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JaCVAM statement on the Reactive Oxygen Species (ROS) assay for
photosafety assessment

At a meeting held on 17 December 2015 at the National Institute of Health Sciences (NIHS)
in Tokyo, Japan, the Japanese Center for the Validation of Alternative Methods (JaCVAM)
Regulatory Acceptance Board unanimously endorsed the following statement:

Proposal: Provided that proper consideration is given to the limits of applicability, the

Reactive Oxygen Species (ROS) assay is a useful means of determining the need
for additional photosafety assessment, because it does not produce false negatives
regarding photochemical reactivity. Guidelines for the photosafety assessment of
drugs using the ROS assay were approved in 2014 and are increasingly accepted
for regulatory use.
The incorporation of the ROS assay into photosafety assessment strategies can be
expected to help reduce the need for 3T3 NRU PT as well as follow-up testing
using animals. We look forward its use in a regulatory context for the photosafety
assessment of ingredients used in cosmetics and quasi-drugs, agricultural
chemicals, and other chemical substances.

This statement was prepared following a review of guidelines for the photosafety assessment
of drugs, the ROS Assay Validation Report, and related documentation and using materials
prepared by the Phototoxicity Testing JaCVAM Editorial Committee to acknowledge that the
results of a review and study by the JaCVAM Regulatory Acceptance Board have
acknowledged the usefulness of this assay.

Based on the above, we propose the ROS assay as a means for photosafety assessment in
safety assessments by regulatory agencies.

- .- dq E. ”i:-.1: r . : . 2 | | .li I.-:-. ..: L.u L.l
Yasuo Ohno Akiyoshi Nishikawa
Chairperson Chairperson
JaCVAM Regulatory Acceptance Board JaCVAM Steering Committee

20 January 2016



The JaCVAM Regulatory Acceptance Board was established by the JaCVAM Steering

Committee, and is composed of nominees from the industry and academia.

This statement was endorsed by the following members of the JaCVAM Regulatory

Acceptance Board:

Mr. Yasuo Ohno (nominee by JaCVAM Steering Committee) : Chairperson

Mr. Naofumi lizuka (Pharmaceuticals and Medical Devices Agency)

Mr. Yoshiaki Ikarashi (National Institute of Health Sciences: NIHS)

Mr. Yuji Ishii (NIHS)

Ms. Yumiko Iwase (Japan Pharmaceutical Manufacturers Association)

Mr. Kazuhiro Kaneko (Japan Chemical Industry Association)

Mr. Eiji Maki (Japanese Society of Immunotoxicology)

Mr. Takeshi Morita (Japanese Environmental Mutagen Society)

Mr. Akiyoshi Nishikawa (NIHS)

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

Ms. Mariko Sugiyama (Japan Cosmetic Industry Association)

Ms. Koko Tanigawa (Japanese Society for Alternatives to Animal Experiments)
Mr. Takashi Yamada (National Institute of Technology and Evaluation)

Mr. Hiroo Yokozeki (Japanese Society for Dermatoallergology and Contact Dermatitis)
Mr. Takemi Yoshida (Japanese Society of Toxicology)

Mr. Isao Yoshimura (nominee by Chairperson)

Term: From 1st April 2014 to 31st March 2016



This statement was endorsed by the following members of the JaCVAM steering Committee

after receiving the report from JaCVAM Regulatory Acceptance Board:

Mr. Akiyoshi Nishikawa (BSRC, NIHS): Chairperson

Mr. Toru Kawanishi (NIHS)

Mr. Mitsuru Hida (Ministry of Health, Labour and Welfare)

Mr. Akihiko Hirose (Division of Risk Assessment, BSRC, NIHS)

Mr. Masamitsu Honma (Division of Genetics and Mutagenesis, BSRC, NIHS)

Mr. Jun Kanno (Division of Cellular and Molecular Toxicology, BSRC, NIHS)

Mr. Atsushi Kato (National Institute of Infectious Diseases)

Mr. Kenichi Mikami (Ministry of Health, Labour and Welfare)

Mr. Kaoru Misawa (Ministry of Health, Labour and Welfare)

Mr. Takatoshi Nakamura (Pharmaceutical & Medical Devices Agency)

Ms. Kumiko Ogawa (Division of Pathology, BSRC, NIHS)

Ms. Yuko Sekino (Division of Pharmacology, BSRC, NIHS)

Mr. Kazutoshi Shinoda (Pharmaceuticals and Medical Devices Agency)

Mr. Atsuya Takagi (Animal Management Section of the Division of Cellular and
Molecular Toxicology, BSRC, NIHS)

Mr. Masaaki Tsukano (Ministry of Health, Labour and Welfare)

Mr. Hajime Kojima (Section for the Evaluation of Novel Methods, Division of Risk
Assessment, BSRC, NIHS): Secretary
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Reactive oxygen species (ROS)7T vt 1 1%, {LFEWE ORI E BT 23 BR1ETH
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@@Eftﬂﬁ{ﬁ WIEBUEFT & S, hE SN b FWEIT—BHEBRESLA—/N—FF R
T =4 %D ROS ZFEAT S, ROS 7 v A X ALFEWE ITELE KRG 2B L&D
ROS OFEADHEEAFINDL Z L2 LY, USHEE THIT 5,

ROS 7 vt A1 1%, JaCVAM W /10 FCEfiiax NV 7 —v a U inFEla iV, OECD 7 E
D 5 E BRI FEAE(2005 ) DIHE- T, HEME LR LML L =FFHMMEESIC LY . #
FHIZRFHIAM T o7 ¥, JaCVAM fHilii&id. 2 a & & 12 LT JaCVAM St & B
BEBZICIVIERENTZROS 7 v A dHli#E & (201647 H 8 ) 22T, A
BRIE DS PEIC OV TR L7z,

1. RBREDOESE
4% :  Reactive oxygen species (ROS)7 v &A1

RETH HNBEERR . In vivo D HEMERABR 938 X O Neutral Red Uptake
Phototoxicity Test (ULF, 8T3 NRU PT & B9 o5k

REBRIEORNE ©  ARBIE, LW EICEEIREE 2 S L, ROS oo —EIHEESE & A
—NN—FF T RT =40 2 HOEADEEEZFALIABRTHD, —HEBEITL p-
nitrosodimethylaniline DG EZFEE L L CEOMEAZFHMT 5, 37206, #EWE N IR
HEZIT (LAY E 720 2R bEAI N —BEEBEDSEF O imidazole &
B U CRISH R ZTZR T 5, Z AU p-nitrosodimethylaniline % E&{b3 2 2 & TE M %A
H725 L, 440 nm OWHAEARAT 5D, Z OBSHAEOWA & — EIEEE R O 4R L L THRlE
ERAR

singlet oxygen + imidazole — [peroxide intermediate] — oxidized imidazole
[peroxide intermediate] + p-nitrosodimethylaniline — oxidized p-nitrosodimethylaniline +
products

A—/N—FF T R T =4 OPEAIL, nitroblue tetrazolium (NBT) DiETLE AL E T 5, Jih

LB HEEASND A=/ "—FF ¥ RT7 =4 3 —BEFEBEBERIRICE Y NBT #i&

L. AR S 45 monoformazan |E 560 nm (2 UV WIREHT 5, ZORIEAEDOHINZ A —

WR=FHFy RT =F  OERDFRIE S LTHIET 5,

superoxide + NBT — O; + monoformazan (NBT™)

2. FHMBIC AW BN X OEHE PN DR A) 322
JaCVAM B0 FCEIE SN =Zhigx /N 7 — a VB O R, OECD BREDT-
FEBSRYHEE (2005 4E)2 12> T, NY F—3 3 o EMERT & 137 LI-BME NS 72 55
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ESTIIIEZ RN —DT 72 72— L7720 | ZHITHEVEA SN —HERZES A
== F Y BT =AU 5FED ROS T K D AERNYE OB OGS FEAIME BB BUE O FE iE
JRK & LTEZHNTND D, ROS L, HFHEME DA TR KT LAXF—2 R THWETH
FEL, E U RIFEEEIRITNGRCOER D EEZEZLNTND Y, DLED X oIz, A
BRIEIT AL BRI 2 B U, sEAT A —HEBRE L A——FF > KT =4
DA LTI D HALFOBOSHERBR TH 5 2 £ b, BREMEORMEE & U CREEMICZ
UHERHDHEZEZ LD,

3. ARBRIEOF AL EARR

ARRBIEIL, B 5 2 WIXEMW RO A RREBI 2R L7222 L, 3Rs OREMICE
B LTW5D, FALFEWE O HALTF RGP > S IS JE T X | ZRALEA [ HE T
HbH, IHIZTAMEIZBWNTHENA TN,

Shiex N T — 3 VRBRIZE W T HHATED T ORI C X Ao T BB Z R < L
AFRBRIEIC X D HFEGEDE OBRHEIT 100%TH 0 | BIEEEERSZ2NZ LD, hE
PEDO AP — RFHIICERATH D L EBEZ bLD, S BT, EEMLONLZEMEFHET A KT A
MNZHRWT, ARBIEIVHEHMEEH OO L& L TR S, ARBRIECRERELHE SR
TeBAFET DOEIEMIC, S 5R5NEMRER AT O LEITRWE SN TND, £, ARk
Bk 2 e RIS EA T 2 Z LTk . RO D E MR ORI > 7 D Z &
DHIFFCTE 5,

WIZ, MRS E ) 2R3 2 2 MR R Tk, £ A S O TRV UVB 2t &
LCHEMTHZEMNEL <, UVB SEIRIC LRI A S 22V MEE WISk U Cl FH 23 R e
Banb o0, ARBIEIIHRYE B IROYEDFMR Th 572012 UVB O H E AlHE
Thb, £, EEREEAZLEL LW AT ATH D20, TOFBMELEY, —F5,
FBRSLE LT, RO CHT 3 2 R E O IR W B O IE IR I B B35 0 BV DLW
BIIRHlCE RV, EHBYEITEVIRERMTHEBT 2L e FarnRESNLT
WAHTED HHRIRAEY D X 923 TR DRI TE/VIRE %2 R T X VR E 115
i cx7e\, 2O L) eRBRFEOMBICT L, &%, FRmEiEHAICT VT I v 2z
10D REEATRIN L 7202 o b e — LRI O E P, pg/mL BALCRERT 5 5k
WEOKISENRF SN TR Y | LR EME DL MBI 21X LD —bFY
B b NTRIRIZOW T O N AL E L CHERAMERIIFFCE 228, 0I5k &
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4. BRETOIMEXIIRREOFEELTME T 5RBRIEL LTo, 202 TF AN ZOYT
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LSRR T ANLE

AL, AL O A FER R 2 R & U 7= fiE S B Wt L OVEh i el &
W22 WEREBRIETH 0 | BRI RSTSE#E (solar simulator), UVA JIE%E, ~ A 7/ 1
TL— M) —=F—RNHATE DR THNERSICETE 2R TH 5, ARBrET, 1k
FWE O IALFRIRE AR L L BB L OV T LV — O RIS BT 5 Lo
HBRANY MEREHLTEY , (bFWEONL A EZD L THERERE 525 Z
EnD | REBIEOMSZ T ANEITE W, eds, RRBUEO FEMIZ Y 7o T, #BRY
B ORE & RBIE O AR A fAD . 150N ROMPRICER 289 WERH 5,
TB EOFI A

AR, HARFUCEETIUL, MEFRIGTEICEE L TR 295 2 &L 372
WZ &G, SO NEEMFTMOBES DY TE 5, 2014 FITARERIETEHE
s DI EMFH T A R 7 A4 & UTEHRIRES I, BRICATERI R AN EE > T D, K
R BR L 222 A VE O FHEEIG IS A AN D Z &1, 3T3 NRU PT 0% 1uic#: < @t o
FER A HI T 2 Z L2723 D ALWESL - EHEAN SRR, B, 2 o —i b FWEIC
DNTORLZEMFHME L LT, [T EORABHIFTX 2,
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3T3 NRU-PT:  3T3 neutral red uptake phototoxicity test

CDER: Center for Drug Evaluation and Research (E3E5hFEHMAFsEE > & —)

CPMP: Committee for Proprietary Medicinal Products (R =32 B 2)

DMSO: Dimethyl sulfoxide

EMEA: European Agency for the Evaluation of Medicinal Products (B [= 3&
AT, 2004 £F F THDAL T IERF)

EMA: European Medicines Agency (BRI = 3E 5L )T)

EWG: Expert Working Group (BEfAZIEEEZ)

FDA Food and Drug Administration (CA[E £ it [ 3E 5 &)

IC: Internal conversion (PNHESHERE)

ICH: International Conference on Harmonization of Technical

Requirements for Registration of Pharmaceuticals for Human Use

(H 2K BU =58 i K1 R0 R 2 5%)

ISC: Intersystem crossing (A A7)
NaPB: Sodium Phosphate Buffer
NBT: Nitroblue tetrazolium
NBT": Monoformazan
OECD: Organisation for Economic Co-operation and Development (%75 17 /7
b FEHEAR)
RNO: p-nitrosodimethyl aniline
ROS: Reactive Oxygen Species, including superoxide anion (SA) and
singlet oxygen (SO).
UVA: Ultraviolet light A (wavelengths between 320 and 400 nm).
UVB: Ultraviolet light B (wavelengths between 290 and 320 nm).
UVC: Ultraviolet light C (wavelengths between 190 and 290 nm).
UV/VIS: Ultraviolet and visible light
4
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Reactive oxygen species (ROS) 7 v & A 1%, {LFWHEOIALFHIRFE A FEEE &
L 7= fiif C LM IR LB AT e 70 Y 22 e ERliiE & L CIRE S, (b EICHE
KI5 % FRES L, singlet oxygen & super oxide anion O PEAE DA HE % 1~ 5 Y6 K
ISR D —> & LT, MHRBBUETE R O FTREMEZ Tl LS5 Z & 38 58T
SNTWD., ZOROST vtA132014 H\Z step5 (ZRIFEL7- ICHS10 HA
RIALNZBWTHED EIFonTEY 5 —%251%, Z OREBREIT invive 12

B D EZENOCEEYE %%ﬁﬁéif@mﬁﬂmm ERREINTND
Lt STV 5

ROS 7 v A ORI E LT, JaCVAM B8 T TOLi N 5 — 3
VRBR N EM S T AER, ek X OVERR M zES e <, ILAMEIZER TV
HRBIETH D Z EDRINT. Fz, HREMEDT= DI C X 72 IR
BHZR< &, ROST v AT KD NEEWE OBMERIERIT 100% TH 0, 1Afz
PERERN 7202 E 005, ROS 7 v A 13EHMERT v v vy VOFHEIICAHTH
HEEZEZOLNT., ZILHDONY F— g UlREEICKHT 5 = FRHMEIC BT
b [ERER ORI AN 72 STz

TOXOREREDOL &, JaCVAM X OECD 73 & 7= [E B 72 JL 4 (2005 4F)
2> T, ROS 7 v A DY F—3 g RBUCEE U TR 72 SR FE &
T TDDOHEMFEIZL DM LIZEZBRER T, ZERIT 201342 HITHE 1
BEDOREEFFD, Z0OK% 5 RICHE > CGEHiHRSEDO RE L ZERTE . AR
M EFIILZERIC LM E fma BN LD THD.

MERESITFERE LT, ROS T viA OFBMEE TR LFEDEORAET
7R YEMERME E, SIS TTE DT v A HIETHD L LT, 4%, ROS
T e AICBWTHEORRENG NS, IROBREE LT 3T3 iR
(OECD iRBR A KT A L #432) 250D invitro iR OBE A NHELE I N 53, [ErE
DFERDE SN H AT 72 2 EWRBRSCZ OMORBRIIARE TH 5 LIFHET
XHZEITEY, NEMERHIIC LI & e SRRSO H 2R L, EREM) O
HAZHTHZENTEDHEELZLND.

T, KT v A OFRIM - FEME, ERGOFEERBREO—BRE LT,
Z ORIFEWIERES L OB OBEEREIZHWAFEELXFTEHHLDOTHS.
S BT, BIEDKRFHIEWT, ROS T vEAIIBITHIEREYE L0y &4~
B~ FH ATREME S R Sd, ARBES B, — (b F W E e b N RO

PRI T 20— FIHIEE LTROS 7 v A ~OHIFERE £ > T 5.
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1. HBRAEOHENER - RS I URF LOKE ST

11 HEMNE=

MREMEEE, HEN U TCRIET 2IEFWEFHHEEOFEKIETH Y, I(ANTR LT
o ickoTHeEDE R T Z LR N T —LoTnD. 2O X5 pEtE R
TALEW & X 1(B) T CHEE LA E ER L TWD, 2O X 5 eWEIX, JORIEME,
JT LUX—ME, SREEEN, ADARMEZFET AR D 5. (LW E O e
BRI A7 DICHEA 72T B AE (in vitro BEWin vive) DB EINTEBY, Zhbiz
1%, (i) in silico A7 V) —=2 7" —)b, (ii) ALFRIREZ Tl & U7 oy T e, (i) 4%
FEFEVE SO R B 72 SR T v B A k7R EREEN TS (Onoue et al., 2009).
in silico R A7 AL LTI, #]21E DEREK = HOMO-LUMO Gap SR STV 5.
SACZF IV REVERTAI Y — WX BRI A R S E SR SR L A O ToPEE R L L=t
AT A EIR L L, SRAMMSERBEUE OB R ICE S LG D RS DA 2O
TEWANL—T"y NTRIBT D Z ENRHKD. KEEOHWFEZE 2 5L X, ROLEER L
UH—&2DDIEKEEOWIL, 7 L TENITHEILAMDOINETH S 5. ZOBLEND,

FCREBEOWIL Lo & | OIFETH D UV/VIS WIERE S E KL BHSE (231 5 ke et
FHEICBWTHHA TH D Z &2 Henry HIZ K-> TIRESNT. Henry HOMEIC LT,
EVEARER 1,000 M -em™ BLF O/L ST Y A 7 MRV (Henry et al., 2009). S 5
\Z, Bauer H1XZ DOFEMEIZOWTE Y L DILFEWE ZRRITHEE L, £OZLMEIZHONT
MFEL T % (Bauer ef al, 2014). —J7, UV/VIS WIENEZ T T <, Bt x 1 ¥—|C
£ 2 WAL S EZ BRI 2 2 E N ATRE & 22, K0 SEEMEEE TN TS
TXAHA[FEMENSHD. 2T, Onoue HITZ OB ALSIERE TIZBIT 523 WH5 D ROS
PEA B L Lol em TRy — v TH D ROS 7 v A% 2006 FEICERLTZ
(Onoue and Tsuda, 2006). T TIZ EH SN TWAEERDERL ZFNFH ROS 7 v&A T
P L7 & A, RIERSRE & U OBBBREBUIE DS #HE STV 2L EWEET ROS Z AT
DEMICH Y, —J7, xR V== J TREEMEOE W EEZ SN HILEWEND
® ROS FEAIIMO CIRESNIZHDOTh-o72. I72bb, ROS 7 veAI13NEE) 27
ZYRT DX THERARY =V ERDARRENRBE S, KT v A DA A—T > K
AT N == TRADISFABRI O E, AV—7y hOSELT v A D/NAr—AkiC
% L Cu % (Onoue et al., 2008a). ROS 7 vt A OFEE LTI, LFWEDNALFMIK
SR A RO EICHE TE D Z ENET NN, EOKE, KT vEAT =213k
BAEMTIT TR, REEEREICHERS LA bED THMELHBILTLES 2
EVTED—DTH Y, ZHUTMACFHISUSHERHGE T 2 B OBETH 5.



ALFIZBNT, REME LMW E I H D 5V TEBIR L7214 T, e~ ORIz
WL THRIET 2AFEMEHNemEISRE L, 1EkLY, Je@mtk, o7 vad—i, tEisE
P, KHMARMED 4 BORLRDERNEEND. KELEME, R ERD{FWE DAL
%E’JLF%E Ve, FEREIRBBR O T — 2 B LR Z 2R R E S E 2 TREMICTHE S D,
FITCRTENE & RIF T, JEHREIC X o THEA SN D IERICTEE I %3 2 SV DR
ﬁS“C“E?)é. FEARBEOE & 11X, JERRGHZ X0 B S A MBEOS I L, R S D —
BHETHY, KON ERIUERTHWONSZ L LN, SwmEE T LLF
— P& B S XA D MBS B DA T 5 Z LT TidZe .

ROS 7 v EA NI T —va w3V Ay hF—A% JaCVAM 158 F THEE O SNk
T2 FHHOBE R EE 2 NN 7= a il 2 a5 L, ROS 7 vt
A DEAMTBHEME (transferability) , B2 (robustness) 72 & N FHIPE (prediction capacity)
ERAELT-. NU T — g Uil R 2GRS0 E L CEFE L(Onoue et al., 2013a; Onoue et al.,
2014a), FEMi7e T — 2 BTN 7 — a VIREER L NHRRE Y 7 F 23—/ % JaCVAM
R—L— BIZAB L7z (ROS assay validation management team, 2013a, 2013b, 2013¢) .
ROS 7 v ANYF—va VIREELTE L2 H -FME RS0 #EED JaCVAM 7k
— L= RIZABA S 4L (Spielmann et al., 2013) , £ D %K) A4 Appendix 1 (27~ L 72 (Appendix
1: Executive Summary of “Peer Review Panel Evaluation of the Reactive Oxygen Species (ROS)

Photosafety Assay”).

