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3Rs(replacement, reduction, or refinement of animal use): & &
RIS HLU AT S AISIS20 £ 2tA T AlSIS2

T eEaoos [ i B — oo
AOP(adverse outcome pathway): SHALSHF =
C&E(cause-and-effect): 21 b 2t H|

COU(context of use): B & = OF

[0
ol

CPSC(U.S. Consumer Product Safety Commission): 0| = ZA~H| AtH| 2 CHA 2
DA(defined approach): 2| = &2 E
EPA(U.S. Environmental Protection Agency): 0| = S22 S &

EURL ECVAM(European Union Reference Laboratory for the Validation of Alternative
Methods): FEls=UHANAISEHESHH

FDA(U.S. Food and Drug Administration): 0| = & &2/ 2=
GD(guidance document): K| & A

GHS(Globally Harmonized System for Classification and Labelling of Chemicals): 2t sf= & 2
=5 H HAI0 2tel = M EStAIAE

GIVIMP(Guidance Document on Good In Vitro Method Practices): 24 M| 2| AI&E & 22| J| =0l
25 X & A

GLP(Good Laboratory Practices): Hl 2 & Al & 22| | &

IATA(Integrated Approaches to Testing and Assessment): & & =4 & J}

O

ICATM(International Cooperation on Alternative Test Methods): SSUHXAIE Y =X &

& Ol Xl

ICCVAM(Interagency Coordinating Committee on the Validation of Alternative Methods):
O=2=s=UMAISEESHH

ICH(International Council for Harmonization of Technical Requirements for Pharmaceuticals for
Human Use): = M2 2 S Xl L2t & &
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IQ/0Q/PQ(Installation Quality/Operation Quality/Performance Quality): &X 2&/29%

= R
S&/ds &

JaCVAM(Japanese @ Center  for  the  Validation of  Alternatives = Methods):
2dEs=UAdAggEESHH

MTS(3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-

tetrazolium): (3-(4,5-CIHIE EIOtE-2-2) -5- G-IIESAIHSAIHYE) -2- -EXZHYE) -2H-
HECES)

PS
=

ry
0%

rir

M=

HE)

H0

NAMSs(new approach methodologies): & & CHAIAI S 2 E(E
NCATS(National Center for Advancing Translational Sciences): 0| = S 3 2 & & Ml H

NICEATM(National Toxicology Program Interagency Center for the Evaluation of Alternative
Toxicological Methods): 0l = UM S&EAIE L EHEI X 2+ dlH

ol

NIEHS(National Institute of Environmental Health Sciences): 0| = St 2 H &t 2 A
OD(optical density): S& &

OECD(Organisation for Economic Co-operation and Development): 2 X & & I £ J| +

SOP(standard operating procedure): & & 2 & X|

1t

A
TG(test guideline): Al & Jt0| &2+l
Tox21(Toxicology in the 21st Century): 21 Al J| S &S Al &

TSAR(Tracking System for Alternative methods towards Regulatory acceptance): CHXI Al & &
H SeIS ?et =8 ALY
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1.0 A0H

Ol === M AIE 8 & S 4 E (Interagency Coordinating Committee on the Validation of
Alternative Methods, ICCVAM)= S4&st 2 OHNMA Ald EE2E R, AIES, 84 =
2320t= 170 0l= A& RAHDI2 L ARI| 20 HEZ RS ELICH ICCVAM 2 Al
HEIlsES AN & HE AIEE, 2 N St E AN SHY SSASE0 et Jl=

ZItE dELICH E£8h ICCVAM 2 Ag8=s=2 AME=S UXMotHU AMEE =
AES2o = 24 L= DEMNE(SSSANE SHAIILD AdE=s22 85 108 2L
= gIHhs et 89 o2 2 NS otstd ot Roid=S E &6
BOte == A= A HH CHet st A A S(validation): 7 Ml S @ (regulatory acceptance) &£ =
M A A 2 Ql(qualification)= &0t 10 UASLICH

ICCVAM 2 1997 &3 &4 32 de8&E AF A7 L UHMAIEEH2 S0 M SelS
fIetIIES MAIS =4 AIEgd2 25 2 7 Ml =2l (Validation and Regulatory Acceptance
of Toxicological Test Methods)(ICCVAM, 1997)’0lct= 2IOANE LEIMSLICL OI=F
2003 & 2tHZ AMAIHE AMEY L UHMAIEE2 X8 2 MES {8 ICCVAM
IOl = 2t2IICCVAM Guidelines for the Nomination and Submission of New, Revised, and
Alternative Test Methods) (ICCVAM, 2003)0l =IJ+& 1 XI& 0] M3 & ASLICH.

