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PR PR/ Z AN TTESE) o EXXREE RS, REHHIFSE T RASTE1F
5k EHZ (Organisation for Economic Co-operation and Development, OECD) .
K A= A d 22 5 R B 240 (European Centre for Ecotoxicology and Toxicology of
Chemicals, ECETOC) . ZE[EMEi{#47# (U.S. Environmental Protection Agency,
EPA) . [EFrH H & K5 T (Research Institute for Fragrance Materials, Inc.,
RIFMD | 6 E 58 B v RIS HLA B A7 5P F 0 (NTP Interagency Center
for the Evaluation of Alternative Methods, NICEATM) LA} SCCS AR RIS 2%
BERl. FESCR g R, TR TR e I A SRR BT, DUERMY) AR BORNE B R
R B sk, A CRAESLEEm) flE i b i E S %0 SRS TR 1,

T 1. (BESCEIER) U R 8 D S S

BLAIHEE AR FE4
OECD The adverse outcome pathw.ay .for skin sen.smsanon initiated by covalent 2014
binding to proteins.
OECD Integrated Approaches to Testing and Assessment (IATA) Reporting for 2016
Defined Approaches for Skin Sensitisation
Pare and Kitsou Chapter 9 Methods for Literature Reviews. 2017
ICCR Integrated strategies for safety assessments of cosmetic ingredients - Part I 2017
OECD Guiding principles and key elemer.lts for establishing a weight of evidence 2019
for chemical assessment
Api et al, Updating exposure assessment for skin sensitiza.tion quantitative risk 2020
assessment for fragrance materials.

. Development of a next generation risk assessment framework for the

Gilmour ef al. . . o . . 2020
evaluation of skin sensitisation of cosmetic ingredients.
OECD Users' Handbook Supplement to the Quldance Document for Developing 2022
and Assessing AOPs
Gilmour ef al. Applying a n.ext gerlleratlon risk assessment frameworl.< for Skll’.l sensitization 2023
to inconsistent new approach methodology information.
SCCS The SCCS Notes of Guidance for the Testing of Cosmetic Ingredients and 2023
Their Safety Evaluation 12th Revision
UN Globally Harmonized System of Classification and Labelling of Chemicals 2023
(GHS) (10th Rev. Ed.).

OECD 497: Defined Approaches for Skin Sensitization 2025

Test No. 442C: In Chemico Skin Sensitisation - Assays addressing the
OECD . . 2024

Adverse Outcome Pathway Key Event on Covalent Binding to Proteins
Test No. 442D: In Vitro Skin Sensitisation - Assays Addressing the Adverse
OECD . . 2024
Outcome Pathway Key Event on Keratinocyte Activation




BLAIHEE S AARR S
Test No. 442E: In Vitro Skin Sensitisation - Assays Addressing the Key
OECD Event on Activation of Dendritic Cells on the Adverse Outcome Pathway for | 2024
Skin Sensitisation

455 : ICCR: International Cooperation on Cosmetics Regulation; OECD: Organisation for Economic Co-

operation and Development; SCCS: Scientific Committee on Consumer Safety; UN: United Nations; WoE:

weight of evidence.

A (I ESEER AT ) R Bl 5 3G G B 8 R 8 DUEARTT 8 (I A\

FF& ) NAMs %) . NGRA. NAMs. R4

e 5 BB, DA AR

O A TP R JE 2 Hh s AROR I o R X K 28 N R B AT BB AT

1.5 5 Ah B BBk AR 5S35 B SO B B R

WEs 1.4 WA, B S R EE Rk
RN IATAs (OECD, 2016a) .
DAs (OECD, 2025) LAJzAH %K) 3 B R
BESCHER COLHE 1 e SO o A (st
BARE) A AT LR B SO 2 e T
HX X TJR P 1 BT T RAEA S
W, TR T — NMEERIE T TR S R
BEEUH, W2 A R T
— 3 R TIF  F B NGRA 2561
SRS

1.6 SCH#ER

A VR B R T AT I R R bk B
PRI IG5 PG AN/ B2 0P (LU SRR A
FRECE M S — AR A, NGRA)
AR E BT VRN N DA St Rz R
BHPE NGRA B B E £ A S,
b f5 B TS TR I R R S B
MEZE, M T —ERGEWH TER
Fio SCHFH RS W4 8% TAE AR B 41
B CHEE 23 ), X BB SO
NGRA [T AT 1782 Ui

HE 1. REFFT R HRAREE X

BA MRS VAL 73 (Integrated Approach
to Testing and Assessment, IATA) : —Ff
BT ZME BREMH T fEH RN, aFER
HEA/ B i 2 A VRS TV . TATA X
AAHR I IR AT 8BS SEEE, JIF
TE 7 BN R A B I B B A B, A
R A ST AR /& 3 A B XU 1 & SR (
OECD, 2016a; OECD, 2020) .

B MBEREF (Data Interpretation
Procedure, DIP) : — 5T &I f) J7 %
BHCARRAL, I TIE & S — 445 Bk
o T IO A5 8 B B 45 3 (OECD,
2025) .

BietE A ¥E (Defined Approach, DA) :
— R [ g s R AR 7 (DIP) (77
s B HR T g S S B BUE
KU, AEAM L S W 15 700 R A s Pl
Z55 (OECD, 2025) .

EHEEE (Weight of Evidence, WoE)
s MBI AP TR RIS EOE (B
invivo. in chemico/in vitro LA J% in silico #(4&

) DALEN AT SRR A T 1




2 BRREAE VRS

21 R

FERE R — e R B A L B T EMYIRE, HRZERENFHIVEEE
SN, AT G| R I A M 2 & (Allergic Contact Dermatitis, ACD) . ACD [l
RIGRR I FEREEE . AR LR RS . BRSO R WA B : 353 B
(induction) FIEUAKT B Celicitation) « fEEFHTE, BURE (RIEHUIE, haptens)
FHEL, SEREDSGEERIREREPUR-EEEEY), I HIE 3h R N
PURIIHE, mAFBUSAENREE AL T 4. 7EbE 5 F R THIA
BRI, ATREEANBURM T B, IS AT 55 381 G 8 SN R R A (B % 1 40 e KT 1 1)
B0 o RUEAMMTR 2 KR, RS AAER N (WEE. KE)  (OECD,
2014; E 1D .

Epidermis Bl Epidermis | -

Recruitmént
Carriet

= Carrier
o = Memory T-cell

Dermis Dermis
I = Inflammatory cell

o A o
- 3’.\ = Langerhans’ cell
S0

&;ljv\/‘

B 1. REEERESER (B BEENER (B) KaEE (5] OECD, 2014)

RERS 175 T R BB B R U5, A B R BT S, B AT e 40 AE i
FHiJE Chapten) 1M BUBE . X RIS BUR AR AR H 5 (pre-haptens) EL
JREHiE (pro-haptens) o A Hili2tgdd EA YA R mak E e e, P
TE R k2 A R AR (BIHNAE S Sp R AR B A ROND) 5 T i e 0 ) 7 Rk N &2
VAT BOE P57 (Casati 55, 2016) .

H BB NGRA B T SUBUR SIS S B, S ZE RIS 93 S8 T LA
S PR AT 56 T 7T V6 S MR SR SRR . NI — s,
R SR 12 5 1 5 0 DA T i PR 5 B G A A R PO B 2

6



JEMRAFEMERIHTIE T, WORSCPr 2 B AR T B B0 BIE, W ATy

FREUBOF 7 (1 KU AR

2.1.1 RREBIERIEYFH A RE &5 B

ik 2 B IR B 77 VAl 3 BRI T 30
WA (LS 2.1.2 719 BAAMRAEA (ILER 2.1.3
) o XIS 7RI A R AR SE Rk
BN, BOVEAE T 4H M OSSN . AR
1M, & Bk SO A SR AT 50 B A W&
&, ANATZEL B T LAY 25 & o e af F
1) 5 Bk 3 R0s S B AR W 2E i, IR Bk
SE T BB AOP. &% AOP R T
HI& B Fi 4 (Key Events, KEs) , &Jf
KEFAN) NAMs (WLEE 2.1.4 75) . Xtk
NAMs et 4 7 e 30 P i 5 5 AOP
1% KEs WPEMRE f1. 1 2 T EJER T Rk
BN AOP, Ffhns TEGERE . A
R 5T LA &2 NAMs 43 7 78 55 AOP i ik
KEs. @it R ET Llif KEs, NAMs R RBE
AT I T4 TR Z T ME S,
B S0oF O BT TR G R AR T A X DR A
T 1A T R VR AL, AT B R R R AT
NGRA H B K FHER AT 5

B 2. AESERBRE (Adverse
Outcome Pathway, AOP) #E&#EiR

HE 4/ 1% ( Adverse Outcome
Pathways, AOPs) &—FfH T 2414k}
PR ARESE, H T K
P 5 A F 4 /R ( Adverse
Outcome, AO) Bt FR il K—EAp
B B JBk ECf M ( SAAOP, 2025 ;
OECD, 2022) . AOP fi— F %155
#H{ (Key Events, KEs) f4pk, il
R MV UE I — R 5 A
S NIE ke s R LR O | IR L o E 7 R
oA 4 1 4 F M ( Molecular
Initiating Event, MIE ) , 78 fX N
KEl . KX R (Key Event
Relationships, KERs) H T 7@ %4
KE Z [AIf KBk, FHRAE LliEE T
D AR 2 TR g IR SR O 2R R HL it o
o AOP HEZEA & N RBE AR R
(KERs) HIVFALFEME T —Fh KRG ib 4G
¥y ( SAAOP , 2025 ; OECD ,
2022a)




gt 2 TR ALK WEAPE
[14:3:4 # (MIE) ARAT XS ES 220 HEER

v

5 kEA FAITIE K LSRN
RAILAN G5 NS a4 .
SRR i (KE2) (KE3) KE&%‘%
T (MIE/KE1) N N i |
T = > L e
OECD OECD OECD
TG 442C TG 442D TG 442E

JEWEiE: MIE: 4 FREta¥$iF: KB: e fi(f
A 2. kB AOP RHAER KEs WREREE (M%E OECD, 2014)

TE: 1% P2 T OECD JRUAR I SO T e 1% 50 RAS o 2328 R0 i 2% R Y VB UIE AR OECD sl A 03 [ A 1 5 W s IS 37

2.1.2 I

L2 b, BT AL B2 B0 1117 in vivo 771 F EAL4E Buehler 1856 . GPMT LA
S LLNA. X8R5 5 78 84K /KF (Buehler iR%6 1 GPMT) m#8 B /KF (LLNA)
b, PR O BSOS S B EYE . Buehler 56T GPMT wl$2L5¢ T4k 2
JREEE S e S R . HE2{EE RS0 OECD TG 406 (OECD, 2022b) -

LLNA [FFEF T 0-Al BRSO 5 2 0 B (BN @I ES A T 4i it
ECL 200 R 189 JE S DR SE L) o A R T VAIEE 25 B a2 . OECD TG 442A.
442B 5 429 (OECD, 2010a; 2010b; 2024d) .

R GPMT FI Buehler {5 FT 5504 32 ZHR AL B2 BREU0E /1 00 e PV (RSB
FEWED , HOSKE R DBX ST ALE R T2 ok, BARmE,
ECETOC (2003) AR HABBIFE (il Api 25, 2017) ¥ LiRiRiba 3 1 & G
F o A BB IR L WU i S U & (No Expected Sensitization
Induction Level, NESIL) °, M T & &K IFEH (0 Api 5, 20200 .

5 NESIL BT H T RS M4 A K PoD. [EFxHMAEFRFFA (RIFM) 7E NESIL # S /2 R H
K EARB IR, COFF Lee 25 (2022) k(T 1 ik,
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55 Buehler iR3& 1 GPMT #HLL, LLNA mJFEMEA]H F5) - B 58 R M 1 E &
¥iE. BRI S, wlEfgdES (Stimulation Index, SI) #ES EC3 8, EC3 &
XA AT, 5] bk T A5 20 B S B 3 I 22 = 5 P & it & (ECETOC,
2003) o EC3 H5A7 RERT o i Y on e 75 B B 70 BE, ] 387 o Ay B Bk T
ST CHD pg/em?) o 5 BEEDLRAL AR ERR, 8UE P T1EN NESIL {1/ ;
UL RERR, WAPRZE 7 I EUETR DL 250, #Hh ng/em? B4, 5
FFhruE LLNA S22, B 25 pL ARG A T8 RN RS H A N 1
em? [ R i (Robinson, 2000) . £ f5 HEUE AT # NfR%E NESIL. b4k,
R EE (BBRE 225 RAMFRZESI )Y (UN GHS) , EC3 fEJRAT T K
JRE B fEFE IS (UN, 2023) .