1.2 FEHRN

E®i5f£%§r%r@ﬁf?ﬁ‘fﬁi}imf‘%, Z DOFRIET O ERICITIALF RIS DAFET 5.
1817 FZHEE S 7= e b8 —1EH] (£721% Grotthuss-Draper law) Tl “AH L7205
b, %ﬂléﬂf:%@k Tﬁ)ﬁﬁl‘? DD LY, TROLNBINT DILEMD D=
WIS E R LD 2 ENBREN TS, Y VEEE-> THIRICEIFETE 2 KGO H
RIEEIC 290-700 nm FEETH 523, 300 nm L 0 bR CHENZ XL F—D@EOED
HEEERITDOT) 10% BRETHD. —FH, REERMZRD IO Tz F—(3/ha<
%500, KEFBMHITERY, ZhOREAMCHBRUED ) T—L 52 e b
2 ARNIZE D A ENT- MWL E 3 R MR IR L, 384D 57 chromophore,
H DI K > TS S 47 chromophore 723 2GRN £ THRIZE L7122 K » THRE =
hok, HEERED S0 2ok —HERE S IS snsd (K 1(A) . Bk —E=HIR
RBOFmITE, T2bbata L THEBICHEERE S0 IR D), HEARZEIZL Y
= HEILIREE T1 ICERBT 5. bl ZEIREBICH 2LEWIT Y AJtA% L CAENRRE SO
IRD. DX t%&ﬂibfﬁbtéﬂt SFITIERNT & O LEREEIT R A HE A
HDHN, ZOWMBENPHED T A L—XIZ IERIN SN2 R L X —12 K B w0
~OFHIFRES NI b D LS. Livl, %f“ﬁ( ii/)?l<ﬂﬁ%}iﬁf;’i’ L7224
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TH, MmVETZ XX —2 G LI hiEn 1, £o=xAF—%28#))) & L THE O
HROERETNTMAMZ R EOMFROCEREZ T 2N TED. 20 L5 R4 by

W& W, TUNNIETHD Typel B &, singlet oxygen ST 5 Type Il SUis &

25T BID . TS IFEEAIMEERREBUE O RIEIC B W THIICERO b, §772 5 UV/VIS
DIEFEIC L > Thhl 4, ZDOBRICH bVt = L X — TR E IR 7 11288
BLIEY, H2WIMEEMEO S ORAEERNYE LS L O E R T 5. £z,
MRy FldE= 2L X —D7 7872 —L LTHEEL, ZIUIEWVEA I singlet
oxygen X° superoxide D{EMEREFEFEIZ L 2 AEMKNYE O FRAL G A FEAIE AR BUE O
FIEFREDO—2E LTEZHILTND (M 1(B) ) . 3D DAL OFER A A5
OB Th 25 A IR 2353 L, £72 DNA ORRbd 5 W ITHEERRIC
Ko THBEBMESCIENAFERN RIS 5. i SNTEMBNT T el 2RI H
EIATI Z TERR LTEBRITIE, St 2 R9 2 &2, REBITET I//Dﬁ?a‘fi}iﬁi\
EEETLIODOLEEZIOLND. ZOXOIT, FEMDWRHE S NTZRICRIST 50 FHEIZ
THRET D2HEERISNENENR R L. Zh O OWFITNA T, Jﬁbiii\/vﬂ?~ﬁ°ﬁ§‘f$ﬁﬁ
FREICL > TEMETOLONGRE, BHEWEEERT 57— A bBESN, HEETF
TP OBEMETH D, O XD RIEFRIRIS DT ERIED N Y T —IZ72>Tnd 2
L EEBETNL, ROS 7 vt A aN@mEiHYy — v DO—2& LTHIHT A2 &idmbeE
bbb,

(A) g — (B)
—

MREZND, FEE
(|

E : :I Pl i

S N - -
ugz(“ T, | s ' DNA
I i SRR R : | i
, . ¥
gy e 5 Y _
r® = [ ﬁ‘ﬁ?wb#—ﬁ]
H

s i 4 [ |

[ |
0 BT EEARE

B 1 b RED . (A) RIZ X 2 FEME O & R EE~DOER. (B) il
LB DRER) & 72 B HEAKNG T LS. (B E, 2011)



1.3 REALOKLEDIT

AR D & 9102, KRS K - Tt mEmE 2 84T 2/b6Wi%, Jellidt:, St v
xR —M, JCRIREME E I AR FHET D AR B D DD, ICH 1TV TYER
ENTEREONLEMTAMIZET D20 A4 K7 A o OwmAHEHL, SellE s b7 Ly
—PEIZIRE LTS, SEZAMERHMEICE L CTIX 2V E T 2002 4R [ 38 5 % 2T
(EMEA; Bl EMA)/ERM EHK L EZES (CPMP), FH4ED 2003 (21K EE L ER LR
(FDA)/EFE M FEmAFIEE > % —(CDER), & 512 2004 2138551 /1 BR% %4 (OECD)»»
SEMI T EDERENTWAD, b 3 DDHA RIA /AKX ADI@EE L LT,
LA OFALFER R & T3 2 LEMENTRIR SN TWDL Z ENBETF oD, ZhbDH
ARTAUNTAL L ATIEIA 7 V—=2 27 L LT UV/VIS WIREPERRRE ST
%. OECD HA KT A > TIEFHlRICE T 5T NAW AR T 2BEZ 10M ! -em™ &
RELTEY, FEMITETOAYN - OBEL B2 5. i, X YBEENRBIE
DFEEZE B E LToWFEA T4, Henry HIXBEREEME IS 2 0t 5 & U CORBRIUERE
EREE LIS R, BB RS 1,000 M -em™ S E @B RMETHY, Zh
2R IRV EI IOV TR B 2 S5 T 2 WEMHIHMRN Z L 2R LTV D
(Henry et al., 2009). EMA X 2010 FFICH & D A X > ZIZBF 5 Question and Answers % 2%
FL, ZOEZZBELTWS. ICHIZBWTERL O EMEFME AN 22 2B 5 k
By 7 L L TC2010 FFICEIR S 41, EWG 23382 L, 3FEMOBFHIM AT, 20134 11 A
LBV D A R A D Step 4 LENBEENTZ. ICHHA FIA412F
W TCE BRI O BT 2 9 5 MIHIREm IS R\ T, B VIEARERAS 1000 M -em! A X
DY T oo THILZERPEORH IR ICB W TRRETHIVUE, X D7 5 i<l
RARBRIC IS DS E I AR B & STV 5D, ROS 7 & A LA SEREME D © #5k
WEONFENEETHH 2 L 2R TE D HIEE LT, ERLOLREMFHIICHA S
NTN5G,

15
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# 1

AR DI R T A KT A >

EMEA/CPMP FDA/CDER OECD ICH
A RZA Guidance on Guidance for Invitro 3T3NRU | Photosafety
photosafety industry phototoxicity test | evaluation of
testing photosafety pharmaceuticals
testing (S10)
AT S 7
SHIF
ALTFWE A |- ATORIEL X | - UV/VIS BINA | - FrBlERELA
A FTT 7 m | OISy I E 2553 (APT)
U—EHE SMVHANTRGIT | ik « HTRLAS I
n - O FEfie A HEDE - RER A5
172 &)
- MR R
______________________________________________________________________________________________ L2
+290-700 nm & |+ 290-700 nm & | - 290-700 nm <& | + 290-700 nm &
IRERREI RERREI JRSEERER - 10 | VIROEAREL
S RPATETRE 24N B4 % i s M'-em! LLE 1000 M- cm!
L L Pl
‘ “UV/VIS OWRIL
UV/VIS IR L
BN T
Mz oY %
(ROS 7 v
______________________________________________________________________________________________ A)
- JRPTIE - B2RE - IRIZE - BRI +5y
PG LRy | - BB -RICEIE | b L300 AL BoAm
i - - B ™
HHEZHH0
A7
* 3T3NRU * 3T3NRU * 3T3NRU * 3T3NRU
phototoxicity test | phototoxicity test | phototoxicity test | phototoxicity test
Photoirritation "YUA, \\{_/I/{—
v, T, T
VARSI LAY
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, invivo BUBR |
- WRINT - RERL R -E 3R
LLNA 7 >k IZBNWTh, JF
A <> MEST 7 W ARG T Lo
Photoallergy v A DR Sl PAN 1t 5 X — PR o
HNZA 72 EROE b~
ARl A R DT PAPE TR
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, BRI DDH | AAELTRS
G aR | - PLERTHE,
SEFREMEL | BERE, V79 il
L Z N2 in
L N . Nt
Photogenotoxicity 'lgﬁg; Ak ‘F%;%E It 1 FH A S
chTFURATY 2=
> 7 RS
TV

10



2 HEBEoJOraLBEIVHERESE

21 AIERE

FRIOMFHTIBWNT, JERUH LY GEAE S LD singlet oxygen & superoxide @ 2
fE D ROS JIE DG BE D @ WO Z BRI F 552 2 &L 23R S L7z (Onoue ef al,
2006&2008). = 2T, Z® 2 i ROS pEAZFHETHZ A2 HIE LT ROS 7 vEA
DS X7z, Singlet oxygen L p-nitrosodimethyl aniline DA A FFIE L L CE DREAEZFE
i cEsd. 70bb, Bhil{bEW 6 EA S LTz singlet oxygen (ZSGHEH @ imidazole BR
& Uit LC  trans-annular peroxide intermediate % 29 % 2%, Z4UAY p-nitrosodimethyl aniline
AT HZ L TAEAE BIZH L, 440 nm OWNEN DT D, Z oW O WD R
singlet oxygen DAEFKERETHHDTHSD.

Photoirradiated chemical + dissolved oxygen —oxidized chemical + singlet oxygen
singlet oxygen + imidazole — [peroxide intermediate] — oxidized imidazole

[peroxide intermediate] + p-nitrosodimethyl aniline — p-nitrosodimethyl aniline + products

Superoxide & [ U< A FHFIEIC K> THIENAIEETH Y, H'E & LT nitroblue
tetrazolium (NBT) #fiH 35 . B &M HEA S 412 superoxide I one-electron
transfer reaction (ZJ& Y NBT ZiZEjL L, A IS4 5 monoformazan (NBT') |E 560 nm (Z
UV W z=H3 5. ZOWRNED EF ) superoxide DAERKE RIET 5.

Photoirradiated chemical + dissolved oxygen —oxidized chemical + superoxide

superoxide + NBT — O, + NBT"
2B O photodynamic (ZIEHE AL 5 28, YRR TREED, SERSIER, B o 7 VIR,

ST B AR 1 b & B HA DT v A RIHC Lo bk E < EBBHE SIS
7o), MLOEENLETHD.

22 #MHEBLUHEEFE
221 ROS 7yt AREBLSVICZORR

11
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NaH»POj4 * 2H,0 (CAS#13472-35-0), NaHPO4 + 12H>0 (CAS#10039-32-4), dimethyl sulfoxide
(DMSO, CAS#67-68-5), p-nitrosodimethyl aniline (RNO, CAS#138-89-6), imidazole
(CAS#288-32-4), and nitroblue tetrazolium (NBT, CAS#298-83-9) X iR DFEK AT 5.

2.2.2 20 mM sodium phosphate buffer (NaPB, pH7.4)

3.8 mmol (593 mg) @ NaH,PO4 - 2H,O &, 16.2 mmol (5.8 g) @ Na,HPO4 - 12H0 & &Y
BV, 900 mL OREHUKIZHAE L=, HCl 2Lk > T pH7.4 IS L, HHRUKT IL I2A X
7y 7 LTELEMT .

2.2.3 200 uM p-nitrosodimethyl aniline K¥%¥#&
20 pmol (3 mg) @ p-nitrosodimethyl aniline % 100 mL ¢ NaPB |[Z¥&fR9 5. FHHEI4 130
JerSA T IVZAR, B TRET 5.

2.2.4 200 uM imidazole /K&K
200 pmol (13.6 mg) @ imidazole % 10 mL ¢ NaPB [Z¥&fiE L, & 5(Z NaPB T 100 f#
FRT 5. FARBITH A T AN, BEEICTRETS.

2.2.5 400 uM NBT /KK

40 pmol (32.7mg) @ NBT % 100 mL @ NaPB T&Efif L7=. NBT (XM AMERW =9,
BE IR AN T v 7 A EDOUIRHBEENLE L D 2 WD D, FHRBZ TN A
T VAR, WIS TRE T 5.

23 HERYE

ROS 7 v A ZEEd 221X, DMSO T 10mM @ stock solution %7 v & A BRI
FHELL, ROS 7 v AIZHBITDHIEBE 200 M &35, HMREMEICEEELZ LoD, Kb
Ty 7 AIFH—ITT 5-10 pRRERM UMM EZ RS 5 2 L 28T 50, wmE
DIEFREEPENIGEIZIE NaPB THEM L TH LV, 2N THARBEM LR WEEITIE,
DMSO stock solution Z DMSO THAMR LIEMEMEZ R L T ROS 7 v A 25T 52 &
ET 5. BRI DAL ROS 7 v A BT DHIEEEN, 20, 50, HDHUMT 100 uM &
DT ENEELVRZORY TiEARW. MR LCGEICITHEEERIERREE & 2D 5
DTEENLETH D, 7238, 200 pM OFEROHEZHND Z MRS, BTV
AIHERREZ T 225, MEROHWIITEENLETH 5.

12



24 BELGSTIZEEXNEYME

ROS 7 v EAIZBWTIXBEMEXEYE & LT quinine HCl (CAS#6119-47-7), % L Cl&ME
KHEM)'E & LT sulisobenzone (CAS#4065-45-6) Z 5 Z EMEE L. Wiivs, DMSO
stock solution %7 v A HANIIHMTHZ L & 5.

25 #H_E-HEE

2.5.1 Solar simulator

ARBBEUEDIZ & A ED KRB~ DIFEIC L > TEESND Z & %%E—%’ﬁh %, ROS 7
v B AT 5 solar simulator (ZATREZRR Y CIE85/1989 FEUERIEICITVNT &N EL
V. iR, e E LT Xe 77 (1,500 W) A 254k L7z Atlas Suntest CPS/CPS plus (Atlas
Material Technology LLC, Chicago, USA) & %\ X Seric SXL-2500V2 (SERIC., Ltd., Tokyo,
Japan) ZEA L, EHERIIZELVIE< T 5 290 nm LA FORKKE T > T 57201
UV 7 4 V2 —%4%EF L THWD. UVA detector Dr. Honle #0037 (Dr. Hénle, Miinchen,
Germany) THGEZAIE L2 L X, £ 2 mW/em? ORHFEE TH Y, solar simulator D F
¥ U R—HNOIRETT 20-29C OHEIPAICHIE S AL TWD Z ENEFE LV . F72, solar simulator
LS TP LATINEAET L ENRHDLDOT, 7 viA ORNTHKRIEL, BE LT B0
IR A I L CBLSMER DD, ARTRAT 57 —FIIT XTI boRKNEELS H
WTC ROS 7vtEA%ZFEMmELIZEDTHS. LD solar simulator & FHWTHEHTHZ & HHA]
ETHDIN, ZOHEIZIIBMERM (quinine) , FEMEXTER (sulisobenzone) 72 B ONZHELE{L
AWt > b (recommended chemical set) & W CHEREZ & k22— LIZFE#E STV 5 58
WibE LT 5.

252 ROS 7 v+t 1 H reaction container

FLLUKIG 2 BREH D BRI iE Y2 7 v & 96 well microplate (i, =2—7 4> 772 L) I
ANTAT O, ZOBRTIIAKSEBIC L DY o T NVREEES 2T 57D 72 %35
EMMETHDH. BHF D microplate D7 F TIXIRE D AT "R E— 2 BNELT 5
AIREMED R <, EAUVEL solar simulator 7> B O MUEIZEEN RN L O BETRETH D,
PE LK 2 (KRHE) IZ/”7 quartz reaction container (4% U Rt &) W5 Z &
DRI N D73, Zhul ’Bﬁiéhé%@'@ Fe < AELEZHNTH L. #IEXN D quartz
reaction container (FA T —/LVEOEFER, AT 7oy — N, ZLT7XOKBEZR-T
quartz plate 7> HHERL S 405, F72, Onoue HIFIEIT, 96 well D 9 BIX 2 (Z/RTFHIK (B2
G11) (TIHITE SO BRI EOBEUREENENRN D Z L 2P 52T L TEY (Onoue ef al.,

13
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2008), Zivlk, [GH#HH DT —X 155 7-DI12i%
ENHERE IS,

DOFERZ FAWT ROS 7 vtEA %2175 2

253 ZOMICRELEINLEBER - EFE

ROS 7 v A ZFEhT HERICITIEROLERE - 2B 013D, KIES 72 UVA detector, i
EE, ~ A7 FL— R —&—, J‘E%Eﬁ%‘%ﬂ, RVT v 7 AIFH—, L —hvxz—
T —, HEFREEEH, ~ A7y "R ERMETHD.

—_
—_
—_
N

IO Mmoo ol
OOO000OO~
O ~
OEEEEE )
OCO000000 ~
CO000000 =
00000000 =
00000000 ~
® oL
O )
® e
00000000
OOOO0O0000

2 reaction container D&Y

26 BERAERLGLULIZT 2N

ROS 7 v A Tl singlet oxygen & superoxide DX & 3T T 5728, ETENEND
BB EER assay mixture & [X] 3 IZHEVVERKT 5. singlet oxygen HIEH D assay mixture
(1 mL) (\ZIHMEEORE OB E, 50 n mol @ p-nitrosodimethyl aniline, 50 n mol ®
imidazole 73 %IV EIVE £, superoxide HIEH D assay mixture (1 mL) (35 DY EE DO PR
WHE L 50 n mol ® NBT & AT 5. Fif{L, 200 uL @ assay mixture % 96 well
microplate (2 n=3 (2725 X9 4 IZHE- TR L, ZORITIEFHMEBILE (X100) 12
S TAREMRL Ao D W EM O R ELZHZET 2. b L, B EOBEMEORMBETE

R L Qe o 723845 121F DMSO stock solution % AR LT 200uM L ¥ 1&%/)&%pr0)
ROS 7 vEA ZFEMT DI & TRHGT D, BRI E=a s e —/L e LT quinine

14



(200 uM) & sulisobenzone (200 uM) @ assay mixture ZFHH T H & & HIZ, blank & L THE
BRW)'E D stock solution DLV IZ NaPB Z Mz 7= b D b THET . Plate shaker (2
FoT 5 BRBERHE L%, BEUKPEDERARTDA assay mixture OWIEAE (singlet oxygen
< 440 nm, superoxide |E 560 nm) &=L — kU —X—THIEET 5. 96 well microplate %
quartz reaction container (2t L, KEMEL ®mDDH7-DIT quartz plate & L o220 & [EHE
9 5. Solar simulator ®F ¥ > /N—N|Z assay mixture & AL 7>, HBE T U 712 assay
mixture ZALE L, 1 REEIEHELUR I & FRGT9 2 (B & : Suntest CPS/CPS+iEAY 2.0 mW/em?,
SXL-2500V2 (% 3.0-5.0 mW/em?®) . EEEHEICITHEBRWE > NBT" 2L TV o Z & 23d
5728, 1 5FREE plate shaker TRFIL, ZDO®%IZT L — F VU —X —(ZTH assay mixture
DA Z [FRRIZHIE T 5.

15
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NaPB (20 mM) 480 uL NaPB (20 mM) 480 pL
|m|dazole (200 uM) 250 uL NBT (400 uM) 125 ul
RNO (200 i) 250 uL WERME (10mM) 204l

Assay mixture ¥ERE
singlet oxygen BIE B superoxide A FE A
HERME (10 mM) 20 uL

BM- AR
RILTYIRZIFZH—IZTENE, 5-10 9EEBETRELIEEITD

96 well microplate ~M4% 3

200 uL M%: reaction mixture & 3 well [ZINZ 5

FZFEEMBER (X 100) [CTHBRERFHOINIINHERZE TS

B SL AT D W S E R TE

Singlet oxygen I& 440 nm, superoxide I3 560 nm QR F{EEZRIE TS

BREUARRL RS

reaction container IZ microplate #tz-vkL, 1 BEFBENX (9 2 mW/cm?) 5 )

B R OBINERIE
plate shaker THJ 1 7 EFI#RICHIEIE (440 nm, 560 nm) ’é%h%h;ﬂ”m?’é

|
|
[ HRNEOBRIEHE i
|
|
|

X 3 ROS 7oA DU—F 70—
Blank 73 & ONZ BRI O §2 6 R OWEAE 5 singlet oxygen 72 5 ONC superox1de 2

PEAEZ LT OB TNENEHRT 5. B EICEARRD LN, LB ONHRHIC
TEANED LN LH5EAITIE, ROS KISHKEZ 5 £ Assay mixture % FHE L T ROS

16



assay & [AEROBIEAZITV, 440 nm H DT 560 nm (231 HWEIEZE L% ROS assay 7
—HINHELFIK ZE TGN ARETH 5.