0l 2A0 2= A2 ZHE S I I +(Organisation for Economic Co-operation and
Development, OECD)2| ‘Folld HIIE gt &l L= HE AMEE2 343 £ FHE
S0 28t XI& A(GD) No. 34(Guidance Document on the Validation and International
Acceptance of New or Updated Test Methods for Hazard Assessment, OECD series on testing and
assessment No. 34)’(OECD, 20050 &3& =HZE AlgEHS HEStI| |& XI&0I
ML USLICHE 012 ENMeE FEH 2= KRAGHLE A XHze Al2H0] 20| 22l
ANEAS HE0| A26t= S U6 &HAHIE JUSO0l EHH HE EXHEZ A A)IHII=E A
USLICH 22 HE ZO0HCOU)UHA=, AIEEO0l HD|20 JtXl A= EL0IE)E
MZotJ| ?lol O 2E B2 2= HHE HE BRI AS = UAsLILH. L8 0IS
EM=E MHAIWn vivo) NES S (single) HAAIEE 22 Al (replacement) &= 23 0f
SHE FIIE 0= AN 2 nvitro) N Y, 3t H (in chemico) 88 L 21 Al 2| 2 (in silico)
S2YH0: &aJ18F 22! computational models)2l Z2USS otz W0l = S&ES
SOUN, SHANES et L2 8UHE Z2HS 24 X K= Z&LIC 2018 E
ICCVAM 2t =01 0|2 W 2tsth&E ¥ 243 otdd HIE flet 8 HAHAISEY
BE S ?Ieh M A 2 & W (A Strategic Roadmap for Establishing New Approaches to Evaluate
the Safety of Chemicals and Medical Products in the United States)’(ICCVAM, 2018)2 & &t
HXMAIEEO S8 88 20F £= 88 Z0KCOoU)0 UHol 23 = A2I|2 L Xl
et MAH0M EE HMAIZEES HEY = U= ot DAL I 20 Al - e 242l O
LI2 2AtasSE 8ot Az 250 AN 20 R §2EES AtEot=s HEH
DHUKIE HSESLICL 2 EM= 2018 H ICCVAM ZEHH Y& /S Jlgtez
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= o 2 20IgLICt Ol
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H1.NAMs 2| 5, 834 =0 X 2E AIZE0 2 J|E 0= & =X SH2 O

=N EN28

SHAEE BS L 7H =2l(Validation
and Regulatory Acceptance of
Toxicological Test Methods)

(2 BEDAN &8 AlE D= HXIE)
A-HE AlEE L X AlE- 2 XY
2 H=0 28 ICCVAM

Jt0l E2+2I(ICCVAM Guidelines for the ICCVAM, 2003
Nomination and Submission of New,

Revised, and Alternative Test Methods)

Alg L HIH0| 28t OECD Al2l2 S

34: Rolld HIIE st &l E= WS

AE-He d3 % I HE Sl &8t

XI& A (OECD Series on Testing and

Assessment No. 34: Guidance OECD, 2005
Document on the Validation and
International Acceptance of New or
Updated Test Methods for Hazard
Assessment)

CPSC == A8 EH0f &8t AE
EIHRecommended Procedures
Regarding the CPSC’s Policy on Animal
Testing)

ICCVAM, 1997

CPSC, 2012


https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://ntp.niehs.nih.gov/iccvam/suppdocs/subguidelines/sd_subg034508.pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://one.oecd.org/document/ENV/JM/MONO(2005)14/en/pdf
https://www.cpsc.gov/Business--Manufacturing/Testing-Certification/Recommended-Procedures-Regarding-the-CPSCs-Policy-on-Animal-Testing
https://www.cpsc.gov/Business--Manufacturing/Testing-Certification/Recommended-Procedures-Regarding-the-CPSCs-Policy-on-Animal-Testing
https://www.cpsc.gov/Business--Manufacturing/Testing-Certification/Recommended-Procedures-Regarding-the-CPSCs-Policy-on-Animal-Testing
https://www.cpsc.gov/Business--Manufacturing/Testing-Certification/Recommended-Procedures-Regarding-the-CPSCs-Policy-on-Animal-Testing
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FDA 0I& S48 2 S M(FDA Predictive
Toxicology Roadmap)