2.1.3 ABEIGHEBFIE

AR R, AN N AR T F R A, H AT T A B R B
PEo AR AR R s RAIE TV AL R PR BB, PSR 2 M7, ol MR R E UK
PENGIAEE (Human Repeat Insult Patch Test, HRIPT) ©. AfA&f KA (Human
Maximization Test, HMT) UL iZWriEBENG 5. BB H &R SO (RIFMD
JiF K I i) HRIPT AL RS 5 %€ ©L Politano A1 Api (2008) HEATVELR/N4H. SAk
MaE, %R T ZOFENAE: S B (induction) FIUK KT B (challenge) -
EHEFU B, HS A BRI BN SR 5 24 /I, BHIE4 T 24 /N
R, FFEEME, DAE=RNTEEIIIREGZ . HEamBEREMN, Hitr—
REIRBEN:, FHWERSZE N o E IR RIS, 57 WS B ] 58 s 3 B8 H 14 S B
T HE RSB RIS 71 (Lee 55, 2022) , [FII R BT E
[ NESIL A & BL AR NFESR it 78 70 /7. HMT 5 HRIPT 7E 8K ¥t AR, (H
THEMEEXGET: HMT () PRS2 NBED s (b)) 7850 Hi A FH
B B0 B R AT AL B, DABG R R KB E M. AHEEZ S, 2 W BRI R AR
AR R, HT R E SRS RN ACD FIBUW RIS (Strickland 5, 2023)

eAh, HRIPT &8 AAKRHF 7878 7] FH T 56 0E i s Y0R8 58X, in vitro 77143 S #) NESIL
FE 15 e Ll e A0 I NS 5 RS Y. (Lee 55, 2022; Na %%, 2020) .
2.1.4 FHTFSEBEEEMETFATHI NAMSs

WIFT AR, BEE KB EA SR 2 R A BT R R, CIE s — 3115 B bRl
A[ ) AOP. [k, OECD T J& W& WAl T{E4 (Working Party on Hazard

O MR E B3 PRI AT (RIFMD FOFHA < AARTCIE SHERIIAY (Lee %, 2022) .
9



Assessment, WPHA) S F5 g Ui H B K Pp i it TAE4H (Working Group of the
National Coordinators for the Test Guidelines Programme, WNT) FL[FAA[ &A1
FEREEAER) AOP, Wl 2 Fiax. IE&HET 1% AOP, A3 UIIT KM T VP4 & k3L
BRI %25 NAMs. X8 NAMs 5 7ESE (B B AARAHSCHE RS S, R T 50 %
RSN IS AEAS BRI R 22 2 Bl R B Al @, Ak, NAMs 8 ik B A 158 5 14
JEIIEE (Doke Al Dhawale , 2015) .

A (R ESREARR) T R B REUEME NAMs WK EL =38 (EPA,
2024)

o Inchemico: VFALKE YU S IRI R RIEM 2 [8) (FEAE ISP siN
TRANML IR 26 AF T D R AR LA T B R B A R

o Invitro: K NSS40 M TT 56
o Insilico: FETIFENLIBOTEBI 715,

*2 M4 T HETE OECD AA] . 0] T R RS YRS 1 in chemico A in vitro
NAMs. 4T NAMs BEEARIIEARI K fE, K 2 HRMGEESH a2, BN
k% OECD \R] 5 ik4h, MfAAE K& AR T . v FF & Sk 2 3 5 [ O R 9N
[¥) OECD Mlil#Er (TG) , LAiRAIREEF& 1 S kBt AH S ALl 14 2t 1 HoAt o7
ERERER . 5 K% in chemico F in vitro BRI — D5 5., DLEE 2.8.2 15 ¢ fff %
A.

Tk 2. In Chemico R In Vitro B2 RBEEEAS -

R H ¥ / OECD WRTE | WK KEs (T 2 BiRif AOP)
In chemico
Direct Peptide Reactivity Assay MIE/KEL1: covalent binding of substances to nucleophilic
(DPRA)/OECD TG 442C centers in proteins
Amino acid Derivative Reactivity Assay MIE/KEL1: covalent binding of substances to nucleophilic
(ADRA)/OECD TG 442C centers in proteins

MIE/KEL: covalent binding of substances to nucleophilic

Kinetic DPRA (kDPRA)/OECD TG 442C . .
centers 1n proteins

In vitro

KE2: changes in induction of Nrf2-mediated activation of

KeratinoSens™/OECD TG 442D .. .
antioxidant response element (measured by luciferase)

KE2: changes in induction of Nrf2-mediated activation of
antioxidant response element (measured by luciferase)

LuSens/OECD TG 442D

KE2: changes in the expression of four marker genes
EpiSensA/OECD TG 442D associated with keratinocyte activation in a reconstructed
human epidermis model

10




R / OECD Wik PG R KEs (T B 2 Fisi AOP)

human cell line activation test

( h-CLAT)/OECD TG 442E KE3: activation of dendritic cells

U937 cell line activation test (U- KE3: activation of dendritic cells

SENS™)/OECD TG 442E
Interleukin-8 reporter gene assay (IL-8 Luc T .
assay)/OECD TG 442E KE3: activation of dendritic cells
Genomic Allergen Rapid Detection
(GARD™) for assessment of skin KE3: activation of dendritic cells

sensitizers (GARD™skin)/OECD TG 442E

Yilg i KE (key event): KEEZF{F; MIE (molecular initiating event): 4> F 45 FH{F; OECD
(Organisation of Economic Co-operation and Development): Z835F 515 & 412

W 2 Bi7~, in chemico BY, in vitro ) OECD MiRIE® (TG) JivEfE i T ER
it AOP HHIRT =/ KEs (WL 2) .

B Bk rikah, IREF KB Z R in silico BT T PRA5 B2 R B IX — & 5 (
%141 OECD QSAR Toolbox; Derek Nexus; TIMES-SS; LeadScope Model Applier;
StopTox; iSafeRat) . IXLCHIRIATERMEZ Pyl i, 55 LLNA BP9 Tl |
BEME SR 43 2 DA R S B MR 25 M3 U o TN 235 SR 1 5 s A AT FE I T 2 M S 4,
HorP AR RS T i A FH s 10 Joid £ DA R BB i 78 5 4k 27 S TRIVE L (Wilm 5%,
2018; Gilmour %, 2020; Selvestrel 55, 2022) o A KA AL S HAH AN & 1t
MIEZAEE, W5 2.522 1,

R RZEARE 7L in silico BRI 45 B8 AN 7] B #2: 8 RahEds
RVPA B2 R BUE 77, (HIXLEHHE T H T DA sGEHE A E (Weight of Evidence,
WoE) PHAlirh, AHIK N BWAEAR M G gk gt — 2 ik .

22 WE

TETF AT 2 VR, Bt NGRA, FEREATEALIERE IR KF 78 70 10 A&
PR B, Horp— TR B AR T, Xl W R 2 B R R R SRS e s 2R
A B, PRAGTRE N .

- WE R RE B DI DRI A R B AT R R
- SOV TR F I 7 AN AT A5 B AT R I IR AG

11




Xof B RSB DAs BAJCAE TATA A BT A B 1004 R SR IR R YAl 45 222Kk, AT
% W, OECD #8575 34 255 1 256 (OECD, 2017a; 2017b) . M4k, OECD 78K A
T IATA ZEH00F 70T A8 F AR &5 B (OECD, 2022¢) . [AIR, AFA[%& 5 H W
o RAT BEAE IS B L B 45 TR /0 8E,  DARRARAIT 78 45 18 2 AT IR S Rl 221 i

RER (EAESCERIER ) RIGAEEMRMIREBN, (B O HEY, 78
BNV FE R SRR . AN R DL AR BT Rl . BV
i N AT ZRIME 3, HA%H T OECD 7F IATA Al DA N 55T e 04 i 45
R B HH 2K ZE B ATE 5 B R

RE 3. 5 E MR A= 5125 Hp

o NPEEA MRSV v (JATA) Ant#fe 77k 5 14685 (OECD GD
255) « PRI S VAR e ORI, DA B IS EORIER 5 1
Bt
FREL&4Z: https://doi.org/10.1787/9789264274822-en

o XT R AR AR S5 YEAE 7 (JATAD OB & P 7 X s Tifs B
KIEH L IERS (OECD GD 256) : $ it Bz Jpk 35 ik Mk V7 4k 1) 22 191 5F
FU,  FFd I SEAF v s R AR 1 AR S
FREUEAE: https://doi.org/10.1787/9789264279285-en

o BEMKXSVALTIE JATA) ZHIRF L CE EE Rk WikS
PR RBEE 369 530 (fEF 6) -
O & 4 :  https://www.oecd.org/en/topics/sub-issues/testing-of-
chemicals/publications-on-testing-and-assessment-of-chemicals.html.

2.3 TAERBEMER

BLT NGRA JT & B IRBUE VAL I TARRAR WAL 3 . i TARRE RS
T NGRA %GB DAL B AT T BERR S 16 55 DAl 322 2= PG A 5<%
Fo AR RIGTE, W T RE 5 BREEEAN DGR — R P ),
1

RS TS BATE LI BRI A2 Bl ?

2 SRR SR A (i, H GHS 7338 2
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https://doi.org/10.1787/9789264274822-en
https://doi.org/10.1787/9789264279285-en
https://www.oecd.org/en/topics/sub-issues/testing-of-chemicals/publications-on-testing-and-assessment-of-chemicals.html
https://www.oecd.org/en/topics/sub-issues/testing-of-chemicals/publications-on-testing-and-assessment-of-chemicals.html

- ERREMEHRES Y, AT Rew i RRLhE S e?

AFEr AR R B S TAFRAE, ARG R T B R B G 5 PP A2 4
PP IR A BLAAD BR

[ 1. AR AR ]
i, Gt PN

I

2 WRAE SR
_ Bt f nsiico ){  gex |
P P I

I

[ 3. SRR

I TSR i & g e
a0 | i3 3 E ST IR SE
b (L%;imw-u n i ixt;\‘w{/«f

HARR AT, HIXH
FooH TR

( 5. AN AE ST RAL S0 ]

P msiico || %X |
\mvmoms R wwo ) zm

[ 1 1

(INSARA-ICE fii!)

I |

P e— TFRE AR (b
REIGHS iR [“"“gﬁg‘f;ﬁﬁ;gj}“‘* '—-l BRI ]

I I FE
e N EE
] o (GHS 1AMBHEIL Cf wA
[ [ECTrE TN ] [ ) ) ] [
ARt

| |
[ S
e

b

R a5 B A e
HAGEC S 1y

& 3. T NGRA KB BRBUEE LI R

e EFREMBIN, 280N R T ZRR NS B AT A

* VTN E AR TG H VPG (hazard evaluation) , MIMBEZPER: ~ AXRGEFITM S 22 EITMAIIE L1
MY, WLEE 2.9 FW; EBW = ET B E M# % (Exposure-Based Waiving) ; PF = [i] il %€ (Problem
Formulation) ; DA = #fi5E 4 /7% (Defined Approach) ; 20f3 = =i% 5% (2 out of 3 Strategy) ; SARA-ICE
= BT LG 2 AT & W0 B BREUBUARS P58 (Skin Allergy Risk Assessment — Integrated Chemical
Environment Model) ; MoE = # # i1 fx (Margin of Exposure) ; ITS = &L 5 M (Integrated Testing

Strategy) ; GHS = &BRGi—1b M AR E  (Globally Harmonized System) ; PoD = jiif 1 (Point of
Departure)
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24 FBB1: WEREE5HEEIE: HHRKREE

TG NGRA ()& 2B RN IR T € 5T . DY, RHE
PR B SIS BEREAT B Foe R LAid 5%, R B PEAl H AR . SEXEARFDEAG 1S
5, VS R RE AT e BT ANIR], DR 2 AP N SRR S B DL BLIAAR
TR 2B BRI — S E N K AL 4.

1. HEF 25 E
faE. waetk, SMERE

B VP At T 5 )

DA S AN 5 M )R
NG A AN IN) e 223 [ , IR RE S E W] e R
g??ﬁmmﬁA(WW,ﬁ%ﬂﬁ\%%ﬁﬁﬁ St AL T

SIHTHIVE AR R A4 (B, SRIEBEE F T
fitiv ANEHF DI ?

A WIRLE T ] B ?

RETAFAEVE AT T (75 RS 2
NSRRI, AT WA ASCrE (B,
RTZEVER NS0 WESRSH ?

\_ /

& 4. B SEEF R ERRR

FER 5E VARG VT N 3R AE 06 2 VRS T B 05 B 2 R E 2L, b IR UHE LT
Sk

o ULHIFRZYIBRVHS IR . UM IS S rae 2=, Bl B
TR — AR EAE BT O 5 2O W 2 5 BAT s — DI R BE; Al
FE7= A BT RTIT 22 e vPAh s B4 i A T IS ik .

o AR T R PIAl A B AR BOBR B e s (BT, 5 B2 55 BB S A R
A R F R S FeEm D .

o ULHIAIZIAH T B A EORTE A

o BN IR BE IR T T AUBR I A 2 (B /5 2T R U PPAT D

ST BAR: SRBHIHR PPV U S A VA B R
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25 B, 2: YRRMLESIEHREELE

FESE P e Z 5, D@0 HisY b7 RAE, IR Zmiicf
MIARSC e EH G . ADRIEARRAE IR 5, J5 SORxt Hadb AT it — 2 i VR4 IR iR o

2. YRR SMBE LRI

[ YIREAT ][fmﬁﬁ%ﬁ%@%][ In silico Tl ]: RNBE |

EER

B 5. YRR R IEE B RBIREME (BRESERHEHBERTTREXS
RATRER A B ZRE)

2.5.1 WFEHHE

X H AR AT AR T BEAR L 22 A M B oG H B, DR W o 1) il A Je Ak A L B
JRECBIE Pl R AR T . T T A H AR S S AL B R R LR 3, ROxE
Pro AR BT R GRS . T E U IR, R8s EER AN N 55 R
VERD s NN Al B SR PE = AL e (I ERALVE T, SR N 0 Bhid ok
(B0 pH AED o XEALVE B I SCIR I E S, N RD LA Bt s 26 1 SR
SRR TIGN, , A Nz [R] I C SRAR T 5 A4 B SRS B

R#g 3. T IRBIAHEE B AR YR MRS

EX i B *

1 AR (W24 BAE SCA rhele A F 1) 44 98]

INCIZ R [ B Aot ot S Rk iy 44 44 7R

A4/ IR LA TR (A5 e i FH 1 ) 44 B8] S48 7]
[WIAETE Z M SRS RS (CASRND , RiyEBH X .

