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HejE BAEE BEH BAN vPSHBAS WKL in viro AAHRELS o83

™ -
F=JAEH(Reconstructed human Epidermis Phototoxicity Test, RhE PT)o|t}.

£ AAHS AA o FY] 25 outermost layer)Ql 3 (epidermis)2] AJeFsra & AF2]aH4]
542 W fAlSHA BHsto] At/det Ao R E(RIE)S] BAIR(in vitro) AIFAIE 715 =
shH MTT 24902 SR1H AlZAEE8-S S°3%(0D) E+= HPLC/UPLC-spectrophotometry =

AFoA o= AdEE AlREES 95, & T 7|8 AJT(epithelia)o]] =440 2

3 F R Ho] k2HH BAWGn vivo)old B=EE 422 & oW ‘In vitro
ﬁ]l,d_x}%/\]@: AR RS o]g3t AIFH(OECD TG439) 9 71&d AFEZLY & ¢
MEAEE ST In vitro 3T3 NRU FSAAEH(OECD TG432) o 71ed HEEXAL
(irradiation) S ZgF6ko] ARgsiT)

2 AE ARShe AAAE Zlel=Eklo AXE sH 282 ARESHo] 71EE sHkE
US3fok ofaL, 7el=eRIolA AXelaL e dH 8 BFE TEAY I A3t wadh 2=
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> A1)

FiF4E A (photoreactive chemicals)o| THo] 4 &% & A% (environmental
light)ol] B:EHEEW ks SA4E9ESE F5HCA= photo1rr1tat1on)0]?4-1 3ith RhE
PTolA =732 RhE Z2A0f| AIFEES =E3AX] F AlE54do] gl 4o JIFEH S A

=g *W g AgEYFel 91 vt Hlwste] Bk,

50| M BahEjoRE 339 QA RRARKD) 24 ofe] $EO) APRYL FhHoE
285h3 EEANFEANA] 18~2441F 5 vleFste] AAZAS EAZ F FEAE 314
oFe I8 UG B2 1F AZAESC) AT 44 Bt BS4S AR

D AP YW DAy

THRSASL FESE 3 AKlight quanta) S-S TR E st2E AJY A TUV-VIS Absorption
Spectra®] et OECD TG101,00 w2t A[d=E2 AL(UV)/7HH(vis) F5 LHE-S
slolslojof gt} B E3gAK(molar extinction/absorption coefficient, MEC)7F 1000 L mol ™ cm™
nRkel 242 BHEE 4o 7hs/do] WouE FuAd AlRo] BARSHA o2 4 Utk
2 A7t ]‘:E}O]«] AE&7Fs
9] Agol ojgfE o gloH, SekEdit
718F B2 FRsA, L ET,

o ZAsHoF .

o}
L o
AEE e 9 249 27] A2 BFS FRA A A= Eo] FRASEAY 23



A F= ZHAA = ojof sttt A|PEZo] UVE &5t UV HEQF 22
g5k stEE AIFERY Y AH A vt 10%S 284 oF " duby
o7 {Fa3 AEE op7] YolAe A st AFEE FxolA I 7T AlE
ANE FHT ¢ J=F 3~57] s F 719 BHEKreplicate)e Al@dt= AO|

+ 584 NIEE: £S5 (ultra-pure water) Ex= &E89(of: DPBS = HEY =7
1A 92 HBSS)L.&2 ARt AR ElE A5-8oll= FRAF oA 7H4do]
YojuA] AT E child & 9 FE B gt E= vE 59 pH A[A[eho]

A8 ARBY WIE B Vg AU 2AUV B4 LOBA RhE 2Ho AHS
Kol F9 UME 09 Bl AT, 3} 0ol SAD} HE ABEAS
A9 &2 oRe Ex oMELIN 0 TPAGL v ST & Urk

2 8U12 AgSlE A9 Sul9) ST At SEY AL 95 AHE SR
AT 54T RS Do, AR gL XA ke 52014 881 57] Sie
ek £Y, 293 WEE A8Y 2L /Hesk 59 o] A8E 4 Ut

2) MTT 7H4
Aolgl olgmEpdo] A|Fe 235l A 2AE= WIRME(MTT B49)o] tist
1HE49 7MdS B71 S Witk AREES] MTT 2470 izt 2+ 7ksde
A% MIT S9EZ 9 g4 249 14" deto] 71&H A} o] My
AE&S HARH59~66T = X)),

>~

_

O
¢

3) S EHSANED) B PIREAPC)
2 WA (run)olA FA0] Agstelop g,

© iR 2ErE8Ad 22 &) Be AVISREE 22 &) W/ ks VIE AlEEE

© FdYRTE 2ES(E= DPBS ¥ HsgErh ZIER] 2 HBSS)Ol FHF: B:
01~0.02%7F H=E a5t S22 X 20X (chlorpromazine)°] FHHEL. 8L USS
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25d SSUMAEYQAMIRERES 0|38 54 M) 710|=2k!

Y= S 854

oin

Sfat A9 Sgol P4 FREnRMIY 8o vhg B/1E 96 1Y BEE AU 4
9Ict.

4.2 ZAKIrradiation) =71

1) 3
A3t U@ ATHFE 24P € ZEHY A8 F=4 AFAA S8% 84
ol QI 7hsdt BYZ HA HFF AHER(290~700 nm)= HES = Slojof
Sttt AlZEAT I=H%= UVBE FSHAZIWA in vive F=4d BR B+
UVAS} 7Pt Fbr717] S16l BEIE ARSSio] AHERS 244% 4= JHFRS 2 3X).
ATHYE RAVIE PGS Efctkes A2 vEARt A5 BHUoE 715ttt B
JATEFG A= et 49 UVBE W&oty UVB 32 I 7|=s ZE7}
F2Eo] Qlojof RS 2). HE AR JATHGT AV 28 A
(spectral irradiance)x= ©°F2] ¥JI FAMSoF St ANEujtE EtAg 7|7t
UV QFgeHA(stabilizen)E TRt 7| whizoll &= iﬂ—IE‘j’é% ARl ARE
He A 543 7Y EAEH 9NE &6 = ofoF gt

4.3 ANEx}
1) 22 <3Ktissue conditioning)
RhE 2241Z 85I 2E 7|E FAEFY 7248 Aasth B AFHolA well B
0.9 mL HjA|7} E°] U= 6-well EFIER XAZ ot Zd
(37 £ 1€, 5 £ 1% COz 90 + 10% RH) ®iF7]oll A 608zt ot e
SEERE B2t 7 sHAIRE HiAl = A 60e] AU wA|sfoF St
F4 6049 HuF & 6-well EF0IES] 242 vig7|oA AW 224 ol HiZ
37CE 7kSE Al B2 nARE & Hig 220 AREES A8l AIEEE
HIE 85| g2 Ae, AlEEd A8 A7 wig7Iel &
Ae sl A 3\—74% Agst=], & M= ARRC] AldEET &
A= g7l ARgSt, T 7ile AIEEE A8 E BRA £ B4 oEE Bk

8] ArggiTt
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2) AEEA AHE

RhE 2o AIHELE 4 HE3th 2&F T 584 S58H Bogt Al
E29] A9 894 50 uLE RhE ZZo =4 Z&st1 7MEA Hi=y|, a3t 4%
e 32 olE HAEE 3l = FARE FHIE ARSRITE Q) Bfig Al
49 4% 89 25 uLE RhE 2o =4 HEstal 127 m=t], 233 3¢
et 3 = oAEE e ARSIt 2% 9o 124 HFEE= Fo| 8olohA]
ATHH AT YUE HH(GE FH)E FHQ B =72 XZo] F4%0=2 A}%
ok o= Qlty. mRo] =0l Z = Q= 89 AS AP 852 89

542 W3 AgEolol Bt o, o Ei olE : 2elE 0 E
(4:1)o] 83N A8 AL 20~25 WLE WA Polof sher, oluT B gL

e
)

AEE4S g0 & 97| olch
BAS At F 2L WPlo] Y HE RO SHRU(18~24417D) Ft
uforete

(o)
o2 g &5894(: DPBS = HEH=rt EetEo] QA ¥ HBSS) 0.9 mLE
& 6-well E2Y0lE = ¢45894 0.3 mLE AE 24-well EYolEE XA

3) ZAKIrradiation) &4

BRA IFHImO AFHGFE 6 J/em® B8 sl 2004 6087t 1.7

Ee 1 ADE R d2 ZYo|Ec] AR FYo] B=gt IS AJAksto
EY°lE H7 offo E=0] A7l A% W& ARMEste] SHolEE AR
BERARE A 22 1512 EFo|Ex A200x WE At A Far(a]l: HhA b
7]
P

rr mz%

G2AL o= 22T} 5% L& ko] T Ao| b BF H8o] UYUE w47}
AEEITHE FRAF B W A Ao o]& RAAYHA A|AToF Fict.

BzAY dEEH 7 DPBS without Ca™ & Mg (CMF-DPBS)7} & Alasog
7t 2% AAESY 24 #9442 ARFOE AASH] {8 oF 2039
AlFo] dgsitt. 220 A dHHS AAc=t] FP= A= TAR 7S5k
FFHIA] EZFA|AoF gtk ATt BE x2S 7kt 0.9 mLY A Bix7F &

(6]



BERA B 1S Apdsh] A 220 AEH dHAS A Aok gt Al
18~24A17t9] =% 717 B2t RhE RZX 08 IFsh= AIFHEEL FXA
UiFolA =SR2 ol§ 7Fs(bioavailable)sttt. UVA/7IAREAC] keEstAY Y
sz A AFEAS AASH] st AlA BiA|(ell: CMF-DPBS)oll A4l Eet Ha=
AR 5= Qlth FRAF A AEEH AIEEEE AlASks B olfE AlRE A
AAIsfoF ghet,

7F &2 SBRAL B9 EA8=dE(reactive phototoxic species)©]
s 2R Y5 7Y 7R RAANEZA] AlFEES GA717]0] SERE

AZEE BRI FRA & BEEdRAA 222 SERHN18~2441%Y) HigRIT

4) MTT AlZA3EE& Ag
RFHGRANA 18~24A17F Bt 23] JINEE 6-well EH0|EoA AW of
AME HIYZ Fd AZX = o] BREE Hol 718 AAst s &
24-well MTT Z9°|EY] o7 well2 X1t} 37CE 7F=E 1 mg/mL MTT &%
ghdlo] B2 24-well ZHO|EQ] Y wello] FS o]&slo] 300 ul® EErt
24-well SHOIEE IF viYRHNA 3AIRE Bt st

MTT o]l EUH QANEE 24-well ZFo|EANA 7AW ThZ AANE vHiES HH
AZ Ee F0| BZE Zo] &7|8 AASY =i 22 MEE 24-well MTT
EACIEY G wellz &3t o]AZRTE(FE 89 2 mLe ¥
24-well EYCIEE Lo E ol8)stal A4 FHa 247
WH7)E o]gsto] REHA E£50] ZEREE &R E OE ¥

o
¢ FEohe Ax 7hsdith flo AYttdiE EYolEE 98 & ESA ¥

rS o

flo

F3o] B 24 ANES wellolA] So] 223 52 42 AMET U welle]



TRt AY 220 i8S $01(20 AlolAl FAMRE ARE) 5 &90] JINEE AW
welld] SR LS gt & 89| #Ysid w74 mulos & &AL 4
33] flotiZ Hmulgsto] Sotsf ot 2k 24 HE F= 892 200 LA 236t
S 29l 96-well flat bottom microtiter ZH|0|E0] mBlog A Frf. Eo=
o|AZEWE 200 uLE blank wello] ¥+

96-well EF°|ES] FFE=(0OD)= 540~595 nm IPFO|A microtiter-plate £33
FEAE AREote] EHok=d], Hd + 30 nm "E HIE miAoA 570 nm IHEES
A&ske Aol Foh AE HE(reference filter) W52 BRSHA| ¢tk & & W
o7 IR &5 AME9 FYLE HPLC/UPLC-spectrophotometry® g3sh
& Sl

oN

iy

ok

Zt AEEEE 349 OD 2 8RN EZAEE 100%2 2%) e AZAEE%)S
Axtshetl AR&-Eth. HPLC/UPLC-spectrophotometryE AR&RE 73-¢- 2] AlZAPEE(%)>
SYg SHE ARESE SRS d R T)ONA B MTT Z20kzt 13 W2 dijy] AJEEA
w2E AolglE A oA AL MTT ZEupt 13 WA 9] H|[&(%)E AT

FRA DFMY 74 AldEd B FHEE AR 22+ A AZPEE(Es
2t tiH] %) sigohs Sullti2a (g2 A2l 22(+r) 2] Batdt H|wste] ALt
TR R, FRARE A 82 I 4 AldEd Be Pz A9 22(-Irm2] A4
AZAYEE(Ee 2] NEZAAEE%) 3Fshe Sritiz(EdEw) A2l 22(-Irm)2]
Wt} Blaste] ALt H22o] NE AEZBEE()S Fatotol 449 +rdt -Iir = ¥
W o

23 AlZAEE)S R 342 et Eh

7} /\]fﬂ%;d = ok}auﬂg\_g ﬂa E;(]g] WA OD
.JZ__I— A j_L_/K % = ! = = OO - = S «
" I EE0 SR /guld =29 WA OD 100



SIEE S =Y SEUNAZEQUNLRZES 0183 Z=d AlRY) 710|=2t2

- O™

A HEZ 0] Pt EA = MTTO thet skekd

2 HRS(A WS ST Bt ohe o]
AL BAAZVIE DS TS 1Hstel AEBELS BE ZH5H Gk ol B 54
Ag=do] AHe Bol 20N S5 AARA ALY A@Ede] Eulo] BEHAL 1
Witk A@E el MITOl A4 AGSHALKE: MTT S94), 92 Mg gAY, 27
Helzgol s A kel APEA) AEAES S4 A9 ARHE A&t 2] 99
27149l hx7e Agotolor Frh5o~66e H2). AFA MIT 2e @ 44 Aotz
QI 7P HASHE o] oet AR AL HR-QhS 9 RAle] e ORCD % Alge]

AHA MTT FUAS A¥ebr] 98] 2 A2 H1 558 Az 293 MTT S0
T3 MIT E3olo] B4 £ 4802 Wate g AREge Jgdos

N2 AFEE RhE 24 o83t 371491 7|5 o] s=3¥=]ojo} gltt. o]zt
7t 715 AL o] gARAGTRS 717 APEE 2FE o]€ok=t, o] RAA R Aol
243 FARGE A 02 AFEADS S50t "ok HA 2719 S22 27 BHEL(ERARETS
HZARE ZF §F 7)o MTT S B71e AEdE 244 21 5= 283 thg, HI50ld
MTT SSINSMTT)S B7Fsl7] Yol AA Al@ERE Zgeich. MIT Aol =2d Aolgle=
ZA oA D& AEAPZE (%) LS MTT SAlf & F2 X2 oA AL H[E0|
MTT g wiA AA 24 AZEES Alboksdl, ERFEE AldH SAlo #3934
Bt 2 (S NED) T vl ote] AABITHBNSMTT).