Singlet oxygen DEEA : AA440x10° = {A440(-) — A440(+) — (A - B)} X 10°
A440(-): FEIERITD assay mixture @ 440 nm (2351 2 WOLE
A440(+): FEN% D assay mixture D 440 nm (2351 B WOLE
A: #EICATO blank O 440 nm (T 351F D WRLAE
B: A% D blank D 440 nm (Z351F D WRIEAE

Superoxide DFEA : AA560x10° = {A560(+) — A560(-) — (B — A)} X 103
A560(-): FEERITD assay mixture @ 560 nm (23517 2 WA
A560(+): #E% D assay mixture @ 560 nm (2351 5 WOLAE
A: #EYERTO blank O 560 nm (ZF31F D WA
B: @Y% D blank @ 560 nm (ZH31F D WA

el
o
-
—
—_
N

superoxide singlet oxygen

OCOO000000O-

e Y YT Y)eE
e Y Y T X X ok
sulisobenzone O|...... O-p.

slel Y Y Y Y ok
e TY T Y Y Jek
elel Y Y X X JoF
el Y Y (X X ek
el Y Y T I 1 e
el Y11 11)e
=mie7 (0@ @ @@ @ @O

O0000000

4 ROS 7 v A IZBIT LY T AT T b

27 T—98BA%H

ROS 7 v A %17 9 BEITIZLL FOEM LTz L2 GBIl DBhT — 2 2T 06D L
2.

17
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(i) EYRID assay mixture FUZIB W THERE DNIEME L TWH Z &

(i) blank, BHE7e & N FEMARHEME IZ DWW T HRIFFIZ ROS 7 vt A TRMEL T\ bH 2 &
Z DOBRTIIBH AR AEY)E quinine (200 uM) @ singlet oxygen 7 — & 7% 300 Lk, superoxide
23200 L ETH Y, EMAEUEYE sulisobenzone (200 pM) @ singlet oxygen 7 — & 2% 25 LA
T, superoxide 7320 LN THHZ L.

(iii) HEYEME 72 5 MR O assay mixture @ 440 nm & 5V ME 560 nm (21T D
SEAEAS 0.02 05 1.5 OHFPAIZA-> TS Z L.

28 [BEE#E

K 40 EOTREERMEAEMIZBIT S ROS 7 v AT —4 2N EONEEMITHET
LERREHRN S, ROS 7 v A IZHIT BRI 72 BIfE 423 & L7z (Onoue ef al., 2008).
BERYE (200 uM) @D ROS data (2D T, singlet oxygen (4Aagonm * 10%): 25 LA E, 1L T
superoxide (AAseo nm * 10%): 20 UL EDOWTNMOGMET- Lz & &, BB TS %
DR RAUBDPONFERRICZEET DML H LD LW TE 5. 2L, BHRE
DORETHINT TO ROS 7 v A ZRER SNEBRITIXZOMRY TEAW. 372bb,
assay mixture HOHRYVEIRED 200 uM KL 0 HIRWIGE, ROS data 7 EFEEIEA 8 2 T
WG A IZIXGRHEZIT O 2N TE 50, BEXL Y IERWIGAICIEREHEIT TE 2
AN

3 HEEONYT— 3y

31 ALvohi-PELEZTDRHEH

ROS 7 v A DENERNY T —a TR 2 RO Y —7—v 12 L—2RMER &,
i 1 RO 2 BN Sz, SRRSO E B E LT L
NYF— g (Phase ) iR & RBIEORMEZ HAOE 25 3Y 77— 2> (Phase II) X
DR STz, TN TF—vay, NUTF—va @L<, BIESRmE S LT
quinine HCI %, faMExt Y& & LT sulisobenzone 23# H & 417=. Quinine HC1 1X & kD Y7
PEE & LTS & T % (Ljunggren et al, 1986) . Sulisobenzone |3 3T3 NRU-PT D 3V
T—va U RBRTE N =& LI EMEMEICHE S LTV S (Spielmann et al,
1998) .

728, TN UTF— 3 W S-fluorouracil (5-FU) Lt F CHEMEWE & L THE
STV % (Dillaha et al, 1983) 7%, 3T3 NRU-PT TIIN@EMEE R IRV ERESTND
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(Kleinman et al, 2010 and Onoue et al, 2010) . 5-FU IZ X B XEmEDEIK E LT, UV-B DA
WG LT 5 & o (Kirkup MLE. et al, 2003 and Andersen K.E. et al, 1984) <° UV-B T}
T HERD ROS ERKIC L D & D#iE (Miolo G. etal, 2011) 238 5. 5-FU (X HRD KB
DO RAHPFH TILFEIZ UV-B (290-320 nm) ZWINT 5 (U F—3 3 i, Appendix 7)
Z DD, 5-FU OYALER R IEMARICIZ UV-B OB AMIEE ZE 2 B D, 5-FU OYEE
LT, EiERE hTOT =137, 5FU BN emtEE ch s 8 ) T cx
2o 7z, 5-FU 1L, 3T3NRU-PT 720 T/ <, ROS?sz%f\‘M%@F%‘%%ém\t@
R o7-Z Lnn, ROS 7 vtA DORFICET HIEMEMHERT H72DIC T LAY F—
varHAolbEmE LTEIRENT. —F, 5-FU 2887 vkl 2 ‘//%:;%éﬁl DEIEM
ELTRRIEBER (EERWERRENRIG~Y =2 7V, FRAEGEE, EA5E%4, 2010)
NEHNTEY, 5-FU O EMEE LT TND. LL, Wb b WEIc L 5HE
BRI K D2 b 0TI <, FRIEGFEREORERA KB AR~ DOBEREIZ X > THEAL L
TIEBINE EFNTOWDAREE L BE T RE 0 LivZe.

311 TJLANYyF— 3y

TUNYF = a U TIHRENSRWE, B RmE 25T 13 WEMEM ST,
NYTF—a AMER LIEWEIZET 2 EHRE N T —2 a UfiEEL D PP L, Appendix
2 3 LU Appendix 3 (2R,

o> 10 E D 5+, 8-MOP, amiodarone HCI, chlorpromazine, doxycycline HCI, furosemide,
ketoprofen 33 X (N norfloxacin | 3T3NRU-PT /N U 77— 3 UlBROLFEMEDWE DO U X FivD
BRI NZ. B bOT—H(E 3T3NRU-PT NV 57— 3 VidBRIZFEEHE S LTV 5 (Spielmann
et al, 1994a and 1998a) . Diclofenac, levofloxacin, omeprazole Dt ~YFmEMME & OHE %
FRALIZ 38R S 4172 (Przybilla et al, 1987, Boccumini et al, 2000, Dam et al, 2008) .

312 NYF—L 3y

NYF =g ATHWTALFE ORERL AR 2 1R T, JeatEWE 23 W, IEHEMEYD
F19WE DR 2 W % 2 — FMELIRRE T, BRI 7 sk 2 /ohl Lz, 42 W8 Ok
XESES 23 WE, (LFWE 9O ME, FEAARRINAI 10 ME Th o7, NUTF—v 3 ITfE
A LU7-WE ORI % Appendix 4 127~ L7z,
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F 2 N)F—T g VWS NT-WE

S3HA eEEwE (23 WE) HoeEEmE (19 WH)
[ S b (18 W'E) i 8-Methoxy psoralen (5 ¥'&E)
(23 WET) Acridine i Nalidixic acid Aspirin
Acridine HCI i Nalidixic acid (Na Benzocaine
Amiodarone HCI i salt) Erythromycin
Chlorpromazine HCl i Norfloxacin Phenytoin
Doxycycline HCI Ofloxacin Penicilin G
Fenofibrate : Piroxicam
Furosemide Promethazine HCI
Ketoprofen Rosiglitazone
6-Methylcoumarine i Tetracycline
L E (4 WE) (5W8E)
(9 &) Anthracene Sodium dodecyl sulphateCinnamic acid
Bithionol Chlorhexidine
Hexachlorophene L-histidine
Rose Bengal p-Aminobenzoic acid
SRR 18 (9 WE)
Al Butyl methoxydibenzoylmethane (Avobenzone) | Benzylindene camphor sulphonic acid
(10 W'&) 4-Methyl benzylidene camphor
Octyl salicylate
Octyl methoxycinnamate
2-Ethylhexyl 4-methoxycinnamate
2-(2-Hydroxy-5-methylphenyl)benzotriazole
2-tert-Butyl-6-(5-chloro-2H-benzotriazol-2-y
1)-4-methylphenol
2-(2H-Benzotriazol-2-yl1)-4-(1,1,3,3-tetramet
hylbutyl)phenol
2-(2H-Benzotriazol-2-yl)-6-dodecyl-4-methy
Iphenol

313 HAEBEOEHMEZTMIT S=OICAHALGNT-ILEMED in

vivo ST —4

ROS 7 v A ODEhEs% NV 7 — a VBRI, =2— MeL7bE®wE AW TERK L=
TN F—v g VEBRORE R E W CRBRIEO EfEMEAFHME L. NV T —2 3 UITH
W 2 WE ORAL TR O b, 18, in vitro TSR CONEIEICEET D IEHRE N
UF—a VEEXZ VL, Appendix 5 IR LT-. M L-MED Y b, NEEmE L
INBHEWE N TT ek TH D Z S IRECRFRES, HBRIEO EREMEEZFHE T 272912
FWiTH ANV TF—a VRBRICHE L W et Bbind. L Lans, EEETIIEENE
WEOEIGHNRZ <, SEIMRRIAITIIICHEEDE ORI G 1%<, MEOFERIZ L - T,
BE S VTR L RRMEE IR Y Ao T
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B, HEFTHEEDTEOREEIIBNT, MR LAEWEICE L T =%
ZEREANY T —va VBRI TBIR SN TALFWEIXT v ' A I 2k E ORE
LT THHZ EICFE L. b MEEEWE A& 2 WEITMEL LT
MHND 23 WE, BEEI19WE LV, T 6oWEITe Xy F 7 A b & 3T3
NRU-PT D7 —ZIZEfFITF LTV N F—2a VB TH LN TR TOT —Z 1IN
U7r—a VARBRmEEICRESE SN TWD, | LEE LTV D.

3.2 N)TF—> 3 VRO

3.21 HEEOT—F ELERDOF A

ROS 7 v A Zhisg/ N\ 7 — a Tl 2EO Y —7—v I a2 L= MEHSHh, 2
AR SEE Sz, 1 RBRE LT b7 24D Suntest CPS/CPS+% FVy, 201143 H~10 AlZ
2T, 3MERCEMEE N, O 1RBITE Y v 7o SXL-2500V2 & HVy, 2011 455 A ~
2012 A 6 AIZHT T 4 faak T S 7.

INEONYTF =g VRBROT —Z LFRERIIANY T =g vl ETICR#E S,
MAHETH 5.

3.2.2 HEBRAZOERN

WY F— g URBRAER DB U7 BBR IR DR, FREEE, M THIER, BT
KB L OIEMM 2 £ 3R Lz, #EME0 -0 HMERARE TH - T-WE 2 R< &, Ktk
W\ R DRI T RN & HIZ 100%TH Y, FEMETHIER G Kb & D 100%TH Y, 4
[EX ARl
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# 3 ROS 7 vEA N F— g il R

iR \ ‘ Bt Rt
: TR YEIR J&JE & L R i : =i

T AN TREGT IR i3 Fr e By B Fhetk
’ 100% 75.0% 84.0% 100% 89.2%

21/21) (12/16) (21/25) (12/12) (33/37)

5 7;;;;;H: 100% 71.4% 81.8% 100% 87.5%

PSP (18/18) (10/14) (18/22) (10/10) (28/32)

3 100% 88.2% 90.9% 100% 94.6%

(20/20) (15/17) (20/22) (15/15) (35/37)

4 100% 71.4% 82.6% 100% 87.9%

(19/19) (10/14) (19/23) (10/10) (29/33)

s 100% 50.0% 76.0% 100% 80.6%

A (19/19) (6/12) (19/25) (6/6) (25/31)

p SXL-2500V2 100% 73.3% 82.6% 100% 88.2%

(19/19) (11/15) (19/23) (11/11) (30/34)

. 100% 69.2% 81.8% 100% 87.1%

(18/18) (9/13) (18/22) (9/9) Q7/31)

Weakly photoreactive & ¥l &7 WE 2 tmHEWE & HE LGS OMERRE =T,
JEJE - JEEMEWE D ROS 7 v A THMHEERTEIS (%)

BRI BN A ROS 7 v A TRMEZ/RTEIG (%)

BT HIZR - ROS 7 v & A THMEE>T2WED 5 b, FEtEmE0EE (%)

PEPE TS : ROS 7 v A TRIELE ST2WED 5 6, IAHFEEMEOEE (%)

IEfEME : ROS 7 v & A OHEFRERDIHEWE, IFNFEDWEEZEL HELEZEE (%)

3.23 REBT—20BHE%E

BMiFZ I T D Gt A E, Mt E O FNE# 2 512, AME#ZM 6 TR
L, £/, NMREEMOBFBMELZM 7I12x L2, BRNEH), AMEHE b/ <, fidk
M, B2 0REEROZE G/ NS oz, WBRORERN, sk oBRBELE <, b
BEASE R OS2 o 7o, F e, FMisIZR T 28R ROBFHMEICHOWT, K4
(R LTz,
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- £
04 e o... . O.. ..... Ce Ce Ce Q —0
#1 #2 #3 #4 #5 #6 #7
Suntest CPS SXL-2500V2

5 FRBIRR 2T D IGMERT R, BRI R E O A NAS)
HNEEN IR Chie b 2 < ORIEZ 550 L7 B OB X Ot B E ofE R 5 R M
L 7=. Lab#1-3: Atlas Suntest CPS(¥J 2.0 mW/cm?), Lab#4—7: Seric SXL-2500V2 (3.0-5.0 mW/cm?).,
<{>: quinine @ singlet oxygen, #: quinine ? superoxide; O: sulisobenzone ?® singlet oxygen, @:
sulisobenzone @ superoxide, 7 — % IX mean=SD % 7~ (n=9).

600

S * & [40 &
T o] T
c £ <> )
O £ 400- ¢ w» ¢ g E
g o < T o
< 3 < 8
s < i e«
5 5 F20 8 55
o © 2> o
£ ® 200- » 98
w P S
o i -
8 | g

#1 #2 #3 #4 #5 #6 #7

Suntest CPS SXL-2500V2

6 F B R (230 1T D B ERT R, BRPERT R O A A E)
A AT XA SEaR ORE A IZBT 2 R PIOREIZBIT 2R X ORI R BE O R» B H
Hi U7z, Lab#1-3: Atlas Suntest CPS(#J 2.0 mW/cm?), Lab#4—7: Seric SXL-2500V2 (3.0-5.0 mW/cm?).,
<{>: quinine @ singlet oxygen, 4: quinine ™ superoxide; O: sulisobenzone @ singlet oxygen, @:
sulisobenzone ? superoxide, 7 — % IZ mean=SD % 7~9 (days 1, 2, and 3; n=9).
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600

& - 400~

= 1 ¥ >
c .E % | "
& E 400 % £
9 o ¢ s 2
g3 B
e -200 5 <
£ o Qo
2 9 20- 3¢
w3 L S

5 i o

i) [8]

e} £

Lab#1-3 Lab#4-7
(Suntest CPS) (SXL-2500V/2)

7 Borttoet BRI, ek R I 0D SR il oD PR M
H M8 XA SER% OWE B IZ3 1T 2 RPORIEIZ BT 5 5tER L ORERMBE ORI O '
Hi U7=. Lab#1-3: Atlas Suntest CPS(#J 2.0 mW/cm?), Lab#4-7: Seric SXL-2500V2 (3.0-5.0 mW/cm?).,
<: quinine @ singlet oxygen, #: quinine ® superoxide; O: sulisobenzone ?® singlet oxygen, @:
sulisobenzone  superoxide, 7 — # |Z mean=SD % 79 (days 1, 2, and 3; n=9).

® 4 NV T =T a UREROICPERER, ik E o EEE

N F—v g NIHWTALFEE
M E I E
Suntest CPS SXL-2500V2 Suntest CPS SXL-2500V2
[#1] 21 [#4] 19 [#1]4 [#4] 4
Btk | [#2] 18 [#5] 19 [#2] 4 [#5] 6
ROS [#3]20 [#6] 19 [#3]2 [#6] 4
7 vt A [#7]18 [#7] 4
N F—3 g Suntest CPS SXL-2500V2 Suntest CPS SXL-2500V2
VHER [#1]0 [#4] 0 #1112 [#4]10
Btk | [#2]10 [#5]0 #2110  [#5]6
[#3]10 [#6] 0 #3115  [#6]11
[#7]0 [#7]9

Lab#1-3: Atlas Suntest CPS(¥J 2.0 mW/cm?), Lab#4-7: Seric SXL-2500V2 (3.0-5.0 mW/cm?)
BEILROS 7 > A THMESH D WL R LIZEZRLIEWED S b, HHEEWE
D WL FEEME O &R
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3.24 ABAZEOT—2DIEEM

WY F—2 g IS U= R CTORBHEE 2 B #0912 GLP @ A5k 2 3206 L TV 5
RTIHARWD, F—X OEEHRIET 2 SN, T7hbb, §_XTOET —X B X OMT
FERIFFHERICB WO THER SN, Z0%k, NI T —va ViEE BRORFHEERIES V—7
THERINTWe., ZNUHOEEZE L, FEMERIEOBA T, £7 — % DN EMIZHERGE
RICKRE N TWD Z ENHER SN Tz,

4 BERTEICETIHOHFHEE

4.1 RICFAEELTME~DEH

ROS 7 vt A 1 ZEHK GO SALFRIROGNE Z Bl S EICHE TE 523, EOKiHE, 5
BNDT —Z NI BT TR, MZEER EICRENH H16EW b 5D T
PEEHBIT D RS, 2T ROS 7 v A DAL D X b&pf%ﬂﬁaﬁéij@: %k
FHIROGHEZ T 2 Y — A TH L RBMOBRETH Y, HZeMihicks T 2~k A7 Y
—=U 7L LTAREZAMATOBRIZITZo E%?A%@LT 5’03%53%??9 VELR S D
Onoue 5% Z DOFEBE AR~ BRBRIAIK & BT RELZ RN L7220k = o b e — L
WadE L, RISTHEI C}iﬁi\iﬁfﬁ?ﬁ\ v R m~1b¥§?ﬁ“@?§%h7‘:ﬂﬁ%% Lol FlEx
MELTEY, %K WZRIED & HLEITHRT 2 TR E OUEERRBO TN D
(Onoue et al., 2013).