CASHIL S WK PN AL 5 B 35 (EINECSS) thEA HER
S, A IAHRL B ]

=t (3Fae [HHE 7T 45 =]

Vanm it HEEW I 53 2]

TR (BT ESMN, WiEAD HEE Y51 & ]

W R SR S A D Zgi%gggzggéfﬁMémﬁ,mﬁﬁ@am$@
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=% T

if LA ]

ORI R M R WG, N R

O 1 00 T T A T £ 2 ]

VRS R R RIS (. F |

KT N 20 B e T K e

AR ORI L7 TS L2 TR 0 B

RUR R B T S 7 U]

BT R R C e | (Bl 38 R IR E TR fE . pHif: )
P S 207 O RIE T e o P B K]

A IS SRR Wi, BLERL AR R

55 5 B0 3 0A S5 UAR 5% B 5 FRAL M R o S R L RS S e I R R
MERBBEBEHERNSH, oA, ZBRIE. KBEREULY &
(Strickland %5, 2017) . _EIREHE AT N2 FE EoRIEFSREL, 5.

e PubChem: https://pubchem.ncbi.nlm.nih.gov/
e ECHA CHEM {45 % https://chem.echa.europa.cu/

e ChemSpider: https://www.chemspider.com/

e NIST Chemistry WebBook: https://webbook.nist.gov/chemistry/

e Merck ‘% 3| : https://merckindex.rsc.org/

e M oM M M oE O~ M H X (W Sigma Aldrich):
https://www.sigmaaldrich.com/

FEWSCEE EIREAR IS, B 0 T R 2 R FH S0 s BT JE v SR TRME . RN
T NOF SEEGEHE I AT SEME AT VAL . X T AN ERRIEAS B TH R TONME,  WnAEEE R
Nt — 2 o A AL . a0l 2 Bros, B2 IREUBUR N e a6 S 2 i 5 Rz Bk B A
HAER IS . LU AT B PT e I ok FURON,, AT eaE i o R
S FEEEW IR W] e A AL AR R LR (RIJE PR, pro-hapten) o EEFTH
ZMEER BA T KA RN S HRE (RISEZA0) o ATRE AR B s BEATL AL 4«
Michael 3214 2 pro-Michael B524& S5#% 75 FHULS N, (SNAD) B TR
OBRCRL (SN2) « Schiff Bl . BEAL 7, LA K T B 2 L 1k B8 £ 2% Lk 3 AR
(Aptula 5%, 2005) o P, 22 PFh N G IC SR 5T 45 44 Hh & 75 47 76 55 HL I B
ER M E R .
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https://pubchem.ncbi.nlm.nih.gov/
https://chem.echa.europa.eu/
https://www.chemspider.com/
https://webbook.nist.gov/chemistry/
https://merckindex.rsc.org/
https://www.sigmaaldrich.com/

2.5.2 HEHEWE

WE 3 P, REWENAE B2 BGE B TS M ST . R A %
i B2 LR IE U TR 5789 WoE 7, N fe Bt — DA sog s, sk
TR BT R ENE % (exposure-based waiving) RIS 7. I HEH
W O B AR S B e BE SRR R SR AR R T 1) PRLE, FERE NZVPAR B BN, A
PPN G2 RET A E5E 0 V7 ) SR 3R AT o IR, B AE XS SCHREAR i silico TR
AREE R, DLRAEE SE LT X R UM (E XS MRaHE. ik,
P RIFAEPAS AR B — ANNSEBY B, T2 B2 RS AR YR R TR AP IR
BRI ST

MIEARTT S, PIFERAE S B B e B 20 BR (10 H A e T 3R B RE 5 SCHF Jim 22 B ik
BV oSS B . TR B M B S BT O R E A R
VESRPEERAE L in silico TINBHE CBIANACEIVIATIN ) LASIEAE I AL A4 ot
CRHEVID F5R.

2521 HEEFHFMEREE

EEX R PR BB fE A AR R e e MR EE SR T W AT Y
RREHHT ARG . S TR RRE S AR EER, AWEERME &l
MBS SV TTE, DORBCRFIRRAL . a3 R0 ke e Evr . XA
PGB IBAT B0 SCHR B B R 5 P R PR A N B, IS B Pare A1 Kitsiou )& K
(2017) o

FETT At Xof SR A0 SC R IR A S SCIRAG R £30R 2 /i, B 56 IRl I 8 28 S 4 R 3
A1EE . LA R ELL BB HURS FIRL 7 5 W 42 C R AT FBUBPEA R e R,
mEEE NGNS R (United States Food and Drug Administration, FDA)
EPA. SCCS. A BAHZ (World Health Organization, WHO) Ll 36 [ {4k i
JEORITEAL /N (Cosmetics Ingredient Review, CIR) . 3K H w5 BN BEE
B g v, VPN N A RLEE & SR v I BAR TS 5, R EE BT
PPAL,  FFAIWT RS D B VRS YE AT R . Ak, IR B BE S VEAL &5 R AE
YHEPEAT T (BRI o R T BIR W, PRGN 53 R — 2 A 1S R

TSR B AT N D CL T R AL Gt 5 SR BB 2 A VA T A B B AR B R, A SO
FEXF AR RE— 20 U0 o G 7E I T sh W B N AREHE I R R B 2 e VRl I B EAN R S, B
BH S SCCS (4 PFhfarE) (2023 ) .
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TR e WI ) € BEAT BT o FESERI AR, TSR T o SR, Hrp
BFEEART

o TEIAM SCCS 5L CIR VAL A1, &7 A K T4 5 B R BURE 71 04 2
Wi, HPHGYERES AT PR A BT 2 PR SE AR AR 7 X EE B AE Y
B VTAl H an ] SEBRag R 2

o TEAHICTEAL A, TGO NESIL? & EFEHSHR . & SN
a1 ?

o ETHLAFNR, AR 2 HT VAl £E R A SR I T T — P Ak ?

o AR BIIRAAAE T IEVHAL A T DL RS FIRF IR BUR R (W anisif% 5
N JLE) ?

o TECHVHANA R, 25 IH0 AR 75 270 A mT PR B SO A& [T
X B SR i) R 2

LN ORM T R SCHRAS 2R, DAVl 2 75 A7 75 AH G SR o] FH -1 98 #h i A7 B sl 11 B
IR FE PR B BUB Al i 35t T o) . 76— BT 7T AT ) SCRIEAT R G PE TR
fhEF, RGLER T IRIEE WAL NS UE (Cochrane, 2023) . 7ESEBR¥E(EF, TEAL

R BT ML I FE 5K, 5 SCHREE ST A a2 [ AT BT« % BREAE VP
il 45 SR H R B AR B BARE DR R e, FVEREI W SE AT, BITEIR K
FERE A B AT DAl S5 1 10

TESI e R 2 RS, N AR PPAL M0 03 1 4 FR S 7] L4 . INCI AR LA K& CAS
Bl T o TR ER . B8 0] L5 e B B IR O ) R, DR AE BB PEAG I IR
A AR S O R . TN S BIE R R EFE in vivo SIWSLEEHE (0
LLNA. GPMT) . inchemico Fl invitro W5 (ILEE 2.1 15) o WA ARG AN AR
RO AR (fltn HRIPT. HMT) A8 B IR BB R AT e A 8l s —IJf
T LAVEA

AV N BN BSOS 2 S AT RSt ok, BAEBUBOCIHR R KR 46
SRR R o 0T AR R A A B IR AT B A, R, SR b R A DA
PITAS 2% (R B0 2 B ot A ), AR AR RS 2R T A P ) R A 2R 3 M/ 0 a2
FAFo T SCERE SCEAREE (Bl PubMed) , B RIIE S FTR A S 2 TR DL R e
RGOSR B R eAh, T B A E R AR SOk 51 SO R R IR A
fRISCik, BN T B sEid .

B ER 5V T IR AT AR ALt B 5 RGERR TR R — 2L BAREUR T
A E RSV . R GULRR TNEIE F BARHE DT U R WA FEEAT H AP
18



s xRS AR A KL A5 e 1 Al {5 EEHEAT IR AP (Wikoff 25, 2020)
U, AR E T B CEE S VRS AR R B S RS ERIA TR 8L EIEA
e —TIE I R G458

2.5.2.2 Insilico ##7

B SCRREERIN, in silico T HINAIVE BRI S FE—584r, F T4
J5 B R R B fE AR T . BT insilico TEANERSEARE, LUR T4 R
FAEF RMETEH, (UEASTE, F AR AR 4 Al

& 4: AT RREE AT SZIEBREIHER in silico “F & SR

fa FPRAl
e Leadscope Model Profiler
(https://www.instem.com/solutions/discovery/leadscope-model-applier/)
Toxtree: Skin Sensitization Reactivity Domains
(https://toxtree.sourceforge.net/)
OECD QSAR Toolbox: Protein Binding Alerts for Skin sensitization by
OASIS (https://gsartoolbox.org/)
Derek Nexus Skin Sensitization (https://www.lhasalimited.org/)
Danish QSAR Database (https://gsar.food.dtu.dk/)
TIMES-SS (https://oasis-lmc.org/products/software/times.aspx)
StopTox (https://stoptox.mml.unc.edu/)
iSafeRat (https://isaferat.kreatis.eu/ )
By R T
e Leadscope Model Profiler
(https://www.instem.com/solutions/discovery/leadscope-model-applier/)
e Derek Nexus: Skin Sensitization EC3 (https://www.lhasalimited.org/)
e SARA-ICE (https://ntp.niehs.nih.gov/go/n465041)
PLi AR 2 R
e OECD QSAR Toolbox (https://gsartoolbox.org/)
e Leadscope Model Applier
(https://www.instem.com/solutions/discovery/leadscope-model-applier/)

PRI in silico BRBRT PP H A (P TE 5 R, 2 T Hik
50 PPl EEC 4R 25 (Point of Departure, PoD) TR o 7EfE WAl CRIA W72
TN ARSI, R T ORGSR TS B ER A R AR 4
SIS HIRFIE, AI/ERAE S 45 tH R RSO — 4 ST 45 R (/AR B 1
R, W2 eVEVHEITT S, wlik M aehs R (i M sGE s = F AR R i st
] LLNA EC3 fH) o Sbhbh, EAFAE—LLH] T PPAL 5 SO SUBOME AR O ks e HL 1k
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https://www.instem.com/solutions/discovery/leadscope-model-applier/
https://toxtree.sourceforge.net/
https://qsartoolbox.org/
https://www.lhasalimited.org/
https://qsar.food.dtu.dk/
https://oasis-lmc.org/products/software/times.aspx
https://stoptox.mml.unc.edu/
https://isaferat.kreatis.eu/
https://www.instem.com/solutions/discovery/leadscope-model-applier/
https://www.lhasalimited.org/
https://ntp.niehs.nih.gov/go/n465041
https://qsartoolbox.org/
https://www.instem.com/solutions/discovery/leadscope-model-applier/

& (A R A MG ) AR, X SRABE R IR ] 1 Sy B SR B VA 1) SRR
VEUFYE o A & BB BT b B () BARHURI P2 it ClnF PEAS AR WL X5 B2
KE {55) , VI 2.8 17, KT anfilml & @i DL s il &5 R £ X6 &
B L, 7L OECD QSAR VFAHHESE (OECD, 2023a) .