Ol J|J| N &9 HAL &0l At
Z0H &7 gL & AlFo|ok=

A XE 8t XI& (Qualification of
Medical Device Development Tools:
Guidance for Industry, Tool Developers,
and Food and Drug Administration
Staff)

TSCA Z2 )& WOIM CHAl AIE &2
e 2 2 E SXGH)| /st EPA MEf
J| &/ (EPA Strategic Plan to Promote the
Development and Implementation of
Alternative Test Methods Within the
TSCA Program)

0= W atst NS L oS ot H
et EH SSUHIMAISEY SHE =S 2
ICCVAM & ef= 2 g4 (|CCVAM
Strategic Roadmap for Establishing New
Approaches to Evaluate the Safety of
Chemicals and Medical Products in the
United States)

M2 AIEE 2|0l CHst

X & A (GIVIMP)

A 20X AIEY JHEXHE XI&: FHSA
gt T Al A2 XIXI6HI| ¢ 8t
CHAAIEY &£ SSEASEE2EH N st
SOz MAE HOIEO et CPSC

2 A X+ = JHGuidance for Industry and
Test Method Developers: CPSC Staff
Evaluation of Alternative Test Methods
and Integrated Testing Approaches and
Data Generated from Such Methods to
Support FHSA Labeling Requirements)

o
1]

FDA, 2017a

FDA, 2017b

EPA, 2018

ICCVAM, 2018

OECD, 2018

CPSC, 2020


https://www.fda.gov/science-research/about-science-research-fda/fdas-predictive-toxicology-roadmap
https://www.fda.gov/science-research/about-science-research-fda/fdas-predictive-toxicology-roadmap
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Z 0 et HEet == 2| Aok Sg2e J|&2 el S8HE BIoior e =%
USLICH LEHHCZ NAMs Ol 2= =tst=& a0 ol MSotHL =822
HEY 5l StAHI EELICH £8, NAMs = ofl & NAMs Jt LHEHE = Q= M =SHA
4o S84d0l oM Mets Ha == UsUl. d5, 38 Iisd L =58 5 E
HRAAZ UE 2 0142 NAMs E 2=l E2EDALE 20t8 210 0= sH8S
SAAIZ = USLICHOECD, 2017). 0Ol A &8 NAMs £ AOP &t2| s A
HEHEHE2ZM AE 22 ool et SE2 = f=ot)|t S=8 JI8E He =
SHSCZM E4E = USLICH AOP &2 HAHA N NAMs E HESHH M 2&

Botat== o Z5t7] f8t DA 2 Ol AlJF ‘OECD 2t0| =2t2l No. 497: Il 2 2 &4 0ff CH st
& 2| =l & 2 8 (Guideline No. 497: Defined approaches on skin sensitisation)’(OECD, 2021a)’ 0l
L2 ASLICH
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U E2 H40 MAIE B2 20l 242 s=dote ARH I =8 SE L H=5H
g2td B OI2DI0HK 28 Ret EA =82 XE = UAsUt &1 oteg=2 &
I =Hle gt As =AU UE SHles HE0HK 2= = UASLILLUHE =01,
Odet &) oteg=2 S ASEBUANE SEUHETZ2Z N 20| HEE == AKX 2O
dAE=E AEE), Alg HE NN 2Ee Sds otk Z= = USUICHO:
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r

=R0lN 2d BUE HS Lol & HAE E H(historical bias)0l EHoll ED|
(] (]

H=o[Es0 20 2= 2H0| & M4 (true positive)2! 42 Ot S QIAGHH M E],
SH EES0 Uiol 842 dlZlg = U= &1 steE22 Ag0l= 20l O Hed=S =
JUSLICH 224 200 =82 %F UOIH &8 ¥ H2|l - (data curation efforts)Ol
St=No2 YHE = UAEE B3 HECNHOF ofH, Cret ZH0 ol Hlwd =2
SEHN stetE2 s AMEole =82 0l 2HE diZdte O &380] &= 88 E2E
Mg = AsU

£=COUE Hotlte 238N0 Hi ofgfs S22 Eaole A2 0d=s = U2H,
fetA, Zl etet=s d8g2 lleoig CoOul et S8 AME 7S UiolOF & LICH
20 et ofLtel BHECI(AIE 22, battery) LH 21 NAMs OlA EItE= JI&(ES
L _