4.2 HIAEMEMEADRIG

IO RFIEEN B W TIIKICEHEE OB ER M EfMmE & LAl s s 2 &
DIEFIZL A, ROS 7 v EAIZBWTITEEAMIZ 200 M ORE TR V—=2 7 %47
9 72®IZ assay mixture P TONHERDDZ ENH 5. TOLAITITL VIKREEIC/RD X
IFHREIT>T ROS 7wt A 23T 5 ENAEETIEH LD, ZOEIZITGELNT-T —
Lo THBMEHEZ T Z LXTEThREHELHT Z LR DODTE LY. Onoue
SILZ OREZ RIS~ L, REEMERIZFIA L7z ROS 7 v A RTI/VT I % assay
mixture (272 B ROS 7 v A ZEE L TEY, ARFIETITEATEERK L~
BNPAFICSEESI LD (Onoue et al., 2008; Onoue et al., 2014; Seto et al., 2013).  FtmiE A %
FIF L7 B ROS 7 v £ A2 HOW TR, BUKEEMEDOLFE L FEM TN TS 2 OF MR
RSN TEY, ROS 7 v A OEAMHEILRICKELSFET 2 HD EHFFS1L2 (Onoue et
al.,, 2013) . 772U, assay mixture DFKEE X 7-HAIZIX ROS 7 v A 12T 5 EHE

25

31



32

WREDDL RN H Y, Ro T ZEMFERZGEL Z NV E S MLOEEPLET
b5,

3 BEVE LU FEFHAFEMNDHE

EHERFEMICBWTUIEE > 20 TBE2H L TR WY S ORI % < 17
fE3 %723, ROS 7 vEAIZBNTIE, ARROBEY 200 M DIRETAZ UV —=2 7 %179
72012, BVREOEH TER2WREMORBREMS AR AEETH 5. Nishida 51X Z OFfE
EERT R, REBRELZ D TENPPAB TRV ERE CERWEARE TIER <, ug/mL
BN COROS 7 vt A &5 LT % (Nishida et al., 2015). AR ICHH I -WE % F*
51 L, £72, BoNfERER IR L. METIE, ZhFE ok eaett Eo%an
FET D EMESNTWAILEWEDITE A ENS T8 500 LTRSS FHLEwTH Y,
DYy FwIE 250 RETE 52 &, 8250 DLEWA 200 uM & 722 50 pg/mL
TORBRT, EEDOROS T vEA LRIEDKENBD LD Z ENHERINTND. BE
WERWTERBEECBW TS, @AHEE 50 ug/mL TORBRITBEMER R 100%TH 56 H 7%
AN == TV ThDHI ENHERINTZZ LD, TVREOHRE TERWVEM~
® ROS 7 vl A BEOMEMEIREINT. R LIRAMIZE > T, Mo X 51
ZONEMMN A TH LA MRE 2 b, A CARIORZMIZEBN T OMHAMS) %m
FRARE S BRLARMER DD, DX I BRBEITBWTL, ROS 7 viEA THLALM
BICHREREBERIETIENEZONDLIZY, Bol b REMERESGD 2 L BN
EDITHILDERENLETH S.
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x5 WRICHWOhT-WE

S3HA Sttt (40 WH) HemEmE (26 WH)
1LHES (17 9'8) : Hexachlorophene (13 ')
(30 W) 4-Methyl-7-ethoxyco : Methyl f-naphthyl 1,3-Butylene glycol
umarin : ketone 2-Propanol
5-Methoxypsoralen i Methyl N-methyl 3-(-4-Methylbenzylidene) camphor
6-Methylcoumarin ~  anthranilate Ascorbic acid
7-Methoxycoumarin i Muk ambrette Cetyl alcohol
8-Methoxypsoralen ~ : Musk ketone Ethanol
Benzophenone i Musk xylene Glycerine
Bithionol i p-Phenylenediamine Isopropyl myristate
Dichlorophene i Triclocarban Lauric acid
Fenticlor H Propylene glycol
Sodium laurate
Sodium lauryl sulfate
Sulisobenzone
Z Ot E (12 9'8) Indomethacin 4 WmE)
(16 W&) Acridine Ketoprofen DMSO
Amiodarone HCI Piroxicam Lactic acid
Chlorpromazine HCl ~Promethazine HCI Methyl salicylate
Diclofenac Na Sulfanilamide Penicillin G
Enoxacin Tetracycline HC1
Fenofibrate
REW (11 W) OWE)
20 &) Angelica root oil Carrot oil
Bergamot oil Corn oil
Celery seed oil Ginger oil
Cumin seed oil Lemongrass oil
Grapeftuit oil Olive oil
Lemon oil Orange oil
Lime oil Rape seed oil
Oil parsley Safflower oil
St. John’s wort powder Soybean oil
Tagetes oil
Verbena oil
# 6  ROS 7T vtARERfER (50 pg/mL)
N ) i Gt ‘
B SRR FrLE T T EREME
y o 100% 76.9% 85.0% 100% 90.0%
{BHESD
17/17) (10/13) (17/20) (10/10) (27/30)
Dt 100% 50.0% 85.7% 100% 87.5%
WE (12/12) (2/4) (12/14) (2/2) (14/16)
A 100% 55.6% 73.3% 100% 80.0%
= (11/11) (5/9) (11/15) (5/5) (16/20)

50 pg/mL CTRlBR & L, HEREIIERIBIHE - 2B DR E R~ T

BRIE  EmEIEWE S ROS 7 v A THEZ R TEIE (%)

FRSEE « SEYeEMEWE A ROS 7 v & A Ttz mdHlE (%)

BT : ROS 7 v B A THEZ - 7eBED 5 6, LwEHEHEOEIE (%)

Rtk ISR ROS 7 v A TRMULE - TWED 5 6, IENFEEMEOEIE (%)

IEfEVE : ROS 77w & A ORIERRIETHEDHE, IHEYWHEEZ T L HELZHE (%)
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4.4 X7 LILF—HEFR~NOFA

BB T, LS EE L LT LA onsdn, T0obh,
T VILX =M, HENLEWME L X o R BOBEBEMA T, R0 e ¥
VRBORERIC L DHUFERNEE TH L. SREIC X 2k e s A R R R
9% singlet oxygen & superoxide (%, JCHIEMEZ B 3 2 mIEREWE T TIER <, BT
LILF—M2 R TWE CTHRBRICHAEL, 67 LLF—MTIE, Jo¥ o XU fa £330
RO T FNF =275 LF 2 BT % (Tokura, 2009). —#%IZ, KT LLF—D
EBRNELZ->TELT, BEROBBGIZE N THREEE T LSRRI T BN
TWRWEAENLZNEZZ LS. 2O XD RBURICENTIE, EEr RISVt T L
X =MW E OBRENEE LoD, ROS 7 A BMERBETOBLENGRT L —MY
BOBMHNARENENERGET 2 2 L IEA S TldZev. £ 2T Onoue b, T LL¥—
HEWE L L THRESINTWAWEOHT T, In vivo EEMEREBRICBWTEMERERENRE I
TWHWHE,  LIL3T3INRU-PT #3FHi L, s L IXBEBIEE R LW EE T Ly
F—MOFGREMIEE LTHB L. BT LA —MWEE L ThEIN 18WEL
FTIWRLEZ, ZRHETOROS 7 vt OFRERIIBETH 7. - T, JEFwEHEITHET
LA — & &0 LRy — & LTROS 7wt A 2T 52 Lidm L&

Z BH#U% (Onoue et al., perspnal communication).

# T HFEEREPRESNTNDNT LT —HEWE

SeEErERE TR A In vivo assay (Guinea pigs) In vitro assay (3T3 NRU-PT)
ST L —E ket (10 '8E) Fatk PIF<2 (5#E) EEMtE PIF>2and <5
W L LT 6-Methylcoumarin Dichlorophene GBWE)
ENTED, In Bithionol Fenticlor Octyl dimethyl PABA
vivo and/or In vitro | Indomethacin Hexachlorophene Omadine (Na salt)
SeFEMERBR TR ﬁetplzofelll) ?ydyochdlorothiazide Pyridoxine HCI
) — N usk ambrette soniazi
ri%m?;jt 2k Musk xylene
(18 W) Piroxicam

Sulfanilamide

Tribromosalicylanilide

Trichlorocarbanilide

PIF: Photo irritation factor
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5 3Rs ~OBE5 (B¥EAE, > DEUME)

ROS 7 v & A TIMbLEW & SOSI R L G2 BRET L 7ZBRICEA Sh b ROS & HIE
THRBRTHY, $d 5 EEWHROAERMEIZHEH L2 Eovh, ROST v
A OFEFEIZEE L TRk O RBIXAFE L2V,

ROS 7 v &AL, 2014 45 AIZABR SN EREGONLZEMNETA BT A4 28T, F)
IR OFAGE B OO & S DAL PR RONEREAT R & L TRt S 41, ROS 7 v A TRtk
EHIE SN BAF T DOEKMIC, S O6RINFERREIT I NBELRNEINLTWD. 2D
728, ROS 7 vl A XM aHMilEAT L EI28D, invitro YewmMERERTH D 3T3
NRU-PT ORI AT 5 Z LN TE, & BT in vivo MR OFEREH I S 7223
5.

6 HRAZEZOERELMAER

LB 2 R 9 2t 2 2MEHIR Tl RV F—O @y UVB 23R E L TR
L2 ENHLL, £ DA UVA OLORE 2580 &b, 20k, UVB ik
LRI E A SR WMEEIT R L it e 52 5 2 & 23 573, ROS 7 vt A
ﬁy/7w@%TﬁﬁﬁT%ét IZ UVB OBS L AREE 72D, F7z, AMele 4 L3
ELRWU AT LD, TOHIBMES EW. —F, Hikimm iRt LTI ROS 7 vt
ANIACEW % BOSHRIZ TR LTt % BRES L7 B Fiéhémm;%wtﬁmﬁm# ]
ETDRBRTH D720, SOSK T THE 3 2 BEARIE O AR SO iR 12 & G0y iR o
NAEWE T CTE 2, 2R ORBEIC OV TOMIFE L LT EA ROS 7 v A=
Ry b WA ORE R EARESINTREY, DL THELNAMAIZ OV TIE
ROS 7 v A OFERHWOERLBTIZR D THAS. £/, ROS 7 v A 1 TRHhEREE
BERNZ LA O ERRNRENARFET 2L R A7 2T+ Z &N L
A

BRI N T IR & BhE /Rt e ¥fWWT%@¢%@#Eﬁ%U\2muMﬁfT®%
PEHIEITIZREZR DS, 20 pM REE CORMHIEICITEE T A2MERH L. N T —a v
TRV AV N F— ARE KN EES @@¢%xfTW&LtﬁH7mh:~wTiﬁ
H, BRIZED 200uM THE TERWIEAIZ 20 pM OFRBRFERZ A TE 5L LTV 5.
LU S, ATBAOHGERIC S b7 2 mME el 3R 2E &l 2R #L & LT 20 pM
DREMEREREZFIHT 256100F, BB ORISR T CORENRLHERT 20D LM
ELTWD., —J, EEGOLLEWFMT A N7 4 (BAE5874, 2014) TIXROS 7
vEAIZEALT, [200uM ORBRERE THEE) R &M FCEM S NG, ZORRETO
PEpEfE IO DR E D IEF AR & 2R g LR# S, 20 uM TORRMfERE
TE SR NEEMRBRAEARELTHRLE LTEALRWZ L2 RL TS, RN FT—
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varEECLD E, TN T =g U TORBMLEWE 11 WEE, 200 M TEWE
DEEMEZ R L, 20 uM TIE 10 ENEERERZ 7L, 1 %WE (8-MOP) ks R L7-.

£7-, ICHDSIOEW G Oz 17C. NUTF—Ta Uik 1 g2 T3 L7z
U7 —a W 42 WEIZOWT, 20 uM RS TO ROS 7 v &A1 % 506 L 7= /5 R1%
200 pM JEEERIERH AR D & SN S Do 1208, TR TOGEME Ttk % 7~ L, 8-MOP
HLEWw, BEMEREREZ 2 UEWEIL R o2, 200 uM IZH, 20 pM TRUGHA/NE L 72 5
WREIZEE L= R E LT, {LEWORLREENEZ D2 &, 725 TNT, 20 uM TO
PEMERE R 277 L7z 8-MOP 1% 200 uM IR EE CRMEifTRE CIMERE SR AR Lo 2 &, HELES
7 k32— Tl 20uM EBE OFEFRIX 200 uM TR T X Z2WHE T, o, HIESME T T
BRVE I K DR FBD DIVRWIGEICRET 22 L2k, NUTF—Ta rOfER
DNIEFEIC I ST 5. —J7, ICH S10 EWG Tl 20 pM T [t 5L 4 [ 358 5 B 38 5 oD
WM 2 AL TR OMME U THRATHZ EICEETH Y, ML RIE 200

uM TORBFERDOLEZRAT L2 L Lotz 4%, 20 M BE CORBRIEROERD D
VM 200 pM R EE T O R RS OHT B LB OIS I K 0, SRERAE R ORI ENE S &
HZEICEDIREDIEESND Z ENEEND.

REWE L O FEAHREHZOWTIE, pg/mL BEALTO ROS 7 v B A IR 5 #Hisn
REINTND.

EHSTIZ ROS 7 v AL MO WMIEHE & LT, JaZearhah o B 1 W 2 F1) A
ARETH Y, ICH MEEOHH L RICLVZTANLND.

EFE R L ORHETIE, ROS 7 v AITNRISEZFHET 5 2 & C, BER At
DONPF— R OFEE LTHHTHA .

{EHESL T, ROS 7 v A BLOSKREMROS 7 v A 2425 2 & T, K@, &7
VX —MEE OB AIEETH D Z EN/REIILTUV S (Onoueetal, 2013) . L2xL72A
5, KA SOSHERBRTH 5 ROS 7 v & A OFEN D, YN 3EE X 7= ROS 7 v & A
TR THIVUIETENE, ST LA —MEE2 R I 720 Sl L TE X 20, ROST vt
ANZBT DRI OENEE AT H 2 2R THDOThH- T, Hwmhk, 7 LA —Ho
AIEOFHIIR G SN D5 X&ETH H.

7 #

ROS 7 v & A 3L I HR RS Y &2 BB 5T L, singlet oxygen & super oxide anion O
EDOHBEZ TR D KOO —D>TH 5. 7ThxIZ L FEin SN 7=k NV 57— =
YRBRIZIBWNT, ROS T vl A1, MiskNO AW/ H 7R KOs MEN s <, JUH
PEICEN TWDRERIETH D Z EAVRENTZ. F72, HERMEO T2 DR T X 220y » 7285k
WEZR< &, ROS T v AL D NHEEDE ORI ERIT 100%TH 0, (AR RS
RN LD, ROS T v AINEERT Vv VOFHBICEATH D LB X b,

2
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EHIZROS 7 v A Lliiak NV T —3 3 »OF = FHFHEEB S I1LFE DOHEE (Spielmann
etal,2013) IZBWT, [FEESE, ROS T viA OHFINEL L OTHIPER —EHO K2
AR SN 72 © ONC RS OBFFERRFE 1235 1T 2 B RIS C ROS 7 v A AR SIS 2
EEXFTHI LI THD EiEwmT 5. T OBIZIZIBWT, ROS 7 vt A THE, 55
WEMEZ R4y, HIEARREDSEEITIE, 3T3 NRU-PT (OECD Test Guideline 432)72 £ DR D
LUV D in vitro RRGRICHEYD, FEMEDO A IZIZEM) TORBR-CM OB T E R S s,
ZERIEETZ, ROS 7 v AR BN 2 W, ¥ JOME A B O B
(2D D LR LT, S DITROS 7 v & A & AVERHmERS IS A AN D Z & 1% 3T3
NRU-PT R°Z AU < B CTOREBRN LI L 72 DA 2 A B S ¥ 5 2 Li2onk
NoH. | it LT,

AN F =g URERICIESE, ICH OML BT A R Z A 2B\ T, ROS T
AT I KO A3 D LR O EAE R TR 2Rk o — o b
LTEIRS L7z (Step4, 20134E 11 H) . A%, ROST v A TRIEDOELAIX, bk5
SRR AR & 220, SRR s 2 OB A OB RS FFE N S.

EDICHRIEOBRFHIRB N T, T LAF—MWED ROS 7 v A THRINT 2 Z &N T
HEDMEBE LI, ROST v EAIREEIT TR, BT VXL EAT LS
PEOFHITY —L & LTRSS Z ERIIFRF SN D . ALFESRREHZ DWW TR G W E L OV
T BB~ A rTREME 2 VR Sh, ABBESIER, — BB 72 D N BRI DN T
ROS 7 v A BNBERI L BV T 2 — MO FIEE LTEHTH 5 2 L3 ]
ansd.

8 MEEMDfEiR

Chromophore (7 HET7 47) : "WHEHDWE UV 2RI 555 F OB/ IE.
Internal conversion (NH#ER) : 250N LV =X —0En, b L < IHMEWIRE)hiE
WRRIZEB T2 L.
Intersystem crossing (PTEHZZE)  : @WMEEIIEIREED 731005 D A B BRI - TiE<
(AT 20 F N B2 2 IRE hE IR B ICER 5 2 &
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10 Appendix

Appendix 1 Executive Summary of “Peer Review Panel
Evaluation of the Reactive Oxygen Species (ROS) Photosafety
Assay” (16 October 2013)

Executive Summary

The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an
independent scientific peer review panel to evaluate the validation status of the Reactive
Oxygen Species (ROS) assay in accordance with established international criteria (OECD,
2005). The ROS assay is a test method proposed as a component of an integrated
photosafety testing strategy to evaluate whether test substances such as pharmaceuticals
have the potential to cause phototoxicity.

The panel met initially in February and again in August 2013 in Tokyo, Japan. The panel
considered the reports of two international validation studies and a proposed ROS ssay
protocol at their initial meeting. The panel subsequently reviewed updated versions of the
ROS Assay protocol and the validation study reports as revised by the Validation
Management Team (VMT). This report summarizes the panel's final evaluation and
conclusions.

Overall conclusion: The panel concluded that the reproducibility and predictivity of the
ROS assay is sufficient to support its use in an integrated photosafety testing and decision
strategy for drug research and development. In this strategy, negative results in the ROS
assay would not require further testing in animals or other tests, while positive, weakly
positive, and inconclusive results would proceed to the next level of testing in an in vitro test
system such as the 3T3 Phototoxicity Assay (OECD Test Guideline 432). The panel also
concluded that use of the ROS assay could potentially provide significant savings in time,
cost and reduced animal use for photosafety assessments. Furthermore, incorporating the
ROS assay into a photosafety testing strategy is expected to significantly reduce the overall
number of substances that would

require additional testing in the in vitro 3T3 Phototoxicity Assay and subsequent testing in
animals.

Regulatory rationale: The panel concluded that the ROS Assay is applicable for use within
the ICH regulatory testing framework for photosafety evaluation of pharmaceutical products.
Regulatory authorities (e.g. PMDA/MHLW, U.S. FDA, EMEA) require non-clinical
photosafety testing prior to approving First-in-Human Phase | studies so that appropriate
precautions and observations can be taken during initial human studies. Such non-clinical
photosafety testing typically includes an assessment of the potential for a drug to cause
phototoxic reactions, which are characterized clinically by dermal redness, swelling, irritation,
and inflammation. The panel

also agreed that the ROS assay is applicable to in-house drug research and development.

Scientific rationale: The panel recognized that ROS production is the most important
mechanism for chemically-induced phototoxicity, and is therefore a critical pathway initiating
event leading to phototoxicity. The ROS assay quantitatively measures two common
reactive oxygen species generated by photoreactive chemicals after exposure to simulated
sunlight. In this validation study, chemicals that did not produce sufficient ROS to meet the
photoreactivity threshold classification criteria for the ROS assay are uniformly
non-phototoxic, while chemicals that met or exceeded the photoreactivity classification
criteria include all known phototoxicants. Therefore if a chemical is not photoreactive in the
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ROS assay, it is unlikely that phototoxicity will occur in living systems.

Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a
nonbiological system, and therefore may overpredict phototoxicity potential since it does not
assess the direct interaction of chemicals with biological tissues. The assay may also
overestimate the skin for phototoxic reactions to occur, or photodegradation may occur.
Accordingly, positive results in the ROS assay are generally recommended for further
evaluation in a photosafety testing strategy.

Validation study reference chemicals: The panel agreed that the reference chemicals
selected for the validation studies were appropriate and sufficiently representative of the
chemicals likely to be evaluated in the assay. The 42 reference chemicals incorporated most
known human phototoxicants and included 23 known positives and 19 negatives. The
chemicals were backed by data from human patch testing and in vitro 3T3 phototoxicity
assay results. All data from the validation studies were made available in the validation
study reports.

Assay Reproducibility: The panel concluded that the assay had excellent reproducibility
both within and between laboratories for the 42 reference chemicals evaluated in the
validation studies. Additionally, the positive and negative control chemicals had 100%
reproducibility within and between laboratories based on classification outcome, which
further supports the reproducibility of the ROS assay.

Test method predictivity: After reviewing analyses provided in the validation study reports,
the panel agreed that conducting a single assay per chemical provided optimal predictivity.
The panel concluded that the classification criteria for test outcomes have been
appropriately optimized to avoid false negatives while minimizing false positives. The panel
also noted that chemicals positive for both reactive oxygen species were uniformly
phototoxic.

Data quality: The panel agreed that the high level of within and between laboratory
reproducibility suggested a consistently high level of quality of the validation studies. While
the studies were not conducted in strict accordance with GLPs, most of the labs were GLP
certified. The validation management team also confirmed that quality control audits found
that validation report data accurately reflected the raw data results.

Test method protocols: The panel considered the test method protocols used for the two
validation studies and key aspects of a proposed standardized ROS assay protocol. The
panel recommended that the solar simulator should be equipped with an appropriate
temperature control unit or fan since ROS production can be influenced by temperature. The
panel concluded that the list of proficiency chemicals provided in the test method protocol
for laboratories to use to demonstrate ability to perform the assay was appropriate. The
panel recommended that each lab should develop historical positive and negative control
value acceptance ranges that can be used to determine the acceptability of an individual
test. The panel also agreed with the appropriateness of the reference chemicals identified
for qualification of solar simulators other than the two used in the validation studies.

Applicability domain: The applicability domain of the ROS assay is currently restricted to
only those chemicals that meet the solubility criteria outlined in the protocol. The panel
recommended that as experience is gained from use of the ROS assay, the applicability
domain could be more fully described in terms of physicochemical properties and/or
chemical classes. This will contribute to increased efficiency by providing criteria that can be
used to identify whether a chemical may be satisfactorily tested in the ROS assay, or
whether an alternate assay should be used initially.
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Appendix 2 List of reasons for chemical selection

NO.

Compound

Reasons for chemical selection

I-1

5-Fluorouracil (5-FU)

5-FU was reportedly a phototoxic chemical in humans [Dillaha et al., 1983], but it
was negative in the 3T3NRU-PT [Kleinman et al., 2010 and Onoue et al., 2010].
Reported causes of human phototoxicity in 5-FU include photocytotoxicity induced
by UV-B alone [Kirkup M.E. et al., 2003 and Andersen K.E. et al., 1984] and/or
ROS generation derived from UV-B induced photodegradation [Miolo G. et al.,
2011]. 5-FU absorbs mainly UV-B (290-320 nm) within the range of natural
sunlight (Appendix 7), UV-B irradiation might be essential for photochemical
activation of 5-FU. Therefore it was unknown whether 5-FU was a phototoxic
chemical, and high quality human data was not available. 5-FU was selected in
order to provide information on the limits of the ROS assay. Photosensitivity was

mentioned on both the US and the JPN label.