B4 Gilmour 55 (20200 ik, TSR TR0 25 51 ot & A0 iE 1 S5 AR T K
FIrAHR VI ZRER (P . H00d ot & DA S 78 s AL S S (R 3 DDA OC . aX =7 TR &R 3%
[ e 7B )i&E 3k Capplicability domain) o In silico #fP)iE R R (B
REINSE e i) S EE N, AN B REE s . TR
2223 (R BN S5, 8 AR S MR E AN/ B 5 (Sahigara 55, 2012)
R K TS5 R AF A OECD BRAE M FT QSAR VEAGAESLZISRET, LT 4h R
SR AT T He Az . SR, RS TE R IR IEAY in silico TN 45 5 J HoAT 45 FE RS
PIRIGIN A FZ AW . A AR AL F 3P Al DA R T Tt 25 SR vl 5 FE e B 245 5,
T£ . OECD QSAR VHEHESE (OECD, 2023a)

XY HTA insilico VEAY, SRS 1432 B 0T I8 3 14 7 OR B Se BE ek o Bl %
B ) in silico P&+ BARMER DL F 6 R P RRAAE 2. o AT AT % A 2 it A 1
BRI LA A () W AR XS0 1 AR S A AT A D SR BAUe e, Hd s
VR, [FIR, RO AT & R F ik BRI AT Ui, DAR R VP Al I R 1
FEUME . BE, BRI TN SE RS VPSR T IR S, RE NS Rl () — 54
T’AFo A X insilico VAR ERNEZAE R, JRA[Z 0L OECD (2023b; 2023c¢) -

2.5.2.3 XRX=MF

BHAFAE P s B AR RAE P A FFrBOR M TR XS5k XS G
JRA] T SCRPISEE R AT IR BRAFAEAS — B & R P 25 2R . R A R SRVl TR,
LB T A T Y B TR SR, DLRTESS 2.4 AT 2.5 715 BTl ol AR 30AE UE 4% 2 Atk i DA
FIWr o

XA A X SRRV, 350 B3 T ) iR A 38 I oy A I R4k« 5 0
BT REE S MIRRAE, DU S SRASEAR B B R SRR ESE (BN, SRR 5 R
FRER T AL B I 25 P RRAE ) o T 25 R AR AL (1) S VB IR I B0 8 TR FH 1A AR
U SR 1 DA R BAR AR AL R 45 . eAh, AR RS AR B B, BN
P ff 150 B OB AL 2 o e A N BB T2t e My B, JRh AR R . R RAZ X S
HEVEAY IS, W23 OECD RATHIL A 4138 (OECD, 2017¢) , AL ICCS IE
TERE A X S AL AR m . Sboh, WA 2R HAL IR AT A% X S BT SR At
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Y (4 Helman 25, 2019; Patlewicz 28, 2019; EFSA, 2024) , {HXJiX&bix
VR AT AT Y OO A S T

SBR2EBAr: WERET ST 5 22 57 IR BB VAN 16 B AR A S . FrisceR
PR RLALFEYD I A . A N FE M B B . insilico TRINEL
P2 (Blangs it Z . RN UL E R R =R CGREDRD 5
=

JC» O

2.6 SR]3.EHBERIRA
TR T S50 % 5 R AT XA 2 fUT R T 2 VEVE A ORI AR AP 3R °

X T B R BB VEAS T S, 7R A € W 2 E & F5 KF (Consumer Exposure
Level, CEL) , BRIy 78 42 ik 0 A7 7= A8 Jm 3 B g 055 2 o A =R bR B AN
pglem?. NAEWAAAE CEL, RVl R MNIEESR 4 th sl s . R ER VPR
R#EM CGE—E% SR CEmZER) JTRE.

Rk 4. AT FHERBEAKFE (CEL) #SFHBRRENLEE

ER B

(S & VR b 0™ i 2R ]

VR 2T _ A,
m T BRRL. KRR

N (15 A0 7 3 AT o 0 2 ]
Rl Z TR _ . N .
AT R R AR Rl B 1% (T

o e | DR R TR AR R ]
FPEMM AT ARG | o e e kT4 S, BRI

EFAEE (W&, ORRE s | DREZ G KR E sBUsan 25 AR5 & ]
YN Al ELRZA R B R e T L B Sk AU

S AL BAER T A E AL .
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BEAR, PRGN G33h B 45 5 e /5 B Be i &5, B RE e iAE S s e A DA —
P2 i AV R RIS, BT e 22X 2N i B R B ATV S VPl . AT P
IR A — P T e M B — = i B B VAL T . N T T BN RN E VA 1
FONE R BB HGTEE, @UORE S HHE 5 PSS E . HRHEZE
Bl 12 (SCCS, 2023) KA (avHifEm)  (Notes of Guidance) 7R 5
BBV R T LA

1 5. RTRAEREESMER LR E S B— P RN

e ECETOC. 2016. Guidance for Effective Use of Human Exposure Data in Risk
Assessment of Chemicals. Available online at:
https://www.ecetoc.org/publication/technical-report-no-126-guidance-for-
effective-use-of-human-exposure-data-in-risk-assessment-of-chemicals/

e EPA. 2021. Exposure Assessment Tools by Tiers and Types — Deterministic and
Probabilistic Assessments. Available online at:
https://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-
deterministic-and-probabilistic-assessments

e Delmaar CJE, et al. 2022. PACEMweb: A tool for aggregate consumer exposure
assessment. https://doi.org/10.1038/s41370-022-00509-7.

e Dudzina T, et al. 2015. The probabilistic aggregate consumer exposure model
(PACEM): Validation and comparison to a lower-tier assessment for the cyclic
siloxane DS5. https://doi.org/10.1016/j.envint.2015.03.006

e Safford B, et al. 2015. Use of an aggregate exposure model to estimate consumer

exposure to fragrance ingredients in personal care and cosmetic products.
https://doi.org/10.1016/].yrtph.2015.05.017

e Safford B, et al. 2017. Application of the expanded Creme RIFM consumer
exposure model to fragrance ingredients in cosmetic, personal care and air care
products. https://doi.org/10.1016/1.yrtph.2017.02.021

BT VMGV W0E F %, W22 2 Ml kIR L Bh iR BEA K CEL,  Hr
AFETE P e Rl #R R4 (SCCS, 2023) kAN (Z4iFL4am )Y (Notes of
Guidance) . It4h, Ficheux %5 (2019) XJ 4=k [ P46t fb 1458 A 5 9 2% 2o
(lanflE HNFELL] . AR, &S 1T T REMLR . EnfEE e
AN AV FE SRS R BC 7 08 LA S sl IR A O 4 SR, R A1 SR B2
LRI AXE T R R e, al AR RGP A S B (Ficheux
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https://www.ecetoc.org/publication/technical-report-no-126-guidance-for-effective-use-of-human-exposure-data-in-risk-assessment-of-chemicals/
https://www.ecetoc.org/publication/technical-report-no-126-guidance-for-effective-use-of-human-exposure-data-in-risk-assessment-of-chemicals/
https://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-deterministic-and-probabilistic-assessments
https://www.epa.gov/expobox/exposure-assessment-tools-tiers-and-types-deterministic-and-probabilistic-assessments
https://doi.org/10.1038/s41370-022-00509-7
https://doi.org/10.1016/j.envint.2015.03.006
https://doi.org/10.1016/j.yrtph.2015.05.017
https://doi.org/10.1016/j.yrtph.2017.02.021

25, 2019, 25 281 T1) o iZEERIE T T IRIAH 7, WA CEL sidit5&
Ay iR B A

A N AR EM KIS CEL, i B 5a T W Edema,, BIEHFHZ K
T T 1077 Bt o Edermar ITHE LT LU =AM AR At Tz W i R
(C) ~ P EHMEHE (¢, DL it e AR R (BRAED BRI
B, RVEERERT (fe o R TIEREA S SRR SRRl s A 15 Tt
TR IRk BER RN 1o e wh SR 2 ) S R 0 B ] 5 Y
{H RIE ORI SCHR A K AR AR R SR & B (SCCS, 2023)

KE q» WERBATHUR AT I QR REUE, PR A ™ e A 5
H A e, A3 g B

q=AA X f (A1)
o,

o g (pg/day) = & HAEH R4 i S
o AA (png) =FIRE A RS &, i sk e, EUCRHZ
SR ATIEE 90 B4 AiAE °
. f(li) = R Ak ) EE B AR AR, T SR A nT SRAS R A
5 B

WT g WBEE, HAEEPRENMBERET, W TR Eodua:
Eproduct = a4 X fret (~302)
Hor:
o Epoaur (pglday) = (EHIFAE H A G HA B ALt b
o g (pg/day) = FEHAEHM=mEE
o fu= FEiFERMEMIE R BUETEREDY 0.01-1)

O MM SCCS MsLik, FVCRHAZFRF R MEIHIRAEDMAHIE 90 HoiE. UAMESE 90 A4
LS, MIRHZE 95 H 9 A%
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NG Eproduct Fe N B XNZ VTN LR R TR (Eubstance) > PN G2 754
A HIZ T IIRE (O SXSRL SR Eproaue 457, LATFELZA T A5 41
BTN E (Edorma) o (EIFRZRVEVEASES, AP RZREL”, BRI E TR
FH (0 R I 2 11 % 2 T e i 1) e JOUISE PRI

¢ A3
Eqgermar = (m) X Eproduct ( )

Hp:

o FEdermal (}lg/dﬂ}’) - ﬁﬂj& El FE%EEH@ iZ%}DTi H‘]%
o C (%) = fdihrhiz i ik g
o Eproauer (pg/day) = R H &AM & F Hefl 2 At it 7 it &

X T Bz B VR AL, TR UL png/day RN Edermar B A% F 0 Bz 5 THI AR
ITIH— LA B . BARTT S, NOK R 56 2 85 7 & B LA N Y 2 Bk & T #X (Skin
Surface Area, SSA) , MIMH#ES CEL. FXH AR 44 H T CEL &

Edermal

CEL =

e CEL (pg/em®) = JHH B#FEKF
o Edermal (ug/day) — ﬁﬂ?ﬁﬂ%iﬂgﬁ@@i@fﬁ H‘J%

o SSA (em®) = TR Tzl 9 BOBRR IIAR, 12808 B 2 S0k
HORIERAG 7 AR RS B s iR AR e vE, RCRAZ S EU A Y
5590 { o hifE

M TS CEL KA MASE, BN 22PN 5 7 DUl k.
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2.6.1 MNHBRTRENHE HILEKEEEE)

TELZ MV X — B B, sk = WPk (S B, BUEN WoE vl —#&5 77,
PEA N DN T BT A 55 ) 2 B /K R G Tt 28 T 2 B nu# e 10 XWE /eIt
J& NGRA T #EMTE (Berggren 5, 2017) . FriE#E T BENT %, £182414
B2 ot 5 B KPR AT DL, BRI TP e € 2 2 BE R, mTHE T
T R e B L VRVl . X T R S, R T R EE R R s
R FR K 5 3 TS S ) T BOE I BHE AT FEECRSEILET, @il 6 Frs.

J ke # R fH (Dermal Sensitization Threshold, DST) J7 ik #ix F-1 Safford (

2008) $EH, HAZOLBAERACAR—YFfE —NEERBEKT, %K A2
FE AR R R BURS §REs DST 792 T 8 3 %2 507 I {H  (Threshold of
Toxicological Concern, TTC) J7iAMJEEAJF B . Py i% 2 18] 0] — MR A 2 7 AE
T, DST M5 75 2 R VP il N 53 91 N B2 TR BB P 4l Al 7 ( Sensitization
Assessment Factors, SAFs) , LS A[#:52 B 5% /K-F (Acceptable Exposure Level
, AEL) , KIS CEL 3T #WH M SAF HUETC & L% B. Safford %5
(2011) 7E DST J5iEpysait Bt Hab AT 79 R, S 72N 167 PR kS
VIRY RZE 271 Ff, FEdt— B 7% 5 FE . T8, Chilton %
(2022) BTN 1,100 RANEAE 5, GG insilico RGN SPE LS IG3EAT
2, %t DST BUEHEAT 7 H#. H4h, Nishijo 25 (2022) 8% 8 o ) R 1K)
AT TAGE . BT IR SIPE LS /3 BT $2 Hh 1) DST S UUE S T-38 5.

2V N A AT 276 Nishijo & (2022) TR FRASCER, Hrp Bt l] OF
W% 5 R HEARERPIER, REMA 7 BiRYiEEZR EIRA RS
PIVEAL AR o X T 5 e BEVE R €, BTGB insilico T H T LLSCHe, #ilan
ToxTree. Derek Nexus 8¢ OECD QSAR Toolbox.

0 24 g BB VR S0 O B8 F A8 T SR AR O A e DA
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T 5. BT B REBECERPIAFITE DSTICE

Dermal Sensitization Threshold Value (ug/cm?)
FREBSBE (DST) (pg/em?)
Non-Reactive Reactive Substances® High Potencby
CER Substances R SR o Substances
RN RERE R YR
Chilton et al. 2022 710 73 1.0
Nishijo et al. 2020; . .
2022 900 64 1.5
Safford et al. 2011; .
2015 900 64 Not provided

“H[i@ET Michael % Schiff BRIE AL X TR A% BUR [ B

® Nishijo % (2022) Y4 ) BB & SN
(SN2) . SR FIARP. (SNAr) kA2 S HLH] S R A R B 45 & . Bbak, 7R3
SEEERIG LT, BBV & LR T B s Ak, HAF B M (il SN1 R4
INATHE RSO SR (BB 53 00D
bNishijo 5 (2022) 4 EEEEEREDIRE N “EBIEARTAEMRT. AL E Y LR 45 E A
FIALED . Hof, BTN CBREEH BN [REUEE R WM, BRI — S IAAT
AT e S B SR I, B X TEIR R T S e A ORI A, B S R A R R AR
X, sAH AU A A ST SEE S RN TN (BB 53 70 .
CHF Safford £ (2011; 2015) Fr#ftAI%E.

HPVEHWE OIS, H/BURE M T2 T 2 B F Al W2 vP AN BN
R 3 P B TAR AR 4R ETT e Jm 80P A
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3. SR

o A
-
o PR
© BRI T

L 2

59 P B %R A I B 5 & (CEL)

g X freex C
CEL ="—ssn—
o,
Q=&HMMHE (ug/K)
Fron = BRI T
C = Wk E (%)

SSA = R (ecm?2)

¥

ZH R T DST Em LB . -
T N | RIE TAEN |

v £
R I 7 2 R B R R I

i B 43 2
/ 2 \

n " FETEEn
it b i

4 v 4

XSS S5 A Bl 5 2 R B TR IR Tk DST {ELRR LASAF A 1)
HfE?