MTT Al@& 7oA 7Hdste] 5 S35 (0D)E ST F g= 4 AEE2 9] 4 MTT

2k%). HPLC/UPLC-spectrophotometry= MTT EZE20}RRS Asl7] Aoj| AFELZEE
MTT Z20pEE 228 4= A st HPLC/UPLC-spectrophotometrys= MTT Z2upzh
=4S Yol ZE 79 AIEEARA, T, MTT A, vjgdAel A-gE & Qi
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19
MO

4.6 3%
2 AgHe 2Adon sl A AL X 19] ANE 6714 Hdw 24L euted
Bgsto] 7144 SULE PS50} Bk AN 2L o] go] KA BAL 7|EF Pt

3|
4
ACERELES T

=l 35 1 19 71sH A} e A 7Ieo] A8tk AAste] SRt
in vivo X in vitro GI°|87} Q= o2 BA(): FrED)E AT ¢ ok AAE A oE
SHUE BUS A3 49 B o9t Slolof ditt
1) AEﬂE =|x|1
Lol B54 99
Sz B3 CAS RN | In vivd* &4’ A
it = 11 VIV(
&4 % w/v Ex= % v/v]
Hd=d =2
1| Chlorpromazine 50-53-3 PT = 0.003% - 0.01%
Ol
2| Anthracene 120-12-7 PT (EtOHY 0.01% - 0.03%
3| Bergamot il 8007-75-8 PT 9%5 0.0316% - 3.16%
H =4 =2
. = AlRE E0sETHK|
4 | Sodium dodecy! sulphate 151-21-3 NPT = Hl Z=(1%)
) INEEERESIESES/N
_A0— o> S
5| Octyl salicylate 118-60-5 NPT Lot Hl Z=A(10%)
) . . Y = AEE 2ISETHK
6 | 4—-Aminobenzoic acid(PABA) 150-13-0 NPT ot Hl Z=A4(10%)

Note: ' $H= EAL APAAST 54 Ao ARgE E29] U¥(subset)olH th22] 7|20
oAt A= (1) AAZCE ol 7Fsd A, (ii) B=4 FTFY AA HLI(F] B=485
ARt BEA7ANE VER A, (i) & B sl E 7HE A, (v) A5l ARSE Bleh
7]'s(chemical functionality)& UErd A, (v) t9 Al AFAoA A 7153

in vitro BIE AT A, (vi) in vitrod| A SHIEA &2 A, (vi) FAHT 4 ZETY
(©l: B2A ERY Be S5 7oy =gt 57] vl8o] gl A, (vii) A7 S4]

gt 2y 9 Z2EF AlFEAR] £30] S A.

2 PT—Phototoxic, NPT—Non-Phototoxic(note: in vivo 5= 3T3 NRU PT test(OECD
TG432)9] AZAToIA =&=%eH, sid B7F=(endpoint)oll Hsl AZH in vivo
Algro] gi7] wizol thEE /dTloleo] FARM.



SIEE S =Y SEUNAZEQUNLRZES 0183 Z=d AlRY) 710|=2t2

oin

> guje APASATe} 5
4 EtOH —ofle+&(Ethanol)
> QA A=

¢ YA WY WEHS

ol
b

AFE 7IHte = A Qb

| G5k wrom@ E3] o]2j3t o] ujEo] AYHOoF o]g
U(Bergamot oil)& AR
EF9] UVASH UVB FeIA 4

© BTHEA) B PHHEZOR ATt A W 24 7ho] AhA AmAEL Hol
20%% 2T Qolof 3.

© WS S g AEE SRR EDY AEYELS X 20 ANE A
) ol glofok gt

E 2) 2 M7I0[=2tlo) ZatE MTT Aol 0i(F, S4) == OD 2zt 2% Eel

oIy sttt oI MBI
EpiDerm’ (EPI-200) 0.8 2.8

© FRAFAJEOIA AEE Bt RHEA RS MEREES FRALE oFA] YAl AlHE
Bt RS tiE D Blaste] 80% od(=)olofok gt ofefdt iR Al Zof Ip=gh
WAL YA (radiation sensitivity)©] 22 Hoj&

- PYRETLS PYIE Bt vietol Feh
BB A5 Wl AGEE 7 AFRY A2 I8L ol 71ES FEdor Tk

© BRARE A w2 AlEEE AY 229 ARAEES Hd dF 5= 10%[E=
AE=AoZ HY 57k ARl 39 25883 (maximum tolerated dose)]olA]

FEH vg=EA diSel B 7R vhE &3] Eotof kel MEABEE ) 35%).

10
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A3} oA 9 oz 2

SBEALAHIONA A2t sht olde] Alfse] AT MEAPEEC] B2 RABHA gl A2 gt
Y =9 AA AEZBEET Hwst] 30% oH>) Eole 222 B35H(Ee B=4

70l A= ALE dEHTh
SFEAL AFHOA ARt BE AlEEo] A AlRAES0] B2 AP il ATt 5
SEo A AZAYEE&T Hlste] 30% o (>) Eo1EA B2 EEL F=Y(E= B=4

7].1_—_.}\‘1)01 O:L‘:_ 74_9_; q]é&ﬂ]:]-
HE %7t F=40] fle AR d&H, A st w2t FAF Fhcut-of)el 5%
ojsto|H(EE o]AY), HHEH(replicate)olA] IS Aip} EYx
18 (run)E $=3dfjo} 3ith. T o] BHEAY At Edx]6=

o o2 L gl
S=3g5fof git}. oj#gt B¢ F=A 7170l ATt FEAdo] UEhd AR didE= s MR

ﬂ!

+ AR B4 [UPAC E= CAS 1, CAS %, SMILES T+ InChl &, F24], &%,
Bru0] 5154 ARG5S 22717]) S9] el AdAyH

© TR B, UVCB ¥ BUE: 715t B S8k AR(9le) e 228 53 ekl
=4, TAARY] AA e 2 B Bejsjela B4

1
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AME RAE BE W EZEZ(IE6t0 439 24 £

12

AHEE RhE ZE(dfz] HE 23
SRS TS ARgEH EF RhE Zdo gt BE &4 AR o] JaE 2F
WIAHFEAE TEASEA, B TQC EdF B9 FHIE AlFsoF st oo
AEE Z3ejof Sk, ol ITtEAE k).
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s
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=
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HAaol

© S| FEA)) B A, MIT 220kt ggsiol ARSH s 9 wiE sfAQk=

%), 44019 24449 W9, MTT E2okdt Asio] AMgH W] d

* HPLC/UPLC-spectrophotometry?] ZZA4d0] tist A9t 49
© FE-2AF A

© AREE B AF A

© I 3 SAA(radiometer)®] AEARE 7

© BYY EE E¥EARE(spectral irradiance) ¥ E4

© AMgE ZE WE 9 &5 54

* BAM(radiometer)?] E4 9 EAo| tist A

© AIEARE B 71 AT

© 999 AgNA mW/em’E E713 UVA R&=

© A E9 TI%E

* J/em’® H71%F UVA F3HRE X AIZD

© FRAL B AR HiRE € olet FAlo FREE WS ARt AR HigEe] 2%
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Ho

AHIH

. X‘%M MTT 24| “‘/ = ‘:‘EW AFED AHE HRd EA (G F9)

© APEE 9 dE2I6Etks B9 FA, SEA)HETNSMIT, NSCliving) H= ARG
Z2] HHEHreplicate)?] 7H—r

* A& RhE ZE2 71HLE HEH AR71E/dS2 ol gt A9

HREAIE(run) & A A4F7TE
© UL SE D HEEY 24 WHEL 7 HEY AFVIE
© S dEE OD #9) 7=
B R G2 22 vEl] S 2AY
AY7E

© FHEEY A7

_;
lo
=)
ﬁ

Sz AEZAEE

(4N

2

* OD Ha= MTIT Z2upzt 13 WA, AEYEL(%), Bt 23] AZBEE%), 23] 7 2l0] &
7+ N HEAY BREAE(run)d YHE(replicate)?] £4%E dlolE9] T3

© fgctke A MIT 94 9/E= T8 E4 AHE R+ 230D Ee= MTT
Z2opt g3 83, ¥NSMTT, %NSCliving, EAH F Az AZYZL)

© AR HEA ™ (run) D AT Q171EY} THst] AIFEA ¢ tixy BAE A2 Fdt

© EEE Ve 99l i d%
© ARSE SR Ee 2Y7|ES Falste] AETt sl e
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‘iPé% S 354 SSUMAFYQAMIRRES 0|88 F5E M) 710|=2k

|_11 HOIZ(OECD TG498)

MHQ] =AM olFIEDHUS 0|25t =M A|SH

In vitro Phototoxicity: Reconstructed Human Epidermis Phtotoxicity test method

A&

1. F54CEAE: photoirritation) IAQ] =14 Ei= Z4lof| A-8H FHHg/dEH (photoreactive
chemicals)?] A (environmental light)o]] &= HA | ‘-:}5]% S4=4g8solt. IErt
[e]

ol

o T

F=5/dE4 (phototoxic chemicals)oll =52 B¢ F=4 92 FHSAH=E %t
FEYFLE o] F7HARl Wl o] osf UEh 2 AW BR] WY WA §R-S
J2d, & =

(o) e} < 0Ol w o
FUAT 4 U BASA

) .

= BARRBAL TRA gt

2. & Al@7tol=2I(Test Guideline, TG} F5A9] A A% B713E, E3] FEA=Hol
it m5O] A o] thef) tHELt. [n vitro AAITREEZ o83t F=JAH M (reconstructed
human epidermis phototoxicity test, RhE PT) QA1 F-E goj| /‘] =238 24 A8st &

ATHFFY 7ol e g Ad=2Y F=4 2 7S AEsh] fs AR
(VSEFB A= 37~38T2 A=), F=4 7 7742 AFHIFEol /= et vlwsto
L%EHOJE}O] W2 4 A= E2E AEZAYEE LA dagR BURIT 2 AJFA
o2 BAEE AldEE2 UR, & T 7IE A (epithelia)of] F4202 #8351 & 97

8o k2= BAU(n vivo)elM F=4E 4224+ St

Jlm

)

[©)

3. 2 Ag7lo| =gl QAo Y] S H outermost layer) HI|(epidermis)2] AsFers 2
et B4 w9 FASHA Bsto] ARt QIR EE(RKE)S] ARl (in vitro) A-AE
7I9ko 2 St RhE A|@AE 29l 222 (histology) @ AET4(cytoarchitecture) 7H
#y 2EZ AEsH] A AARHY A E(keratinocyte)E NZHOE ARGRTE 2
AAHL “In vitro ﬂlﬂi—XP:L/\]ai AUA| T FE L2 o]t AIFHE(OECD TG439)(1) el 71&H
NEEZO] & 9 NEAEE ST ‘In vitro 3T3 NRU ZSAAAIEHOECD TG432)(2) ©
7led EELANirradiation) WS £346t0] ARGRITE 2 Ald7Io|=ERIA = FERAF AIZE

14



. HAYZ(OECD TG498)

39U EAT=4S(reactive phototoxic species)? AES e & e 22T YHo
7V 7R BENZTA] APEEE S 7]7]0] &I AR EHSE] Q8 TG4399) 7|&sS
LEAED EA o 71 A7ES o]-83it)

4. ARl P52 YT 86.7% E 5ol 93.3%(Phase I, 37} AdANA & 105
AFEES & 9 ARDE B7hEEd, ol 1999¢e] EiE 7] AIEHME o]&Rt
AMASEIAGE 228 E JAEEAEB)DG)0)(7)8)9)10)°l Het AH7Had hoc
evaluation)& TAE gt o3t Ho|E= 19999 COLIPA F=/d A1 (task-force)ol A
S/M=Qitt. COLIPA B=4 AHI1F2 3xFY RhE mREEdo] AFdE49 AAlol&E
(bioavailability)& OHF+= 582 T 2 4 vl 22U 24 =49 d&3kol

BAAZS Y= A9, & AEHE 3T3 NRU PTY EE Algog X3tsto] ARgsictd Hrsh
g d3E =59 5 ok £ 3 }OJ RhE o7 24 AP F54 FI5(phototoxic
potency)°] tiet H71E =& & Q= A& HrFEch 2003E5E 2006971A] 3% =4
FFsol tigh $4A7= ECVAMY] A9S Hotek(12).

5. A5} OECD =4 7tol=gkolo] 7Here 2 Usl7] Y8 OECD F=A AE/FI1EL 331y
O]Xﬂﬂ—rl'i‘“(RhE)*o— ol-&3h= in vitro §73 F=/ B7F e dSHo| ditt AdES AT
Aot 716 239 AH7RE At 73 AECIA EpiDerm” mEEERE B7HE 6074
oY A=A HolEHo]AF SHSIT. F HolHAEE ARIES AN e HEY

L0 Eo|wo} NizEE BALY|(4), o= o] W% Zro| &1 AkR qﬁs_ AR P PAPAC o)
S 7] wiEelti(10). 7] ARFTAF olFe] 3 tE A= FL SOPE
AESIGAT BAH AFATEA 98 AL ot

6. & Ald7to|=alof] ARGE gofof] iet Hole = 1014 A5t

ol Aoz HuEri13)(14)(15)16). ol =29
oA & oUAE F5 o SUths Aot 3RS
S35 FFAHlight quanta) S5 ZQRE 3ty I8E=E A|Y Aof "TUV-VIS Absorption
Spectra®l Hgk OECD TG101,° weh Al@E4 2] UV/7HIBA &5 A8ERS AAstoof

l‘_>d

%r;'
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SIEE S =Y SEUNAZEQUNLRZES 0183 Z=d AlRY) 710|=2t2

[

3tH17). & E87A%(molar extinction/absorption coefficient, MEC)7} 1000 L mol™? em™
] gho] 222 wuke-S 9]0 7 FlsAo] UrK18)(19). o]t BEAL FEA v 3lo]s}]
in vitro RhE PT E= 7|8} BESHY A|HE B3 F7HAH0] B 85| 92 4= ITH3)(20).
Ao g o]gt YA B AlFEE AEEHAT St AR B AAARI e
off wet o FAAQ1 7te|eglRle] AEE 4= Utk RhE PT Al ©= AP AREE
o FAHA 7tol=2kl(9): ICH S10 for pharmaceuticals)ol] W& =4 & E£29]
A AdAgozE AMGE & Qlnh & Alg7Io|=RIolA “Al@EA (test chemical)
/\]@oﬂ A EE 282 XA A8l AREH =4 u]/EF—— Sd=9] AR
o] A&7 s/

B rﬁd %

ot A N rL
3?2

o M o
rir
ﬁ >
rlr

i)
i

)
=
=
3
=
—

T
r
r
o)
EQ
luk
ek
=
N
2,
S
S
S,
e
r}g‘
ol
e
2,
R
ol
=
5
es
]
—~
1o

O

o
iy o
P
ool
(0 ox
e g
>
4 4
N
= olr
—
ro, i
= o
N T
i
i, >
D
X,
OE _12
or L
oE rlol
o
=2 oo
|
TR
ool
ol
N
9
)
Mo
o
i)
)
(i3
rO
oX,
o ok

l
)
ot
ol
an
ol
Ko
=)
9,
v
ot
>
et
1o
i)
[
N
N
|
L
)
b
o
1o
=
o
N
LU
=)
2
Rl
an
)
H
(@)
2
i)
ol
O,

8. In vitro RhE PT9 Al A(reliability) ¥ APA(relevance)> TS Aol A
B7FE ATHI)DE)G)(7)@)9)10). = A7l =zl AA1E HA; & 011113'._%18 B=Y B4
Hg=A B4 s dl AAEUS. dev 48 o s A& 54 9 530 ¥=4

U5 ] gat A WA} ojEudo) E°d°ﬂ LA © ARolsdae
shsb a9 BAAEOR Yol 4 Ui 7|E BAEL Z5] 8] AAHAE orc
@ 29

| BRA5Y, JI Ee TS 58 A 22, b 2 ARl B
Sk 7 MAUE, ARRAY e 9, EE S W A SeRedo) 354
Rs4E B SIs) BASAE St

o

9. W2 RhE 249 thakEHgo] ARHHol71 SHAIEk in vitro RRE PTE thAHEHAI} 2]
% A

EE] Za= 2D, BAHCA dARRMAZE STl st B4 SRbES HESHA Xtthe

=0,
ft
N
S

10. MTT Z2ubiot $A% shgol W F4ohe ARRAGAZ) Ex BAGE MTTS

MTT (20302 A JUY 4 Y AFELY A9 AXPEE B} A

orhe AZAEE 24 ET 4 ] :
3

ol ot S BASH ¢
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. HAYZ(OECD TG498)

E o2 giQte & MIT ZE20RS £4517] 98l HPLC/UPLC-spectrophotometry”} A2 4=

ATHGS~66H HX).