I-2

8-Methoxy psoralen (8-MOP)

8-MOP was selected from the list of phototoxic chemicals used in the 3T3NRU-PT
validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a].

Photosensitivity was mentioned on both the US and the JPN label.

I-3

Amiodarone HCI

Amiodarone HCI was selected from the list of phototoxic chemicals used in the
3T3NRU-PT validation study. Human data for this chemical was described as
positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,

1994a]. Photosensitivity was mentioned on both the US and the JPN label.

I-4

Chlorpromazine HCI

Chlorpromazine HCI was selected from the list of phototoxic chemicals used in the
3T3NRU-PT validation study. Human data for this chemical was described as
positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,

1994a). Photosensitivity was mentioned on both the US and the JPN label.

Diclofenac

Diclofenac was selected as a phototoxic chemical for human per the article by
Przybilla et al [1987]. Photosensitivity was mentioned on both the US and the

JPN label.

I-6

Doxycycline HC1

Doxycycline HCI was selected from the list of phototoxic chemicals used in the
3T3NRU-PT validation study. Human data for this chemical was described as
positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,

1994a]. Photosensitivity was mentioned on both the US and the JPN label.

Furosemide

Furosemide was selected from the list of phototoxic chemicals used in the

3T3NRU-PT validation study. Human data for this chemical was described as
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positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,
1998a].  Although the 2011 US label did mention photosensitivity, 2012 US label

did not. Photosensitivity was mentioned on the JPN label.

Ketoprofen

Ketoprofen was selected from the list of phototoxic chemicals used in the
3T3NRU-PT validation study. Human data for this chemical was described as
positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,

1998a]. Photosensitivity was mentioned on both the US and the JPN label.

Levofloxacin

Levofloxacin was selected as a phototoxicity positive chemical for human per the
article by Boccumini et al [2000].  Photosensitivity was mentioned on both the US

and the JPN label.

Norfloxacin

Norfloxacin was selected from the list of phototoxic chemicals used in the
3T3NRU-PT validation study. Human data for this chemical was described as
positive in the article on the 3T3 NRU-PT validation study [Spielmann et al,

1998a]. Photosensitivity was mentioned on both the US and the JPN label.

Omeprazole

Omeprazole was selected as a phototoxic chemical for human per to the article by
Dam et al [2008]. Photosensitivity was mentioned on both the US and the JPN

label.

I-12

Quinine HC1

Quinine HCI was used as positive control according to the method of Onoue et al.
[2008a]. Quinine HCI was classified as a phototoxic chemical for human per the
article by Ljunggren et al [1986]. There was a mention of the photosensitivity in

the US label.

Sulisobenzone

Sulizobenzone was used as negative control according to the method of Onoue et
al. [2008a]. Sulisobenzone was classified as a non-phototoxic chemical, because
Human data for this chemical was described as negative in the article on the 3T3

NRU-PT validation study [Spielmann et al, 1998b].
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Appendix 3 Test chemicals for the Phase 1 study

UV/vis absorption® in vivo
ROS 3T3
No. | Chemical name CAS No.» MEC Amax
assay NRU Animal | Human
(L/mol/em) | (nm)
I-1 5-FU 51-21-8 18009 290 9 - D - 23 NA +2 4
1-2 8-MOP 298-81-7 3631 300 + D + 9 + 9 + 9
I-3 | Amiodarone HCI 19774-82-4 5400 2909 + 3 + 9 + 9 + 9
I-4 | Chlorpromazine HCI 69-09-0 1746 304 + D + 9 + 9 + 9
I-5 | Diclofenac 15307-79-6 7800°) 2909 + b + 3 + 0 + 7
[-6 | Doxycycline HC1 10592-13-9 3715 2909 + D + 9 + 9 + 9
I-7 | Furosemide 54-31-9 2650 2909 + D +-389 | NA +®
I-8 Ketoprofen 22071-15-4 2092 2909 + D + 9 -9 + 9
I-9 | Levofloxacin 100986-85-4 | 13000 333 +10 +10 +10 +12)
I-10 | Norfloxacin 70458-96-7 3562 323 + D + 3 + 9 + 9
I-11 | Omeprazole 73590-58-6 150009 301 + D +/- 3 NA +13
1-12 | Quinine HC1 6119-47-7 1938 330 + D + 3 + 0 +14
I-13 | Sulisobenzone 4065-45-6 3519 2909 - b -3 NA -19

5-FU: 5-fluorouracil, 8-MOP: 8-methoxy psoralen
+: Positive, -:Negative, +/-:Equivocal, NA : Not available, ? :unclear

a) CAS No.: Chemical abstracts service registry number, b) The UV/vis absorbance (290-700 nm) of chemicals was
measured in 20 mM phosphate buffer (pH 7.4). Test chemicals were dissolved in dimethylsulfoxide (DMSO) at 10
mM and diluted with 20 mM phosphate buffer (pH 7.4). Final concentration of DMSO was unified to 0.5%. ¢) Molar
extinction coefficient (MEC) of 5-FU, diclofenac, levofloxacin, and omeprazole were extracted from the articles of
Onoue et al. (2008a) and Seto et al. (2011).

d) Amax (nm) was a wavelength at which the UV/vis absorbance shows a peak between 290 and 700 nm. Amax (nm)
was indicated as 290 nm in the case where the peak absorption is located below 290 nm and the maximum absorption

is at 290 nm.

1) Onoue et al., 2008a, 2) Kleinman et al., 2010, 3) Onoue et al., 2010, 4) Dillaha et al., 1983, 5) Spielmann et al.,
1994a, 6) Spielmann et al., 1994b, 7) Przybilla et al., 1987, 8) Spielmann et al., 1998a, 9) Peters et al., 2002, 10) Seto
etal., 2011, 11) Wagai et al., 1992, 12) Boccumini et al., 2000, 13) Dam et al., 2008, 14) Ljunggren et al., 1986, 15)
Spielmann et al., 1998b
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Appendix 4 List of reasons for chemical selection

NO.

Chemical name

Reasons for chemical selection

Phototoxic drugs

1I-1

Acridine

Acridine was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

Acridine (No. II-1) and acridine HCI (No. II-2) were tested both as a free form and a salt
in order to test whether the aqueous solubility of chemicals might limit the predictive

power of the ROS assay.

1I-2

Acridine HCI

Acridine HCI was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

Acridine (No. II-1) and acridine HCI (No. II-2) were tested both as a free form and a salt
in order to test whether the aqueous solubility of chemicals might limit the predictive

power of the ROS assay.

1I-3

Amiodarone HCI

Amiodarone HCI was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity

was mentioned on both the US and the JPN label.

1I-4

Chlorpromazine HCI

Chlorpromazine HCI was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity

was mentioned on both the US and the JPN label.

I1-5

Doxycycline HCI

Doxycycline HCI was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity

was mentioned on both the US and the JPN label.

11-6

Fenofibrate

Fenofibrate was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Although the 2011 US
label did mention photosensitivity, 2012 US label did not. Photosensitivity was

mentioned on the JPN label.

1I-7

Furosemide

Furosemide was selected from the list of positive chemicals used in the 3T3 NRU-PT
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validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a].  Although the 2011 US
label did mention photosensitivity, 2012 US label did not. Photosensitivity was

mentioned on the JPN label.

11-8

Ketoprofen

Ketoprofen was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. Photosensitivity was
mentioned on both the US and the JPN label.

11-9

6-Methylcoumarine

6-Methylcoumarine was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the

article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

1I-10

8-MOP

8-MOP was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity was
mentioned on both the US and the JPN label.

II-11

Nalidixic acid

Nalidixic acid was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

Nalidixic acid (II-11) and nalidixic acid (Na salt) (II-12) were tested both as a free form
and a salt in order to test whether the aqueous solubility of chemicals might limit the
predictive power of the ROS assay. Photosensitivity was mentioned on both the US and

the JPN label.

II-12

Nalidixic acid (Na salt)

Nalidixic acid (Na salt) was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

Nalidixic acid (II-11) and nalidixic acid (Na salt) (II-12) were tested both as a free form
and a salt in order to test whether the aqueous solubility of chemicals might limit the
predictive power of the ROS assay. Photosensitivity was mentioned on both the US and

the JPN label.

II-13

Norfloxacin

Norfloxacin was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. Photosensitivity was

mentioned on both the US and the JPN label.

1I-14
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Ofloxacin

Ofloxacin was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on

the 3T3 NRU-PT validation study [Spielmann et al, 1998a]. Photosensitivity was
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mentioned on both the US and the JPN label.

II-15

Piroxicam

Piroxicam was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity was
mentioned on both the US and the JPN label.

II-16

Promethazine HCI

Promethazine HC1 was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity

was mentioned on both the US and the JPN label.

II-17

Rosiglitazone

Rosiglitazone was selected because 3T3 NRU-PT was positive, but high quality human

data regarding phototoxicity was not available.

II-18

Tetracycline

Tetracycline was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on
the 3T3 NRU-PT validation study [Spielmann et al, 1994a]. Photosensitivity was

mentioned on both the US and the JPN label.

Phototoxic non-drug chemicals

II-19

Anthracene

Anthracene was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

11-20

Avobenzone

Avobenzone was reported with photoallergy negative by a photopatch test in the article
by Szczurko C et al. [1994] and Trevisi P et al. [1994], but was reported to induce
photoallergic reactions in the article by Schauder, S. et al. [1997].  Therefore,
avobenzone was classified as a phototoxic chemical because we were not able to

completely judge that avobenzone was a non-phototoxic chemical.

1I-21

Bithionol

Bithionol was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on

the 3T3 NRU-PT validation study [Spielmann et al, 1994a].

11-22

Hexachlorophene

Hexachlorophene was selected from the list of positive chemicals used in the 3T3
NRU-PT validation study. Human data for this chemical was described as positive in the
article on the 3T3 NRU-PT validation study [Masuda et al., 1971 and Spielmann et al,
1998a].

II-23

Rose bengal

Rose bengal was selected from the list of positive chemicals used in the 3T3 NRU-PT
validation study. Human data for this chemical was described as positive in the article on

the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

Non-phototoxic drugs
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1I-24

Aspirin

Aspirin was selected based on negative results of the 3T3 NRU-PT per the article by
Onoue et al. [2010]. Photosensitivity was not mentioned on either the US or the JPN

label.

11-25

Benzocaine

Benzocaine was selected based on negative results of the 3T3 NRU-PT per the article by
Onoue et al. [2010].  Photosensitivity was not mentioned on either the US or the JPN

label.

11-26

Erythromycin

Erythromycin was selected based on negative results of the 3T3 NRU-PT per the article
by Onoue et al. [2010]. Photosensitivity was not mentioned on either the US or the

JPN label.

11-27

Penicillin G

Penicillin G was selected from the list of negative chemicals used in the 3T3 NRU-PT
validation study [Spielmann et al, 1994a]. Photosensitivity was not mentioned on

either the US or the JPN label.

II-28

Phenytoin

Phenytoin was selected based on negative results of the 3T3 NRU-PT per the article by
Onoue et al. [2010].  Photosensitivity was not mentioned on either the US or the JPN

label.

Non-phototoxic non-drug chemicals

I1-29

Bumetrizole

Bumetrizole was selected from UV absorbers. We thought that human data of this UV
absorber would be provided. Human data for this chemical, however, was not
available. Therefore after confirming negative result in 3T3 NRU-PT, this chemical

was classified as a non-phototoxic chemical.

11-30

Camphor sulfonic acid

Chemical No. II-30 was registered at first as benzylindene camphor sulphonic acid. This
was a UV absorber used in the 3T3 NRU-PT validation study. However, we carried out
the Phase 2 study without noticing a transcription error of the CAS number on the final
chemical list. Because we did not notice this mistake until after the Phase 2 study, this
chemical was reclassified as a non-phototoxic chemical after confirming negative results

in 3T3 NRU-PT and low molar extinction coefficient (MEC).

I1-31

Chlorhexidine

Chlorhexidine was selected from the list of negative chemicals used in the 3T3 NRU-PT
validation study [Spielmann et al, 1994a and 1998a]. Negative result in human was

described in the article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

11-32

48

Cinnamic acid

We originally intended to use cinnamic aldehyde, an aromatic ingredient used in
cinnamon, as Chemical No. I1-32, because this chemical used in the 3T3 NRU-PT
validation study. However, we inadvertently added cinnamic acid instead of cinnamic
aldehyde to the list of chemicals. Cinnamic acid is known to form a dimer by light
irradiation when in the solid state. The difference between cinnamic aldehyde and
cinnamic acid is that the former has a side chain of aldehyde and the later one of

carboxyl. In addition, we carried out 3T3NRU-PT for cinnamic acid and the result was
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negative, just like cinnamic aldehyde. Therefore, we concluded that either chemical
was suitable for the ROS assay validation study, because cinnamic acid resembles

cinnamic aldehyde structurally, and the result of 3T3 NRU-PT testing was the same.

11-33

Drometrizole

Drometrizole was selected from UV absorbers. We thought that human data of this UV
absorber would be provided. Human data for this chemical, however, was not
available. Therefore after confirming negative result in 3T3 NRU-PT, this chemical

was classified as a non-phototoxic chemical.

11-34

L-Histidine

L-Histidine was selected from the list of negative chemicals used in the 3T3 NRU-PT

validation study [Spielmann et al, 1994a].

1I-35

Methylbenzylidene

camphor

Methylbenzylidene camphor was selected from UV absorbers. This was in the list of
negative chemicals in the 3T3 NRU-PT validation study and Human data for this
chemical was described as negative in the article on the 3T3 NRU-PT validation study

[Spielmann et al, 1998b].

I1-36

Octrizole

Octrizole was selected from UV absorbers. We thought that human data of this UV
absorber would be provided. Human data for this chemical, however, was not
available. Therefore after confirming negative result in 3T3 NRU-PT, this chemical

was classified as a non-phototoxic chemical.

11-37

Octyl methacrylate

Chemical No. II-37 was registered at first as octy]l methoxycinnamate. This was UV
absorber used in the 3T3 NRU-PT validation study. However, we have carried out the
Phase 2 study without noticing a transcribing error of the CAS number when we made
the final chemical list. Because we noticed to take it wrong after the Phase 2 study, this
chemical was classified as non-phototoxic chemical again after confirming negative

result in 3T3 NRU-PT and low molar extinction coefficient (MEC).

11-38

Octyl methoxycinnamate

Octyl methoxycinnamate was selected from UV absorbers. This was in the list of
negative chemicals in the 3T3 NRU-PT validation study and Human data for this
chemical was described as negative in the article on the 3T3 NRU-PT validation study

[Spielmann et al, 1998b].

11-39

Octyl salicylate

Octyl salicylate was selected from UV absorbers. This was in the list of negative
chemicals in the 3T3 NRU-PT validation study and Human data for this chemical was
described as negative in the article on the 3T3 NRU-PT validation study [Spielmann et
al, 1998b].

11-40

PABA

PABA was selected from the list of negative chemicals used in the 3T3 NRU-PT
validation study [Spielmann et al, 1994a and 1998a]. Negative result in animals was

described in the article on the 3T3 NRU-PT validation study [Spielmann et al, 1998a].

1I-41

SDS

SDS was selected from the list of negative chemicals used in the 3T3 NRU-PT validation

study [Spielmann et al, 1994a].
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11-42

UV-571

UV-571 was selected from UV absorbers. We thought that human data of this UV
absorber would be provided. Human data for this chemical, however, was not
available. Therefore after confirming negative result in 3T3 NRU-PT, this chemical

was classified as a non-phototoxic chemical.

Positive/Negative controls

Quinine HCI was used as positive control according to the method of Onoue et al.

[2008a]. Quinine HCI was classified as a phototoxic chemical for human per the article

PC | Quinine HCI1 by Ljunggren et al [1986]. Photosensitivity was mentioned on the US label.
Sulizobenzone was used as negative control according to the method of Onoue et al.
[2008a]. Sulisobenzone was classified as a non-phototoxic chemical, because Human
data for this chemical was described as negative in the article on the 3T3 NRU-PT

NC | Sulisobenzone validation study [Spielmann et al, 1998b].
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Appendix 5 Test chemicals for Phase 2 study and code list

UV/vis absorption” in vivo Laboratory
3T3
No. | Chemical name CAS No.? | MEC Amax
NRU Animal | Human | 1 2 3
(L/mol/em) | (nm)
Phototoxic drugs
II-1 Acridine 260-94-6 2773 354 + D + D + D C-130 | B-090 | A-005
II-2 | Acridine HCI1 17784-47-3 | 2635 354 + D + D + D C-126 | B-086 | A-001
II-3 | Amiodarone HCI 19774-82-4 | 5400 290° + 2 + 2 + 2 C-127 | B-087 | A-002
I1-4 | Chlorpromazine HCl | 69-09-0 1746 304 + 2 + 2 + 2 C-106 | B-066 | A-026
I1-5 Doxycycline HCI 10592-13-9 | 3715 2909 + 2 + 2 + 2 C-116 | B-076 | A-036
II-6 | Fenofibrate 49562-28-9 | 3514 2909 + D NA + D C-139 | B-054 | A-014
II-7 | Furosemide 54-31-9 2650 2909 +/-139 | NA + D C-141 | B-056 | A-016
11-8 | Ketoprofen 22071-15-4 | 2092 290° + D - D + D C-128 | B-088 | A-003
1I-9 6-Methylcoumarine | 92-48-8 3219 2909 + D + D + D C-113 | B-073 | A-033
II-10 | 8-MOP 298-81-7 3631 300 + 2 + 2 + 2 C-131 | B-091 | A-006
II-11 | Nalidixic acid 389-08-2 3192 331 + D + D + D C-137 | B-052 | A-012
[I-12 | Nalidixic acid (Na salt) 3374-05-8 | 3019 333 + D + D + D C-134 | B-094 | A-009
1I-13 | Norfloxacin 70458-96-7 | 3562 323 + 3 + D + D C-110 | B-070 | A-030
II-14 | Ofloxacin 82419-36-1 | 8443 2909 + D + D + D C-112 | B-072 | A-032
II-15 | Piroxicam 36322-90-4 | 3304 352 -2 -2 + 2 C-135 | B-095 | A-010
II-16 | Promethazine HCl | 58-33-3 1558 297 + 2 NA + 2 C-101 | B-061 | A-021
II-17 | Rosiglitazone 122320-73-4 | 1765 311 + 9 NA NA C-117 | B-077 | A-037
1I-18 | Tetracycline 60-54-8 3842 2909 + 2 + 2 + 2 C-102 | B-062 | A-022
Phototoxic non-drug chemicals
1I-19 | Anthracene 120-12-7 2315 355 + D + D + D C-121 | B-081 | A-041
II-20 | Avobenzone 70356-09-1 | 7686 354 + 9 -9 + 7D C-109 | B-069 | A-029
II-21 | Bithionol 97-18-7 2462 321 + 2 + 2 + 2 C-115 | B-075 | A-035
11-22 | Hexachlorophene 70-30-4 2431 300 - D - D +1.8) C-107 | B-067 | A-027
II-23 | Rose bengal 632-69-9 19269 549 + D - D + D C-104 | B-064 | A-024
Non-phototoxic drugs
11-24 | Aspirin 50-78-2 80 290° -9 NA NA C-140 | B-055 | A-015
1I-25 | Benzocaine 94-09-7 4273 290° -9 NA NA C-114 | B-074 | A-034
11-26 | Erythromycin 114-07-8 0 290° -9 NA NA C-119 | B-079 | A-039
11-27 | Penicillin G 113-98-4 0 290° -2 NA NA C-118 | B-078 | A-038
11-28 | Phenytoin 57-41-0 0 290° -9 NA NA C-145 | B-060 | A-020
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Appendix 5 Test chemicals for Phase 2 study and code list
(continued)

UV/vis absorption” in vivo Laboratory
313
No. | Chemical name CAS No.? | MEC Amax
NRU Animal | Human | 1 2 3
(L/mol/em) (nm)
Non-phototoxic non-drug chemicals
1I-29 | Bumetrizole 3896-11-5 | 3873 306 -9 NA NA C-138 | B-053 | A-013
Camphor sulfonic
11-30 3144-16-9 | 0 290° -9 NA NA C-132 | B-092 | A-007
acid
1I-31 | Chlorhexidine 55-56-1 1338 2909 -0 NA - C-144 | B-059 | A-019
1I-32 | Cinnamic acid 140-10-3 3373 2909 -9 NA NA C-123 | B-083 | A-043
[I-33 | Drometrizole 2440-22-4 | 3946 295 -9 NA NA C-129 | B-089 | A-004
1I-34 | L-Histidine 71-00-1 0 290° -2 NA NA C-111 | B-071 | A-031
Methylbenzylidene
1I-35 36861-47-9 | 9200 304 -9 -9 -9 C-136 | B-051 | A-011
camphor
I1-36 | Octrizole 3147-75-9 | 3958 296 -9 NA NA C-133 | B-093 | A-008
1I-37 | Octyl methacrylate | 688-84-6 0 2909 -9 NA NA C-105 | B-065 | A-025
Octyl
11-38 5466-77-3 | 3000 290° -9 -9 -9 C-142 | B-057 | A-017
methoxycinnamate
11-39 | Octyl salicylate 118-60-5 1500 2909 -9 -9 -9 C-120 | B-080 | A-040
1I-40 | PABA 150-13-0 2404 2909 -2 - NA C-124 | B-084 | A-044
1I-41 | SDS 151-21-3 0 2909 -2 NA NA C-125 | B-085 | A-045
1I-42 | UV-571 125304-04-3 | 1900 290° -9 NA NA C-122 | B-082 | A-042
Positive/Negative controls
PC Quinine HC1 6119-47-7 | 1938 330 + 3 +10 +1D PC PC PC
NC | Sulisobenzone 4065-45-6 | 3519 290° -3 NA -9 NC NC NC

8-MOP: 8-methoxy psoralen, PABA: p-aminobenzoic acid, SDS: sodium dodecyl sulfate

+: Positive, -:Negative, +/-:Equivocal, NA : Notavailable, PC : Positive control, NC : Negative control
a) CAS No.: Chemical abstracts service registry number, b) The UV/vis absorbance (290-700 nm) of most chemicals
was measured in 20 mM phosphate buffer (pH 7.4). However, the UV/vis absorbance of chemical Nos. 1I-19, 11-20,
1I-29, 11-33 and 1I-36 were measured in methanol, because these chemicals were not solved in 20 mM phosphate
buffer (pH 7.4). In the each case, test chemicals were dissolved in DMSO at 10 mM and diluted with 20 mM
phosphate buffer (pH 7.4) or methanol. Final concentration of DMSO was unified to 0.5%. ¢) Amax (nm) was a
wavelength at which the UV/vis absorbance shows a peak between 290 and 700 nm. Amax (nm) was indicated as 290
nm in the case where the peak absorption is located below 290 nm and the maximum absorption is at 290 nm. d) /n
vitro phototoxicity was assessed by the 3T3 NRU PT in the participating laboratories, according to the OECD 432
guideline.