=]
s 5

AREUBUR: R B TARFAE

Bl 6. A ERIRA LE T REXHLMEREREE

vE: DST = JZIREUHR{E (Dermal Sensitization Threshold) ; SAF = Z &= 1F4li[AlF (Safety Assessment Factors) o

SBT3 B SRR ERER, IS 3 E Y 2 B R KT .
ET U, EEIEN, PPN R RTEE— 5 R 7 n] R 2 T R R
CIWIRFS QUR NI € A E
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2.7 BB 4:. BEKIEA

TEPPAE AR IR — B B, PPN D3 0 20V A A e A2 15 BB 8 O i) 7 5 B B
Fird i 1l @R A 78 0 1A JE S o i AR B AE X B n] SRAS 1 D sh 5l (U4 in
vivo~ in chemico / in vitro VA )¢ in silico $14) #AT RGE VAL,  DUOHI WX LeE s vl g
X2 BT I ECOE S AT EE i, RV IA (S B2 5 2 DO E T el et v
Ho 1AL A 45 8 B = AR AL A DA 5 75 B2 AR OB B e 1) e SR PR K
P

YT REIPPAS 25 N e O & 5 v S 1, M DL e — B B [ T R RS
TAEWAE. 281, OECD (2019) #EH T7EFFRE WoE. IATA 5 DA PFfhi ] &%

frdia 3 50 (A g B A
AL, EEEEED o RESREER
A7 B4 F T 1m0 Al R B s P
RIRESE R . Ferp i i B
A2 NESGHE 7 Posii
M2, FHAERE 6 TPbAT T LA

B0 — OGRS R, TR
ZR k. B, fEUEE T D R
TS S s T SEME S AN E 1
PEAL, B R A Klimisch $F 43 8¢
OHAT NTP i ffr R K oF il T &
( Klimisch %, 1997 ; NTP,
2015) o EIRVPAL G AP
T WoE (vt A 52 % 2 T A
TG DR R s BRI« TR
F B BARTT R DL S 5 R B
(PR HE 22 BT Ld R IR AF, LA
PRVPAL AR 132 B

I AP DL R (BIUHIESEVEOT . IEdRE

1 6 LR PP RIS R R

AJEEME (Reliability) - PPAEHT IR LA
FEOSCHRTE 722 B NTE R &, LR HIE
B R APRAEN T, LA IR Rt FE A
RHR LR EWIEW . &3, i SCH
W5 R I AT A5 M 5 A B

A (Relevance) - PFAf i Al/e iR 26
TIEAE 2 KFEE Bi&E T4 2 e FE1H
a2 AR E .

7t (Adequacy) - VL EIH BUEE &
FEPRAG A/ B 22 A VRS A ) SE R S S

ap
He o

A M (Uncertainty) - 5 0] 3R15 AR
BT AT AT RE S R T 6 I 1Y) JR R IS 3R 11

A
LR
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15 R 5 58 5 ¥ Bl A <
A4
YMRFRAEIA LIRS

2

Xt BT B HE SRS E AT

UEHE PPAT :
R EWE?
BEREHER?

4

UEHEALE :
AR SR SR A ?
DA B Hm 2 A 2

NS

VIR 2
R H RS DA ELE?
TEAE R 75 A2 DA B RE 57 12 F R 2

A BUR R AT, AR LTS
UYERS &

v

( BELRE )

X e 2 A A
Heit: PP e

i¥: EBW =T REN#% (Exposure-Based Waiving)

& 7. 2T OECD (2019) HIFIEEE T/ERE

JE: ZE R T OECD JRUA RIS T A . %2502 WA TR OO 3 B R F KR TEANARER OECD BCH A % [ A 8 7 s A S 7
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B R BB R ol T B Bttt AT R, 08 WoE P SRS
EE R AR, HEER AT TR BRSO, IR B I B Y S
fRRfE B tbhh, Bl ] T HIWrElA Bl 2 5 2 LLSCREXTER 2.4 35

BEIGRIE -

ELLEFE T AE S FEIE T, SIS B B RE S 18 7 29 i A2 15 N EUE
BIEEEY), B S ORI REE RN EE . HRHERERT E T30
RIEEIE, WAIIET in chemico. in vitro /B in silico BIEWHE (HRAHTf&
FHHRE DAs, WK 7)) o HIAEIEC 5, Wl 7Ep B g Rl vPhmAs, e
T4 AT IRAT O HARE A S E T A E .

17 s BT R 2 AV VRAY, WS — 2D A A B 2 A T T NREA DD R 3
RIGE L ' g NESIL 8¢ PoD. iR 7 H 08 FdE, )[R AL AT 45 SR PR A,
FERFHAH S 4 S NESIL .

A LB BOOPAS R AN BT B8 A A2 RAIRI 2 [n) 75 S B B i 4 L 1) S B )
VPPt N SA R 4K SR HERE J5 6 TAR AR . TARWRAR AT — B Boke A Bh 1 B F 1 9R 4
CL AR B SR 1 AL A SR, T T Jli e 28 1) 2 e 1k e PR DPAG 4 3

% 6. BRI B B B B o il

MEERE KE REEM4 | BARTREME | SuRTHEE SR HIE
Physico-chemical
prgperties NA
Animal
Buehler AO
GPMT AO
LLNA AO
Other NA
Human/Clinical
HRIPT AO
HMT AO
Diagnostic Patch
Testging A0
Other NA

R AR 2 76/768/EEC 155 -BURAETT 7L BR B 17 37 b i3 s B O Aot i 18 70 MR 3282 YR TR 31 4)
RIGHREAE T M HESE (European Economic Community, 1992) . R, HF XS EAS AT 304
TRIGHF AT IINLAE 2013 42 AT 56 o
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EFERE KE 834 | BuEmriREe: | HBiEwEs SR #IE
In Chemico
DPRA MIE/KE1
ADRA MIE/KE1
kDPRA MIE/KE1
Other NA
In Vitro
KeratinoSens™ KE2
LuSens KE2
EpiSensA KE2
h-CLAT KE3
U-SENS™ KE3
IL-8 Luc KE3
GARD™gkin KE3
Metabolism NA
Other Assay NA
In Silico
Tool. name & NA
version
Metabolism NA
Other NA
Analogue Data
Read-across data** ‘ NA ‘ ‘
REAEBHAT/ZEMERN TS HIE?

imsiE: AO: A ELES (adverse outcome) ; KE: KEEFF (keyevent) ; MIE: 7y Fil2iisff (
molecular initiating event) ; NA: ANi&EH] (not applicable)

* IR A IR 3 SR DA S TV B R IR TSR o B RARVEAR, R F AR RN Tk AR
5 SRR 17 IR 22 SR AN R 4

TR e G TV IC 2 2 VeV, S XS MEEE 35 W] T4 v B T A 80 P TR S5 1R K AT .
e 2.5.2.3 TR, 5 HARYITAE S5 R AR V) 2R B AR AL S D SR B WA N 1E R AR 3
FRVEUESE o IX 58 X2 HEAR TN B 7 Fos BOUESE oA 2 3R o DA H

HBR 4 Bin: ABEEENATEENE MM TS 71055 77 TN BLA Bl 347 17
fiti o SEVCR R LY B AR bR LA (5 BT RS
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28 BB,S: BiEAFEINE R e XN R

2 52 BUA Bl A 2 DASCRFRSE IR, N — 20 I BT A 7 2 R ik L5 B30 97 ik
H, BLRCAT T BRI e dik 1 30 77 VB L

2.8.1 BLEHTZIHFR

VP AL DA DA AT 558 1 R U € SV VE B MRS R OT R, IFEREHEH
A R PR AT 28

TFREZA BRI —Fh 7152, £ WoE WAL BT @S R AE [ (R 6) Al
bR, JPRIA R S R AOP HEATX .. & 8 IR T HATAIER
13 AE B Pl 56 B s 78 B R B AOP 5 % KEs [ 7r Filgih 4 (Molecular
Initiating Event, MIE) KX KR . @I HER, 22PN ] B R A
Uk 8 R A 17 AR 78 5 () AOP KEs

HasEAFERR g

A
R

R
B3

In silico data

THRSN
BEAH g
st - THERIEAL
LT3
EATATHAR
F 347
AR R
- REMMRET RS SRR 4

- BRERARSRE

& 8. 5 B BkBUEE: AOP XFRLH in chemico in vitro } in silico T ES5ER, AT
i EAN R TR RS (%% H Kleinstreuer, 2021; Strickland %%,
2019)

32



B WA 5 LR B R 1 22 8k, IE L5 T A VA ) H AR TE ] (Bt i
FIP B EVEAE) o ATEBIRAE PRI K, FTSE LR 5] S A
o REUREPRMEBTFEE. BESRER, BUERN PoD FE?

o AT AL BN B AR AR SR AR T et — DA T, ASRAG IR A
AL 3 At 2

o WFEL jn chemico N invitro J7¥%, BY insilico T.E., AT sb =5
HIE RSk 2

IR kD Bz R BUBME Pl o L SR W AR #,  OECD M4 Fd 497 (OECD
GL 497, 2025) ffii 7 =Fiml HI T VP04 B IREUIE ) DAs. Hordr, PRt DA “=ik
1 (Qoutof3, 203) FEALMAKNE (Integrated Testing Strategy, ITS) 435l
FETZUUER OECD AT %, H T aF RAMAEE E GHS AR T IEERER
fifo IXPAFH DAs $2RH in chemico 5 in vitro B¥a W4 A R T 5z ks t: (BLA
ITS DA 1] in silico M ZE R )

H=F DA NET LA 2 M G B R R BUEUA R PR AL AR (Skin
Allergy Risk Assessment — Integrated Chemical Environment, SARA-ICE) . Zi&4b
LAY & )RRV PR AT (SARA ICE) >R DM g i1 4,
T in chemico~ in vitro T/ in vivo BHEHE T EE PoD. 1ZIEMH T4 5H 1L
BENG 6 5] Bz R BB IR ZR A 1% B vt R 7 B B 28 A A\ 5080 ] >k F A
s B RERERZAS: DPRA. kDPRA. h-CLAT. KeratinoSens™, U-SENSTM,
DL BEA I LLNA B AR T4 BE G0 5% (Human Predictive Patch Test, HPPT)
il o

IXEe DAs B 1T B RO VPAl B 75 A5 B 225K, FH 4% OECD GL 497
(OECD, 2025) HIHLEMEAN A . =5 DA BIVHL BAR. AR5 HE SR 7
AT TR . TGRS —H DA, YR BT A EdE N . PSS R DL K A
AAERHAT TR AR, AR P L AR A S5 12 R B 1
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T 7. 2T in chemico~ in vitro M in silico TE (XA in vivo BIE) W ZEEEME: DA

WA
KEL: KE2: KE3: In Silicos
ThsE I FTETXS B Rl B S 52 ’ KeratinoSens™, GARD™gsKkin, h- 1t SUIcCo:
ADRA or EpiSensA, or CLAT, IL-8 Luc, or Derek Nexus or
DPRA LuSens U.SENS™ OECD QSAR Toolbox
203 f&5E (GHS 1 vs GHS NC) X X X -
&2 (GHS 1 vs GHS NC)
ITS R R R (GHS 1A vs. X - X X
GHS 1B)
A
B s v Fretx b 1 e DPR‘;E“d/ KE2: . CL‘;?* y KE4/AO:
ana/or . ™ - ana/or °
KDPRA KeratinoSens U-SENS™ LLNA/HPPT
SARA-ICE FLUA 1 (EDor*) X X X X

* AXBRAE R BLA 1 in vivo BidE .
* EDor $8 R AR BENG 5 (Human Predictive Patch Test, HPPT) i, 51K IREHEUS N K AEMERA 1% BTt N HEATHE. B2 H%E B TS5

OECD (2025) .
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2.8.2 FHEEXHEM

E B B 75 20008 FE 0 18 120 o1 B Ik B e F vP A Bl VR TR S, N
S AT PR o X P I ROKs TR T R RN A B A A A B R 1 S PR AN
BN, HMNARSERH NAMs. @iltn, wJF e eHRSH@ A imlat, DU SIS
BN YR I BBE . shAh, xR T AN T RS 2.8 Tk
DAs JIT 75 15 A\ 4 -

AR M8 R R B AOP 451, RS/ 43 T H A vl K15 3F C 8k OECD #5211
%K NAMs, ik MIE £ KE3 &N, Br OECD AR F 754, MAFAE
HADIEFR IR 5, BA (RESLEIEr) R AR AT R AR . £5 8
B AR KT SN R B T in vive BERL, ANEA AR RTEEZN. H
KERRETTERHLEHBNEZEE, W5 A ESSAEFRE [T, %20
i N3R5 7 50 F it e 0 H 4157 Ak B AR5 e L AT e e 1 Bl 7 o0
ST R, DARA BT IR T RS RE 08 7 AR B B ORI PEAS AE ) 28
(OECD, 2018) . IbAk, VP4l A G130 NAZ S50 7730, AT B9 B 7 %8
PGS BEE (A&, FRRA R DA & R R0 77 200 25 SRt AT,
HAWEEW., HEEMEA R

2.8.3 fCHEHE

FAREE T S SR REAE I 2 B, TT RE TG B R R S — M o 1 R A
WA BER PR (hapten) o X T RTFHUREBUREHURT S, HAER KA HE)
RFE Ay B R i AR, AT PR AR5 5 B R BB B 38 77 o AR BETR 0
T, BIRHA insilico BEAYHN in vitro 715 R VEAL YN AE B RN I H R AR B BRI 1Y)
AREME. HETCH 28 insilico TE AT T vF Al Bz kA EHE /1. 140, OECD
QSAR Toolbox H1 60 R RACEBLAUE H, w1 F5000 0 it 76 5 Jbk o iR AR B AL 15
UL COECD QSAR Toolbox, 2025) o il T HE R A H P i 2454,
TR I VPAl FLAE R R T B AR I AT REVE . A, HLAtL in silico TR IF R
S 17 £ R AV /1 N S/ - S SR |7/ 1 Meteor  Nexus
( https://www.lhasalimited.org/solutions/metabolite-identification-and-analysis/ ) #/l

ADMET Predictor Chttps://www.simulations-plus.com/software/admetpredictor/ ) -

WAL, IERTRHA invitro WERTTE (FIRIEZ RS 9% . B N Bk b R AR DA R
JRAMEAR) X AE B A I R AT LI VA . FERF SR AR, W AR N SRR
JRARDSE AR, SIAE 25 AR 78 50 75 I8 AN [ Fh 2 (R AR TR 12 1) 22 5% (Genies 55,
2019; Kazem %, 2019; SCCS, 2010) .
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https://www.lhasalimited.org/solutions/metabolite-identification-and-analysis/
https://www.simulations-plus.com/software/admetpredictor/

2.8.4 In chemico filin vitro (7

WIFEl 8 iR, in chemico il in vitro BT F SR AMEE AR M BRI (B
i, $hArHE— DA FRAIRARED | TTEEILA SR A L3R S
R

In chemico 7717 DPRA. ADRA HI KDPRA AJ 2t iz Jik it AOP ' MIE [HI4H
FAF R R=MAER T 2 &I IREY TS & 2 R A 508 2 R 16
RIBL 2 18] [ s NPt (OECD, 2024a) . DPRA F1 ADRA @i il 5 15 75 ik (1 90 KBS
B, R R FEKEHEAT OB M, DU i o 2 15 O SO B B
KDPRA I DL [ 094 52 A9 6t 114 7 = 23X 56 40 Jo R R 2R O 1 s 2, 327792 mT FH
TR0 GHS 1A KB REEWI. T LR ik ) BRSNS, AR50k
TOIN AR TS R R o SR A e b fE S HdE A3k, $E )L OECD TG 442C (OECD,
2024a) .