S
ote=0| otehofl et =8 Botet== ?let 1 steg=2 of? &= d2ot=e
O HEE == USULCLUHE =0, 248 E S50l et ZE ) stet== Hgst=E22
HE IO, tHA! BHEICI HOIA BItEl= 2 HE0l: 4 L= MBS & &)0 CHol
Ue=et NSEHE d=st8 dited=ssS ?let 810 stg=01 288 LI [HetA, ottte
d=2sI8 Hote=s 78 1 =g =01 0E AMEEUM=E 240Xt TE JIN L=
HE=Ellote £ UE A8l S8 = JAsLit

-
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rr
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1%
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-
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|
ADNGHA BIte &= U ot RS LICHIudson et al., 2019; Thomas et al., 2019). NAMs & 2 A
ZIE Rt MESIH Bolgt== /e &1 stetE =52 0lAl= 2021 & 0/= FDA Jt
st ‘= M2 2E 7 Ml A 3t & 3] (International Council for Harmonization of Technical
Requirements for Pharmaceuticals for Human Use, [CH) 2| S5(R3) @12t 2| 2+ Z 0fl CHeF A4 Al &
SM=S HS0 CHet &P & K& (Detection of Reproductive and Developmental Toxicity for
Human Pharmaceuticals Guidance for Industry)(FDA, 2021b)’ 0l A 2018t &~ JASLICE Ol
SE=24d Y S48 Z2UE LHEtH=E o220l ZEZH ASLICL HY N UHM=
Oledst Stef2 &0t OtLlet CtE Stet2 £t SEJ cou Ofl &= UMAIEE £= &2
& |

ANggel dade I&dote U AAEE == JACHD BAlotd JASLICH

10

323 J|IZEsSAEg8EY Hlw

NAMs O Oiet st S A2lE F=otd Al s &) fst J=0es 28X e=z
NAMs Jb JI &2 #H 2AF 280 AAEE = AIZE & J122 7 ZdS A3 WHolA
HEshitHluWolH sSotHUH U2 =8d, Isf8 S8 /e d280l et 322
Mg &= UA=X0l CHoH Delote HE Z&EWM StSLICHE WE =0, OECD GD 34 0l A

MZ2 ANlg8S 88ot)| flet = Sotlte Uist €2 10| USLILH ol g AIZ -0l
gL BIH=Z2H0 AN JIE AIZHE MESHH 22 HIOIH 2 =28 SSotH REE,
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HiE&otH= O #E& OO0IHE M&oH0r &l Ol= oM HZ0ILt 220l CHoH
sSotALH U2 +=F2 ESE HE & 5= ALP(0OECD, 2005). 0l =2 HEE SH4 =2
22| 2 (Toxic Substances Control Act )(Hl 4 ZE(h)(1)(B))Ml= NAMs O CHst HMF Q!
DAAMEO ZEEH U2H EPA = ‘USHOZ EIEE AEY & M= ALE0LE,
HEZZS2Y AES SO0IAHL HHMGHEMSE, #HM Z2E S F2HESE = U= sSotAHL
L2 &S 2 & A42480 s 22 HSolor stChE ot S A2
O| 23ttt JASLICHILS5 USC §2601, 2016).

CINFOZ SSHIHL O L2 0lgts N2 HEXQ SSAIE H0IE 2o RF X ol
Hlwol &/&Eof tsLICH dHU ‘O L2 E2E MIette =228 240t)| flaiA=,
NAMs Jt 8SHQ S=AISHOA M= H) =2et EE2E NS0tk ZE = YD
NAMs 2 2t BSHQ S=SAle 2 HEAHOZ LXoth H= &= Ult= &=
o1 & ol OF & LI CH(Oll Al = Clippinger et al., 2021; Hoffmann et al., 2018, 2008; ICCVAM, 2018;
Kolle et al., 2017; Petersen et al., 2022b; Piersma et al., 2018; Prior et al., 2019; Sewell et al., 2017
HX). 220 O, NAMs = Al 2IAtZ2 8 _EHIAOH MolstMEstoz AHAE T,
IHN E2 L= =25 0I5 WSS Y28 25 OIO|:|:| MEXO S2A|&8 89