11. RhE PTE 34 A7 tiFzo] g AHERGS] UVA/7HFA 99S SE8oIAT
754 UVB =2k Y 4= Utk 22 RISIAHG)(23)24).

IZ AYA| 3ok thREe A= 718 AlFHE(2)2 Bl st

12. 771 Bt 4% shte] A4 3 ¥ A@(un)fte® FEsith I3y
HHE(replicate) R4/ 02 HE ol A7t EYA st 5 AAA 235 Yetd 3¢
T #A ¥EEAIFo] 1P Eojof ot A5 F ¥ WHEAIY At AR

Al HA 9EEAIEo] =ai=lojof gt} T WA 9 Al HA) HIEAIES T ] AHELY] s
A E= Bod FEolA 9 vkg MRS o & ERlop| ol 82 4 It EH ¢ dlsnd

shHe] ARARY F),

90 QBENFFS FAT wlok EAFA] GBS W) RhE ZHo
gtk HAOR QAT IS 7] P A shte) PR
SEOIA A hse AP ENE FRT 5 UEE 357 HEE F AL MEreplicate)e
Gt Aol Agsiet. TAH AGARe] et AF7ES ASmdold AN,

14. RhE PTOIA =4 72 7732 A=Al fle ¥l ATHTFS AR 4 AlEE2]

. o
=E% RhE 239 NZAEES] A4 d4E ATHIol 8= et vlaste] grieitt

5. AIEEAS 5] 12 FolE AN EES FAIHESE viE QAR Eu] 2N ER
F0j7l 32} RhE A9 =4 A-83it}, 32+ RhE 232 A|A AR 7| A5 (basal layer),
=Z(spinous layer), T4Z(granular layer)d} Aol 2Aol= F A AFL} ARG Al27H
A AWFE(intercellular lamellar lipid layer)S ZE3ol= 2] ZH-AS(stratum corneum)

ool Ut} wEhA RhE FA2 AA| mjFoA9] slehadle] a3 AP 0T HHsl|d

gyt ABBAS SIS 9 sleked @ EREe) WA § WA a5 cjEel]

98] AzEo] $eH1)20).

LﬂcirizloﬁH
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S 354 SSUMAFYQAMIRRES 0|88 F5E M) 710|=2k

o= o o= [

to
o

—_

6. 89oFshH, fufjof ZAH off wEo AFEZS RhE RZ0] F4Fo7g HEsl1 EF
NFZAR7 £ 1T, 5 + 1% CO, 90 + 10% RH)OIA 18~24A17F 521
EAZITh dutF o2 3~57 Fo] AlHEAY PR D et 8ot T3 RhE

jus)

]
ZAo] 24 A 8shal Wagsle] At 2 B4 5 W 229 AR 6 J/em” 9] ATEHYZ

07 FARIL(+Hrr), WHA] ARk 9lS Apgtsto] A-2of FoH-Irn)(H AR 37~38T %)
18~24A17F B9t ARE =3 B & Aao] o5 M xEnpidor Aotk AAd=R
MTT(3-[4,5 dimethylthiazol 2 yl] 2

W13 298-93-1)F XAoIA &3 H SFEE St FRAF IF(H )T FRARE kA
B2 IE(-Irp)ollA A AlxgEes WPt

5-diphenyltetrazolium bromide, thiazolyl blue(CAS

17. =73 72 7Fe/d2 E8AE F FRARE oA &2 150l tigt F2AF 15 AEAEES]

19. B AFHE F544e e 9= AFHe s AGE 4 e, 53] AFEEY S8iwrt
Ao AY F5/dZ 918 OECD TG432(2)2F OECD TG495 ROS Assay®] B7HI=(FEH,

= CDT
endpoin) 02 FEAAS BT & QIS wff AREE 4= Qok E3F 2 A[EHS OBCD TG432 9/E=
OECD TG4959} %3lsto] ©AA AlgAeoA A2 4= QITH(8)(11)(22)(29).

5510 7147 SRS Y0k ik ANE B2l ol A5aH e 71E} A%
ABE 4 gl A9 B 10] 7128 A0 FU% 44 J1ze] A8Hdrks AR 38
% in vitro FolEZt Gl THE BAL AST 4 Uk ANE A T2 SUE BAL

A8 A% B ol Slolof g,

5
E
Q
p =
5



. HAYZ(OECD TG498)

we} RhE 290] /1S 218 Wavt Qlck. ofis 2ajo] e E AARie] A HigE:
729 53] Zast Te, ABES 4FA0R Ik AFY A8l tig SAEES AT
9 olgfst NS H/|HoR T PRk vk

o,

Aol F=Y He
e 23 CAS RN In vivd® =11 [% w/v E= % v/V]
(Eu23)
=4 =23
of, — 0
1| Chlorpromazine 50-53-3 PT = 0.003 /0(4) 0.01%
OlEt=2 0.01% - 0.03%
2 | Anthracene 120-12-7 PT (EtOHY (5)(30)
.6 e ol5 0.0316% - 3.16%
3| Bergamot oil 8007-75-8 PT folel @)®)
Hl =Y 2%
AEE z2ISETK|
Hl Zt=A
4| Sodium Dodecyl Sulphate 151-21-3 NPT = |(1°0/_>'°
0,
a
NEE ZISEIA
H =AM
i —R0- o> S=o
5| Octyl salicylate 118-60-5 NPT il (10%)
@
9l g AldE zISETX|
6 | 4-Aminobenzoic acid(PABA) 150-13-0 NPT et H 2=
== (10%).(27)(30)

Note: ' 8% B2 ARAASH §4 7ol ARgH 249 I (subset)ol T2 7]&0]

%74“5 A= (1) AR o8 7R A, (ii) FEE FT AA| Hl(H] B=545E
7S e A, (i) & g9l sisiRE 71 A, (v) A5l Ak sk

715 (chemical functionality)e Wetd A, (v) 959 Aldn AN Ad 7+t

in vitro BIE AFZ A, (vi) in vitrodl|A S¥IE2A] A== A, (vii) =

(@: BAA] EH B B4 7HDolv gt #7] HlEo] §l& A, (i) AFE E2o

gt 23 9 Z2EZ AIRARe] EH] IS A



25d SSUMAEYQAMIRERES 0|38 54 M) 710|=2k!

o= o o= [

oin

355

2 PT—Phototoxic, NPT—Non-Phototoxic(note: in vivo 5= 3T3 NRU PT test(OECD
TG432)9 ASATolAM =&53%1oH, 7 B7Id=(endpoinyoll tsll HSE in vivo
AlRio] Q171 wiizoll tiFE /dTlolEof AR,

S giE APAAEATE 35 AFE Ve AL

“ EtOH—gt&(Ethanol)

> od-WNE

* FEA NSO MBS BaBof JFS wong E3) o]t o|f mio| Aoz olg
7het HIARE HEIEE 2 A(Bergamot oil)E AR AZ FARITE FASHA] 2
Bergamot oil E|F ABEZS] UVAQ} UVB JFof|A st s 7FHIK®).

A%

22 Tee BEH AFS 9% RhE AW THRL @ I gt sjgold &
Ald7el=eRle E47h= RhE 719 Ald9o] BEAYA-M(SOP)7F 018 7Hs3tH27). 2t
7€ A, gazof tist X, & FHAR} L EpiDerm E2EZE A|FSH 40 gt
AT JRE E2 EESAAXNIA(SOP)= 20179 EHEFCH10). & AlF7tol==els
223l RHE 714 A1He] SOPE ABAOM £ ABUS 28 2 B85 ) Aol dh

[®)

o

-

EIX0| A7 E4 75(General Test System Characterisation)

23. A5z A (epithelium)& ZH-TL’“(reconstruct)’ff}ﬂ AaliMe AA ZEAMZ7} ARg-E]ojof Jitt.
05-9] AoRQle AHAIE(CTIAS, #=5, HHE3)7t Al 7152 Sh=(functional) 285 ofHiol
EAsfoF dtt. 2SS AlREAGE 7 713‘%§(benchmark chemicals)(AHE A2

sodium dodecyl sulphate(SDS)} Triton®-X-1000] AH7|5-S A|Fst=d] F& A+EH)9]
HE JEE AY & U= A1%Hrobustness) 71524 S AAksl7] f1gt DS X gwo]

Hohe oh59] -o{oF it} RhE 2212 Hig|2jo}, vlolgis, Al Bl 35350]o] 2= gotof

ok
.Jl

20



1. HSZ(OECD TGA98)
JI15&91 ZXZi(Functional conditions)

WEEZ(Viability)

24. AlZAYEE g8lolli= MTT AldRo] ARGETK31). RhE £29] AolQls A2 A4
MTITE M MIT 220t JAER ST 5 QU o] JFES o|ATETHEE o2t FAR
Bl)& ARESto] 2202 HE &3 & 81 A9 S 3%(0D)= FH5] Wolof :ItHOD
(0.1). &€ MIT Z2v2 FJE(0D) 54 E& HPLC/UPLC-spectrophotometry&
ol-gsto] ot 4= JItk32). RhE B 7R E= 35dA= Z42t9] RhE 29 HiA](batch)7t
S/3tiEtol tiet Hoidl FEIE7|ES SS0M=A] FIstof gt S4dtiEw ODFG6 T
AAER] Sl 24 29 71035 E 51eF gD RhE 29 78 9D SFA4&ol] ofsh
= lom # 20 AAE o] Sk RhE B9 AREAR: SHitRTH (St 22 Aot AlEH
Q17|&S S=3=XA] ERlsfloF gt} HPLC/UPLC-spectrophotometry ARSAR= 3 20f A|A1EH
Sdt2 OD H9E M2 EAEAUNERD)S JAF7IE2 =2 ARESHoF gt

<

-

Q1Y distat QI AlSHat
EpiDerm" (EPI-200) 0.8 2.8

2 7] =(Barrier function)

25. RhE 29 7R} E= Sg9ARs 2 RhE 24 Hix)7} 71500 dieh Feixl Sdae7|eE
SE5k=A] gRlsfof Btk 7152 FaRl e2ARE A8 &, 7IEEE[: sodium dodecyl
sulphate(SDS) T+ Triton®-X-100]0] &9 AZAPZ LS 50% AAA7|E HE(Cs0)E
S5AY, AR ol T VeSS 287t T AEAEE0] 50% A4ask=t ast
LE3AIHETs0 S5t 71 4= Qlth. & Alg7tel=eielo] Z3be A[FEHY A=

E 39 A= A

(E 3) 2 Ag7o|=2tQlof| ZEHEl RhE Yo EHI[S0| it QC HiX| S5t 71E

Q1Y ofetat oIy A5tk
EpiDerm (EPI-200) ETso = 4.00 h ETso = 8.72 h

21



HHE S 54 SSUMAIEQRINIEZES 0|85 354 AlYHY) 7t0|=2e!

[

Jlm

518 £ (Morphology)
6. BEfsta] E4o] RhE Bd /I Ex Z3UA9) QC 2o} maTo] AFEE: 4
J'ﬂ RO} FARE 1RO 44E ZFAS AScH] I8l RhE Zdo] 2x]5hH n*V}

A& (Reproducibility)

27. RhE 28 7/} B= 3F3AA = A
P75 AE 5 QC =3t Ald A9 ¢
A3 FHEE AdHS AAsh] H& F=4 AIEH A

glolgHlo|AE i Ae HdTh

G 9 Y=L 2
RloF Sk RhE B ALGARE AR
R COCES IR

o S
Z o
2 g
mlm i)
i
=
rBL‘
O_u
nllo

#Z272)(Quality control)
28. RhE 2@ 72} = ZFAAo|A RhE Q] Z} |7} Aozl PARE &9} 7|5
S8 Aolqt *}*Q'QCHOF ettt AlZAEE249s), FH75(258),

29. AldEdEe Ht Al PEAE Sk TolE) Qe 4SS AQdska Ald g 2A 3ok
S} A= B B 239 37] H = J*Z/\} A AldEEo] BB AY =]
e 20 g ofof gh

30. AEETe] BB 9% 7154 97 2
Y THsT A AT B 5 YEE Suhol BT AFEY 3~57) HES AHsHE Aol
AgslrGo~71eket B, 4 %5 =

8% WhS2 Yov|EE AgEolol Bt MUY b= WY AL AT AW BELAXIA

(SOPs)ol AlF=HTH10)(27).

o
iy
b
>,
ok
il
S
(o]
H1
rir
oid
o
X
®Q,
e
BN
)
=2
X
=
]
nd
2
4
ot
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. HAYZ(OECD TG498)

31. 84 APEAL 24 (ultra-pure water) = 45-89(q): DPBS = HEH =7}
2= 0] IA] F2 HBS) L& RARE. AR E = AF-8HS FRAF IFofA] 7Hdo] dojuA]
ULE ohild A& 4 FE A2 HedE 59 pH AA2F E= BEH)o] glofof Bttt

32. A8 AFEES AVIE Ee 7IE ARt 24UV F57F RoA RhE 220 A
7Fedol dsd UlLﬂ%’r 24 3l AR, S5 22 Oﬂ/ﬂ St H2 AldEdY] B¢ &

ofghZ E= oAl

rft
o
_rg
]-o
e
rlof
el
£
=
<
<
o
S
>
l=0
O
e

g % 9ck.

33. o 8ujo] ARE-S e 4= QAT RhE A3 534, AIFE4 0] vk, ¥=4
F7sA, BEA Y A 7RsA(potential for quenching of the phototoxic effect),
Az &A EX(radical scavenging properties), /%= &1 W 49| MY 52

QLS AR E40] ARG Aol 371 ofof RITH33). TR 8HIE AMSShe 85 8ulle] Qe
AgA L] T8 Rl 98l AAE BiE AFAE S T Ae ARIHHES 3 AX).