FHF 1P 52 k808 AOP Ao ZiF 2 (Key Event 2, KE2) [ in vitro X5 /7
174945 KeratinoSens™ A1 LuSens, X Y875y H T %€ &0 & SRIF T N\ A 5 T B4t i 1
AN RS, & Nrf2 /v FIHHUE AR B oA SR R S 15 . (OECD,
2024b) . EpiSensA MITEFE @ NR A, 58 PN 5 M BUY B B0 FH ¢
(bR E IR FIEA M (OECD, 2024b) . 3% LR H ik B AT . T A B
. 45 5 e At SOl I R4S 2, 7ML OECD TG 442D (OECD, 2024b) .

P T 0-A% Bz Bt AOP Y KE3 ) in vitro 5% J71%:414% h-CLAT. U-SENS™
. IL-8 Luc LA}z GARD™skin. h-CLAT. U-SENS™ F IL-8 Luc 136 ] T € &4
5 SR 40 e B A A B A AH DS R AR B SR T b AR AL s GARD™skin @ 1 43 #r
LR A0 A bR B RFAE 1 58 S RIS B AR VAN B Ik (OBCD, 2024¢) . iXik
D3RI T RSO S VAL . O T BRI A AN LS R, A TR
TR RS L L &5 SR bt DL RIE R I3, 7 ML OECD TG 442E (OECD, 2024¢) o

AKATHTIRI in chemico A in vitro J7iEA B & BUNEAHRIMCHEE 1. A xH
FRMEREZELS, ESR& BN OECD MiRfErE (TG) ; &HHHCEELL
AL I b AR, NI RS A in vitro 5 i silico (ORI BINES AT 47
i o

SRS Bn: BB AR IUE B P BdR S ,  JRSE & PP E AN R E 1
B, i I S A T A e B RN v, DASCRR R IR B P A
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29 BB e6: BIERMG

I NAMs AR BIE T T () SBEA P sLsiEdE . in silico T4
RUKZEXZ RS S, TR WoE PR EH T 1ATA; 8¢ (b) B4 DA H i
58 SRR e B IR g B R Y (Data Interpretation Procedure, DIP) HJ#iA .

A KM WoE Wl ik, NGRS 2.7 1Tk AL HAE -

WA WoE J7i%. IATA, HidE— DA KPS R, NEHWRABA K
FREUEE 71 (HAZA e ERE € M8 A e HEAL R R IE ), PR A 43
T — D PEAS IS8 . VPN N B3 DA 20N T B &5 v AR i 1 B A i N B8 18847 ¢
B, FFULB SIS IR SRR IR E M (ILEE 2.10 5D o AT
ST BT R AN IE SAF H AR, TITPAG A R4k 244 B AR AR HE VAl
DL — 20 [R1 25 BT 4 H 1 Il

B J5 15 5 B A A AU I T DAs 6 a] B AT N A : (AT WoE
FECAERR) o BARME, XTGP A 2D R %25 DA Bt M
DIP. DIP j& kT FUN A 77 ik sl B Ay, R 56 54 0E 1) — 4045 BoRIEE =
TPEL 1. DA TEAE e 55 40 B AR & ZX A W, HIR AT /E N B RIEH WoE
PR B TATA B RGES7r, TEIXEAE T Tl aefh s T X AW . AW EHE AN FHEHE
2025 4 6 H Bk AT OECD MIik#E 7 497 (OECD GL 497) ] DA, 5 203 J7i%.
ITS L& SARA ICE J5ik. T M%) DASS-App 78 0] T2 FF 203 FIITS ik %
H AR DIP B . DASS-App 7] ##E OECD GL 497 1 &K AT 345 % 7 375 1 DAs
T B BRSO T . Ao TR AKMHBENEZELE, WIS
https://ntp.niehs.nih.gov/g0/952311 (NICEATM, 2024a) . SARA ICE K H.H 45
FE Al E I PLN 85 B2 3R HL:  https:/ntp.niehs.nih.gov/sites/default/files/sara-ice/2NTPW-
4081-DEPLOY -

2.9.1 KBEBIEE TS (ZEY FEEY)

N VEAL B — 4 R A Dy U B AR SUEC) . nT R A OECD K45 S 497
(OECD GL 497) " EAilf1203 8L ITS DA J7i%. M4k, SCHkidikiE 7 H A DAs,
[FE AT T3 B SR BUBUIE A AT B AN S B AR M 5 SR AIG B AP N 43 7
¥, BN Gilmour 25 (2023) . Jaworska %5 (2015) ; Kleinstreuer Z5 (2018) .
Natsch (2023) ; Natsch F1 Gerberick (2022a, 2022b) . Reinke &5 (2025) PLK&
Tourneix 25 (2020, 2024) .
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https://ntp.niehs.nih.gov/go/952311
https://ntp.niehs.nih.gov/sites/default/files/sara-ice/?NTPW-4081-DEPLOY
https://ntp.niehs.nih.gov/sites/default/files/sara-ice/?NTPW-4081-DEPLOY

29.1.1 = _HIEMDE (203 DA)

203 DA 7E OECD ik 16 497 (OECD GL 497) " Ayesim i kAT 7 24k,
FHAEE 9T USI . ENFZER, PPN R NS EX = A KEs H AT
BT RRG R (R 7 8 9) o FXFTERIGE A2 S 2
JR BRI T THI 20— BRI TR &5 58 R3S A e N B e sl e 8o SN 51 B
A ERZY R R RSO S E 451 . X INRIR S RA—3, MR —DHE
T =/~ KEs (HLHTHARTEL) FResds. AN (RERNEEY)D T
ORI A R U IE S . E R —FRIR 75, OECD GL 497 ¥i@id 4t
TR E T eIm P IX E” (borderline ranges) o R4 45 v N 1% S X [H] B,
X 25 SR AT AE AR A, FESE eI LR v] B 0 iEAS H B A I SUEC /AR EUE ) A
. M, W 10 fras, AL TGS )N 25 RN 45 G BAR SR G R AT i,
FH5E% B AE OECD GL 497 [ 5% T it —L ik .

X203 DA =AKE
BATAEE PIIE

gl

2 v

203 DA Z5i5 BT, X203 DAFIRKETF R =
DIPRH: BEsdesEd T 56

L
| v

203 DA% it W] #i; 203 DAZE 1L AN
DIPRIH: BB i 5 22 e {5 B

R T A g S B AR 5, O T e T TS 2 341 52 (R B
bl FEIX TR S5 2R, BT RERE 5 I8 OV . R UL,
HRAFPIABAVESE R, DR 2 5 A E 9 B BB -

P I FRGE RARYEARA P TARRAR A € W58 R PR ARSI FE S (TG 442C, B3k 1-1l; TG 442D, sk
IA-IC; TG 442E, If{fF 1-4) . DA=TWiEtJ7i%: DIP = ifRefe/s: KE = KBSl 208 = = “#iE 7k,

B9 AT/RESRN=1E" (203) HFEHEHE (DA) WEEEBRRESF (DIP)
(%% H OECD, 2025)
VE: ZE T OECD JFAA P oo 1 e 1% 2508 R AS v BT 22325 (R0 05 B K B IEAS AR 6 OECD B H: 5 53 [ i B 7 W A RS 3
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RGILE T 203DA 1, FRI TR ML T e “Sin” gt .
R 8. BRI TTVET DB IR BT 2 45 /AR

R T3 2B RSB I ERRR (K3E OECD, 2025)
DPRA RIRYI 51 2 22 LR R A =R 2 IR P AR R T 6.38% (ENTE
(OECD TG 442C) RAFLHRBAE LT, AUE AR 2 IR HFER & T 13.89%)
ADRA IS 5] F—(2-(1—%%)Z@%)—L-¥Hﬁ‘ﬁ§kﬁ;&i (NAC) %u‘ a-N:(z-(l-%Jj'g)
(OECD TG 4420) Z@@-L-%ﬁ%m@& <N/}/L> H@fi’ﬂﬁﬁvﬁﬁﬁﬁ? 4.9% (BTER A HL e i
FITEOL T, NAC FIVHFEZE ST 5.6%) -
KeratinoSens™ SRS R, FEAEAERET 70% FEET, Y RiESYs
(OECD TG 442D) EEEE R A 1S fi%.
LuSens BRI R B S OO RBHE SRS = 1.5 1%, BAE /DM AN EE 1 T4
MR E T (RIS R =70%) , SEATERMELES g2
(OECD TG 442D) o e s -
B, HAE DN =AM E A TCA R .
FEZRD—NNERIKRE R, HILLFE—45 R
EpiSensA *Imax for ATF3 is. >15
(OECD TG 442D) :Imax for GCLM is > 2.
Imax for DNAJB4 is > 2.
*Imax for IL-8 is > 4.
h-CLAT 1E S AN AR L A5 R 5T 50% FI461E T, CD86 [1if S 53
(OECD TG 442E) L 1.5 %, F1/8k CD54 (% SR 2 14,
‘TJQ}SEET)M (OFCD | sy ritietr, SaREHIRAIL, CDS86 i SUELE 15 .
IL-8 Luc R Ind-ILSLA > 1.4, H. Ind-IL8LA £] 95% ] {5 [X 8] FFR/N T
(OECD TG 442E) 1.0.
%‘;gﬁi“jm) KB 5B EI T B R (Decision Value) = 0.

2.9.1.2 BEEMWiFZmEGIE 1 772 (TS DA)

TP TR B B e 15N R R BB R 7 V5 2 K ) ITS DA.  ITS f#) DIP 2% T
PLURAE BERIER E B4 R T RPEsr: — M KED BtEe . — M KE3 1
R, LLE—A insilico TH (Derek Nexus B¢ OECD QSAR Toolbox) %5 HiFPF%
o BEJE, Bk B S ERERVE AT RN, #HEVP R TEET 2, Wz i s
HE N RS (WE9) . £ ITS DA i o iR in silico T B BAR T %=
MFRAZLR, 152 OECD X+ rd 497 (OECD GL 497) .
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2.9.2 FBREBEMEFMZEZ L (GHS 1A/ GHS 1B/ FEH28)
2.92.1 BEEMWilZmEm e 7% (TS DA)

TE (EERG— i i JSRIAR S B2 ) 28 10 1817 hi (GHS Revision 10, 2023)
i, BEAETE . CUATEIATI 2. RS R LSRR i), N R
FREEIANGE 1 95 (GHS, 2023, 25 171 T1) o MRS RE R, &
FEECL ME—IEYE, nPRE— BRSNS 1 RS (1D & fEAN
B EFEREEUR N (2) TEAERSREE RS s 8 (3) &k
bri@ATiife (Bl OECD GL 497) , i#id DA #1) DIP /5 2I#fiA.

2K NAMs BIEOL T, PPN LRI R 203 DA ISR, BN
GHS 25 1 28 (B skt GRS s Wl ITS DA FIVFA 4558, ¥
Yt —2%1 8 GHS 1A, 1B BdEIE CESUY) o A Ao i FE H anfa {4
MW EIR N EIR N EZE R, @i GHS (2023) .