1) Spielmann et al., 1998a, 2) Spielmann et al., 1994a, 3) Onoue et al., 2010, 4) Peters et al., 2002, 5) Gaspar et al.,
2012, 6) ZEBET in house data, 7) Schauder et al., 1997, 8) Masuda et al., 1971, 9) Spielmann et al., 1998b, 10)
Spielmann et al., 1994b, 11) Ljunggren et al., 1986
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2.1 OEEFRIFFE

SRS E BT B 70k, 7., {LEWH329020> 5700 nmDE D& TH 2 RINT
DIBNTOWTERT S, 29025700 nmDERIZB W TE N IARE (MEC) 231000
Lmol' ecm™ % EE S 2WMESH CCER3) 1o\ T, BEERNLEEESIEEZ L
DRFIEERTZWEEZEZ OND GEIZ W TIREIZZROZ L)

KIZEBAGFORMEIX. TRAF—BBAT=XLICLY, ZA——FF FT7=F
R—EHIEMEL STEEBRKERE (ROS) HAKRT S, BRSEIZLYHOSF Of
HW@%%@%@%%@%EE%E@%@@E)%ED&:&%%%#\%m%QT
hHhoTh, BEIX. FERIZROS NEREINE EEZBND, ZD7=HE (UV~TFIRE
]) ORENZ X5 ROS ARkix, AFMHEOIEIEL LY 5 5,

Y EMRE Gl 4) bARIGHEEZREBLI S, LELERRL, TNOLDOFEREFETFTT
RTONERIEDEEZBHT AL TET, KKV SET LI LBEDEELTD
AN ONEHETERT AT TIERY, 207D, REEMRBRET TR, 603
WL MAME L TIE0E I NERDEIE TR,

KAbZHOREOFEMIZ., T — ¥ ONERBREBTS IIHERTE S, BENICEORWE
ETEHINSD., 70X GLP/GMP [C#M L TEHINL=2TH D,

2.2 Mo H/ 77 —~vaFRT L IR

Fe RS IR I AT B RIS B OMEE 1L, BRGNS E L EDENERE
TAHERICEELREYEREEH 5 A —F Th b, ZOREZ. (LFHEomiEiE
B, Mo mMFE, mMEH»SBER IUHMIR~OSE, & 5ICHBENTORA. I
BEIOERE2 L OFEL RERICKE LTS, BESIE, Mg 4RI
RMENDZZ VT T ABEIEKET D, EFE LT, ZTRHDONRTA—FIZL-T
eI T E ORI 1T B TEA G R S R 5,

LA OMBATOREE. FFEH D2 WVITERL. ABERIGICE > TRENZHOT
BV, FERISHER SRV FThIIE, miEFH 5 WISMRFERF TRET D
BECBWTABMRGEZELAFEERSH D, LLRRL, MEPEEHIED
{LEH B IR SN D ABICRIFMEE T 26%. &2V I/ mRREL SR
WEAWI, FEHOHFERE SV, H D WIES/ MR EL B EVEEHI LD b
ABMRGEFIEEZ LTV, E512, BMMEEREPEL 2 DIZLERLEVRE
FBZTOLERARITIVIERWIZE, B MI, KRB ) X7 RSN D,
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BEOLIA, T XTOIEMIERTE 32— HEEZRELEIETOT—4
B2V, LMHLARnE, B FEBITAERD, A5V FHEINAEBNIEEIZES
X ¥, FPROBRAZEZEZETHZLICE-T, ELRINEEHETMELEL L
WEHIBT A LI, F—ANAL F—ATHETHD, TOHAE LTI, 1) €250
RIREENIEFITENES], HE T 2) MmO SRR FER IZE
R EBRFETONL I,
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{EEHORBERESR (2R, 272007 F7FY) ~OfREIR., EkToIrE
REERLELA A =R LO—D2TH D, ATV EOFEICLVERTOILEDRE
XM B8, ATZ7=2VREMOSHIZEZNCEAT A2 INETORERNL, AT7=
EAMOL TIRIREEHTITHTIBRIRL RN LTI TS,

HE#R 5 iéﬁ%“ﬁﬁ% BWT, RERODEHROHATHMEHR5Z LITX
D, —RRENCIE, AR MR, SRR R, W L BRORT T r uiTown
Tﬁﬂﬁﬁﬁﬁﬂ%ﬁ&éo%wiitﬁﬁ IRV TR H 2 VAR E R
DIHREFH LA ST 2 70iid, FHEDZ A LR AV 2@ 2 FRTRET
RETH D,

AENIT L v E S, AEARICBIT A HEREBRBORWEEAIZE L TE, E
HHMBRICROEDOBREZ T TINALDEBICEBEZEULABERH D Z LA
BN TWBE- T B EEECHOCAERESD X 512, FIHRIE TEME S v invivo
TRVWEEEZETIILEHL. DOVIIMERABFICESWTEERE2E T LB
HENTWHILAEWTIE., NERERICB T 20 E2BIE L, AR RE 2 HEE
TR_RETH D, UV BRI O LRI 2 H 3 2 BY-CHMED b OIERFEHAIN BV IEDI
DONTiL, BRIEHEEZE T Z RN TV THLRMMERICEIT2 ) 27 2FiET
ABZLRENTHA S,

23 AEHBICEL T

KRB LV BLADE KIBICRRZ /7074 7HAELCDZ EIFBERVWI E D,
—RRBNCHE S W TRIEARZ SMEFHE 21T 5 BB,

2.4 FEZREME

%< DBE. BEYFREOREMEL., (EFBECERT A0 THY, EEERICX
HHDTRY, LALARRE, HIEOEBZMEE (& X, REMHER. ~
LRBOREER) 2/ oHA1E. BB UV BRMREEREFRR Y, LR
MRS T AR M2 R T AAREEERH 5, KT FIA s T aR
BRFIEL, 20X RFATORENR AN =X L2RHETHHLOTRY, 26D
I 72 A = A LD, hOFERREOERB/EMRBICLVER I, FMETE
AZH00RHD, Ll b, BEMA L= X HZEELEXERITE, £0fic

bt FTOFERBRBROPTHOTHLENNI 2O LH 5,

3. FEERAR LR £MERARR

3.1 _ﬁ‘ﬁgﬁu\

EERENREZLMERBICE L TIX, ETAVAT L LBERBRH ALY FLOWEE2E
BLERBEAHZERICERT A ENEETH S, BEMNIC, FEHRAREX. &
WRELRREORS (T7hbb, BUVERMEREBEBER) 2HLTNAHI ENE
FLV, LNLERL, BHA FTA BN TWAFHEEZITO) ZDICRHEE
R T, FERREEEMRBRN, BRECHEEMES A2 X5 RBVWRE (Thb
H, BVWEMETHIER) 2HALTWVWAZETHDS, 28R, BEEROBE. BF S



LR ANEEHIFMERDONZWAELTH D, HEF A TEE L2 FERRRERE L in
vitro}d X Qin vivodt 1T, FITEERNRAFRERET A LICEREZBEVWTWVWAHDT
HY, BIROEFMSIC, ¥TLLZOEEMETE S LIIRLRN,

B EEOBIRIL, invitroB L WinvivolBBRIEOWTNIZBWTHEETH DH, Fx H
BEEZEINTWARBEHRIZ. EFITBIENANY PALEZFH LTS, LPLARBL,
KEBE¥HiZ, ARRICEESINEZLOTRL, BE, E5. =8, B4, XERE DK~
RERIZL-TELEBD, SHICKBRIIHT e FORBOREMESL, A RE
B (& 21T, RAX VA7, BEIFOEM, BETOESY) [Tl TELES,
TEYER) 2 KB D BEFEICOWTIR, e 2EBElcBWTERBSNTE T, Y —7
— 2 2 L—FDORFBEOFEDMEEZFTMT S 720IiF. FOX 5 eEERE (22X
THRS) ABRTRETHY, BELRAEEZRHE ALY FVOUVATRBIZESW TR
WL TRETH D, BITDin vitrod X Win vivoD FeEMRERIE TIZ., UVAT5~20 Jem®
DOEFEOBHENAVWOLNTWS, ZOUVARFEIX, E0BRMIC, BEHIROWEE
FPoia TREBNOBNMES2To-BAICRY T 5, #@%. B FTiX, UVBTAEL
AHBIRGIZE D 2F2BEENRFIRIN TS, LELRBL, FERELE
MSRERECIE. UVBBHEBIZL > T2foRAENEIRENDHIRE T2, BRBRED
BEZ TIPSR UVARKNE TORBREZIT O 72018 RO T 4 Vv Z—Z T
HZLI2XD) UVBEZEAESHLZLELHD, £ NEBIZBITAUVBOBREIZRE
WCFRESNADICR L, UVAXEMLE T omiEic £ TEET 2, Thvxil, &5
BAINAEERICBWTIE, UVAIZH~AUVBIZ & 2 LR EML BN EER L EE
TRWEEZLNTWS, LRSS, XBREAZT2MBICER SN BENEH
A DOBPESIZIT. UVBBHIZHLZETHIMNEND B,

BEIRRIE (Z27 " ASHE, BE, BIURBRHE) O0BREE=FV 7, BXWY
AWAFEzOWTIL, RBRAFIEICHREICTER Sh it & v (F, SCEke) .

3.2 (EFRIRBREE & O 7E R MERER

3K SRR E S RS O EHE A BIR LB A2, RBREORENBETITH S
TEEEERERANVTRIETARETHD, FTDOLIBRABREDO—HN, L& 2T
BR7 ICEEHENTWABROS 7 v A THD, T—F0biE. ZORBREL invive 128
T AEEN L AEEYE S TR TA L TCOREREWVWI EBRENTWS, L,
BREERREOEERENI b, BREITEY, 200 pM ORBBE T, BYRSE
BT CTEBENEES. ZORBETOREBRIINEHEOBEVERITEN L%
TR, BHRERT (FORBETH-TH) BINMFHMEEESETREEBEIELEXS,

3.3 Invitro BBRIEZ V) = L EEHER

LB DB RELEMT D202, £< D in vitro RBRIEVRRAFE I TE T,
B DORREDC—ERIT., EEXLOFMIAWVDZOORIEDITHLORTWRY, H5D
HBRIE LTI S A EERCEHE L THWARRETH Y, 20 k5 2 FE0EK
P LB Y ORI ICIRTFT 5, P OFRES-CHIMN OFFMIZE T 5 Z & 23
£\, FOMIC, HBEE~EEEAShIRBRELDY, Zhbld, RFREEZE
B L7=fFeE e LTCOFMICENTHS 9,
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BbESHWSNTWSin viroD N EBHEREBIEIIITI=a— 70 Ly FERVAHLN
R BT3INRUPT) THY ., ZIUTE L TIEEE T 50ECDA A KT A > (3C#k6)
Nid, ZOFET, KEEHEZEL TREDL - & L@t Rin viroR 7 ) —=v7
FETHLHEEZZLNLTNS,

ZORBIEICE L TECVAMD ERE L= ERDA) F—3 3 U TR WEE (93%) &
BEVWERE (84%) BRENEN, TCERIBRBMICHEEICOVWTEVENED L
#Z2TW5h, OECDHA RT74 »id, BIZEERICE L TRIESNLIZH D TR, EX
S OARVMERE IR T B 72 DITiE. OECDA A KT A 22—l ETH I LB S
T3 FEaraRozt) , #EEINZINLOHE L. ERHORAER L L TEY
T b, 3T3NRUPTOREITE L. ZORBRECEEFBENSELNIZIEEHIZONT
Tt FOREBHEELABRENFERICENEEZLNS, LLARMNS, 3T3NRUPT
TERMEERENE S N-EAL. BEMZEEEZ LT LLTRET 55O TRV, B
MEEHE A2 ZRE I REEELEZ D& TH 5,

BALB/c 3T3MIZITUVBIZ XL 5 EEEZITROT Ve, SHBEICH 72> TIE320 nmEALT
DHEWET 57 4 V7 —OEANLIHER ST ORe) » LALRSL, A
WHNBKIBE T A N E—EBENCRET S 2 L1k 5T, UVBHUVAD IR % %
L. UVBIZ X D HEMOEMEFREL TH5Z M TES, UVBIHIELALERBRLY T
WCERELRWZ EME, UVBILLDAEFEHITEFEASHIERRIZBNTIZEEAL
RIREL 72 B 720, LsL7Z2ath, UVBIC & BEEHEIL, BB &S 5 WAICBIR L
T %, UVBEO¥E & EITWRILT % RETRE Tin vitroDFHli &2 L E & D5 E1TIL,
M L BA S (LFESHR) T3T3INRUPTZEMEL THRV, H2WE, UVBWHH
DXV BEWinviroDEEET NV ERAVTHRY,

AEBEETAL MNEEBOBBETT A ZAVNIE, BEMSRKOZBERIEAIZE
AFETOHLRRFTERADEORBRNTIEL RS, FHEEL FNEEEHAVWTINET
B S - RBRIET. BEOBEIZLVHROARLZBRET 2D THDL, DKL
5REBRETIE, b FEEICHT ABMDOAMAEEMEERHET A Z ERFRETH
rrEZOLND, LML, invivoDt MNEBI Y LEZENMES, BEREEE L LK
ERAENEVRRIELH D, LEN-T, FRATIRBREOKELZEHMAEL, LV EE
BEOBIF| O FACRHEROER R Y, YN OFRELRRBEOSGZ2EERETS
LEDBEETH D,

BERKIZEST, RICBITSREHLZSENICTHE TE Din viro®T VITFEE LR
W, 3T3NRUPTRt M EHEEAARILECTEREEERSELNE, VA7 BERNT &
ERBETE L0 L2V, IROXEFERICHT 2 6 0RBRIEDO FRIMIZARHAT
5,

3.4 BEFEHED in vive XA
S HEAEROKEERERIL, TEALTEY M, TUR, Ty MEOKRAX REYTETERS
NTW5, BEMRRT VA VTSR TV RWED, BTICR~3EBER TR
TREOFEE LTHERALTHELI AR,



B ORIRICH T2 - Tid, BEITHRT RSN (F/MIE) | BUTxT 2 A,
HBHBICBITOREEBRTRETHD, FEBLUTAE, ODWTNOBMET
LB FATRETH D, FEHEOREOZDIZIX, TAE/ OIE5BPEFREMM LD bR
ZHERBVERBH B, ERBRIC T RBRERITZIRWVES, AT7=2VICFLL
AT BHAPI (F22EA2BROZ L) N L THEIMOEREEBRETAETH D,

InvivoD HEMREBR A ERT 256121, RBEE2T A T 58N, (a8 OIEYENEE
2707 7 A NVICETABREZE TS ZENEE LY, ZHiE, B ~DBRE%
TraxTHT I THEEIZITV, BT ABEEBRE ISR L CE2RBREMAZRIRTE 5 &
T B THD, BETIEYERERENT —FE2EFEAF L TWRWESIZI, in
vivot R O—B L LTINETRETH D,

FEHIZ. BE. AERIETH DL, invivDRBRIEORBIIBICOWTEEIZEZ S
RETHD, RIBRBEBINIMBICBITIRERESZOEYMOER L. ABEERG
FHERKIELAEEREH S, Rk, FREZORERN G, BEOEFHEIC LV LE
MERIGEERKSEBAREERH D, —MRIZ, FTRETHIITERKR THW LN 2 RERRK
2EV, RBROBRSHMIXIESAVIIRBEMETETHOTHEITH D, BEE (Th
FET) OBREICOWTIE, BRIHDZWITEAREEBRBOWTHREZERIRL TH L,

L EAEDOIEREE in vivo L EMRBRICBITARSEEZBIRTAEITE, E FTDY
AP THEAA L MIETAHALDOLETRETHD, ZoDEBRICBITARERGEIL.
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BE. BY., EFRETORFIMLETRY, LrLeNs, BEERS TR SN S
A3, BIMPAEREYRET DI EICEY, Con OUBREER LD, HEHMEICE
DSVRIZTRAA DEITHD ZLMAREL 25, BEGRER I OHERHREHO
RECLY, LEVCBHELEZABEHEZHEL, BHCLTHFEINIFEELR L
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R LI WMEEIZB L TiE, 20X 5 2t AR, KibikEs X U FE TOZER
PIRENTHY, RAOHEIZEZELRN &b, HIEICK T LFbE2 AT NEL
L7z,

Invivot=HRER T, ERICHRIESN TV AR W=D, EXERE2ET0EY 2B B E
PRAWAZLICLD, BUICHERTEAZ LR TUHERL S, RBREDEIMELTE
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T AEDIZE, b MIBWTRESEE TR L, BEOIFERSER LU EH RS
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YEIREABIEO - DICIT, FEBEEET LAF—HEBRS— R HER IR,
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AT DI BEEHT

OB T in vivot BRBRICE 1T B “TRtE” ORERIL. inviro CTOBMERRICEST S,
W T S s R AR Ml TSR R SN o EA IR, EBRR TOBMEERICE
T B, In viroTMREBRICRB T AR RIL. S mT —2IicXh., AR RS BEN

B (ARXBR) . KETIE, EEER SN ARACEL TR, TRTERAEZAVWEEE
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SRS ITREER TS ERROREMO - HOEBEE TR,

63



64

5.1 £HBHAEICHIREI N S5HGFE
511 RABERT 2 LOFE

Z O > MEC 73 1000 L mol™ em™ (290-700 nm) Z##z 72WEE., HEeaiko
EHITHESNT., b MZBWTHEENAEHRBR LWL EEZLLENS, Lk
LERL, INTIEHA, BENA T =23 EHE BRALT7 2 ) VESRR
AT 4 U EREY) DX DS AREENFIRTERWI LICERETRETHH, MEC B
1000 Lmol! em™ BA ETH HbE8ICB L Tik, EHIBRRE D NS IERER O Ehi & 3=
WTAEE, BEBRIZL - TEAU EONZEMTMERE LT 5H 2 XET 5
TENTES (F32EEABROIL) . FRUANDOHEIZIE., ZOMEOIRR/E
RSVl 2 EH T _& ThH D, {LENSEEEETA{LEMONEFEEIZEAL T
AFFRER T —ZIZOWTIL, RARE 7T u—FIc@T2EMNRZIbHELND
AREMRH DD T, FmTRETH D,

512 EMHEOSEBRFEM

IROBANZHE > TEMIOER 2RO T 72D, BREBREZ 1T Az, —RAICITRRIE
ENTzin vitroDFHEE R BT RETHD (72 & 2 XDirective 2010/63/EURZRD Z
L) . EHIBERERinviroDT 7o —FERIRTHHFE, BEDOLE Z A, 3T3NRU PT
NELBELANLBNTWAIRRETHY ., 2L OBE, RTIOXFHERR L LTER
a5, BREOEVIT3 NRUPTIZEMR RO FEMEIZERLTWS Z Lk, BHEFR
IXFOAEHITHBEERRNETEHLRENE LT RIZFITARENATWNS, Z
DBRE. ELRHIBBROEHRIIVLNERLS, £ b~OBEEMRIEFEHIIRFA L2V D

EEBEZBND,

WL ONDOERUET (L 2 IX8KEELEY) Tk, XEHEOMEFEM & L Tin virro.
DORBRIEZANEORBEETRWEESNH D, ZOHEICE, BMEide F2AL
RN ER EN D, HEWVE, BAOOGHT —ZBAFTEIHEITE, 7—AR
Ar—ATHE3L0D, TNULONREEHFTFMEEREL T 52T LT L0
T&3 (BlEEZEROZLE) .