34. A=Y "J’ﬂ*&a AR = oA ﬁﬁﬂi = %’4‘511 82 &4, i%ﬂf S/ E=

35. Aolgle AT ERE AHS £ol7| A SH== B7FRIEMTT £45)S A8t
AFEAL] 73S B71E AS BRI o]t Axks 25 XUﬂ(SOPs)‘ﬂ AA8] 71| of
Utk AIFEEY MTT 2450 gk 7+ 7ol ERlEle 4 "MIT S9Ed 4 /4
E49] 24" A4 7|eH A} Zo] ¥yPH R+ HES ﬂ%@t}

36. B2 A2 D FAHRHPCRS 2 FHEAI— (run)ollA] S AlE = ofof gt}
FHEE RS 284 24 &) B S l—ﬂ*é =4 &) 9/E= 71E
ANEEE &oflo] AHEEE Sufjo|tt. s FANRTS 2£7(%+= DPBS ¥ HE=d=rt
axgE o] UA] g HBS9)Ol FF &&= 0.01%~0.02%7F QEE L35 FR=ngny

(chlorpromazine)o|th. £HE ASZ %’41} AlE SHof| 94 E==n2npzle] &5 vk HUHE
Al 3711 BEE A & Q.
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25d SSUMAEYQAMIRERES 0|38 54 M) 710|=2k!

355

oin

BEAf X7

37. B 2Ee FACO: ST 2AP) L BE Y A2 F=A AlFolA 5837 2ol
UVA % 7HAgA o] dle BF in vivo F54 BHgT TASME BHd UVBE gutdos
=g W wRio] QIAE AlE=/go] &t 3ge] 313 nmoflA] 280 nmE HHAH AlZES
10008 S7HRITH28). 17 7Hs?t Fe2 AA B 28 EHS WE3foF ArH290~700 nm).
UVBE SRAI7|HA] UVAS 7HA18ALE FA)717] 9fs] BES ARESto] AHERS 2T 4
ATHES 2 FX). Yot 3, ARSHE 3§ 2AR, 3 AR|E: /M3 B wag A2=)7F
A @A F2EE S2e FFS ol o Hrkel: AdM FoAolx d/og 2= gt

D).

‘..

K

38. ATHYG ZAVIZ S Bk A IS 93 U0 s 7iith. EE ARt
AT A9 8 2API=(spectral irradiance)= °F2] 4333 FARHoF dttt. A=
ot (xenon arc)?t £ HE deto]t otF((doped) mercury metal halide arc) & 714
HE7F JISHSE AV R ARSEY. 2 HE dEo|E otds E2 @ WESHHEA 7HH0]
AHstth= g7lo] UARE BF8e] FAMIS Al off T Rt BE QIFEHE RAV =
49 ¥ UVBE W&EsHH UVB 3 A7 = FE7L A2tE o] Qlojof JItHES 2).
Al B FRE ST 7= UV PEeHA(stabilizen S RHFoRL Q7] Wizoll HEbhe 29EHS
AlHHoA ARG ERE AT BT S5 EtAE QIS B9l SAE oo St WHE RISt
7171 A4 B a9 AHEHO] dF A FepA7|= W R oS EHE
SRt Flofl SHEE AHEHS HE of9] YFollA HlojuA] Yolok FRK34). o] U =Tl
ot =4 #2291 D65+ ISO DIS 18909:2006014 AlFHh EpiDerm ™ &S o83t AMAAS T
& Aol ARGE FH AR JIFHGE A9 B8 A E29] A= (10)(30)(23)01141
AgEt. E3E 75 29 I9 1S IE3h

o

_
—

O]

9. A2 (dosimetry): BEEDE 2 F5A AL +957] 4 BAY 488 oy
UVAUIELS ALg3tel H7180.5 Fasfor Ttk REk A@Ho] AHgEE

ehig QAE B3 SgElolof Tk

i

40. H2F 6 J/cm’e] BHUVA FolA Z7)o] RhE 220l AlmE/do] QoA =4 vhe-2
Yo7 s St S (excite) = HRA7]7]0] S Fo= WA HUTHA)(10)(30).
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GOE el 6 J/cm*E 285171 Sfall FAZ 1= 1.7 mW/em’®] UVA/7H A0 R 2A=ICKEE 2

0% 2 FH), E T Rlog, offle] B2 B8310] 6 Jfem’ DS St T AR B
B A7 gol 488 % ek

B (J/en) = 1000

3’*2];] (m W/ )X 60

(1J=1Wsec)
& A

t(min) =

41. RhE 222 UVB RARE AE = A2H(5)(23)(24), olH H-AE=
1 JIoA w2 FF B5)ole UVB RARE EFA7|= o] AT 4= it éTﬁIEFﬂoﬂﬁ

UVB 9ol qlAl Mk 29| Wsieh @l HER A 7|3k gich

UVA WO e AEEE o AEO A st
83} ol A= SOPe] AFHt, 6 J/cmel
80% oVg(=)ololok et

-&;ur

44. 2] =SWtissue conditioning): RhE £241& 851 e 7|E /4439 7245 HATH:
et oA well B 0.9 mL #iA7F 501 U= 6-well EF0IER 2A& &1t SY°IEE
EENFEAGT + 1T, 5 + 1% COz 90 £ 10% RH) MF710] Z& 6083 £t g
S 9t 7R sAIRE HiRlE Az 60+20] At wA|sof 2t

45, 3 G0%-] HHHF 7 6-well BefolES] 2AL HiFIoIA AL 24 o] HXIS 37CE
7heg A AR AT 19 thg vl 20] B4 Agste], 134 %S B9 B4
48 WA ABIN 4ol Lok A AR 2 L 42 2GR 4 23§ A,
5 i AFEY) AR BEEA glo] BT A8)] AsHH £ s Auue) HEA

Sue + 29 A9 e
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46. 274 48 RhE 240] 2L 34 483k 245 B 584 2500 8o 8]
729 H§ 89 50 uLE RhE 2] F2 B3 /hEA MFLd, BAG B9 BFA 52
A= sRAsE @S B B o] 52 B sasE s Eb G4 JulE At
Qoo Bofet Bole] A9 Mg 8 25 WS RhE 2o F4 A3 b e,
AT A5 B 52 oI AT G AU WL o] BolebA gkl B

UAdE f4(EE FH)E 7 22 T2 A0 F4H0E AT & QUoHEAT
@’Hcapillary action)2& 22 FHZ H= I, mFo] A=0] Z 4= Q= 89 3% A
|2 ol oJet AlZ2=A4E 3T 4= = HS] oJUiE AjtEofof it} oI, oetE E=
oAl EZHE 2 SRtH(4:1)o] &fet -8 &AL 20~25 uLE FA Yook sh=d], olEth
2 892 AE=ES 4o 4 7] "ot

47. 82 AT & 222 w710l YL B wig=olA sIE(18~2441%D) 51T Hi R

(ol

48. TFS g 9589(q]: DPBS E& HEH =7t ZgtE o] °‘Xl &2 BSS) 0.9 mLE A&

6-well EY°|E = 8589 0.3 mLE A& 24-well EFY|ER ZZ& &70th. A|=ZHjoF

azjol] gt FEALR QI HE/do] ojUAY Ee NS 4 A é%(photo-products)ol
4 4 qlong disg eyt 23E0] YA G2 AF HEHY AE-S ALITH35).

49. B2k AZENYEF 6 J/em® BE 91af A20NA 6083 1.7 mW/em*(EE 1 4HE
OIE(FNE HHrE AR Fo] Hredt E2 Asle] £l A o &=l

Be WE ARgste] ZE0|ES AR I EFIES A20A Y& ARt A
TLg|(ef: BhA QB UVAS RARK: &1 593 L& 27t T Zo| £t} B4 289
UL E d37F ARSE AT F2AF s W A o] ol 2AHLHEA AAsHoF JrH(ulA]l 247
= °18). 4 well T 7R2B7C)E Al Al ¥iA] 0.9 mLE A2 6-well SF|IEE ZH[RIT.

=

50, 327} B B CMF-DES'E Selsls Adom 2 242 AaEek 24 S

B892 AUHOE AAN] 9o o 20819] AzHo] BRI £Zo] 2§ WS AAN
A A BAR 71580 BFHIAC] ZGAA Pk, BE A QNES A AL E
A BeolER §Itk. 2 20 EWS W W] BREOT ZYAYA B1S A,

L
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51. AIEE49 40| B2RARE WofistAY T A0l 2 74 B BT £4) A
G A|AsHoF gtet. Al 2754 18~24417H9]

hE 5'\—’9-23 35—3% /\]@%Q% %}5’\—/\} Ay g 5 2A YFolA
18~24A1712 TG439
=A™ (1)01] X“lﬂh i%’\]ﬂ—”i‘ﬂr dAAs] AW, FRAF B A UFOA
$d34=/dZ(reactive phototoxic species)& FHohk= ZAZT 2O 7 77k
RAA|Z7A] AAEDS S4HA7]7]00] S8R AlE BARIE UVA/Z7HAREA0 eEstAY
S 25| A AldEEE APIsl] 28l A1 Bl DPBS without Ca™ & Mg™ (CMF-DPBS))e]
T Hea AREE 5 Sl FRAL A 285 AFEES Ao BlEet olfE AIFEIA

oX
““‘ﬁ
1o
jﬁ
Lﬁ
obo -
%
O
=
=8
s
('E/
2_4
)
L
N
L >
)
>,
Eﬂl
d
i)
H—‘
N
k4
)
r o

52. BERHPRANN 24 SHRI(8~244KD) It

53. MIT AZAZE X3: 1 mg/ml MIT -894& Zxl3lo] 3702 kst 2l 29 24-well
Zjo|E9] A3t wello] TS o] 85t 300 LA With 18~24A17F vk T 2] QA ES
6-well S0 7Ml the: AME e B3 A= El FolEhSE o] 2712 AAdL
2hg 29 24-well MIT Zdo|E9] 315 well2 §Ith 24-well Zdo|ES B HieF Z7olA
3417 Bt B,

54. MTT #igo] EUd AMEZS 24-well ZFCIEANM AW tha AAE HiES Bt A=

= 0] BRZE Zo] 5715 AASIAL 2hile 221 M2 24-well MTT EHC1ES] 3T well2

a1t O|ALEISH(FE &) 2 mLE £AZ FEH 24-well EZF°IEE T8 (9. T=HEE
E

o]-&)staL A2ofA XA 2417 B3t EFo|E WRIV|E 0|85l REYA &E50] ZEWRRS
FE0T E O PHO R SRy 5ot FE5He AE 7hsottt. Yol AWe 2 EYolEE
LB o3 SEA] ol HR0A dg ATt A &9, FEHE FHop| Ao EdolE
WEF7|oA] A& 1587F E50] &0t

55. #&0] BYH 234 JMEF wellolA 7AW & 22 JAME Y] & &d2 JMEZ} UH
welloll TEFAL, 22)0] 39S £01(20 Al°IA FAMR: ARE) & &Ho] AXEZT A"
well 2 S5 AHJAMEE H7] 7Fs). & &l ¢ dsid q7HA] msloz 2%
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|5 24 33] ol E muligste] Ebsf Er. 72t 24 |8 200 uLA E3 skl
ZhiS 291 96-well flat bottom microtiter ZH|0|E0] FBIO & A Frf. EO& o|ATZL-S
200 uLE blank wello] @olEtt.

>4
mi
Gt
N
a‘ﬂx

56. 96-well ZH|°|EQ] &F%(OD)= 540~595 nm TP A microtiter-plate 23 =AE
ARgSte] TASk=H], | + 30 nm ZE WE A4 570 nm HFE ARESHE Zlo] T
2z G (reference filter) W= Q3K YUth & thE HHog T2yt 2E5E AME9)

5-4%E HPLC/UPLC-spectrophotometry® =433 4 UtH32).

MEMES

=
o] A ZAYEE(%)S AAFsk=d] A}%Q_E} PLC/ UPLC—spectrophotometry*‘% ARESE 9
2 FYUSH 8BS ARESH SR A (AR )N D= MTT Z2rpd
03 W4 o] AHEA LEH AolRls RAoA A2 MTT Z20Rdt 13 HE vHl&(%)=E

58. ZF AldEd B PR A2 22| A AZBEE(EE 2T HEl %)

sfgohe SR (B dtEw) A2l 22(+Irr)2] Bt} Hwst 74]4%4. TRI7HA =, 2}

AEEd Be U AR 239 A AZAEE(Ee g2 AZBEE%)>

sfgsle Silti2(EF 2w A= 23(-Im)2] Ho3 H]JLOF’% ArtES. dzae] AE
e

AEABEL0)S BESI] Z710] 4T} -Irr B 3 B OET ARAEE00S T, AL
thest 2ot

MTT B85E ¥ 24 55 2%

50, AB2AY ota B4 E MTTo] et S1oH4 whg (8 Ui Fue Bt ohet o]
S BA717IE S ABE 1Hstel AmAERS B S Bk ol AL 54
Agedo] Az Fal 2AoIA 25| AARA QAL AHBL]l Halo] FEIIAL
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ok A Eirkel AlE ) ARAEE 574 7S AXET BAgsl] 98 S744
Yz-zo] AMgE|ofo} S}, Al MTT 2l U §-41 Aoko QIg 1M BAgshs who]

gt ZAAEE A2 T 5/ 2 B4l tigk OECD A% AlEW #EZAA A (SOPs)E

il
4
)

AFGIRE Zlke A 112 RhE 232 0|83 37149l 715 Mol Sgsiolo} Fiet. ofefgt
27k 7% AL Aol YARATS XA Aojgl 243 SARE BA0E APELL

: 2 Ak ) HE 2H) WRAGRALY
of Hi FER A8 the, B8 MTT FLHNSMTTIS Hetst]

SEolth. I3 thy MTT SA] =EH Mol RAA G2 AZPEE(%)NA 5Lt
MTT A0 eEd £2 204 A2 H|E018 MTT < 2
Akbol=dl, B AdT SAl0 389 SuidizHSANRD T Blaste] ARt
(%NSMTT).

o)
'~>
=]
i
filo
P
v
ofo
_lO
3
oo
%
i,
M
el
e
N
lo
e
1%
:q_L
2 5
[;_E‘?lq‘
PN
j>
>.
HE,
~—
hal
rlr
o,
P>
Ltn:Jl
=}
fijo
=

oM,

B8l AFZTO] 570 + 30 nm HIOIA] WS FHoHe A9 F71H0l WA o] AMgEolo}

Stot ¥R 2 9 HPLC/UPLC-spectrophotometry”} AR&-E|ojof gict,

HIEARE 7} 3 el 2 A ER 485k AR ARANE A8k HSo]d AYNSCliving

dEwte A4 el MTT i 2AICIA MTT -89 tiAl vixl= sfefRitt. NSCliving a2
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[

A AlgEEe /\] A7t Al 4 54010]: s, o] Al s¥ske A9 doltle 24
IH9] AESH wWsAdo=Z Qs ZF HHEAIE(run)Y] ¥ AIP¥EE NSCliving tiZ&0|
S>3 ofof Bttt ZL% = A7H /\]%4 Oﬂ =EEA MTT 89 vigE Aoltl= 22014
L AlZAZEANA AT AldEdo] =S =3l MTT glo] HiX 25t v Aolgle 22 oA
de HSolH A A AAl A AEBEES AMSket, ole EAHE
A (%NSCliving)d+ sAlo] 3=},

o

64. HIEo1d MTT izt H|50]4 M7Hd EggeA 9] 241440 9] ooz 27 259
T 3hZ FIAE 5 Qlrh olF 7[Rte g 7 AAL fA1A BH o R AHEH et AR
[ZFst7]o] b4 AltEl= MTT Z20RKCAS # 57360-69-7)= AR&sto] B33 =A12] 24439
5 A74shok gtk FHAQ] MTT 3 9/E= MAS BPoH] 32 AldEdE 42
£ 259 FB=(0D)7F 83 =A Y A4 Hel Holl = B 2 FEAE AR
3= (0D) &40l AHA MTIT SAI A2 AIgEdS B7kst7]o Adsiet

[‘

>~

N oE
o

=
_

65. MTT Al 75HA 7145k £F T4 E(0D)E 24T 4 g S AgEZ 4L
MTT Z=20p 248 95t tiete 2 HPLC/UPLC-spectrophotometry”’} AFEE 4= Uth.

