglyceride

T Q™ Mo g Q|w| >

: Phenethyl benzoate

I: Butyloctyl salicylate

J: Ethylhexyl methoxycrylene

K: Olea europaca (olive) fruit oil

L: Simmondsia chinensis (jojoba) seed oil

M: Ethylhexyl methoxycinnamate

N: Homosalate

O: Polysilicone-15

90.00

70.00

Table 2. Formulation of O/W Emulsions (Sunscreens) with Oil

Sample (wt%)

Ingredients

Sorbitan sesquioleate

1.00

Polysorbate 80

1.00

Carbomer

0.13

Triethanolamine

0.13

Bis-ethylhexyloxyphenol methoxyphenyl triazine

5.00

Isohexadecane

12.00

C12-15 Alkyl benzoate

12.00

P.W.

to 100

Table 20 UERH o]0 PO R F4a {74
°F 80 C7HA] 7Fgste] ¢hd B A17|aL 3ol
S B3] H/M 2,000 pm e E 10 min 5+ F3}

& o o

thatabadEsls| A, A 4198 Al 3 &, 2015

%, EgogkgolvlS Hrlste] HM 2,500 pm O 2 5
min 53} o W@ztsle] Alzstth
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Table 3. Formulation of Combination of Organic UV Absorbers
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Sample (wt%)

Ingredients
7 8 9
Bis-ethylhexyloxyphenol methoxyphenyl triazine 3.00
Butyl methoxydibenzoylmethane 3.00
Diethylamino hydroxybenzoyl hexyl benzoate 3.00
R: Ethylhexyl methoxycinnamate
S: Polysilicone-15 3.00
T: Ethylhexyl methoxycrylene
Dicaprylyl carbonate to 100
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Table 4. Solubility and Stability of Organic UV Absorbers in Oil (2 months)

4 C 25 C 45 C
No. [9: 1] [7 : 3] [9: 1] [7 : 3] 9 :1] [7 : 3]
1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6
AlO O OO0 O oo 0 o000 o op O O O O
@ o O e O O é O O 6 O O © O © O
B X X O O O O X X X O O O X X X X X X
e @ 6 a3 6 ©
C O X X O O X O O X O X X X X X O O X
(38) G 3 (35 (23 ® Gy O
D X X X O O O X X X O X X X X X X X X
13 @  © (44)
g|lO O ,]O O O]|0 O |0 O O, , «|x O
1s 3 3 O (@O |42 10 @ O O O
F X O X O O O X X X O O X X X X X X X
(1) 13 @O @ @“4n @
G X X O O O O X X X O X O X X X X X X
23 |66 G (10 10 (10)
O O
H X X X X (14) X X X X X (35) X X X X X X X
1 X O X O O O X X X O O X X X X X X X
@0 22 @O a9 3oy (@
J X X X X X X X X X X X X X X X X X X
K X O X O O X X X X O O X X X X X O X
(30) amn @ G2 @ (M
L0 0 o]0 O O], , |0 O O, + «|x O
o o GO Om O O @ O O ©
M X X X X X X X X X X X X X X X X X X
N X X X X X X X X X X X X X X X X X X
s/lO O ,]O O OolO0O O ,|O O OlO O |0 O O
"N © ®© O O|6 O © O OO O © O O

"[9 : 1], [7 : 3] : Ratio [Oil : UV-filters (BEMT, BMDM, DHHB)]
"A~O : Oils (Table. 1), 1, 4 : BEMT, 2, 5 : BMDM, 3, 6 : DHHB
*(O(No.) : Eduction (Day),  : Non-eduction

TH7F BA ol AEd Y Rk 3k g8 % Yde] A2 d B §A1<! ethylhexyl methoxycinnamate,
PG Fete 4= Qldlo AEA LUERE T F E homosalate ~12]1L polysilicone-152] A= e
‘ddol wet kRl AP UERE Z o2 ddEnt & Al polysilicone-15& |23+ B 2YS0] A¥kE o

thatabadEsls| A, A 4198 Al 3 &, 2015
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Figure 1. Solubility and stability of organic UV absorbers in isohexadecane (2 months).

(25 0) 45 C)
Figure 4. Solubility and stability of organic UV absorbers in caprylic/capric triglyceride (2 months).

(25 C) (45 0
Figure 5. Solubility and stability of organic UV absorbers in polysilicone-15 (2 months).
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Figure 6. SPF (sun protection factor) and PA (protection factor of UV-A) of O/W emulsions (sunscreens) with oil (P:
isohexadecane, Q: C12-15 alkyl benzoate).
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Figure 8. UV absorbance of polysilicone-15 (PS15) and
UV-A absorbers (BEMT, BMDM, DHHB).

Figure 7. UV absorbance of ethylhexyl methoxycinnamate
(OMC) and UV-A absorbers (BEMT, BMDM, DHHB).
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Figure 9. UV absorbance of ethylhexyl methoxycrylene
(OMCR) and UV-A absorbers (BEMT, BMDM, DHHB).
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