NV BE GHS 7R R N R 7038, FISRH OECD GL 497 H & A f] ITS DA.
ITS [#) DIP J& T LB EoRIE A € 245 R T 1vFsr: — N KED Bikse . —
ANEFXT KE3 IREG, AN —A in silico T.F: (Derek Nexus 8¢ OECD QSAR Toolbox)
SHMIVE . B, KR A & BRIEM VRS AT RN B AV =6, MZYR
WHIE N GHS 1A MRS : BV NT 2 £ 5 200, WZPFHE N
GHS 1B K sy, 5 83F0 8 088 1, NHZY R e AR (&9 .
H K ITS DA AT VR in silico T B HBARRIG T RFRAZR, HSH
OECD ik 457 497 (OECD GL 497) .
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T 9. ITS FHRKELE BN R PES (fk#E OECD GL 497, 2025)

KE1 KE3 In silico
5 BRIFEREY (OECD TG 442C) (OECD TG 442E)
ADRA
Mean NAC & ADRA ;PRAC & DPRA GARD™skin h-CLAT U-SENS™ Derek Nexus,
SAE NAL 2% NAC % L;sa; & Cys % D MIT EC150 OECD QSAR
° ion* ’ letion' Toolb
depletion depletion depletion depletion (ng/mL) (ng/mL) oolbox
3 >46.4 >67.4 >42 .47 >98.24 <13.03 <10 <3
) >15.5, >17.5, >22.62, >23.09, >13.03, >10, >3,
<46.4 <67.4 <42.47 <98.24 <56.44 <150 <35
>4.9, >5.6, >6.38, >13.89, >150, >335, N
1 - >56.44 Posit
<15.5 <17.5 <22.62 <23.09 56 <5000 <200 Ostive
not not calculated
<4, <5. <6. <13. - Negati
0 9 5.6 6.38 3.89 calculated /5200 egative
fasE BFHRE HAE
W)/ GHS 128 | GHS 1A 2% 6-7
W)/ GHS 128 | GHS 1B 2% 2-5
GHS dEtk
E[ETe5¢Y) . 0-1
S

YEmSiE: ADRA: ZIEBRATAEY N RIS (Amino Acid Derivative Reactivity Assay) ; NAC: N-(2-(1-ZE3)ZFE)-L-2E & ER; NAL: o -N-(2-(1-Z%
) )-L-#E BR; DPRA: EL#EK I N PEiRES: (Direct Peptide Reactivity Assay) ; Cys: ¥R (cysteine) ; Lys: #iZ (lysine) ; GARD:
FE R o SR A (Genomic Allergen Rapid Detection) ; GHS: 4ERGE—Ak2% 50 2R AFRZEHIE (Globally Harmonized System) ; h-CLAT: A
20 S35 iR5: (Human Cell Line Activation Test) ; MIT: #fiXi%5FH{E (minimum induction threshold) ; NC: JEIZE (Not Classified) ; U-SENS
: U-937 41l RyEACIRES (U-937 cell line activation test) ; EC: A XKE (effective concentration) o UiHH: XFF KE1. KE3 PLK in silico 15 BRI,
B —RAAGEH — PSS TP HE . * 95 NAL IORAESLBERN , CRH NAC FTEFEBMEIFATHDE . T U 5MERR (lysine) AR AEILBE
RS, SCRHEBE R (cysteine) PV FE B BEAT A 5E o
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2.9.3 FRHEL K (PoD) FEZLIEIELE

FEIT e B R 22 e VEVRAS I, 7R ZRRAG AR R R R (DL pg/em? RoR)
S5O mikia sl (PoD) #HATHEL.

2.9.3.1 PoD #E

PoD & 535 T 5250 Hos 28 S i - OB 2R b g — A, T AT R = A
i, DB A=A R NG R IR 7R REUM: 2 2 A+,  NESIL
GEH LA pg/em? Fon) B AEA NEFHER) PoD. 448 |, NESIL 3 2@ 1S
WoE %, &AW SREEYE (B0 in vivo BUE. & XS MRIFAG LA AAEEEE)
KT (Gauthier 55, 2023) o fEFEEASHIENT, NESIL JF] BT AR%L
Pt r. HAh, HET PoD AT NAM £(#54:F (B PoDnam) -

24 PoDnam I HI R “TE RN /KT (no effect level) i, £ @& 4% DAL
PR OGHE, B R%E R T NESIL. #R1M, fEHLE LT, PoDnam FI A8 BT
FEARBN KT (low effect level) , SARA ICE DA Bl T 2515 0.. SARA ICE 7]
e FAE NI PEBE NGRS (HPPT) H 5] & Bk RINER A 1% B 5 B2
g (EDor) , FHAEMEZIFUNEBYMIEHR T, KM% EDo 4040 LA~
PIEAEN PODNams BAEAK NESIL.

2932 HFFEHE (53 (] PoDyiu EEZTHESF

BT DAs HASEALE R PoDnam, AN A AFDREEE B AR (B
GHS 7327041 #ATHAL, M HESE B SR L e E G . 4 R %,
WAAGRSY T ISt DA DR i HE 3 1) PoDwanm BT 7870 A4 BE B 9742

I ITS DA 31519 GHS Wor2Rgs5 8, nl e MR GHS 1A 5 GHS 1B 4254
oM E ) NESIL. BT H i E I XX 831 43 25 1F Rk ple— 20 ) NESIL 1,
AN RS C R ERZGIT I, KAETHRN T 22848 ) NESIL
AE.

#ltn, 7& Gilmour 5§ (2023) MIWFFH, ME—WFHET ITS DA #5KN
GHS 1B B}, RH T > 500 pg/em? {EAZMIIE &2V ) PoD, A5
HiZY B PoD WIRUIEUE M A B . EF1% NESIL KR T, ¥ GHS 2023,
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GHS 1B ¥ e bR LG : LLNA #ARYFTTS EC3 {H KT 2%!2, BfE HRIPT H
TIKRE > 500 ug/em? B HIIBHPESE B . KBk, ¥ NESIL & NORSF FERME 500
ng/cm? AJ #E AN NARAE 5B A 785 B A E

XTT GHS 1A 2K, GHS 48 HHFE K 45 : HRIPT £EWKE < 500 pg/em?
IR PESE B, B LLNA EC3 18 <2%. BT GHS F4H%F 1A 130 & BE N L IR
H (fdEan GHS 1B AR FRRAED , H NESIL e X AR . fEriE o T,
AR WoE Jik Rk B IE ) NESIL. %7538 i 3 T I A B x4 o S0 i 1
SREEEAT g, KT L) BRI S NESIL. Na %5 (2022) ##H 7iXx—
B, JFHET Api 25 (2017) Al ECETOC (2003) MFhskIs, 25T A HEHELS
0T LA ARV . — BV N B E TR s R R g, R AT IR EUA
IS 551 Y A B AR s B /E A NESIL. 1E403 10 iz, Api 28 (2017) $##£H A+
SRR EVLE N IR, 5 Gilmour 25 (2023) 7E GHS 1B 732815 N % ]
M BA R —8hE

g 10. 5 B REEIEE SRR RE DGR E (Na s, 2022)

FIEWEE (pg/em?)
BBEHREER
Api %, 2017 & H ECETOC, 2003 #&H

Extreme 25 <25 <25

Strong 5 25-500 25-<250
Moderate 4% 500-2500 250-<2500

Weak 55 >2500-10,000 2500-25,000
Very weak 155 >10,000

Non sensitizer JEF

HAR R FH T #i5E PoDnam ) DAs & fE Gilmour 25 (2023) A ik, #lnA
TAPZE M2 (Hirota 55, 2018) . Z&T DI 4% ITS DA (Jaworska %5,
2015) PAKFE B 3EmE DA (Takenouchi %5, 2015) . M4k, Tourneix %5 (2024)
PL & Natsch Fll Gerberick (2022a, 2022b) 7iRiE 7 7] T PoDnam HESHIAH I

2T A s, K LLNA B30 EC3 fE#E S U 7 S 38GHE (NESIL) . # EC3HUH
SIRBER IR, WAETT R 5 & XU VPl i1 7K LA 300 pg/em?. AR BIAHN TS0, MoK IZE
I3 LU BB IR LA 250, Z A B FoRIET Robinson 45 (2000) T FrufE LLNA S50 7 R 7T, H
Hof 25 uL B IG AR o A e T8 /N B E 2 1 em? ()% R THT

43



o LISFH DAs SATE U TBOHTE R 104 NG R, TR R
U 225 S 9 AT 5P PR NESIL, R T A VA

2.93.3 ETFEFTIH] (BTN AKF (EDOL) D[] PoDyam iE E S

F3— M€ PoDnam HI77 K FH TSR € B tH 1) DA IS e 18 B2
RASER, ARVHE R NAM 88 5 77 st sh BRI &, s NAM 3
PalENEN, AIMHE SR T HIE T PoD. #R¥E TR AB A E, Him &5 80T A
FE TR (no effect level)  (RJZEH4y NESIL) , W A] U RAN K (51
EDo1) -

A 202546 H, ME—% OECD £:52. nJ H T-HE T IC USSR B4 R 7K S (1) 4 2
#7945 SARA ICEDA (OECD, 2025) . iZMAEH NWH-Migit-oth iis, T
W R AE AR TR E BENS 56 (HPPT) 51 K B R BB RHER Ay 1% I %t
N2 5 & (EDor, BA67N pglem?) o ZAREEL RS N B 6 40 2 A6 55 AN B
SPAN[E KEs M1 B okJE, #1i: DPRA. kDPRA. h-CLAT. KeratinoSens™.,
U-SENS™, DL BEA 1) LLNA AR TI 4:BENG 58 (HPPT) (45 PoDnam )
577 ONTE EDo 04 H EDoi /M F 60,000 pg/em? (AT, BUL L35
fHo Z%JLFF35 EDor #EA0 N TERGE 2V BN BUBIRTIR T, X HBUBEE MR E 1)
= JER N

T SARA ICE J& T #E3 B, Fohay th 45 RAEAN [ AT L 1A A] ReAF AR R I 2
HIXRZ R A AL T W8 R AT 42 52 K PR EVE VG LN o AT IR 1 B 2 BOR 4
9, W2 Reinke % (2025) 3; SARAICE T2 K F #6ra nlid@d LA R 53R
B https://ntp.nichs.nih.gov/whatwestudy/niceatm/test-method-evaluations/skin-
sens/da/SARA-ICE (NICEATM, 2024b)

seAh, A HAE T RAA RS A 0RE R iR (Bl EE 2 Hr. N A
MR, FIRERT T SO R EVEVPAL TR R PoD HAIRE . KT EERINARIANTE
SCHRZR B TR SCHE 7 s

13 % SARA ICE DA 4b, &K T —4 “SARA-ICE ¥ B , %A 4L84 g5 B, #l
U EDoy FIA ARG o i FAZAE R IAS, P4 A B Al BB AR PoD e SR AR BEAR I r % (4]
1 0.05) wIAE TS EE R 5RO R SF AL T (Reinke 5, 2025) o
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M7 T invitro BIEA T ZEMEAMLHT PoD #5575 K SCER B
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2.93.4 RiETE (MoE) /%L E (MoS) HIfE

TE J7 PRE AU 22 AV PRl v, I8 R A AP 5 10T T 240 2 € 1Y PoD/PoDnam
5 CEL Z |8 ZBE KN,

X W R 53k 43 i N R 2 1 BR (Margin of Exposure, MoE) %2 4= i BrfE (
Margin of Safety, MoS) . HH1, MoE (2305 K& X

PoD (or PoDy4y) (A 5)
MoE = CEL

TEKH MoE J7iER, FTHE R EEKF R B H2 1 MoE K/, N[ T-7F
flip A W5 8 S AT E YRR, A E ML 4t FiE il 2 2V R 1 (Safety
Assessment Factors, SAF) SEIIPLFRAE (Felter %, 2002; Basketter I Safford,
2016; SCCS, 2023) . SAF BfEE i MARZE R RIFIRE . BN, VA7
BCT RS, DA Sk FE AN / BY % 5 Fr iy (8] (Gilmour 5§, 2020, 559 U1) .

MoS (AR 6) MIE X

SAF
CEL

(POD (or PoDNAM))

MoS = (A5 6)

X MoS J5i%, VA A7 (Safety Assessment Factors, SAF) CLHEFZZIA
THEH, B MoS KT 1 B, BPR[ICAZETRAK 252 1. BRI, mrsz i
MoE 7EHUH _F 45 AT R H FUE K SAF. NBE R AREIRE, FXOESE—XKH “0
52 MoE” iX—3RiR,

FERfE PoDnam M1 CEL 2 J5, BIAIM AT LA, TR H 2t Rl 78
G PEA 24K NESIL /64 PoD I, 3% 23 NESIL B AT ZE B 5E i %
ZVHERF (SAF) , X —J77E CEE RHERE & XS AT AESE 15 2 I8 (Api
&, 2020) . NESIL F&LL SAF J575%] AEL. A=W AEL & Kk E T =
AN L4, BT AEL 5 CEL 2 t, iZHEAEME S EZEFT MoS.

M FAF 2 e VE S5 1 7] 12552 MoE MAE Pl AT T AT e, H U 5 7E WoE
JIE T HES NESIL I G5 — 2. AP ZpaTed, Sl 100 /Fn et
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HIAT 252 MoE v 22 2145 R SAF 5 100)  (Gilmour 28, 2023; 2020; Assaf
&, 2021) , FRAEXRLELREEH I AIZKEEA 70 R

H1 T~ PoDnams FHXTECHT, PO R AT 4252 MOoE #& 1531 H 54 it — B 3Rk .
— o FH T VTl & 1 ) S S T ON R HE T 9 B R 5 Rt (benchmark consumer
exposure scenarios) . Reynolds %5 (2022) $EH T — AN T 5 R ECRORUS PEAS 1t 5
HEW o BRI A, Hoh s CURT A s b ETH 2 b b i e 43450 FH S48
FET Mg HZ % (in-market experience) H5—F1E S hnid NEHUE S 1S
P B A 1 5t o ML EARAE T T EAEA R HZ MoE HUHE 24 T rg 2
BRI K

Reynolds 55 (2025) & 7 —ESiH#HEL, A THEMH T4 NESIL fynf %
%% MoEs #:4#y1& F T PoDnawms A $252 MoEs. ZF s FIxX e — AN &%t
PoDnams TR R[4 MoE, HAERER 314 N 2 /D AME T4 48 NESIL J77:91 B
K B A 4% MoE.