HPLC/UPLC-spectrophotometrys= MTT ZEZupRS AaFsl7| #of A|FEAZEE MIT
Eapte £ 4 A0HG2). ol#tt ol Al ARdEle S33 AJHgle] HPLC/UPLC-
spectrophotometryS ARS8 Wjofli= NSCliving = NSCkilled thZsto] " Q3R] Yt} 18
AldE4o] AFA o2 MTTE SHstAY A MTT €59 B7H= Wolisks A4 Ad
749- NSMIT tjzsto] ARgElofof Skt MIT E20pRS %51 HPLC/UPLC-spectrophotometryS
A& dolle AlEEEY SA0] 3E EH(RA) dETolA fe MTT Z2upd v]5 HA
gy AEEd0] &9 AoRle 2404 A2 MIT ZErRE 03 W3] HlggE 23
AEE()E AL MTITE AH20E d o s AREEY 4F A4 24
A ZPEEE AFEL =3H Aolle RAA B2 AZBEZE(%)014 %NSMTTE HlA
AR, upjefo 2 2342101 MTT SHEAolHA A2l & Ao JEstH e AstA MTTE
gelste] AldElE 24 3529 F9=OD)EE OD 54 ©8) = 13 W&(HPLC/UPLC-
spectrophotometry O|8)& w38 =A 24439 MYE HlojuA st A7 242 o] AlgHE
AL o AL, ol= =9 4R Bl PRt
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66. HPLC/UPLC-spectrophotometry= MTT X220zt 242 Q5] HE Z50] A|HEZ(QM,
A MTT A, vlgkdAol AR82 <= lth. HPLC/UPLC-spectrophotometry+ TSR
22 FEE9 MTT Z2upst Ao AR&st7] A ul=r FDAS] YAEAH AF AAAA Ao

4=
SAS dHol 3% HZAA w/fH4(standard qualification parameters)?] A7
%&3%t0 2% HPLC/UPLC-spectrophotometry?] A& Zg3sfoF g},

AlE1e] PIEIIE

67. F8g FEAIA(run) off 9] Q1F7EE S50k gk

© SEA) e FIHRTLLE AP F 79 vHE 27 7o) AdE AZAYEE Afol=
20%E 23}SHA| grofof gttt

© FRARE oA 2 AlYE SR (SN RDY MERESES E 20 AAE I3
Hel el Slojof gt

© FRALSHOIA AlEE SRS AR Y A EYEEL FRARE oA oL Al
SRS R Hlasto] 80% ol/H(=)o]ojoF it o]t RS 43HE=h
71&H A3} o] Az At WA R (radiation sensitivity)°] fle< HojEt.

08. F=4 7Fsd 7ol AREE 4 AlREE AP IE2 oY 7€ S55HoF St
© BRARE A w2 AlEEE AY 229 ARAEEZ Hd dF 5= 10%[E=
AE=AoZ Ho L7t AlgHAQl 49 588 (maximum tolerated dose)]olA]
FEAT HEEA dSo] B 7T v FE5] Folok k(e AIRAEE ) 35%).

ZZ ofy o5 22

M54l Qe Aoz ofSuct

70. FEAL AHOIA A Be AldEEe] Ad AZPEEC] F= AR &L At
L =] A AZAAEET} Hlast] 30% oVH(=) E0eA o2 82 FY(Ee =4

7RsA)e] gl A0R =gk

o
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25d SSUMAEYQAMIRERES 0|38 54 M) 710|=2k!

o o= - O

71, 2 S g aiL A0 AZHI, Ak Shte] FErt WA Geur-of 5%
CTels(ES oI, Weplicaredl] 22 AN BYA = A9 5 wA

AT un)® FHSIoF T, 5 W] WEAH A5} BUAE B9 A WA WEAHE
Zagaiol B olefat A9 BEA TRsAo] ke BEAo] Lehe R0 sl = Wele
ARG e B

HOJE 2 TN Zh

50/Ef

72. dlolele] 4 © ok dojele] folule £4S 5] BEAE T Wt A e v B
BhSS HASE APY FEE AR Stk BasL, AN QAL BeHas A
2718 B3] FG3| ok Bt o] AL A 2AC): APEE )9 WAl T Holo}
s

73. 74 H

SFE A (run) B2 A543 (repeat experiments) 22 A2 Ho]E] 5-& ZEE3H 74219
Z4 dHEreplicate)o]Al €2 HolE(Gl: OD @, =4 #7/E X Z} AldE49
NEZYEE%)S AL Eﬂ"]ﬁ)% HuAof Z]4sfjoF gttt obrt Al

= 'S B0 ZIYsfoF gt MTT A9 J)r B AAEE
of FETAE BEE= BS AAEEERE HIA0 7]Qdsfof gt

ol

« TUAHE EZ: [UPAC E+= CAS ©, CAS HE, SMILES =+ InChl &, #24], &,
B350 318H4 AR5 $27H) 59 el AldAR

* R &4, UVCB % &= 7hset B2 Shohd] AH (R U8 Ax)E 53 slek=d
EX PR AR e U A ETgely EA

=
C BYH 44, 284 D 19 BE s B4
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TS IS AREE 54 RhE 2Eo| Oigt Be 24 AR o] Ame 24
WEASEAE 245, B TQC &0 HalM, 9 JHIZ Algsfor siH t=&2]
HHEE ZfoF ATHE, ol FHEHA= ).

+ ApgEke o] 3 dlojelo] digt 2w o] Asis 7 ¥ Hlojelo] dhgt AuAiset

7732 EgelloF ek, olol =3t=A] ¢+5).

© Sk 249 AlEe S AlEY Y sEd i Ve

=4
27400 2FP=A)Q] B AR, MTT Z20kd Hafslo] Akgd mbg & vhe s Q=
A9), 3409 449 MY, MTT Z2ukzt Aegslo] AR HHe] A

* HPLC/UPLC-spectrophotometry2] ZZA4d0] tist A9t 39
© FY-2AF A

- ARG B AR 2A
- 339 9 ExM(radiometer)?] A=A} S5H

- BYY BE BFEARE(spectral irradiance) T 43
- ARE ZHY BE 3 &5 54

- EAA(radiometer)?] B4 9 2Ao] gt A

- AgACE B 7Y A=

- 919 AFNA mW/cm’Z E7]gE UVA

i
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AL =20 7|7H
J/em*2 B3 UVA BHEE x A7
BRA Y] AE HiFE D o9} FAlO] FHEE WS e A HigE 2%

R[] 2%}
g AR A } Wed 72 3 A58 AR 29
- AgE AREd o g
© FERAE S det O*% ‘ﬂ1 *P%%l ANFELS] s= Ao gt &A
8o 7 2 74

c E Y AS bE Y VI Y R

© ZFHQA MTT A 9/EE B APEL] AH8d d2d EAGIGohs 45

* AIEEE 9 g22EE ks A 4, SE)HEDNSMTT, NSCliving) H&2 AREE
ZA] dtE(replicate)?] 7I4

© AMEH RhE ZEE 7|Rto R A8 ZAA7|&/d52Do oigt 4

© AFER] BE HAARG gt APAA Ax 23

HIREAIE (run) ¥ A1g I871E
© FHET SHEDHETe] 24 W 7 WA AFVIE
© SiE)H=E OD e 7=
© g2 AR o2 24T vlaste] g2 RARKNE W SWlE)dEE AExAEE

+ OD E% MTT Z=npt 3= 82, 2YEe(%), Bt 223 AZBEE%), 24 It Aol &

E24d SREAIY (run)¥ WHE(replicate)?] =73t HlolH9 =X

%, MIT &4 9/E= T4 240 AMgE HiEw9] 230D %= MIT
zanpzt 53 HE, $NSMTT, %NSCliving, B8H & Adtid NzBE8)

© A HHEA %J(run) A 71 HEste] AldEd Btz 2R o2 2Y

© WEE VR JFgl JiT E1

© ARE dERE/AT7IES Haste] STt oeked S

ng
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OECD GUIDELINE FOR TESTING OF CHEMICALS

In vitro Phototoxicity: Reconstructed Human Epidermis Phototoxicity test method

INTRODUCTION

1. Phototoxicity (photoirritation) is defined as an acute toxic response elicited by topically or
systemically administered photoreactive chemicals after the exposure of the body to
environmental light. Within the context of skin exposures to phototoxic chemicals, phototoxic
responses are elicited after an acute exposure of skin to photoactive chemicals and subsequent
exposure to light. The test method does not address photosensitizers, which are photoactive
chemicals that can induce an immunologically-mediated response in exposed skin.

2. This Test Guideline (TG) addresses the human health endpoint of phototoxicity,
specifically as it relates to topical skin exposures to phototoxic chemicals. The in vitro
reconstructed human epidermis phototoxicity test (RhE PT) is used to identify the phototoxic
potential of a test chemical after topical application in reconstructed human epidermis (RhE)
tissues in the presence and absence of simulated sunlight (see paragraphs 37-38 for the
characterization of simulated sunlight). Phototoxicity potential is evaluated by the relative
reduction in viability of cells exposed to the test chemical in the presence as compared to the
absence of simulated sunlight. Chemicals identified as positive in this test may be phototoxic in
vivo following topical application to the skin, eyes, and other external light-exposed epithelia.

8. This TG is based on the in vitro test system of the reconstructed human epidermis (RhE),
which closely mimics the biochemical and physiological properties of the outermost layers of the
human skin, i.e., the epidermis. The RhE test system uses human-derived keratinocytes as a cell
source to reconstruct an epidermal model with representative histology and cytoarchitecture. The
test method combines the basic test chemical exposure and viability assessment methodologies
described in the OECD TG 439 on /n Vitro Skin Irritation: Reconstructed Human Epidermis Test
(1) with the standardized irradiation procedures described in the OECD TG 432 on In Vitro 3T3
NRU Phototoxicity Test (2). Exposure times in this TG are notably longer than those described
in TG 439 to ensure sufficient time for chemical ingredients to diffuse into the tissue model
nearest the target cells where reactive phototoxic species may be induced at the time of
irradiation.

4. An assessment of the general performance was based on an ad hoc evaluation of
individual literature citations (3)(4)(5)(6)(7)(8)(9)(10) including an initial test method pre-validation
reported in 1999 (4) with a sensitivity of 86.7% and specificity of 93.3% (Phase Ill, set of 10
chemicals tested twice independently in three laboratories). The data were presented to the
COLIPA Phototoxicity task-force in 1999 (11). The task-force concluded that 3D RhE skin model
could be a useful tool to address bioavailability of a test chemical. When used in combination
with the 3T3 NRU PT as a complementary test, it will allow a clear decision in the case of
borderline predictions of acute phototoxicity. The 3D RhE skin model test was also regarded as
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advantageous in helping to assess the phototoxic potency. A follow-up study on phototoxic
potency was supported by ECVAM during 2003-2006 (12).

5. To support the development of the new OECD phototoxicity guideline, the OECD
phototoxicity expert group conducted an ad hoc evaluation of the pre-validation data, together
with other literature, on the ability of the 3D RhE skin models to predict acute phototoxic potential
in vitro. From the literature review, a database of over 60 test chemicals evaluated in the
EpiDerm™ skin model was derived. The aggregate datasets provided specificity and sensitivity
values higher than those obtained in the pre-validation study (4), as previously sensitivity values
were compromised by erroneous instructions on the solvent use (10). It should be noted that
other studies performed after the initial pre-validation study, whilst using the same SOP, were
not conducted as formal validation studies.

6. Definitions used in this TG are provided in ANNEX 1

INITIAL CONSIDERATIONS AND LIMITATIONS

7. Many types of chemicals have been reported to induce phototoxic effects
(13)(14)(15)(16). Their common feature is their ability to absorb light energy within the sunlight
emission spectrum. Photoreactions require sufficient absorption of light quanta. Thus, before
testing is considered, a UV/visible absorption spectrum of the test chemical should be determined
according to OECD TG 101 on UV-VIS Absorption Spectra (17). It has been reported that if the
molar extinction/absorption coefficient (MEC) is less than 1000 L mol' cm™, the chemical is
unlikely to be photoreactive (18)(19). Such chemicals may not need additional testing with the in
vitro RhE PT or any other biological test for adverse photochemical effects (3)(20). In general,
this principle applies to all test chemicals, however, more specific guidelines may apply
depending on the intended use of the chemical or potential exposure conditions. The RhE PT
test can be used as a stand-alone method, and also in a tiered testing strategy for topically
applied substances following specific guidelines (such as ICH S10 for pharmaceuticals). The
term "test chemical" is used in this TG to refer to what is being tested and is not related to the
applicability of the RhE PT to the testing of substances and/or chemical mixtures. Limited
information is currently available on the applicability and performance of the RhE PT to mixtures
of known composition. When considering testing of mixtures, difficult-to-test chemicals (e.g.
unstable), or test chemicals not clearly within the applicability domain described in this TG, it
should be first considered if the results of such testing will be scientifically meaningful.

8. The reliability and relevance of the in vitro RhE PT was evaluated in multiple studies (3)
(4)(5)(6)(7)(8)(9)(10). The procedures and prediction model presented in this TG are designed
to distinguish between phototoxic and non-phototoxic chemicals. However, specific procedures
and prediction models exist in the literature to address phototoxic potency for topically applied
chemicals and mixtures. This TG is not designed to predict other adverse effects that may arise
from the combined action of a chemical and light (e.g., it does not address photo-genotoxicity,
photoallergy, or photocarcinogenicity). Furthermore, the TG has not been designed to address
indirect mechanisms of phototoxicity, effects of metabolites of the test chemical, or evaluate the
phototoxicity potential of individual chemicals in mixtures.