In vitroD WEHFHIEIC THBERENE SNZEE. in viro TRH INEXEE DN
vivolZ BT A KH & O EM BT A= 0lc, B E BV EsMRBRE E TS5 Z
EWFERETH B, HDWIE., BRNOSHT—ZIZL Y., invivollBITBHEHD U A7
DIEBIENLHBF SN DBEITIE., T Lo EE2EFTMmMEAREL T L2 X
BIaZtnTE5 (F2HEEAZZROZ L) , NI, JIOBIREE LT, XLE£HEY
A7 BBERICBWTHEE LY, XHHFEZRBE L TCEETILIZELFAETH S,
BWHCERBS N8 H L0 T MBI A ENRBROBRERRIX, n viroDBME
BRIV LEEREESND, ZOLHRBE,. SORIZRBRERIHLERS, B MZEBW
THEEOEEEIIRFA L2V D EEZ NS, BWRRICBWTHBEEREFELN
TTHRATH, Con PHEZZE L EHFMBICES Y AZFEMICEY, b FTOER
RBINFEENBRT GNP 2N LHTE22 055, TRUADEEITIE. B
EEEAMLEL 5, WTFNOBEASITE W TY, BEICER S N - BE LT
TRIERZ2NWZ LR ENTZBEIT, EBERTOBERERL Y bELEINS, hvitro
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OHFHRBRIZE T ABMHRERIL, F0RIEERNRRIGEREE (ROST v A 72 E)
CTERERERY B LTHEIRRWY,

B E AW EERRD 5 WVIEERAEERBER T TICERmIN TV AEEIE, £
DAL RS R EERER & 2 O\ Lin vitro e MR & Ehn T 5 BB /R 0,

5.2 REFZEHEIZHELE X B R FERE
521 REBEMRT V¥ ILOFME

B AE L OWINF OMEC231000 L mol™! ecm™ (290-700 nm) ##Bx 72 WEBEE,
LR ANEEMRBOEBAHEINT, b MZBWTAESESARBRALRZNVLDLE
Z 65, MECA31000 L mol! em YA EDEEHIZONT L, REEHERER (ROST v
AR Y) TREFBERENEONEE. SOLRIAEEEFMENEL L2VGEEN
b5 (SO TIRESEZBROZ L) . TRUSNOBEIZIE. £OMEDIERK/
EePE M2 EfT X TH 5, {LFEHSELEET HLEHOLFEICEL
TAFHRER T —ZIZOoWTik, BARET I u—F TR/ FI0bELN
LEREERH DD T, FETRETH D, :

RERSHAOXRBEICBEL T, BBomE. BETAZERE 262, BREEEG
BANY, REICEEEASNDZ b, BRI OEUNBFELICRESNLEVE
AERE, BCEBINLIMERICOMT D ERRSND,
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Executive Summary

The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an
independent scientific peer review panel to evaluate the validation status of the Reactive
Oxygen Species (ROS) assay in accordance with established international criteria (OECD,
2005). The ROS assay is a test method proposed as a component of an integrated photosafety
testing strategy to evaluate whether test substances such as pharmaceuticals have the potential
to cause phototoxicity.

The panel met initially in February and again in August 2013 in Tokyo, Japan. The panel
considered the reports of two international validation studies and a proposed ROS Assay
protocol at their initial meeting. The panel subsequently reviewed updated versions of the ROS
Assay protocol and the validation study reports as revised by the Validation Management Team
(VMT). This report summarizes the panel’s final evaluation and conclusions.

Overall conclusion: The panel concluded that the reproducibility and predictivity of the ROS
assay is sufficient to support its use in an integrated photosafety testing and decision strategy
for drug research and development. In this strategy, negative results in the ROS assay would
not require further testing in animals or other tests, while positive, weakly positive, and
inconclusive results would proceed to the next level of testing in an in vitro test system such as
the 3T3 Phototoxicity Assay (OECD Test Guideline 432). The panel also concluded that use of
the ROS assay could potentially provide significant savings in time, cost and reduced animal
use for photosafety assessments. Furthermore, incorporating the ROS assay into a photosafety
testing strategy is expected to significantly reduce the overall number of substances that would
require additional testing in the in vitro 3T3 Phototoxicity Assay and subsequent testing in
animals.

Regulatory rationale: The panel concluded that the ROS Assay is applicable for use within the
ICH regulatory testing framework for photosafety evaluation of pharmaceutical products.
Regulatory authorities (e.g. PMDA/MHLW, U.S. FDA, EMEA) require non-clinical photosafety
testing prior to approving First-in-Human Phase | studies so that appropriate precautions and
observations can be taken during initial human studies. Such non-clinical photosafety testing
typically includes an assessment of the potential for a drug to cause phototoxic reactions, which
are characterized clinically by dermal redness, swelling, irritation, and inflammation. The panel
also agreed that the ROS assay is applicable to in-house drug research and development.

Scientific rationale: The panel recognized that ROS production is the most important
mechanism for chemically-induced phototoxicity, and is therefore a critical pathway initiating
event leading to phototoxicity. The ROS assay quantitatively measures two common reactive
oxygen species generated by photoreactive chemicals after exposure to simulated sunlight. In
this validation study, chemicals that did not produce sufficient ROS to meet the photoreactivity
threshold classification criteria for the ROS assay are uniformly non-phototoxic, while chemicals
that met or exceeded the photoreactivity classification criteria include all known phototoxicants.
Therefore if a chemical is not photoreactive in the ROS assay, it is unlikely that phototoxicity will
occur in living systems.

Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a non-
biological system, and therefore may overpredict phototoxicity potential since it does not assess
the direct interaction of chemicals with biological tissues. The assay may also overestimate the
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potential for phototoxicity because some chemicals may not achieve sufficient concentration in
skin for phototoxic reactions to occur, or photodegradation may occur. Accordingly, positive
results in the ROS assay are generally recommended for further evaluation in a photosafety
testing strategy.

Validation study reference chemicals: The panel agreed that the reference chemicals
selected for the validation studies were appropriate and sufficiently representative of the
chemicals likely to be evaluated in the assay. The 42 reference chemicals incorporated most
known human phototoxicants and included 23 known positives and 19 negatives. The chemicals
were backed by data from human patch testing and in vitro 3T3 phototoxicity assay results. All
data from the validation studies were made available in the validation study reports.

Assay Reproducibility: The panel concluded that the assay had excellent reproducibility both
within and between laboratories for the 42 reference chemicals evaluated in the validation
studies. Additionally, the positive and negative control chemicals had 100% reproducibility within
and between laboratories based on classification outcome, which further supports the
reproducibility of the ROS assay.

Test method predictivity: After reviewing analyses provided in the validation study reports, the
panel agreed that conducting a single assay per chemical provided optimal predictivity. The
panel concluded that the classification criteria for test outcomes have been appropriately
optimized to avoid false negatives while minimizing false positives. The panel also noted that
chemicals positive for both reactive oxygen species were uniformly phototoxic.

Data quality: The panel agreed that the high level of within and between laboratory
reproducibility suggested a consistently high level of quality of the validation studies. While the
studies were not conducted in strict accordance with GLPs, most of the labs were GLP certified.
The validation management team also confirmed that quality control audits found that validation
report data accurately reflected the raw data results.

Test method protocols: The panel considered the test method protocols used for the two
validation studies and key aspects of a proposed standardized ROS assay protocol. The panel
recommended that the solar simulator should be equipped with an appropriate temperature
control unit or fan since ROS production can be influenced by temperature. The panel
concluded that the list of proficiency chemicals provided in the test method protocol for
laboratories to use to demonstrate ability to perform the assay was appropriate. The panel
recommended that each lab should develop historical positive and negative control value
acceptance ranges that can be used to determine the acceptability of an individual test. The
panel also agreed with the appropriateness of the reference chemicals identified for qualification
of solar simulators other than the two used in the validation studies.

Applicability domain: The applicability domain of the ROS assay is currently restricted to only
those chemicals that meet the solubility criteria outlined in the protocol. The panel
recommended that as experience is gained from use of the ROS assay, the applicability domain
could be more fully described in terms of physicochemical properties and/or chemical classes.
This will contribute to increased efficiency by providing criteria that can be used to identify
whether a chemical may be satisfactorily tested in the ROS assay, or whether an alternate
assay should be used initially.
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Peer Review Panel Evaluation of the ROS Assay

Introduction

The Japanese Center for the Validation of Alternative Methods (JaCVAM) convened an
independent scientific peer review panel to evaluate the validation status of the Reactive
Oxygen Species (ROS) Assay in accordance with established international validation and
acceptance criteria (OECD, 2005). The ROS Assay is a test method proposed to evaluate
whether test substances such as pharmaceuticals may have the potential to cause
phototoxicity.

The panel met initially in February and again in August 2013 in Tokyo. The panel considered the
reports of two international validation studies and a proposed outline for a ROS assay protocol
at their initial meeting. Following provision of a complete ROS assay protocol by the Validation
Management Team (VMT) and updating of the validation study reports, the panel met a second
time to complete its evaluation. In conducting its evaluation, the panel addressed each of the
evaluation criteria that correspond to internationally harmonized validation and acceptance
criteria. This report summarizes the panel’s final evaluation and conclusions.

Evaluation Criterion 1: A rationale for the test method should be available, including
description of toxicological mechanisms, a clear statement of scientific need, and
regulatory application.

The panel concluded that the ROS assay is applicable for use within the ICH regulatory testing
framework for photosafety evaluation of pharmaceutical products. Regulatory authorities (e.g.
PMDA/MHLW, U.S. FDA, EMEA, KFDA) require non-clinical photosafety testing prior to
approving First-in-Human Phase | studies so that appropriate precautions and observations can
be taken during initial human studies. Such non-clinical photosafety testing typically includes an
assessment of the potential for a drug to cause phototoxic reactions, which are characterized by
dermal redness, swelling, irritation, and inflammation. The panel also recognized that the ROS
assay is applicable to in-house drug research and development. A proposed integrated
photosafety testing strategy incorporating the ROS assay is provided below as Figure 1.

Chemicals that exhibit the potential for phototoxicity should be identified and if appropriate,
eliminated in the early stages of drug discovery and development. Ideally, drugs should not be
phototoxic. However, some beneficial drugs that have phototoxicity potential may be
unavoidable, in which case it is important to ensure that there are appropriate precautions on

drug labels so that patients can avoid exposures to sunlight that could lead to adverse reactions.

ROS production is the most important mechanism for inducing chemical phototoxicity.
Physicochemical tests such as the ROS Assay enable the identification of ROS production by
chemicals after exposure to UV and/or visible light.
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Figure 1
Proposed integrated photosafety testing strategy incorporating the ROS
Photosafety Assay (courtesy of Dr. Hosoi)
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Evaluation Criterion 2: The relationship between the test method endpoint(s) and the
biological effect and to the toxicity of interest should be addressed, describing
limitations of the test methods.

Scientific rationale The ROS assay is based on identifying reactive oxygen species produced
by photoreactive chemicals after exposure to UV and/or visible light. This mechanism is the
basis for phototoxic reactions in the skin of humans, e.g., redness, swelling, irritation, and
inflammation. The panel recognized that ROS production is the most important mechanism for
chemically-induced phototoxicity, and is therefore a critical pathway initiating event leading to
phototoxicity. The ROS assay quantitatively measures two common reactive oxygen species
generated by photoreactive chemicals after exposure to simulated sunlight. In this validation
study, chemicals that did not produce sufficient ROS to meet the positive photoreactivity
threshold classification criteria for this assay are uniformly non-phototoxic, while chemicals that
met or exceeded the positive classification criteria include all known phototoxicants. Therefore if
a chemical is negative in the ROS assay it is unlikely that phototoxicity will occur in living
systems.

Limitations: The panel noted that the ROS assay assesses chemical photoreactivity in a non-
biological system, and therefore may overpredict phototoxicity potential since it does not assess
the direct interaction of chemicals with biological tissues. Additionally, the initiation of phototoxic
reaction in humans depends on pharmacokinetics and sufficient concentration in the target
tissue, which cannot be assessed in this assay. The assay may also overestimate the potential
for phototoxicity because some chemicals may not achieve sufficient concentration in skin for
phototoxic reactions to occur, or photodegradation may occur. Accordingly, positive results in
the ROS assay are generally recommended for further evaluation in a photosafety testing
strategy.

Evaluation Criterion 3: A detailed test method protocol should be available.

The panel considered the test method protocols used for the two validation studies and key
aspects of a proposed standardized ROS assay protocol. The panel concluded that the
proposed ROS assay protocol was sufficiently detailed to allow for users to successfully perform
the procedure. The panel also concluded that the protocol included adequate and appropriate
analysis and classification criteria. The panel recommended that the solar simulator should be
equipped with an appropriate temperature control unit or fan since ROS production can be
influenced by temperature. The panel concluded that the list of proficiency chemicals provided
in the test method protocol for laboratories to use to demonstrate ability to perform the assay
was appropriate. The panel recommended that each lab should develop historical positive and
negative control value acceptance ranges that can be used to determine the acceptability of an
individual test.

17



78

Final Report
16 October 2013

Evaluation Criterion 4: Within- and between-laboratory reproducibility of the test method
should be demonstrated.

The panel concluded that the assay demonstrated excellent reproducibility both within and
between laboratories for the 42 reference chemicals evaluated in the validation studies.
Additionally, the positive and negative control chemicals had 100% reproducibility within and
between laboratories based on classification outcome, which further supports the reproducibility
of the ROS assay.

Evaluation Criterion 5: Demonstration of the test method’s performance should be based
on testing of representative, preferably coded reference chemicals.

The panel agreed that the reference chemicals selected for the validation studies were
appropriate, and sufficiently representative of the chemicals likely to be evaluated in the assay.
The 42 reference chemicals incorporated most known human phototoxicants and included 23
known positives and 19 negatives. The chemicals were backed by data from human patch
testing and in vitro 3T3 phototoxicity assay results. The validation reference chemicals were
appropriately coded to minimize bias by performing labs. All data from the validation studies
were made available in the validation study reports.

The panel noted the potential importance of chemical structure, and acknowledged the VMT for
incorporating chemical structures for all chemicals in the validation report. In addition, the panel

noted that the VMT also assessed and described whether the current drug label information for

Japan and U.S. included precautionary language for phototoxicity.

Evaluation Criterion 6: Accuracy or predictive capacity should be demonstrated using
representative chemicals. The performance of test methods should have been evaluated
in relation to existing relevant toxicity data as well as information from the relevant target
species.

After reviewing analyses provided in the study reports, the panel agreed with the VMT that a
single assay per chemical provided optimal predictivity. The panel concluded that the
classification criteria for test outcomes had been appropriately optimized to avoid false
negatives while minimizing false positives (see ROS assay protocol judgment criteria).
Appropriate criteria are provided for photoreactive, weakly photoreactive, non-photoreactive,
and inconclusive classifications. In the first validation study (Atlas solar simulator), two
phototoxic and one non-phototoxic reference chemicals were classified as inconclusive due to
solubility issues, and were not included in the integrated accuracy calculations. In the second
validation study (Seric solar simulator), three phototoxic and four non-phototoxic reference
chemicals were classified as inconclusive due to solubility issues, and were not included in the
integrated accuracy calculations.

All of the phototoxic reference chemicals that produced conclusive results were identified as
photoreactive in both validation studies, resulting in a sensitivity of 100% and a false negative
rate of 0%. In the first validation study, of the 18 non-phototoxic reference chemicals that
provided conclusive results, 15 were identified as non-photoreactive and three were classified
as weakly photoreactive, resulting in a specificity of 83.3 %(15/18), and a false positive rate of
16.7% (3/18). In the second study, of the 15 non-phototoxic chemicals for which there were
conclusive results, 12 were identified as non-phototoxic, two were classified as weakly
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photoreactive, and one was classified as phototoxic, resulting in a specificity of 80% (12/15),
and a false positive rate of 20% (3/15). However, it is important to note that of the non-
phototoxic chemicals producing photoreactive results, all three responses were categorized as
weakly photoreactive in the first study, and 2 of the 3 responses were categorized as weakly
photoreactive in the second study.

Evaluation Criterion 7: All data supporting the assessment of the validity of the test
method should be available for expert review.

All raw data for the two validation studies was provided in the validation study reports, which are
readily available electronically from the Japanese Center for the Validation of Alternative
Methods at the National Institute of Health Sciences, Tokyo, Japan.

Evaluation Criterion 8: Ideally, all data supporting the validity of a test method should
have been obtained in accordance with the principles of Good Laboratory Practice (GLP).

The panel concluded that there was a high level of within and between laboratory
reproducibility, which suggested a consistently high level of quality of the validation studies.
While the studies were not conducted in strict accordance with GLPs, six of the seven
laboratories participating in the validation studies were GLP certified. This included two of three
of the labs in Study #1 (Atlas), and all four of the labs participating in Study #2 (Seric). There
was no significant variability between laboratories, which suggested a consistent level of quality.
The validation management team also confirmed that quality control audits found that validation
report data accurately reflected the raw data results.

Evaluation Criterion 9: The applicability domain of the validity of the test method should
be defined for expert review.

The applicability domain of the ROS Assay is currently restricted to only those chemicals that
meet the solubility criteria outlined in the protocol. The panel recommended that as experience
is gained from use of the ROS assay, the applicability domain could be more fully described in
terms of physicochemical properties and/or chemical classes. This would contribute to
increased efficiency by providing criteria that can be used to identify whether a chemical may be
satisfactorily tested in the ROS assay, or whether an alternate assay should be used initially.

Chemicals that are insoluble in the recommended vehicles and therefore are not suitable for
testing with this assay may be able to be tested in other vehicles, such as BSA, alcohol, and
acetone. However, further characterization and standardization of procedures using these
alternative vehicles should be performed before incorporation into routine use.

Evaluation Criterion 10: Proficiency chemicals should be provided in the proposed
protocol.

The panel concluded that the list of 9 proficiency chemicals provided in the test method protocol
for laboratories to use to demonstrate ability to perform the assay was appropriate. These 9
chemicals were selected from the validation study reference chemicals and represent a wide
range of responses in the assay as well as a wide range of solubilities.
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Evaluation Criterion 11: Performance standards should be developed for the proposed
protocol.

The panel agreed with the appropriateness of the 17 reference chemicals identified for
qualification of proposed solar simulators other than the two solar simulators used in the
validation studies. The reference chemicals were appropriately selected from the reference
chemicals used for the validation studies. While performance standards were not specifically
proposed, the panel considered that these reference chemicals would be appropriate for
incorporation in future performance standards for the ROS assay.

Evaluation Criterion 12: Are there advantages in terms of time, cost and animal welfare?

The ROS assay can potentially provide significant savings in time, cost and reduced animal use
when used in an integrated photosafety testing strategy by allowing decisions to be made earlier
and with fewer overall tests for many chemicals. These advantages are illustrated in Figure 1,
which shows that chemicals that are non-photoreactive in the ROS assay need not be tested in
animals or other tests. The ROS assay also reduces the number of chemicals which progress to
testing in the 3T3 Phototoxicity Assay, with a subsequent reduction in the number of positive
results in the 3T3 assay that may progress to in vivo tests for confirmation.

Conclusion

The panel concluded that the reproducibility and predictivity of the ROS assay is sufficient to
support its use in an integrated photosafety testing and decision strategy for drug research and
development. In this integrated strategy, negative results in the ROS assay would not require
further testing in animals or other tests, while positive, weakly positive, and inconclusive results
would proceed to the next level of testing in an in vitro test system such as the 3T3 Phototoxicity
Assay (OECD Test Guideline 432). The panel also concluded that use of the ROS assay will
provide significant potential savings in time, cost and reduced animal use for photosafety
assessments. Furthermore, incorporating the ROS assay into a photosafety testing strategy will
significantly reduce the overall number of substances that require additional testing in the in
vitro 3T3 Phototoxicity Assay, and substantially reduce the number of substances that require
subsequent testing in animals.
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Appendix 3

Glossary'

3T3 NRU-PT: In vitro 3T3 neutral red uptake phototoxicity test.

Dose of light: The quantity [= intensity A~ time (seconds)] of UV or visible light incident on a
surface, expressed in J/m2 or J/cm2.

Irradiance: The intensity of UV or visible light incident on a surface, measured in W/m2 or
mW/cm2.

MEC: Molar Extinction Coefficient (also called molar absorptivity) is 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-
1 cm-1).