PHERE B NA: () —AMHEB(ES NESIL 530 RF kT2
KR TSR, DL (b) —/Miik NESIL 5 PoDav 2 1126 R D7
Gei IR, FE oD (A S22 (A5 SE Z500 P /X4 45 45 NESIL H9 B, B
o TR A T, M A s S TR R A, Sl
MOE. NAM I fth . {6 UK 28 5 K 85K 5 NESIL Z [l ffs, L)
J UL NAMs $H8 A NESIL ¥R 06772, TTH 5155 MoE ARSIz
155

UnXNENH G, M TSRS 52 MoE 54T SARA ICE #E 3 1
PoDnawm FITX L AT 4252 MoE. MG RIL BT F30R 11, REW, Y&ERTT
EFR ) MoE /N T 100 B, 7E PoDnawm & T AT 4E #5748 [F] 7K F 1 MoE;
R, EGTTIEF 52 MoE (Rl 2P A+, SAF) KT-45 100 B, TR
B %5 PoDnam K FH B KB AT 4252 MoE (ML 11)

4 Ak, T GARDMskin 78 - MW IREE LA A Natsch F1 Gerberick (2022a) #EH 7 ETIFE T 33k
—B i Hi T H AT MR OECD MRIER (TG) , HbA R Sk R Aknt
HIATA 4 (Reynolds 2%, 2025) .
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T 11. FT4£4 NESIL B XK DEAE 53T SARA ICE #5: /) PoDnam 7E ] 3252

MoE 75 TH i1 3 51 EL #%
ETAEG NESIL IR PG F T2 8EL | SARAICE PoDs A[ 22 E 4 (MoE)
& (MoE) pagiil:nki i 4

3 3
10 10
30 30

100 100

300 360

1,000 1,700

Source K J&: Reynolds et al. 2025

BINEEM T HTE PoDram, F& H IR O AE RSB 22 2 1 PP Al ik £ ]
52 MoE # it EAL IR ANAE, AT SCRF PoDnam FISEBRR T . 25T PoDnam I
254 NAM Al 5252 MoE 1 % & VEVHAL 7= ] WA 8; 2T PoDnam 5 MoS (1% 2= 1
fitizn i WA 9.

HE8 FET PoDnamIEFH NAM T 452 MoE HJ 24 =~ 4:
155 (Scenario) : FRERFIF “Wii X7 BI&EN 0.02%
R H (Exposure) : CEL=5 pg/cm?

PoDyan : = 4800 pg/cm? (AN SARA-ICE DA #£3)

MoE = “Bsﬂ=960

AJ #5219 MoE =360 (3Tl 7= M EAL 48 77 vk A R F R AT 252 MoE 2 300 (L
5% B: DS ERA B2V T (SAF) ), FEiZH Reynolds %5 (2025)
Ik CAnER 11 o) B4 5T NAM FInT #2532 MoE)

BRIPELE R TRZERE (MoE=960 > 145 MoE=360) .
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FE9 T PoDnam il MoS %4 PR B

1§52 (Scenario) : BREF|H “WIFT X” ME &N 0.02%
T 7R E i K (CEL) =5 pg/em?

PoDyay: = 4800 pg/em’ GIEFERLE H#ES)

SAF =300 CHR FAEH~MN (WK B: i BB %44 K7
(SAF) ) )

_ 4800/300 _
MoS = T =32

ZEIEPFAT G TRE N MoS> 1

BB e Bhr: HTRUEHIEAE, RAIFNHREENIFETE BT RES
VPG BEVESR PP B TRV .

2.10 EAN RS NGRA I E TR AE

SRS E S (EE ISR 2R — 8, RREUEE A IR R
B EAHEERAE . AHE M B2 18 TR A VPl FR AN 2 BB s SR BR M XS 22 4
PR AR LS R P P AR RO P R o SR A 0 TR AE VA S5 R (1 P {5 B R R 2
[ 1,2 JRU 0 7 3 e O 1 Bl AR AR 2 A MR VPG I B A S i, B AE 22 A VA
H R AR A B ERIE (Beck %%, 2016; EFSA, 2018; NRC, 2014) . A~
W M Al R 2 M5, BFEE M E BTk, R, HEAEMAER. RS
BTIR BE N R 22 A VPl N AR HE AR TS IR R, JF N5 v 5 e I B AT B A 1R T
il S H bRAH— 2

EFSA (2018) K& AR AN & 153 M 6 B nT /E A B AN a2 11 20 B 7 1 e ot ok
ERMEESSE ., ZIEMIRE, Ao N E SR PN EEE R

o  PURIFEMT VAl A A A E PR &5
o XFVPAL R BUANEA SE PEREAT T S P HE Y 5
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o CREANEARETE TR 0 A T LR O

o BARORVPAG T ORTE A r) B R 58 S I
o XN E PRI AT A AL 0 REAT RALL 5

o LA ANFH A AN EE

o RALEARATENE

o HE AR R FUH 7 L SE A R A ANl R 15
o P ANHAE ME M AR AN S RBEAT R G .

fE 2 PSR P 2R G 58 B A E VEERIN, RS — TPPAd R
LR i 81025 BRAE ANt PE PP A BRI T -

1. RHIFE R H TR M S R SR, XRS5 RR 4T 68
MHEERME. BERZEMEEENENTESEEW. fla, E£F%E
T NAM BOEHE i, TV I8 AT B 0k B A 8 1 rE AR S e . In
chemico F in vitro NAMs Wi& I, =B ZITVEERME EBOANE Ui
Vi@ tEya Rl (N logPy & BORORSTSE) o il A EGE e 7R
& AR VG . X 28 ) o 45 4 S A VR o i € IR 7L, B TR
R FEART M S [ A BE % DL TS 8 SO AT 5E PR JK P A H B (Sahigara 45,
2012) o DR, BEEE BEAH OGNS m Hh AR B AR (R R e, R
HB R ) S 8 M S R PRSP T (1) S B PEEAT LU o 35 R &/ — Tk
R M A RS EGE E, WS RS AR N R (Bt 5T 4 T
N VA AZ 0] RN I AT 45 SR A S Bl 2 A ) 52
I3 — T AT RE R e O () AN 8 PR IR R AREE AL . AT ik, A in
chemico 1 in vitro $ 8 FFA B & AR 68 77 . 75 B VP Ak 0 2 0 A B s
(pre-hapten) B{JH-41)i (pro-hapten) , it = ARUHIH4L AT BE 5 B BH P4 5%
ARG R . BRI, 458 T 8] 58 )& T A PR BUR U R, NIF
FE B X vPAL, DL A A R 2Roo) 04 s vl e = AR B se e . AR TS
%, WITRE in vitro ARUH 7T 8K FHAREIEE AL (2R 2.8.3 1)

2. RBIFFEFRIHELEF BT FAW I AN ENE, WHAEGERIL.
RIS PoDs HUIEFE, DLRANE TE 1/ % VP A1 ff e i A b Py
AR L AT . EA RS TR A, fEE B LA
$T DA JFES R WoE EAHEE, A E A AT REAF =R . At
FEILT NAMs 192 MEVEAl o, AR ANE 2 PR DR 7 e Oy T AR B IR A7 AR —
SE R B A AN E 1
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3. ZEVAE LR E X IEAE G5 R BARTENT, 85 7R A E ik 7
A RIE . 38 2 BT S VS BIROL T, 8 e MR T e
BURPE M, BIATXS PPl TR R SCBE S AL (525 I AN E TEBCR I 2
HO , SINBAIEMAEHAT . RS HF] S PoD. KERES
B Btz BeeR ) ARAHEMER T / 2 a5, il A F
SHAE TAEIN MoE G5 RVaH, 7] 5 W vty 52 S AR AN S B o
BRALER IR, T SCRF SR TE BOFRAE AL 45 18 R TS L .

4. BTNIEAEEERENSGEEZE, FEHFEF ISR AT EK
Y. TWERREAE, ZPBEE LEET N, BAEESE N IR
HEETIEITRE (Reinke 2, 2025) .

AHA e MERAE B . IR RS Vi B R IO A B E PERUR, IR Al X L8 A
PERE A b Al 4518 T 45 B2 BRI

3 &

LN AS SO R A T, A TR N AT (R oA i A A
B i o A B T e B IRESCRBME VP A o AN SR it O VPG 5 VR A B N 3
A, BAT RUFINARAERNE, JFRes A R R R 2 4z . BN A SO FInid I ik
APl N B3 RO AL AR Bl A ) B A R SRR B AT e B S, AR DR VEA
HAEMIEMIYE. NAMs Uk, JCHAAE B ARSUBE AL 8, 1R AL T PRI R B BL
K, ICCS KARYE AL 2B AT 2L, XA A HEAT TN 5
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BRI T5 % JiiER &G REHER
- Generally applicable to a range of functional groups and
Quantifies residual physicochemical properties
concentration of cysteine- or - Not applicable for testing metals
DPRA lysine-containing synthetic - Substances that require metabolic activation may produce false negative OECD TG 442C
peptide after exposure to results; substances that require abiotic transformation are correctly
substance predicted in most cases
- Substances that promote oxidation could lead to false positive predictions
- Generally applicable to a range of functional groups and
. . hysicochemical properties
Quantifies residual pay . P p.
concentration of a cvsteine - Not applicable for testing metals
ADRA . L. 4 - Substances that require metabolic activation may produce false negative OECD TG 442C
or lysine derivative after . .. .
results; substances that require abiotic transformation ware correctly
exposure to substance . .
predicted in most cases
- Substances that promote oxidation could lead to false positive predictions
. . - Generally applicable to a range of functional groups and
Quantifies residual . Y m.) . & group
. . physicochemical properties
concentration of a cysteine- . . .
containine svnthetic pentide - Not applicable for testing metals or substances that exclusively have
KDPRA 5y Pep lysine activity OECD TG 442C
after exposure to substance . . .. .
. . . - Substances that require metabolic activation may produce false negative
in a time and concentration
dependent manner results
P - Substances that promote oxidation could be underpredicted
Quantifies changes in - Applicable to test substances in solution or form stable dispersion
ARE-Nrf2 luciferase induction in the - Generally applicable to a range of functional groups and
luciferase KeratinoSens™ transgenic physicochemical properties
KeratinoSens™ cell line, which is under the - False negative results may occur with substances that exclusively react OECD TG 442D
test method transcriptional control of a with lysine-residues
(KeratinoSens™) | promoter fused with the - Substances that require metabolic activation may produce false negative

antioxidant response

results due to limited metabolic capacity of cells
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element and indicates
activation of the Nrf2 gene
Quantifies changes in
lucifi induction in th . . . . .
verierase mduc %on - 'e Applicable to test substances in solution or form stable dispersion
LuSens transgenic cell line, Generally applicable to a range of functional groups and
ARE-Nif2 which is under the ATy app e srotp
. o physicochemical properties
luciferase LuSens | transcriptional control of a . . .
) False negative results may occur with substances that exclusively react
test method promoter fused with the . . .
.. with lysine-residues
(LuSens) antioxidant response . . . .
element and indicates Substances that require metabolic activation may produce false negative
activation of the NQO1 results due to limited metabolic capacity of cells OECD TG 442D
gene
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. expression of four genes . .
Epidermal associated with keratinocyte dispersion at 0.0122%
sensitization assay L 7 Generally applicable to a range of functional groups and OECD TG 442D
. activation in the . . .
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activation of monocytes and Generally applicable to range of functional groups and physicochemical
dendritic cells after properties
exposure to test substance
U937 cell Quantifies changes in the Applicable to test substances in solution or those that form stable
activation test (U~ | SPression of cell surface dispersion o . OECD TG 442E
SENS™) marker CD86, in the human Substances with membrane disrupting capacity may produce false

histiocytic lymphoma cell

positive results
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line U937, after exposure to
test substance

- Substances with surfactant properties may produce false responses
- Generally applicable to range of functional groups and physicochemical
properties

Interleukin-8
reporter gene

Quantifies changes in
cytokine IL-8 expression in

- Applicable to test substances in solution or those that form stable
dispersion
- False negatives may occur with anhydrides
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is associated with the low/moderate skin sensitization potency (e.g., UN GHS 1B)
assay) . . . . .

activation of DC - Generally applicable to range of functional groups and physicochemical

properties
Evaluates transcriptional . .
. - Autofluorescent test substances may interfere with assay
Mot patterns of an endpoint- . . . .

GARD"skin - Generally applicable to range of functional groups and physicochemical | OECD TG 442E

specific biomarker signature
in SenzaCell cell line

properties
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fix B Pi s LRI ZEVEEEF (Safety Assessment Factors, SAFs)

T A 2. i ERARIZETHEETF (SAFs)

PR 4k SAF
Products applied to lips 100
Products applied to underarm 300
Products applied to anogenital area 300
Products applied to face 100
Products applied to body (rinse off) 300
Products applied to body (leave on) 100

Hair products (no hand exposure) 30

BUEIET Api & (2020) KFEMIEIE.
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