9. The in vitro RhE PT does not need to be performed with a metabolic activation system,
although the RhE tissues have limited metabolic activity (21). There is no evidence at this time
that any phototoxic compound would be missed in the absence of metabolic activation (22).
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10. Test chemicals absorbing light in the same range as MTT formazan (colored chemicals),
or test chemicals able to directly reduce the vital dye MTT (to MTT formazan) may interfere with
the cell viability measurements if those chemicals persist in or on the test system at the time of
the viability assessment, and may need to use adapted controls to correct for the interference
(see paragraphs 59-66) in section “Corrections for MTT-reducing Materials and Colorants”.
Alternatively, the HPLC/UPLC spectrophotometry procedure to measure MTT formazan can be
used (see paragraphs 65-66).

11. Although most of the studies performed with RhE PT utilized the UVA/visible light part of
the solar spectrum, some studies confirm that the RhE tissues can also tolerate UVB exposure
(5) (23)(24) under controlled conditions. This is an advantage compared to most of the cell-line
based assays (2) that do not tolerate the UVB part of the spectrum well (25).

12. A single testing run should be sufficient for a test chemical when the classification is
unequivocal. However, in cases of borderline results, such as non-concordant results from
replicate tissues, a second run should be considered, as well as a third one in case of discordant
results between the first two runs. In the repeated runs, the concentrations of the test chemical
may be adjusted to better capture the range of responses around the borderline or equivocal
concentration(s) (see Interpretation of Results and Prediction Model for details).

13. The phototoxicity potential of a test chemical is determined by testing multiple
concentrations in RhE tissues in the presence and absence of simulated sunlight. The testing of
three to five concentrations in two replicates is generally sufficient to ensure obtaining acceptable
test results from at least one concentration of the test chemical to make a valid prediction.
Specific criteria for acceptable test results are presented with the prediction model.

PRINCIPLE OF THE TEST

14. Phototoxicity potential in the RhE PT is evaluated by the relative reduction in viability in
RhE tissues exposed to the test chemical in the presence as compared to the absence of a non-
cytotoxic dose of simulated sunlight.

15. The test chemical is applied topically to a three-dimensional RhE tissue, composed of
human-derived epidermal keratinocytes that have been cultured to form a multilayered, highly
differentiated model of the human epidermis. It consists of organized basal, spinous and granular
layers, and a multilayered stratum corneum containing intercellular lamellar lipid layers
representing main lipid classes analogous to those found in vivo. Accordingly, RhE tissues are
ideally suited for directly modeling exposures of chemicals on native skin in vivo and have been
validated to predict the skin irritation and corrosion hazards of chemicals and mixtures without
the need for test chemical dilution (1)(26).

16. In brief, several concentrations of test chemical prepared in a solvent are applied topically
to RhE tissues and incubated at standard culture conditions (37 £ 1 °C, 5+ 1% CO,, 90 + 10%
RH) for 18 to 24 hours to allow penetration into the living tissue. In general, three to five
concentrations are tested to ensure obtaining results from at least one concentration that meets
the criteria for a valid test. A positive control and appropriate solvent controls are also applied
topically to RhE tissues and tested in parallel. Half of the tissues in each treatment group are
iradiated with 6 J/cm? of simulated sunlight (+Irr) while the remaining half are held at room
temperature in the dark (-Irr) (see paragraph 37 & 38 for details). After a post-exposure
incubation period of 18 to 24 hours, relative viability is determined in both the irradiated (+Irr) and
non-irradiated (~Irr) treatment groups by measuring the enzymatic conversion of the vital dye
MTT (3-[4,5 dimethylthiazol 2 yl] 2,5-diphenyltetrazolium bromide, thiazolyl blue (CAS number
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298-93-1) into a blue formazan salt that is measured photometrically after extraction from the
tissues.

17. Phototoxicity potential is determined by comparing the relative reduction in viability in
each irradiated treatment group to that of the equivalent non-irradiated treatment group.

18. The experimental design is based on the pre-validation study performed by ZEBET
(4)(27) and follow up-studies conducted with this protocol. The follow-up studies suggested some
minor modifications that led to better reproducibility and sensitivity of the test. The updated
protocol was published in 2017 (10). The procedure described in this TG is based on the updated
protocol.

19. This test method can be used as a stand-alone test method to address phototoxicity, especially in
cases of limited test material solubility or endpoint-compatibility issues with OECD TG 432 (2) and OECD
TG 495 on ROS Assay for Photoreactivity (28). This test method can also be used in a tiered testing
strategy in combination with the OECD TG 432 and/or OECD TG 495 (8)(11)(22)(29).

DEMONSTRATION OF PROFICIENCY

20. Prior to the routine use of the test method, laboratories should demonstrate technical proficiency
by correctly classifying the six Proficiency Substances listed in Table 1. In situations where a listed
chemical is unavailable or cannot be used for other justified reasons, another chemical for which adequate
in vivo and in vitro reference data are available may be used (e.g., from the list of reference chemicals
(3)(4)(5)(6)(7)(8)(9)(10)) provided that the same selection criteria as described in Table 1 are applied.
Using an alternative proficiency substance should be justified.

21. As part of the proficiency testing, if users are naive to utilizing the RhE model within the
testing facility, it is recommended that users verify the barrier properties of the tissues after
receipt as specified by the RhE model producer. This is particularly important if tissues are
shipped over long distance/time periods. However, once a test method has been successfully
established and proficiency in its use has been demonstrated, such verification will not be
necessary on a routine basis.
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Table 1. Proficiency Substances’
Typical phototoxicity ranges
Substance CAS RN Invivo?  Solvent? [% wiv or % viv]
(references)
PHOTOTOXIC SUBSTANCES
1 Chlorpromazine 50-53-3 PT Water 0.003% - 0.01%
@
2 Anthracene 120-12-7 PT EtOH* 0.01% —0.03%
(5)(30)
3 Bergamot oil® 8007-75-8 PT Oild 0.0316% — 3.16%
“)®)
NON-PHOTOTOXIC SUBSTANCES
4 Sodium 151-21-3 NPT Water Non-phototoxic up to highest conc. tested
Dodecyl (1%)
Sulphate 4
5 Octyl salicylate 118-60-5 NPT Qi Non-phototoxic up to highest conc. tested
(10%)
“4)
6 4- 150-13-0 NPT Oil or Non-phototoxic up to highest con. Tested
Aminobenzoic EtOH (10%).(27)(30)
acid (PABA)

Notes: ! The Proficiency Substances are a subset of the substances used in the pre-validation and follow up studies
and the selection is based on the following criteria; (i), the substances are commercially available; (ii), they are
representative of the full range of phototoxic effects (from non-phototoxic to strong photoirritants); (iii), they have a
well-defined chemical structure; (iv), they are representative of the chemical functionality used in the validation
process; (v) they provided reproducible in vitro results across multiple testing and multiple laboratories; (vi) they were
correctly predicted in vitro, and (vii) they are not associated with an extremely toxic profile (e.g., carcinogenic or toxic
to the reproductive system) and they are not associated with prohibitive disposal costs, and (viii) results for the
selected materials and protocol details are available in the literature.

2PT - Phototoxic; NPT — Non-Phototoxic (Note: In vivo classifications were derived from the validation studies of 3T3
NRU PT test (OECD TG 432) and were mostly based on clinical human data as no validated /n vivo method is
available for this endpoint. )

3 Solvents are suggested, based upon the pre-validation and follow-up study references

4 EtOH — Ethanol

5 Oil — Sesame seed oil

8 Variability in phototoxic response is influenced by the content of impurities, therefore we advise to use a non-purified
Bergamot oil, commercially available, specifically for this reason. Non purified Bergamot oils do have significant
absorption in UVA and UVB part of the spectra (8).
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PROCEDURE

22. The following is a description of the components and procedures of a RhE test method
for phototoxicity testing. Standard Operating Procedure (SOP) for the RhE-based tests complying
with this TG is available (27). The SOP with minor technical improvements, guidance on
solubility, solvents recommendations and with information on the chemicals tested in the
EpiDerm protocol has been published in detail in 2017 (10). The SOP for the RhE-based tests
complying with this TG should be employed when implementing and using the test method in a
laboratory.

General Test System Characterisation

23. Human keratinocytes should be used to reconstruct the epithelium. Multiple layers of
viable epithelial cells (basal layer, stratum spinosum, stratum granulosum) should be present
under a functional stratum corneum. The stratum corneum should be multi-layered containing
the essential lipid profile to produce a functional barrier with robustness to resist rapid penetration
of cytotoxic benchmark chemicals (e.g., the surfactants sodium dodecyl sulphate (SDS) and
Triton®-X-100 are typically used to test barrier function). The containment properties of the RhE
model should prevent the passage of material around the stratum comeum to the viable tissue,
which would lead to poor modelling of skin exposure. The RhE tissue should be free of
contamination by bacteria, viruses, mycoplasma, or fungi.

Functional Conditions

Viability

24, The assay used for quantifying viability is the MTT-assay (31). The viable cells of the RhE
tissue can reduce the vital dye MTT into a blue MTT formazan precipitate which is then extracted
from the tissue using isopropanol (or a similar solvent). The optical density (OD) of the extraction
solvent alone should be sufficiently small, i.e. OD < 0.1. The extracted MTT formazan may be
quantified using either a standard absorbance (OD) measurement or an HPLC/UPLC-
spectrophotometry procedure (32). The RhE model developer/supplier should ensure that each
batch of the RhE model meets defined quality control criteria for the negative controls.
Acceptability ranges (upper and lower limit) for the negative control OD values (in conditions
described in paragraph 56) are established by the RhE model developer/suppliers and presented
in Table 2. The RhE model user should ensure that the results of the solvent (i.e. negative)
controls meet the specific test method acceptance criteria. An HPLC/UPLC Spectrophotometry
user should use the negative control OD ranges provided in Table 2 as the acceptance criterion
for the solvent (i.e. negative) control.

Table 2. Acceptability ranges for solvent (i.e. negative) control OD values in the MTT assay of
the test methods included in this TG

Lower acceptance Upper acceptance
limit limit
EpiDerm™ (EPI-200) 0.8 28
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Barrier function

25. The RhE model developer/supplier should ensure that each batch of the RhE model
meets defined quality control criteria for barrier function. The barrier function may be assessed
either by determination of the concentration at which a benchmark chemical (e.g., sodium
dodecyl sulphate (SDS) or Triton®-X-100) reduces the viability of the tissues by 50% (ICso) after
a fixed exposure time, or by determination of the exposure time required to reduce cell viability
by 50% (ETso) upon application of the benchmark chemical at a specified, fixed concentration.
The acceptability ranges for the test methods included in this TG are given in Table 3.

Table 3. Barrier Function QC batch release criteria of the RhE models included in this TG

Lower acceptance limit Upper acceptance
limit
EpiDerm™ (EPI-200) ETs0=4.00 h ETs0=8.72 h

Morphology

26. Histological examination of the RhE model may be provided by the RhE model
developer/supplier demonstrating human epidermis-like structure (including multilayered stratum
corneum) if this parameter is used in the RhE model developer/supplier's QC release program.

Reproducibility

27. The RhE model developer/supplier should maintain a database of the QC release test
results of the viability and barrier function tests to monitor reproducibility over time. It is
recommended that the RhE model user maintain a database of the phototoxicity test method
positive and solvent (i.e. negative) control results to monitor reproducibility of test method
execution over time.

Quality control (QC)

28. The RhE model should only be used if the developer/supplier demonstrates that each
batch of the RhE model meets defined production release criteria, among which those for viability
(paragraph 24), barrier function (paragraph 25) and morphology (paragraph 26), if applicable,
are the most relevant. The relevant QC data should be provided to the test method users, so that
they are able to include this information in the test report. Only phototoxicity test results produced
with qualified tissues can be accepted for reliable prediction of phototoxicity.

Preparation of Test Chemical and Control Substances

29. Test chemicals must be prepared fresh on the day of testing unless data demonstrate
their stability in storage. It is recommended that all chemical handling and the initial treatment of
tissues be performed under conditions that would avoid photoactivation or degradation of the test
chemical prior to irradiation. The maximum recommended concentration of a test chemical
should not exceed 10% since test chemicals may absorb UV and actas a UV filter (10)(27).
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30. The testing of three to five concentrations of a test chemical in a solvent is generally
sufficient to ensure obtaining acceptable test results from at least one concentration of the test
chemical to fulfill requirements to evaluate the test results for phototoxicity potential (see
paragraphs 69-71). Ideally, the concentrations of the test chemical should be selected to ensure
a cytotoxicity dose response in the absence of irradiation. Guidance for selection of appropriate
concentration ranges is given in the SOPs (10)(27).

31. Water soluble test chemicals are prepared in ultra-pure water or if appropriate in buffered
salt solutions (e.g., Dulbecco’s Phosphate Buffered Saline (DPBS) or Hanks' Balanced Salt
Solution (HBSS) without phenol red). The buffer used must be free from protein components and
light absorbing components (e.g., pH indicators such as phenol red and vitamins) to avoid
interference during irradiation.

32. Oil soluble test chemicals are prepared in sesame seed oil or other appropriate oil (e.g.,
mineral oil that has low UV absorption and is demonstrated to be compatible with the RhE
tissues). For test chemicals of limited solubility in water and oils, pure ethanol, or a mixture of
acetone:olive oil (4:1 v:v) may be used (10).

33. Other solvents may be considered but should be evaluated prior to use for specific
properties including compatibility with the RhE tissues, its ability to react with the test chemical,
ability to induce phototoxicity, potential for quenching of the phototoxic effect, radical-scavenging
properties and/or chemical stability in the solvent (33). When other solvents are used, it is
recommended that a pre-testing with the selected solvent be conducted to ensure solvent stability
and compatibility with the test system (see ANNEX 3additional guidance).

34. Vortex mixing, sonication, and/or warming to appropriate temperatures may be used to
aid solubilisation, unless the stability of the test chemical is compromised. The procedures used
to prepare the test chemical dosing solutions should be documented.

35. Before any testing on the viable reconstructed human tissues is performed, it is
recommended to perform the evaluation of the test substance for interference with the measured
endpoint (MTT assay). These procedures are described in detail in the SOPs. If potential
interference by the test substance on the MTT assay has been determined, the application of
adaptive controls is recommended as described in the section “Corrections for MTT-reducing
Materials and Colorants.”

36. A solvent control (used as a negative control) and positive control (PC) should be tested
concurrently in each run. The suggested solvent control is either water (solvent for water soluble
materials) or sesame seed oil (solvent for oil soluble materials), and/or other solvents used to
solubilize the test material. The suggested PC is a solution of chlorpromazine at a final
concentration of 0.01% to 0.02% in water (or other aqueous buffered salt solutions such as DPBS
or HBSS without phenol red). Additional concentrations can be tested to evaluate dose
responses of the chlorpromazine prior to establishing the test to demonstrate proficiency
(4)(10)(27).

Irradiation Conditions

37. Light source: The choice of an appropriate light source (e.g., a solar simulator) and filters
is a crucial factor in phototoxicity testing. Light of the UVA and visible regions is usually
associated with phototoxic reactions in vivo (15)(28), whereas generally UVB is of less relevance
but is highly cytotoxic; the cytotoxicity increases 1000-fold as the wavelength goes from 313 to
280 nm (28). Acceptable light sources emit the entire solar spectrum (290 nm through 700 nm).
Adjustment of the spectrum can be performed using filters to attenuate UVB while allowing
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transmittance of UVA and visible light (See ANNEX 2:). Furthermore, the wavelengths, irradiance
doses employed, and light source equipment (e.g., open or closed system) should not be unduly
deleterious to the test system (e.g., from emission of heat/ wavelengths in the infrared region).