Photoreactivity: the property of a chemical to react with another molecule as a consequence of
photon absorption. Excitation of molecules by light can lead to generation of reactive oxygen
species (ROS) such as superoxide anion (SA) and singlet oxygen (SO) through energy transfer
mechanisms.

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.

ROS: Reactive Oxygen Species, including superoxide anion (SA) and singlet oxygen (SO).
UVA: Ultraviolet light A (wavelengths between 320 and 400 nm).

UVB: Ultraviolet light B (wavelengths between 290 and 320 nm).

UVC: Ultraviolet light C (wavelengths between 190 and 290 nm).

" Note: definitions derived from OECD TG 432 and the ROS assay protocol
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REACTIVE OXYGEN SPECIES (ROS) ASSAY TO EXAMINE
PHOTOREACTIVITY OF CHEMICALS

Issued by: ROS assay Validation Management Team
Date: 28 November 2014.

1. INTRODUCTION

The purpose of this document is to recommend a protocol for assaying the photoreactivity of
chemicals based on reactive oxygen species (ROS). Photoreactivity is defined as the property of a
chemical to react with another molecule as a consequence of photon absorption. Excitation of
molecules by light can lead to generation of ROS such as superoxide anion (SA) and singlet oxygen
(SO) through energy transfer mechanisms. The ROS assay does not measure phototoxicity directly,
but rather is a physicochemical test that can be applied to that purpose, similar to measurement of

UV absorbance.

2. INITIAL CONSIDERATION

Validation studies conducted by JaCVAM showed that the ROS assay has 100% sensitivity for
predicting phototoxicants but can result in some false positives [1-3]. Based on the results of the
validation studies, conducting this assay would classify a test chemical into one of the following:
photoreactive, weakly photoreactive, non-photoreactive, or inconclusive. Photoreactive, weakly
photoreactive, or inconclusive results would be a flag for follow-up phototoxicity assessment.
Non-photoreactive results indicate a very low probability of phototoxicity, and no further
phototoxicity testing would be suggested. In the ROS assay, measurement is first made at a
concentration of 200 pM (final concentration). If interference such as precipitation or coloration
(exhibiting peak absorbance at 440 or 560 nm) is observed at 200 uM, measurements are made at 20
uM. When precipitation or coloration is found at 20 uM, the substance is considered incompatible
with the ROS assay. Since the ROS assay is designed to evaluate directly the photoreactivity of
chemicals, it is not suitable for detecting chemicals that induce in vivo phototoxicity by indirect

mechanisms such as porphyria and pseudoporphyria.
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3. PRINCIPLE OF THE TEST METHOD

Drug-induced photoirritation can be defined as an inflammatory reaction of the skin after topical or
systemic administration of pharmaceutical substances. There are several classes of drugs
(including antibacterials, thiazide diuretics, non-steroidal anti-inflammatory drugs, quinolones, and
tricyclic antidepressants) which are nontoxic by themselves but could become reactive when
exposed to environmental light and thereby result in undesired side effects. The primary event in
any photosensitization process is the absorption of photons of a wavelength that induces excitation
of the chromophore. The excitation energy is often transferred to oxygen molecules, followed by
generation of ROS, including SA through type I reaction and SO through type II reaction by
photo-excited drug molecules. These appear to be the principal intermediate species in the
phototoxic response. From the standpoint of risk assessment, previous research has demonstrated
that determination of ROS from pharmaceutical substances irradiated with UVA/B and visible light
would be of help in recognizing their phototoxic potential.
In the ROS assay, SO generation was detected by spectrophotometric measurement of
p-nitrosodimethyl aniline (RNO) bleaching, followed by decreased absorbance of RNO at 440 nm
[4].  Although SO does not react chemically with RNO, the RNO bleaching is a consequence of SO
capture by the imidazole ring, which results in the formation of a trans-annular peroxide
intermediate capable of inducing the bleaching of RNO, as follows:

SO+ Imidazole — [Peroxide intermediate] — Oxidized imidazole

[Peroxide intermediate] + RNO — RNO + Products
SA generation was detected by the observing the reduction of nitroblue tetrazolium (NBT) as
indicated below; NBT can be reduced by SA via a one-electron transfer reaction, yielding partially
reduced (2 ¢) monoformazan (NBT") as a stable intermediate [5]. Thus, SA can reduce NBT to
NBT", the formation of which can be monitored spectrophotometrically at 560 nm.

SA+NBT — O, + NBT"

4. DESCRIPTION OF THE TEST METHOD

Technical equipment

Solar simulators:
Suntest CP series (Atlas Material Technology, Chicago, IL, USA) or SXL-2500V2 (Seric, Tokyo,
Japan) with a fan and UVC cut filter (Spectrum shown in Appendix 1)

UVA detector: e.g. #0037 (Dr. Honle, Miinchen, German) or UD series (Topcon, Tokyo, Japan)

Quartz reaction container (Ozawa Science, Aichi, Japan, Appendix 2) or equivalent
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Microplate spectrophotometer, equipped with 440 and 560 nm filters
Microscope

Thermometer

Vortex mixer

Plate shaker

Sonicator

Pipettes

Polypropylene tubes

Plastic 96-well plates (clear, non-treated, flat-bottom)

Plastic and glass laboratory ware

Solar simulator

An appropriate solar simulator is to be used for irradiation of UV and visible light. The irradiation
power distribution is to be kept as close to that of outdoor daylight as possible by using an
appropriate UVC cut filter. Recommended solar simulators and UVA intensity on the plate position
measured by UVA detector #0037 (Dr. Honle) are as follows:
Suntest CPS+ or CPS (Atlas) with UV cut filter (<290 nm),
1.8 to 2.2 mW/cm? (e.g. the indicator setting value of 250 W/m? for CPS+) for 1 hour,
6.5 to 7.9 J/em? of UVA intensity (Appendix 1)
SXL-2500V2 (Seric) with UV cut filter (<300 nm),
3.0 to 5.0 mW/cm? for 1 hour,
11 to 18 J/em? of UVA intensity (Appendix 1)
The solar simulator is to be equipped with an appropriate temperature control or fan to stabilize the
temperature during irradiation, because ROS production is affected by temperature. Standard
temperature for a solar simulator with temperature control is 25°C. The acceptable temperature
range during irradiation is 20° to 29°C. If a solar simulator other than the two recommended
models is used, the reference chemical set listed in section 6 is to be tested prior to performing the

ROS assay to ensure that measured values of SO and SA are close to those mentioned in section 6.

Quartz reaction container

A quartz reaction container is used to avoid loss of UV due to passing through a plastic lid and
vaporization of the reaction mixture [6]. A made-to-order container (See Appendix 2.) or its
equivalent is recommended. If a different container is used, a lid or seal with high UV
transmittance must be used. In this case, a feasibility study using the reference chemicals is to be

conducted to determine an appropriate level of exposure to UV and visible light.
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Reagents

The following reagents are to be used and stored according to the instructions of manufacturers.
NaH,POj4 « 2H,0 (CAS No. 13472-35-0)
Na;HPO;4 * 12H,0 (CAS No. 10039-32-4)
p-Nitrosodimethylaniline (RNO, CAS No. 138-89-6)
Imidazole (CAS No. 288-32-4)
Nitroblue tetrazolium chloride (NBT, CAS No. 298-83-9)

Purified water

Preparation of reagents

All reagents are to be sonicated and used within 1 month after preparation. Representative
preparation methods are shown as follows.
20 mM sodium phosphate buffer (NaPB), pH 7.4
Weigh 593 mg of NaH,PO,4 « 2H,0 and 5.8 g of Na,HPO4 + 12H,0, add 900 mL of purified
water, adjust with HCl to a pH of 7.4, dilute with purified water up to 1 L, and mix.
Store in a refrigerator or at room temperature.
0.2 mM p-Nitrosodimethylaniline (RNO)
Dissolve 3 mg of RNO in 100 mL of 20 mM NaPB.
Store in a refrigerator and protect from light.
20 mM imidazole
Dissolve 13.6 mg of imidazole in 10 mL of 20 mM NaPB.
Dilute the 2x1072 M imidazole solution 100 times with 20 mM NaPB.
Store in a refrigerator and protect from light.
0.4 mM nitroblue tetrazolium chloride (NBT)
Dissolve 32.7 mg of NBT in 100 mL of 20 mM NaPB.

Store in a refrigerator and protect from light.

Test chemicals

Test chemicals are to be stored appropriately until termination of the study and their stability during
the test period is to be confirmed. One concentration level, 200 pM (final concentration), is to be
used. A 20-uM concentration can be used if precipitation before light exposure, coloration, or

other interference is observed in the reaction mixture at 200 M.

Preparation of test chemical solutions

The test chemical solutions are to be prepared using a solvent just before use. Each test chemical is

to be weighed in a tube, and solvent added to a concentration 10 mM. The tube is to be mixed with
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a vortex mixer and sonicated for 5 to 10 minutes under UV-cut illumination or shade. All
preparations are to be protected from light. The final concentration in a reaction mixture is to be
200 uM. When precipitation before light exposure, coloration, or other interference is observed in
the reaction mixture at 200 uM, a 1-mM solution (20 uM as the final concentration) is to be
prepared using the solvent. For chemicals that are not soluble in DMSO, 20 pL of DMSO is to be

contained in the reaction mixture.

Positive and negative control chemicals
Quinine hydrochloride (CAS No. 6119-47-7) is to be used at 200 pM (final concentration) as a
positive control. Sulisobenzone (CAS No. 4065-45-6) is to be used at 200 pM (final concentration)

as a negative control.

Preparation of positive and negative control chemical solutions

Stock solutions of quinine and sulisobenzone are to be prepared at 10 mM each in DMSO (final
concentration of 200 pM) according to the above procedure, divided into tubes, and stored in a
freezer (generally below -20°C) for up to 1 month. The stock solution is to be thawed just before

the experiment and used within the day.

Solvent

Use analytical grade DMSO at first. For chemicals that are not soluble in DMSO, 20 mM of NaPB
is to be used. When a test chemical is insoluble in either DMSO or 20 mM NaPB, try bovine serum
albumin (BSA) or other solvent [7-8]. Prior to use of BSA or other solvent, however, perform a
feasibility study (see Section 6) using the reference chemicals to determine appropriate test
conditions. The results of ROS assays using BSA or other solvents, however, are not suitable for

regulatory purposes until these solvents have been properly evaluated.
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A tube (e.g. 1.5 mL micro tube) and a plastic clear flat bottomed 96-well microplate are to be used.

The reaction mixture is to be prepared by vortex mixing and/or sonication under UV-cut illumination

or shade. The same volume of DMSO, 20 pL, is to be added in a blank instead of test chemical

solution.
SO SA
20 mM NaPB 480 pL 20 mM NaPB 855 uL
Imidazole 250 pL NBT 125 uL
RNO 250 uLb Chemical 20 uL
Chemical 20 uL
N 4
| Mix (Vortex and sonication for 5 to 10 min) |
| Add 200 pL of mixture to each well (n=3)' |
\4
| Check solubility using a microscope at 1002 and coloration’ |
A4
| Pre-read Abs at 440 and 560 nm after shaking for 5 sec |
| Light exposure for 1 hr* |
A4
| Read A4q0 and Ase after shaking for 1 min and check coloration®
Notes

1) Avoid using peripheral wells. More than one test chemical can be tested on a plate. A typical

96-well plate configuration is as follows:

B: Blank
P: Positive control (Quinine)

N: Negative control (Sulisobenzone)
T1-T7: Test chemical No. 1-7

1 2 3 4 5 6 7 8 9 10 11 12

A Singlet oxygen

B B P N T1 T2 T3 T4 T5 T6 T7

C B P N TL | T2 | T3 | T4 |75 |76 | T7

D B P N T1 T2 T3 T4 T5 T6 7

E B P N T1 T2 T3 T4 | TS T6 i

F B P N T1 T2 T3 T4 | TS T6 I

G B P N | T1L | T2 | T3 | T4 |T5|T6 | T7

H Superoxide anion
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2) Some chemicals might precipitate in the reaction mixture. It is therefore important to check
solubility prior to irradiation. Solubility of each reaction mixture in its well is to be observed
with a microscope prior to irradiation. Test chemical concentrations are to be selected so as
to avoid precipitation or cloudy solutions.

3) The reaction mixture is to be checked for coloration with the naked eye.

4) The 96-well plate is to be placed in the quartz reaction container. A quartz cover is to be set
on the plate and fastened with bolts. Ensure that temperature and other ambient conditions
are stable when using the solar simulator. Measure UVA intensity and temperature at the

plate position using a UVA detector and thermometer both before and after irradiation.

S. DATA AND REPORTING

Data analysis
Data from three wells for each chemical concentration is used to calculate mean and standard

deviation.

SO
Decrease of Asao 1000 = [A440 (=) — Ass0 (+) — (a —b)] x1000
Auao (-): Absorbance before light exposure at 440 nm
Auso (+): Absorbance after light exposure at 440 nm
a: Blank before light exposure (mean)
b: Blank after exposure (mean)

SA
Increase of Aseo X1000 = [Aseo (+) — Aseo (—) — (b —a)] 1000
Aseo (—): Absorbance before light exposure at 560 nm
Aseo (+): Absorbance after light exposure at 560 nm
a: Blank before light exposure (mean)

b: Blank after exposure (mean)

Criteria for data acceptance

The following criteria are to be satisfied in each experiment.
No precipitation of test chemical in the reaction mixture before light exposure.
No coloration of test chemical in the reaction mixture before or after light exposure.
No technical problems, including prescribed temperature range, when collecting data set.
Raw OD value: 0.02 to 1.5

Historical positive and negative control values are to be developed by each laboratory based on a
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mean +/-2 SD. The following range was defined based on the 95% confidence interval (mean
+/- 1.96SD) obtained from the validation data. When a solar simulator other than a
recommended model is used, establish modified criteria based on 95% confidence interval.
Positive control value at 200 pM (mean of 3 wells)
SO: 319 to 583
SA: 193 to 385
Negative control value at 200 uM (mean of 3 wells)
SO:-9to 11
SA:-20to 2

Criteria for judgment

Each test chemical is to be judged as follows:

Judgment':2 Concentration® | SO (mean of 3 wells) SA (mean of 3 wells)

Photoreactive 200 uM >75 and >70

<25 and/or I* and >70

>25 and <70 and/or I*
Weakly photoreactive | 200 uM <25 and >20, <70
Non-photoreactive 200 uM <25 and <20
Inconclusive The results do not meet the above-mentioned criterion.

Notes
1. A single experiment is sufficient for judging

results, because the ROS assay shows good intra-

70

and inter-laboratory reproducibility in the Weakly

SA photoreactive
20

validation studies.

2. If precipitation, coloration, or other interference is

observed at both 20 and 200 uM, the chemical is

Non-photoreactive

25
SO

considered incompatible with the ROS assay and
judged as inconclusive.

3. Twenty uM can be used for judgment when precipitation or coloration is observed at 200 uM.
For regulatory purposes, the stability of the test chemical in the reaction mixture both before and
after light exposure is to be confirmed when results at 20 uM are used for judgment as a
non-photoreactive chemical for which no further phototoxicity testing is necessary.

4. Interference such as precipitation or coloration.

Data quality
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Studies for regulatory purposes are to be conducted to the highest of quality standards, with data
collection records readily available, in compliance with GLP/GMP regulations whenever possible,

and all documents checked by the Quality Assurance Unit of the laboratory.

Test report

The test report must include the following information:
Test chemical
Name and lot No.
Physical nature and purity
Storage condition
Stability during the test period
UV/vis absorption spectrum, maximum molar extinction coefficient at 290 to 700 nm, and/or
photostability, if known
Preparation of test chemical solution
Final concentrations tested
Control chemicals
Name, manufacturer, and lot No.
Physical nature and purity
Storage condition
Preparation of control chemical solutions
Final concentrations tested
Solvent
Name, manufacturer, and lot No.
Justification for choice of solvent
Irradiation condition
Manufacturer and type of the solar simulator used
Rationale for selection of the solar simulator used
UVA detector used
UVA irradiance, expressed in mW/cm?
UVA dose, expressed in J/cm?
Temperature before and after irradiation
ROS assay procedure
Acceptance and decision criteria
Results
Discussion

Conclusions
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Archives

The study report and all raw data is to be retained according to the SOP in the testing facility.

6. REFERENCE CHEMICALS FOR THE FEASIBILITY STUDY

To perform a ROS assay, it is necessary first to ensure irradiation conditions that satisfy the
recommended criteria using the positive and negative controls, after which reference chemicals are
to be tested in a feasibility study. The reference chemical set, as selected from the validation
studies, and acceptable value ranges are shown in Table 1 and Table 2. It is important that the

values for SO and SA obtained in the feasibility study be similar to the following values.

Table 1 Standard chemical set for laboratories to demonstrate proficiency using solar simulators of

Suntest CPS/CPS+ (Atlas) or SXL-2500V2 (Seric) and the acceptable range

No. | Chemical CAS No. SO SA Solvent | Concentration
11 | Doxyeycline 10592-13-9 | 115 to 429 2300468 | DMSO |200 pM
hydrochloride
12 Norfloxacin 70458-96-7 | 131to 271 57to 161 DMSO |200 uM
13 | 8-Methoxy 298-81-7 31to 137 0to 126 DMSO  |200 uM
psoralen
14 | Fenofibrate 49562-28-9 | 77 to 203 -31to 11 DMSO |20 uM
15 g;ﬁimm"benz‘”c 150-13-0 8t0 12 11to7 DMSO {200 uM
16 Benzocaine 94-09-7 -7t09 -7to 17 DMSO |200 uM
17 Erythromycin 114-07-8 -15to 11 9to21 DMSO |200 uM
18 Octyl salicylate 118-60-5 -5to 11 -8 t0 20 DMSO |20 uM
19 | L-Histidine 71-00-1 -8to 12 8to 120 NaPB 200 uM

The values were calculated as mean +/- 1.96 SD from the validation data.

Note: Underline parts were corrected because of errors in writing.
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Table 2 Recommended chemical set for the other solar simulators and the acceptable range

No. | Chemical CAS No. SO SA Solvent | Concentration
21 | Acridine 260-94-6 182 to 328 121 to 243 DMSO | 200 pM
22 g$ég£;?$?§éne 69-09-0 -56 to 70 66 to 106 DMSO | 200 uM
23 | Diclofenac 15307-79-6 | 34 to 416 47 to 437 DMSO | 200 pM
24 Eyoé‘r%?{l‘fggze 10592-13-9 | 115 to 429 230 to 468 DMSO | 200 uM
25 Furosemide 54-31-9 31t0225 -7 to 109 DMSO | 200 uM
26 Ketoprofen 22071-15-4 | 120 to 346 77 to 151 DMSO | 200 uM
27 islnggxy 298-81-7 31to 137 0to 126 DMSO | 200 uM
28 | Nalidixicacid | 389-08-2 54 t0 246 88 to 470 DMSO | 200 uM
29 | Norfloxacin 70458-96-7 | 13110271 57 to 161 DMSO | 200 uM
30 | Omeprazole 73590-58-6 | -221t0103 | 30t0 216 DMSO | 200 uM
31 ﬁ;%‘;fﬁﬁ‘i 58-33-3 20 to 168 3t077 DMSO | 200 uM
32 | Fenofibrate 49562-28-9 | 77 t0 203 3lto 1l DMSO | 20 uM
33 g;‘;mm"benz"ic 150-13-0 81012 1lto7 DMSO | 200 uM
34 Benzocaine 94-09-7 -7t09 -7Tto 17 DMSO | 200 uM
35 Erythromycin 114-07-8 -15to 11 -9to21 DMSO | 200 uM
36 Octyl salicylate 118-60-5 -5to 11 -8 t0 20 DMSO |20 uM
37 | L-Histidine 71-00-1 8012 8 0 120 NaPB | 200 uM

The values were calculated as mean +/- 1.96 SD from the validation data.
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7. GLOSSARY

ROS: Reactive Oxygen Species, including superoxide anion (SA) and singlet oxygen (SO).
3T3 NRU-PT: In vitro 3T3 neutral red uptake phototoxicity test.

Irradiance: The intensity of UV or visible light incident on a surface, measured in W/m? or

mW/cm?.

Dose of light: The quantity [= intensity X time (seconds)] of UV or visible light incident on a

surface, expressed in J/m? or J/cm?.

MEC: Molar Extinction Coefficient (also called molar absorptivity) is 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™).

Photoreactivity: The property of chemicals that react with another molecule as a consequence of

absorption of photons.

Phototoxicity: An acute light-induced tissue response to a photoreactive chemical.
UVA: Ultraviolet light A (wavelengths between 320 and 400 nm).

UVB: Ultraviolet light B (wavelengths between 290 and 320 nm).

UVC: Ultraviolet light C (wavelengths between 190 and 290 nm).
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Appendix 1  Spectrum of solar simulators used in the validation studies
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Appendix 2 Quartz reaction container used in the validation studies
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Appendix 3 Amendment

Version 3.2

Page 10: The SA values of benzocaine and erythromycin were corrected in Table 1 because of errors

in writing.
Incorrect Correct
Benzocaine 7to 17 -7to 17
Erythromycin 9to21 9to21
16
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