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Evaluation of Phototoxicity through Integrated Test Strategy Approaches for fragrance

Saera Park, Sun-A Cho, Youngso Kim, Susun An'
AmorePacific Corporation R&D Unit, 1920, Yonggu-daero, Giheung-gu, Yongin-si, Kyonggi-do, 17074, Korea

ABSTRACT. Although fragrance-free cosmetics are increasing in recent years, fragrance is still an important
element of cosmetics. The phototoxicity of fragrance used in cosmetics is tested to confirm the safety before
used. Because fragrances are mixtures of various aromatic compounds and exact composition of them are not
disclosed by the fragrance company, it is difficult to analyze and/or presume the cause of phototoxicity.
Therefore, it is important to use the test method having good applicability to various mixture and high reliability
of results. In this study, we tried to establish an appropriate ITS approach to improve the reliability of the
cosmetic fragrance toxicity test. Three animal alternatives, 3T3 neutral red uptake phototoxicity assay (OECD TG
432), Reactive oxygen species assay, Molar absorption (extinction) coefficient (MEC) measurement test were
performed and coincidence rates among tests were compared. As a result, the application of the ITS approach
wasn’t suitable for fragrances due to the lack of harmonization of the three test methods and different positive
rates. 3T3 neutral red uptake phototoxicity assay presumed to be most suitable for the evaluation of the
phototoxicity of fragrance in terms of safety. Reactive oxygen species assay and MEC measurement test were
thought to be available to reconfirm the results of 3T3 neutral red uptake phototoxicity assay.
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PEE 9 A4S Btk EAE gAY
2L fgjEAHCF OECD TG 43291 3T3 Neutral Red
Uptake Phototoxicity assay (8T8 NRU PT assay)”}
Q3 E2o] g4 AlAE (Reactive oxygen species,
ROS) A4 ARE #AS}= ROS assayet 529 4l
54 ofE2E wWASl= molar absorption (extinction)
coefficient (MEC)ZH A|EE AR 715381t sk59]
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ol Ao Fr F5A B7HY AF=E =Y
29l W= ITS HWS 271A 3T3 NRU PT
assay, ROS assay, MECZA A& A 7}1A] A|dHo

1. MEF T HFTH

H Lo A= 3T3 Neutral Red Uptake Phototoxicity
assay (3T3 NRU PT assay)ol|A] AFE 7lolE & nfeA
QoA A|EZ9] Balb/c 3T3(ATCC, VA, USA)Z
AFE-3L9 T 10% new—born calf serum(NCS: Gibco,
USA), 100 Unit/mL #uAlgl, 100 4 g/mL AEHAE
ulo]Alo] Z&E DMEM (Lonza, USA) H|X|E o]&
sko] 37T, COz 5%|A wjekstglom A Wzt
80~90% ALt =W 1:3 Hl&2 AWE AAsHL,
A@A At 300 WA e s
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3. 3T3 NRU PT assay

E oA 43= 3T3 NRU PT assay= OECD
TG 432004 AFH FHYHE 7|vte s 3sigict
(OECD TG 432, 2004). A3le % 39 =0} AQw
L Aoz A o 96well plated] 1 x 10°
cells/100y I/wellA =2 ANZE B & 37¢,

COy b5%olA wiekatict, ol z} EFAT 2719
96well plates FH|SHHTH (FRAME, H[FERARE)
A do, AEEAE o2 1112 3 4s|Fo] A
HEAS WESTE HollA wEo & AEEE2 o

Aldrich)2 58] 3|AFo] FHEHOZ 10% ==
A=A stk A 96 well plateo] &3 Al
oA xS AA F PBS 100 1= T ¥ AH )5
il, EBSSE 100 g 14 thA] Qo qleh, ol A
EE EZ9 ZFZZZZulZ(Chlorpromazine, CPZ)
£ A g 3sl= plateo]= 50 p 1/well, AFEZAS A
3l= plated]= 100 y 1/well®] EBSSE 712 B35
shich EBSSEF & CPZe 3l HA| AR A2 dof
0.6 y1/wellz GolE 3 50 u 14 FA7I 3] A
%34 ot AFEA2 A WA AR AE dof
2 pl/well2 Yol 3 100 x 14 A7 2v) A%
34 s Fot. ¥ AEETL AFEL AYA A H
Aot wpxut de EAS AYshA e A2 HFS
th, E8AE Fof= 37T, COy 7.5%4 & ATt &
oF ufekafqlek. wjeke] BUH FEA}f plates Fx
A} 7]7] (SUNTEST XLS+, ATLAS, USA)o| Qi1 2
% 5 Jfem’] HEE FAb 31, 1 F W
Al plate= A2oA WS ATt AEE FoIHh
ZA7} 22w EBSSE A7 T PBS 100 4 12
WA Ae|SEa, vl E 100 g l/well®2 B3
37C, COs 5%0lA g2t AR doll= wiAlE
A7 Z PBS 100 yx 1/well & 3+ ¥ A A5, 50 4
g/mL neutral red (NR) solution (Sigma—Aldrich) <
100 4 1/well® B8 3 370, CO, 5% A 347 &
oF Hjokateith, Hjoko] EZE|W PBS 100 4 1/well 2
3l ¥ A2 & NR desorb solution (water: ethanol:
acetic acid = 49: 50! 1) 150 gy l/well22 EF3}a1
shakerofA] 100 rpmo 2 3t A|7F HoF &EA|A F
Atk &Fo] EY plate= 540nmFFEoA Pt
T (optical density, OD)& ZA 3|51, phototox2.0
(ZEBET, Germany)Z=2I1HE& o0]&3lo] 1 ZFE <
5}odPhoto—Irritation—Factor(PIF)2} Mean Photo
Effect(MPE)E  AAbsHITh #5409 w2 3T3
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Table 1. Criteria for determination of phototoxicity in
accordance with OECD TG 432(3T3 NRU PT assay)