38. The simulation of sunlight with solar simulators is considered the preferable artificial light
source. The spectral irradiance of the filtered solar simulator should be close to that of outdoor
daylight (34). Both xenon arcs and (doped) mercury-metal halide arcs are used as solar
simulators (30). The latter have the advantage of emitting less heat and being cheaper, but the
match to sunlight is not as good as that provided by xenon arcs. All solar simulators emit
significant quantities of UVB and should be suitably filtered to attenuate UVB wavelengths (Annex
2). Because cell culture plastic materials contain UV stabilisers, the transmitted spectrum should
be measured through the same type of plate lid as will be used in the assay. Irrespective of
measures taken to attenuate parts of the spectrum by filtering or by unavoidable filter effects of
the equipment, the spectrum recorded below these filters should not deviate from standardised
outdoor daylight (34). External light standard D65, the internationally recognized emission
standard for outdoor daylight, is provided in ISO DIS 18909:2006. An example of the spectral
irradiance distribution of the filtered solar simulator used in pre-validation and follow-up studies
with the EpiDerm™ model is given in (10)(30)(23). See also ANNEX 2: Figure 1.

39. Dosimetry. The intensity of light (irradiance) should be regularly checked before each
phototoxicity test using a suitable calibrated broadband UVA-meter. Irradiance should be
measured through the same type of plate lid as will be used in the assay.

40. An irradiance dose of approximately 6 J/cm? (as measured in the UVA range) was
determined to be non-cytotoxic in the RhE tissues and sufficiently potent to excite chemicals to
elicit phototoxic reactions (4)(10)(30). To achieve 6 J/cm? within a time period of 60 minutes,
iradiance was adjusted to 1.7 mW/cm? of UVA/visible light (see ANNEX 2: Figure 2). Alternate
exposure times and/or irradiance values may be used to achieve 6 J/cm? using the formula:

_ irradiation dose (J/cm*)x1000
irradiance (mW/cm”) x 60

t (min) (17 =1Wsec)

41. The RhE tissue model is tolerant to UVB irradiation (5)(23)(24) and inclusion of UVB
irradiation may be appropriate in some cases (e.g., when absorption for the test chemical of
interest is exclusively in the UVB wavelength region). The presence of the UVB portion of the
spectra should be monitored and reported in the final report along with any changes in irradiance.

42. Similarly, if a different light source is used, the irradiation should be calibrated so that a
dose regimen can be selected that is not deleterious to the cells but sufficient to excite standard
phototoxins. A functional check should be performed by testing the proficiency chemicals
described in Table 1 and also presented in Figure 2.

43. Radiation sensitivity of the cells: A UVA-sensitivity experiment should be performed once
the test is newly set up in a laboratory. A brief description of the method and expected outcome
is given in the SOPs. The viability of the irradiated tissues exposed to 6 J/cm? should be = 80%
relative to the tissues that were not irradiated.
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Test procedure

44, Tissue conditioning: Upon receipt of the RhE tissues, examine all kit components for
integrity. Under sterile conditions, transfer tissues to 6-well plates containing 0.9 mL medium/well.
Place the plates into the incubator at standard culture conditions (37 £ 1 °C, 5+ 1% CO,, 90
10% RH) for minimum of 60 minutes. Pre-incubation can be extended overnight, however the
medium should be exchanged after the first 60 minutes.

45, After a minimum of 60 minutes pre-incubation, the tissues in the 6-well plates will be
removed from the incubator and the medium under the tissues will be exchanged with warmed
(37 °C) fresh assay medium. The tissues may be dosed immediately, or placed back into the
incubator until dosing is initiated. For each treatment condition or treatment group, four tissues
will be treated such that two tissues are used in the cytotoxicity part of the assay (treated in the
absence of irradiation) and two are used in the phototoxicity part of the assay (treated in the
presence of irradiation).

46. Dose Application: The RhE tissues are treated topically. For solutions in water or aqueous
buffer, 50 uL of dosing solutions are applied topically on the RhE tissue and gently spread, if
necessary, with a sterile bulb-headed Pasteur pipette (a Pasteur pipette which has been flame-
melted to create a small round bulb at one end), or similar device. For solutions in oil, 25 pL of
dosing solutions are applied topically on the RhE tissue and gently spread, if necessary, with
a sterile bulb-headed Pasteur pipette. If the spreading is not sufficient, consider applying a sterile
nylon mesh (circular shape) topically on the tissue as an additional spreading tool (which acts by
capillary action to cover the tissue surface). For solvents that may be irritating to skin, the dosing
volume should be limited to avoid solvent cytotoxicity. For example, dosing solutions in ethanol,
or acetone — olive oil mixture (4:1) should not exceed 20 to 25 pL, since higher volumes may
lead to cytotoxicity.

47. Once dosed, tissues are placed back into the incubator and incubated overnight (18 to
24 hours) at standard culture conditions.

48. On the following day, transfer the tissues into new 6-well plates pre-filled with 0.9 mL of
buffered solution (e.g., DPBS or HBSS without phenol red) or 24-well plates pre-filled with 0.3 mL
of buffered solution. The use of a phenol-red-free buffered salt solution is recommended since
irradiation in cell culture medium may lead to increased variability and production of cytotoxic
photo-products (35).

49. Irradiiation: Irradiate the +rr plates (covered with lids) for 80 minutes with 1.7 mW/cm? (or
equivalent) at room temperature to achieve 6 J/cm? of simulated sunlight. If the light source
generates excess heat and induces condensation under the plate lids, ventilate the plates with a
fan. Place the -Irr plates in the dark (e.g., in a box) at room temperature, preferably in the same
exposure room as for the tissues being irradiated. If a mesh was used during dosing, the mesh
should be carefully removed (for example using fine forceps) prior to the irradiation/dark
exposures. Prepare new 6-well plates containing 0.9 mL of warmed (37 °C) fresh assay medium
per well.

50. After the irradiation is completed, use a wash bottle with sterile CMF-DPBS and rinse
each tissue. About 20 washes are needed to effectively remove the materials from the tissue
surface. The procedures used to remove the dosing dilutions should be documented and
presented in the final report. Transfer all washed inserts to the new plates containing fresh media.
The surface of each tissue should be carefully dried using a sterile cotton tipped swab.

51. In cases where the test material characteristics may impede or block the irradiation (e.g.,
dark colored or opaque materials), the dosing dilutions should be removed prior to the irradiation
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or dark exposure conditions. Under the test conditions, test chemical that permeates into the RhE
tissue during the 18 to 24-hour exposure period is bioavailable within the tissue at the time of
irradiation. The 18 to 24 hour exposure time prior to irradiation is notably longer than the exposure
times applied in TG 439 for Skin Irritation Test (1) and accordingly ensures sufficient time for test
chemical to diffuse into the tissue model nearest the target cells where reactive phototoxic
species may be induced at the time of irradiation. Sterile cotton swabs soaked in a rinse medium
(e.g., DPBS without Ca*™* & Mg** (CMF-DPBS)) may be used to remove the test chemical prior
to the UVAisible light or dark exposure conditions. Justification for removing the test material
doses prior to irradiation should be presented in the study report.

52. Incubate the tissues overnight (18 to 24 hours) at standard culture conditions.

53. MTT Viability Assay: A 1 mg/mL MTT solution will be prepared, warmed at 37 °C, and
300 uL pipetted into the appropriate wells of a labeled 24-well plate. After the 18 to 24-hour
incubation, the tissue inserts are removed from the 6-well plates, the bottom of the inserts blotted
on sterile gauze or paper towels, and transferred into the appropriate wells of the labeled 24-well
MTT plates. The 24-well plates are incubated at standard culture conditions for 3 hours.

54, After the MTT incubation, the inserts are removed from the 24-well plates, the bottom of
the inserts blotted on sterile gauze or paper towels, and transferred into the appropriate wells of
new labeled 24-well plates. The tissues are extracted in 2 mL of isopropanol (extraction solution).
The 24-well plates will be sealed (e.g., with Parafilm) and the formazan extracted for at least 2
hours at room temperature with gentle shaking on a plate shaker. Alternatively, overnight
extraction is also possible. The plates are sealed as described above and extracted at room
temperature in the dark, without shaking. Before sampling the extracts, shake for at least 15
minutes on a plate shaker.

55. After the extraction is completed, the tissue inserts may either be lifted out of the well and
the extraction solution decanted into the well from which the insert was taken, or the tissues may
be pierced (e.g., with a 20 gauge injection needle) and the extraction allowed to drain into the
well from which the insert was taken (the insert can be discarded). The extract will be mixed by
pipetting “up and down” at least 3 times until the extraction solution is homogenous. For each
tissue, 200 pL aliquots of the extraction solution are pipetted into a labeled 96-well flat bottom
microtiter plate. Finally, 200 uL aliquots of isopropanol will be added to the wells designated for
the blanks.

56. The optical density (OD) of the 96-well plate will be determined using a microtiter-plate
spectrophotometer using a wavelength between 540 and 595 nm, preferably at 570 nm (with a
filter band pass of maximum + 30 nm). No reference filter reading is required. Alternatively, the
absorbance of the formazan extraction samples can be determined using an HPLC/UPLC-
spectrophotometry procedure (32).

Cell Viability Calculations

57. Viability Calculation. The OD values obtained with each test chemical can be used to
calculate the percentage of viability relative to the solvent (i.e. negative) control, which is set to
100%. In case HPLC/UPLC-spectrophotometry is used, the percent tissue viability is calculated
as percent MTT formazan peak area obtained with living tissues exposed to the test chemical
relative to the MTT formazan peak obtained with the concurrent solvent (i.e. negative) control.

58. The relative viability (or % of Control) of each of the test chemical or positive control-
treated tissues (+Irr) will be calculated relative to the mean of the appropriate solvent (i.e.,
negative) control-treated tissues (+Irr). Similarly, the relative viability (or % of Control) of the test
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article or positive control-treated tissues (-Irr) will be calculated relative to the mean of the
appropriate solvent (i.e. negative) control-treated tissues (-Irr). The individual % of Control
values are averaged to calculate the mean % of Control (viability) per concentration for each of
the +lrr and —Irr exposures. The following equation will be used:

% of Control = Corrected OD of each Test Chemical or Positive Control Treated 100
b of Control = Corrected OD of Negative /Solvent Control

Corrections for MTT-reducing Materials and Colorants

59. Optical properties of the test chemical or its chemical action on MTT (e.g., chemicals may
prevent or reverse the colour generation as well as cause it) may interfere with the assay leading
to a false estimate of viability. This may occur when a specific test chemical is not completely
removed from the tissue by rinsing or when it penetrates the epidermis. If a test chemical acts
directly on the MTT (e.g., MTT-reducer), is naturally coloured, or becomes coloured during tissue
treatment, additional controls should be used to detect and correct for test chemical interference
with the viability measurement. Detailed description of how to correct direct MTT reduction and
interferences by colouring agents is available in the SOPs for the OECD Validated test methods
on skin and eye irritation and corrosion (5)(25).

60. To identify direct MTT reducers, each test chemical, at the highest test concentration,
should be added to freshly prepared MTT solution. If the MTT mixture containing the test
chemical turns blue/purple, the test chemical is presumed to directly reduce MTT and a further
functional check on non-viable RhE tissues should be performed, independently of using the
standard absorbance (OD) measurement or an HPLC/UPLC-spectrophotometry procedure. This
additional functional check employs killed tissues that possess only residual metabolic activity
but absorb the test chemical in a similar way as viable tissues. Each MTT reducing test chemical
is applied on at least two killed tissue replicates (e.g., one tissue to be irradiated and one tissue
exposed under the dark conditions) at the highest test concentration, which undergo the entire
testing procedure to generate a non-specific MTT reduction (NSMTT).

61. A single NSMTT control is sufficient per test chemical regardless of the number of
independent tests/runs performed. The true tissue viability is then calculated as the percent
tissue viability obtained with living tissues exposed to the MTT reducer minus the percent non-
specific MTT reduction obtained with the killed tissues exposed to the same MTT reducer,
calculated relative to the solvent (i.e. negative) control run concurrently to the test being corrected
(%NSMTT).

62. To identify potential interference by coloured test chemicals or test chemicals that
become coloured when in contact with water or isopropanol, and to determine the need for
additional controls, analysis of the test chemical in water (environment during exposure) and/or
isopropanol (extracting solution) should be performed. If the test chemical in water and/or
isopropanol absorbs light in the range of 570 £ 30 nm, additional colorant controls should be
used. Alternatively, an HPLC/UPLC-spectrophotometry procedure should be used in which case
these controls are not required.

63. When performing the standard absorbance (OD) measurement, each interfering coloured
test chemical is applied on at least two viable tissues (e.g., one tissue to be irradiated and one
tissue exposed under the dark conditions) at the highest test concentration, which undergoes the
entire testing procedure but is incubated with medium instead of MTT solution during the MTT
incubation step to generate a non-specific colour (NSCliving) control. The NSCliving control
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needs to be performed concurrently to the testing of the coloured test chemical and in case of
multiple testing, an independent NSCliving control needs to be conducted with each test
performed (in each run) due to the inherent biological variability of living tissues. The true tissue
viability is then calculated as the percent tissue viability obtained with living tissues exposed to
the interfering test chemical and incubated with MTT solution minus the percent non-specific
colour obtained with living tissues exposed to the interfering test chemical and incubated with
medium without MTT, run concurrently to the test being corrected (%NSCliving).

64. It is important to note that non-specific MTT reduction and non-specific colour
interferences may increase the readouts of the tissue extract above the linearity range of the
spectrophotometer. On this basis, each laboratory should determine the linearity range of their
spectrophotometer with MTT formazan (CAS # 57360-69-7) from a commercial source before
initiating the testing of test chemicals for regulatory purposes. The standard absorbance (OD)
measurement using a spectrophotometer is appropriate to assess direct MTT-reducers and
colour interfering test chemicals when the ODs of the tissue extracts obtained with the test
chemical without any correction for direct MTT reduction and/or colour interference are within the
linear range of the spectrophotometer.

65. For coloured test chemicals which are not compatible with the standard absorbance (OD)
measurement due to strong interference with the MTT assay, the alternative HPLC/UPLC-
spectrophotometry procedure to measure MTT formazan may be employed. The HPLC/UPLC-
spectrophotometry system allows for the separation of the MTT formazan from the test chemical
before its quantification (32). For this reason, NSCliving or NSCkilled controls are never required
when using HPLC/UPLC spectrophotometry, independently of the chemical being tested.
NSMTT controls should nevertheless be used if the test chemical is suspected to directly reduce
MTT or has a colour that impedes the assessment of the capacity to directly reduce MTT. When
using HPLC/UPLC-spectrophotometry to measure MTT formazan, the percent tissue viability is
calculated as percent MTT formazan peak area obtained with living tissues exposed to the test
chemical relative to the MTT formazan peak obtained with the concurrent solvent (i.e. negative)
control. For test chemicals able to directly reduce MTT, true tissue viability is calculated as the
percent tissue viability obtained with living tissues exposed to the test chemical minus %NSMTT.
Finally, it should be noted that direct MTT-reducers that may also be colour interfering, which are
retained in the tissues after treatment and reduce MTT so strongly that they lead to ODs (using
standard OD measurement) or peak areas (using UPLC/HPLC-spectrophotometry) of the tested
tissue extracts that fall outside of the linearity range of the spectrophotometer cannot be
assessed, although these are expected to occur in only very rare situations.

66. HPLC/UPLC-spectrophotometry may be used also with all types of test chemicals
(coloured, non-coloured, MTT-reducers and non-MTT reducers) for measurement of MTT
formazan. Due to the diversity of HPLC/UPLC-spectrophotometry systems, qualification of the
HPLC/UPLC-spectrophotometry system should be demonstrated before its use to quantify MTT
formazan from tissue extracts by meeting the acceptance criteria for a set of standard
qualification parameters based on those described in the U.S. Food and Drug Administration
guidance for industry on bio-analytical method validation (36).

Criteria for a Valid Test

67. The following acceptance criteria should be met for a valid test run:

« The difference in the relative viability values between the two replicate tissues
treated with the solvent (i.e. negative) or positive controls should not exceed 20
%.
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* The viability of the solvent (i.e. negative) controls tested in the absence of
irradiation should fall within the acceptance range presented in Table 2.

e The viability of the solvent (i.e. negative) controls tested in the presence of
irradiation should result in a viability of 280% when compared to the solvent (i.e.
negative) controls tested in the absence of irradiation; this control demonstrates
absence of excessive radiation sensitivity of the cells, as described in paragraph
43.

o The positive control should result in a positive prediction.

68. The following criteria should be met for each of the test substance treatment groups to be
evaluable for phototoxicity potential:

e The viability of the test substance-treated tissues in the absence of irradiation
should be sufficiently high (for example, >35% viability) to ensure ability to make
both phototoxic and not phototoxic predictions at the maximum recommended
concentration of 10% (100 mg/mL), or when the maximum concentrations are
limited by cytotoxicity, at the highest tolerated dose(s).

Interpretation of Results and Prediction Model

69. A chemical is predicted to be phototoxic (or to have phototoxicity potential) if the relative
viability values for one or more test concentrations treated in the presence of irradiation result in
a decrease in viability = 30% when compared to the relative viability values for the same
concentrations treated in the absence of irradiation.

70. A chemical is predicted to be not phototoxic (or to not have phototoxicity potential) if
none of the relative viability values for the test concentrations treated in the presence of irradiation
result in a decrease in viability = 30% when compared to the relative viability values for the same
concentrations treated in the absence of irradiation.

71. If none of the test concentrations result in a phototoxic prediction and at least one of the
concentrations falls within 5% of the cutoff value, and/or non-concordant results from replicate
tissues are obtained, a second run should be considered, as well as a third one in case of
discordant predictions between the first two runs. In this case, it is recomended to consider
a concentration range that is closer to the concentration in which the potentially phototoxic
outcome was observed.

DATA AND REPORTING:

Data

72. Quality and quantity of data. Appropriate concentrations which capture the concentration-
responses in the presence and absence of irradiation should be selected to allow meaningful
analysis of the data. Equivocal, borderline, or unclear results should be clarified by further testing.
In such cases, modification of experimental conditions (e.g., concentrations tested) should be
considered.

73. For each run, data from individual replicate tissues (e.g., OD values and calculated
percentage cell viability data for each test chemical, including classification) should be reported,
including data from repeat experiments, as appropriate. In addition, Viability means + Difference
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between the duplicate tissues for each run should be reported. Observed interactions with MTT
reagent and coloured test chemicals should be reported for each tested chemical.

Test Report

74. The test report should include the following information:

Test Chemical and Control Substances:

¢ Mono-constituent substance: chemical identification, such as IUPAC or CAS name,
CAS number, SMILES or InChl code, structural formula, purity, chemical identity of
impurities as appropriate and practically feasible, etc.;

¢ Multi-constituent substance, UVCB and mixture: characterised as far as possible by
chemical identity (see above), quantitative occurrence and relevant physicochemical
properties of the constituents;

o Physical appearance, water solubility, and any additional relevant physicochemical
properties;

e Source, lot number if available;

e Preparation of the test chemical/control substance prior to testing, if applicable (e.g.,
warming, grinding);

o Stability of the test chemical, expiration date, or date for re-analysis if known;

e Storage conditions;

o Solvent (justification for the choice of solvent; solubility of the test chemical in solvent)

RhE model and protocol used (and rationale for the choice, if applicable):

e RhE model used (including batch number);
¢ Complete supporting information for the specific RhE model used including its
performance. This should be provided as a Certificate of Analysis or QC release report
by the tissue developer/supplier and may include, but is not limited to;
i) Viability;
i) Barrier function;
iii) Morphology;
iv) Quality controls (QC) of the model

o Reference to historical data of the model. This should include, but is not limited to
acceptability of the QC data with reference to historical batch data;

e Statement of proficiency in performing the test method by testing of the proficiency
substances.

Test Conditions:

e Calibration information for measuring device (e.g., spectrophotometer), wavelength and
band pass (if applicable) used for quantifying MTT formazan, and linearity range of
measuring device; Description of the method used to quantify MTT formazan;

» Description of the qualification of the HPLC/UPLC-spectrophotometry system, if
applicable;

e Light source — irradiation conditions:

- rationale for selection of the light source used,;
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- manufacturer and type of light source and radiometer,;
- full spectral irradiance characteristics of the light source;
- transmission and absorption characteristics of the filter(s) used;
- characteristics of the radiometer and details on its calibration;
- distance of the light source from the test system;
- UVA irradiance at this distance, expressed in mW/cm?;
- duration of the irradiation exposure;
- UVA dose (irradiance x time), expressed in J/cm?
- temperature of cell cultures during irradiation and cell cultures concurrently kept in the
dark.

Test Procedure:

Details of the test procedure used (including washing procedures used after exposure
period);

Doses of test chemical and control substances used;

Rationale for selection of concentrations of the test chemical used in the presence and
in the absence of irradiation;

Type and composition of solvent/vehicle;

Duration and temperature of exposure and post-exposure incubation period;

Indication of controls used for direct MTT-reducers and/or colouring test chemicals, if
applicable;

Number of tissue replicates used per test chemical and controls (PC, solvent (i.e.
negative) control, and NSMTT, and NSCliving, if applicable);

Description of decision criteria/prediction model applied based on the RhE model used;
Description of any modifications to the test procedure (including washing procedures).

Run and Test Acceptance Criteria:

Acceptance criteria for variability between tissue replicates for positive and solvent (i.e.
negative) controls;

Acceptance criteria for solvent (i.e. negative) control OD values;

Acceptance criteria for the viability of the solvent (i.e. negative) controls in the presence
of irradiation relative to those in the absence of irradiation;

Acceptance criteria for the positive control.

Results:

Tabulation of data for individual test chemical for each run and each replicate
measurement including OD or MTT formazan peak area, percent tissue viability, mean
percent tissue viability and difference between tissues;

If applicable, results of controls used for direct MTT-reducers and/or colouring test
chemicals including OD or MTT formazan peak area, %NSMTT, %NSCliving, final
corrected relative viability;

Results obtained with the test chemical(s) and control substances in relation to the
defined run and test acceptance criteria;

Description of other effects observed;

The derived classification with reference to the prediction model/decision criteria used

Discussion of the results.
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ANNEX 1: Definitions

Mixture: A mixture or a solution composed of two or more chemicals in which they do not react
(14).

Irradiance: the intensity of ultraviolet (UV) or visible light incident on a surface, measured in W/
m?or mW/ cm?,

Dose of light: the quantity (= intensity x time) of ultraviolet (UV) or visible radiation incident on
a surface, expressed in Joules (= W x s) per surface area, e.g., J/ m?or J/ cm?.

UV light wavebands: the designations recommended by the CIE (Commission Internationale
de L’Eclairage) are: UVA (315-400nm) UVB (280-315nm) and UVC (100-280nm). Other
designations are also used; the division between UVB and UVA is often placed at 320nm, and
the UVA may be divided into UV-A1 and UV-A2 with a division made at about 340nm.

Relative tissue viability: tissue viability expressed in relation to solvent (i.e. negative) controls
which have been taken through the whole test procedure (either +Irr or -Irr) but not treated with
test chemical.

MEC (Molar Extinction/absorption Coefficient): a constant for any given molecule under a
specific set of conditions (e.g., solvent, temperature, and wavelength) and reflects the efficiency
with which a molecule can absorb a photon (typically expressed as L-mol+-cm-).

Phototoxicity: acute toxic response that is elicited after the first exposure of skin to certain
chemicals and subsequent exposure to light, or that is induced similarly by skin irradiation after
systemic administration of a chemical.

Accuracy: The closeness of agreement between test method results and accepted reference
values. Itis a measure of test method performance and one aspect of relevance. The term is
often used interchangeably with “concordance” to mean the proportion of correct outcomes of a
test method (20).

Cell viability: Parameter measuring total activity of a cell population e.g., as ability of cellular
mitochondrial dehydrogenases to reduce the vital dye MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide, Thiazolyl blue), which depending on the endpoint measured and
the test design used, correlates with the total number and/or vitality of living cells.

Chemical: means a substance or a mixture.

Concordance: This is a measure of test method performance for test methods that give a
categorical result, and is one aspect of relevance. The term is sometimes used interchangeably
with accuracy, and is defined as the proportion of all chemicals tested that are correctly
classified as positive or solvent (i.e. negative). Concordance is highly dependent on the
prevalence of positives in the types of test chemical being examined (20).

HPLC: High Performance Liquid Chromatography.

IATA: Integrated Approach on Testing and Assessment
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MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue tetrazolium
bromide.

Negative Control: see Solvent Control
NSCkilled: Non-Specific Colour in killed tissues.
NSCliving: Non-Specific Colour in living tissues.
NSMTT: Non-Specific MTT reduction.

Performance standards (PS): Standards, based on a validated test method, that provide a
basis for evaluating the comparability of a proposed test method that is mechanistically and
functionally similar. Included are; (i) essential test method components; (ii) a minimum list of
Reference Chemicals selected from among the chemicals used to demonstrate the acceptable
performance of the validated test method; and (iii) the comparable levels of accuracy and
reliability, based on what was obtained for the validated test method, that the proposed test
method should demonstrate when evaluated using the minimum list of Reference Chemicals
(20).

Positive Control (PC): a replicate containing all components of a test system and treated with
a substance known to induce a positive response. To ensure that variability in the positive
control response across time can be assessed, the magnitude of the positive response should
not be excessive.

Relevance: Description of relationship of the test to the effect of interest and whether it is
meaningful and useful for a particular purpose. It is the extent to which the test correctly
measures or predicts the biological effect of interest. Relevance incorporates consideration of
the accuracy (concordance) of a test method (20).

Reliability: Measures of the extent that a test method can be performed reproducibly within
and between laboratories over time, when performed using the same protocol. It is assessed by
calculating intra- and inter-laboratory reproducibility (20).

Replacement test: A test which is designed to substitute for a test that is in routine use and
accepted for hazard identification and/or risk assessment, and which has been determined to
provide equivalent or improved protection of human or animal health or the environment, as
applicable, compared to the accepted test, for all possible testing situations and chemicals (20).

Run: A run consists of one or more test chemicals tested concurrently with a solvent (i.e.
negative) control and with a PC.

Sensitivity: The proportion of all positive/active test chemicals that are correctly classified by
the test. It is a measure of accuracy for a test method that produces categorical results, and is
an important consideration in assessing the relevance of a test method (20).

Solvent Control: A replicate containing all components of a test system except for the test
chemical, but including the solvent that is used. It is used to establish the baseline response for
the samples treated with the test chemical dissolved in the same solvent, and in this Test
Method is used as a negative control in the data analyses. This sample is processed with test
chemical-treated samples and other control samples.
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Specificity: The proportion of all negative/inactive test chemicals that are correctly classified
by the test. It is a measure of accuracy for a test method that produces categorical results and
is an important consideration in assessing the relevance of a test method (20).
Test chemical: is the term “test chemical” is used to refer to what is being tested.

UPLC: Ultra-High Performance Liquid Chromatography.

UVCB: substances of unknown or variable composition, complex reaction products or
biological materials
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ANNEX 2: An example of spectral power distribution of the light source and the
irradiation sensitivity of RhE

Figure 1. Spectral power distribution of a filtered solar simulator.
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Source: Spielmann, H. et af (1998) (37)

Figure 1 gives an example of an acceptable spectral power distribution of a filtered solar
simulator. It is from the doped metal halide source used in the validation trial of the 3T3 NRU
PT as well as pre-validation of the EpiDerm Phototoxicity test and in most of the follow-up
studies. The effect of two different filters and the additional filtering effect of the lid of a 96-well
cell culture plate are shown. The H2 filter was only used with test systems that can tolerate a
higher amount of UVB (skin model test and red blood cell photohemolysis test). In the 3T3

NRU-PT the H1 filter was used. The fig?ure shows that additional filtering effect of the plate lid is
mainly observed in the UVB range, still leaving enough UVB In the irradiation spectrum to

excite chemicals typically absorbing in the UVB range, like Amiodarone.

Figure 2. Irradiation sensitivity of RhE (as measured in the UVA range)
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Source: Liebsch et af (1998) (38)

This figure presented in Liebsch et al (1998) (38) shows the responses of tissues exposed to
increasing concentrations of UVA irradiation relative to non-irradiated tissues. Relative viability
was determined using the MTT conversion assay. Each box represents the mean of 12 tissues
evaluated over four independent experiments. The tissues tolerated a dose of 6 J/cm? without
excess cytotoxic effects. The dose is 1.7 mW/cm? (of the UVA), and with an irradiation time of
10 min is resulting to in 1J.
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ANNEX 3: Considerations in the selection of test chemical solvents

Solvents / vehicles:

During the development and pre-validation study (3)(38), sesame seed oil was chosen as a
solvent and vehicle for chemicals which could not be sufficiently dissolved in water. Several
other solvents were investigated by the other laboratories participating in the pre-validation
(Figure 3), but the sesame seed oil was chosen for the final experiments. In addition to oily
solvents, ethanol and a mixture of acetone:olive oil were suggested for materials that could not
be readily solubilised in water or oil (5)(30).

Itis of importance to select a solvent that will sufficiently transmit the full spectrum of the
simulated sunlight (i.e., the solvent should not show appreciable absorption within the
simulated sunlight spectrum). Furthermore, the recommended dosing volume of 50 pL should
not be exceeded, since excessive volumes of solvent/vehicle on the tissue surface may create
a photo-protective layer.

Furthermore, the biological response of the 3D tissues to the alternative solvent/vehicle should
be evaluated. The alternative solvent/vehicle should not cause decrease of tissue viability
below 70% of water treated tissues.

The photopotency (i.e. the phototoxic strength) of chemicals may be modulated by the
solvent/vehicle as demonstrated in experiments obtained for Chlopromazine in oily and
aqueous solutions (3) or with Anthracene tested in oily and ethanolic solutions (3)(30).

Figure 3. Absorption / transmission (%) spectra of three oils and DMI
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Source: Liebsch, M., (1998) (38)
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