Evaluation PIF | MPE
No phototoxicity PIF < 2 MPE < 0.1
Probable
phototoxicity 2<PIF<5 0.1 <MPE<DO0.15
Phototoxicity PIF > 5 MPE > 0.15
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NRU PT assay= OECD TG 4329] PIF¢} MPES] #
ole} F=A TA 7|EE Wk} (Table 1),

PIF: H|ZA} 2719 10508 2AF 279 105008
W 2

ICsol-Irr, UV B|ZAFZE 71)
PIF =

ICso(+1Irr, UV TALE )

MPE: %% HhS Ao ol s]zalel, nijel
PEZ} 5B FoR o

ROS assay= JaCVAMOJ|A] AHZ3F AlgdHS 21
sto] S=3stglth (JaCVAM, 2013), HA AF=H 9
singlet oxygen(SO)2} superoxide anion(SA)E
shod] AHEE BRES Fulshich SOk 20 mM
sodium phosphate buffer (NaPB, pH 7.4) 480 u 1,
imidazole (Sigma—Aldrich) 250 4 1, p-nitrosodimethyl
aniline (RNO; Sigma—Aldrich) 250 4 19} A3EZ 20
412 Ao]Z=1. SA:= 20 mM NaPB 855 41,
nitroblue tetrazolium (NBT; Sigma—Aldrich) 125 »
1o} AHBH 20 418 HojFch Bels AR 4
oF EFBS 237 BIIR 51087 A 4o
ZF11, o]& 96 well plateo] 200 y 1/well2 Z3HE 3}
UG E Al A well] 2Esgch AuAoz 1004)
oM gHm} NS BBk HHo| Y A 27t
S Foto] AldEAY FEE A F v

A A A ool 9% 527 thA] AolE F 440
nm®} 560 nmojA FFEE FAHT 2
1.8~2.2 mW/cm? UVA intensity 6.5~7.9 J/cm?
2A02 BIAT AT BRAP FREY
o 4olE T 440nme} 560nmolH FHEE 274
2, o) W Ml wske ol SIsHAT. ¥
e ofe] 7|Zo] wtet (Table 2),

EQF, 7]E AW &uiel DMSOOA = FrY
ol =7t Hol F7p7h ofH 9 FrF ko] At &f
£ gMETh &) ZHEZ 20mM NaPB, ethanol,
acetonesr A4St o, & ApA|9 Fuks ARE

weks] 98 s09t sAZ ZAshe
ju}

e e SEsa

5. 2234+ &% (molar absorption
(extinction) coefficient(MEC))

>
Qlt

9 Fo s Brisk] flel =884
AdE st AlEH2 OECD 7hol&=
t} (OECD TG 101, 1981). A&

0.002% X2 ethanold] &o] ZFZE Iml &
o BRI AR 290~800nmo] A
£ S, ST SHEE ofget T2
MECZS AAFIE I MECZE] 1000 M 'em™
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Table 2. Criteria for determination of phototoxicity in accordance with Reactive Oxygen Species (ROS) assay

Evaluation Test concentration SO! SA?
Photoreactive 200uM > 25 > 70
< 25 and/or Interference(l) > 70
> 25 < 70 and/or |
Weakly photoreactive 200uM <25 =20, <70
Non-photoreactive 200uM <25 <20

Inconclusive

If not applicable to the above

' singlet oxygen

2 superoxide anion
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In ethanol and acetone, the mixtures were cloudy after mixing fragrances. (A) Mixtures by
solvents before mixing fragrances. From left to right, ethanol, acetone, 20mM NaPB. (B)
Fragrance mixtures with the final 0.1%. The rightmost mixture using 20 mM NaPB solvent was
fransparent while mixtures using other two solvents were cloudy.

The fragrances using 20 mM NaPB solvent were tested by concentration and all mixtures
were fransparent. (C, D) Comparison of mixtures measuring singlet oxygen (SO) before and
after mixing fragrances. From left to right, mixing fragrances with the final 0.1%, 0.05%, and
0.01%. (E, F) Comparison of mixtures measuring superoxide anion (SA) before and after
mixing fragrances From left to right, mixing fragrances with the final 0.1%, 0.05%, and 0.01%.

Fig 1. Comparison of turbidity of mixture before and after addition of fragrance by
solvent and comparison of turbidity of mixture using 20mM NaPB as a solvent by

fragrance concentration.
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A= dZeici

A T3z (33stdx); d: path length; € ;i molar
absorption (extinction) coefficient; Cii =%

(mol/L)

-
L= T

—

1. ROS assay®llM ¥& T Mot A7

.Q.I]“ EH\II I:II h:E NK’l

Fekg FERE & HA AtoA  ethanol,
acetone, 20mM NaPB A 7}#A] &0 2% Fukeo
9191} ethanol¥} acetoned E3E Yo|A =
o] i3t LaEst wol Aelstett (Fig 1). 20 mM
NaPB & ethanold} acetone2} ©g £0HE7} o}
o] §WME AREslo] oy FEo FrE Edfcte] &
BEst FORAE AFWAA MSS Mot FuE
gelstelon (Fig 1), AFH oz Fa Frio] At
ol 8] 271S 20mM NaPBS} 82 0.1%%t},

2. B NEHOIN Ba2 3= B

7 AldEdol ek 2t Al By Ayt Table
3. o] y4stdirt. 3T8 NRU PT assay®| A% &
4 9]A]  (probable phototoxicity) oY kA
(phototoxicity) &4 2% =4 7}=A (phototoxic
potential)o] Qlthil #ASGITE o] WA7|EOo R HE

o7 H235192 1 3T3 NRU PT assayoA] L=
A 7 e FERE 22F0I8lth E3F ROS assay
oA 1059 Fd=7F FEES Hth MEC 74 Al
oA 18F9 Fm7t FRES 7ol Sle o=
Y = Sl

ZF AR F=4 7hs B BleS Has e,
B54 7 BAo] e+ HlEE 3T3 NRU PT
assay (57.9%), MECZ% A& (47.4%), ROS assay
(26.3%) =o| it
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Table 3. Results of evaluation of phototoxicity by
testing methods

313 NRU ROS
PT assay' assay?

Test substances

3
(fragrances)* MEC

+
'

fragrance
fragrance
fragrance
fragrance
fragrance
fragrance
fragrance
fragrance
fragrance 9 - - -
fragrance 10 - - +
fragrance 11
fragrance 12
fragrance 13
fragrance 14
fragrance 15
fragrance 16
fragrance 17
fragrance 18
fragrance 19
fragrance 20
fragrance 21
fragrance 22
fragrance 23 + - +
fragrance 24 + - -
fragrance 25 - - -
fragrance 26 - - -
fragrance 27 - - -
fragrance 28 - - -
fragrance 29 - + +
fragrance 30 - - +
fragrance 31 - + +
fragrance 32 + - +

+

+

+

O N O~ 0 A WN

+ o+ o+ o+ o+ o+ o+ o+ o+ o+
'

fragrance 33 - +
fragrance 34 - -
fragrance 35 - +
fragrance 36 - - -
fragrance 37
fragrance 38
Chlorpromazine
Vehicle(using solvent
for each test method)

The evaluation rate of
the phototoxic 57.9% 26.3% 47 4%
potential of chemicals

! “phototoxicity” or “probable phototoxicity”:

phototoxicity: -.

in case of photoreaction: +,

photoreaction: -.

35 MEC measurement is greater than 1000: +, MEC
measurement is less than 1000: -.

4 Al fragrances in this study were complex compounds,
not a single compound.

+ o+ o+
'
1

+, "no

2 in case of no
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Table 4. Comparison of coincidence rates between
test methods and result association with  MEC
measurement tests'?

33 NRU PT poc oy me MEC _ coincidence
assay nt test rate (%)
+ + + 5.3% (2/38)
+ + - 7.9% (3/38)
+ - + 23.7% (9/38)
- + + 10.5% (4/38)
- - - 21.1% (8/38)
- - + 7.9% (3/38)
- + - 2.6% (1/38)
+ - - 18.4% (7/38)
- . - 23.7% (9/38)
- - 42.1% (16/38)
+ . + 29% (11/38)
+ + 15.8% (6/38)

' in case of phototoxic potential: +, in case of no

phototoxic potential: -.
when calculating the coincidence rate between
two test methods, the remaining one is marked -

2
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glola| H ottt MECEA A& Zto] 1000 M 'em™

vto|HA 3T3 NRU PT assay® 2A4¢ A=
93.7%S 1, ROS assay® 249l Ao 492 199t}
g, MEC Al@to] 1000 M'em™ o]AFo]H Al 3T3
NRU PT assay® I=A] 7154 A= ALE 28.95%
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E%ﬂ

= orroi®
ox
m{o

E 9

A in vitro FEA A Y
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