o = o2 T L — S M

CIOIEI 2te] BlwIt BtEAl ER06IK 22 4 USLICH WS , Y2 eIl L=
SHsN HA&2 212H0| Oty S(nonhuman species)0fl = & i oml 22 +UACBZ, A&
OHOH=Z8F ZHTHH @l Eiﬂol des Zllole O sSAE2 4240 8l =
boOlH8 B2, 21Xl JIBF NAMs Jf MBSfHoz 2d U= FEE N3Ee =
t. O LIOHJH NAMs = % ANEEUNM sS85 = HIotE=s0 et U0l E20=
B E MNIBots 2SIt ESULHH: sS0lM 2EE MS 2= SH9
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| etMde, s=220I coull e S&et =X Bolet=
AMs = 1 BItet=22 S0l URAN & =& JSLICH Ol
OloiElAl 22 E=0ls 85482 s= Algg el gluot Jrd
LICE NAMs &2l 3 =280 =82 J|& AME80 2HotH =
Argt #Hl 282 0120 U= 822 NAMs Jt Mlsetlie 2= 2
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MEst A2, NAMs 2 J|EL Ads2 AMEY 22 HlueE Jl&E s2 FDAIEgg2
M0 MEEZ2 Defoior otH, JtsotthH JHX /\Iat'* SFHAN 2EEH=
HESHEIHe |22 Ololole AT ZS T OF &LICH AIE Jts8t 22, AI& a2
D UOIEHE AtEotH ol & NAMs It 1 M =S 0ll 2t = BHS(species-relevant respons) =
20l & THElot=Al Eotg &= ASLICH 2FeF XL AlZ2H Z1kin vivo time-course)
HIOIEHE AIEE = U= B2, 0IM A2 Al Al (microphysiological systems)lt &2
NAMs € EE00 SESEs= AMEA0IAE == UL, 11 2 OIAMESTAIAE S
A QY (computatlonal extrapolation)= s= £= 2 OHOIH2 HIWE = JUSLILCH
Me|std gt kS SEHSHPBPK) 222 1) EHHCZRH HRE s =6
Ol AME2 W(@invivo) 2d =2 HlWE &= AN oHs5LICH 8t 0lelg 22 &

W@WHH
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22 =& S2Y(reverse dosimetry approach)ll & HEE = UM, AlE& UWHOHA
MILHZ 2 HEHIVIVE)E =33dt1], NAMs UlA MEstA 40| 2&85H= 88 £ =
HE XA | sEE &g = U= =St FHES WESE = USLICL AIEUHAO]
oIt Z, NEXQ AN AN = AN S0 SHIF NAMs Off CHSH utstA
MZE A0 UM SE =S M3Bote O REE = UASUICH Jdefut Ol 8 oM &0
HOIHE HRE2 gotatsut star22 0 ol E2H 018 JtsotH, Hlue S8 UE
MEZ2| HOIEHE MESIH 0IR0{MOF ELICH S2 H7UA 22 UOoIH=E Hel &
BT S Jtsot %*Z"(DJD_)@H:H AL =2 Z2UE P A B HEES
S52 UE = USLILH 22 WM eE, MEBSH S =02 22 A4S EHQ
AN CC

N E=MEsE )M B0 HEMSSHMN SAHE HOIEH2AL HIWNE
X &ot= O 228 = USLICHFarmahin et al., 2013; LaLone et al., 2016).

el SE20 M Chest Eotst sl EH@ =
UOH, Ol AMEUA E&== 2= et ==l Med=S 2000 ENRSLICH
(Browne et al., 2018; Dumont et al., 2016, Karmaus et al., 2022; Kleinstreuer et al., 2018;

Luechtefeld et al., 2016; Pham et al., 2020; Rooney et al., 2021). € S, 2 & = t‘*%“%
e st AH':OUH OQ,E_T)_ EE A B X0| E= Al EZ | E2 59 &

T

[y

o

jlla J_é, |3—|tHO| D:I }E AvE| |.3|-
AL

ol

LT = == T'_‘E iP S = o= T
UsLICH & S A0 NAMs OOl 2te] &gt Bit= Jisst & B & O OF ot ,
AE A2 oH i”—“. rE0 2 E B OX2E ZE6HO0E °*L|EP Ol=&d&=s= 002
AN OIS AN &2 Its482 H36H)| fol 2ot0, et &0 AIEg
Bl &= NAMs 2| %0 85 % & (maximum performance capacity)l CHSt H&E St J|HE
S Hol= ol 28U CHBrowne et al., 2019).
NAMs € JI& S=2AI81 Hluole A0 JiXle 0l Jtsst HI0IeHe &2
JIEC2 NAT OO0 otH, NAMs o MEZsA 2 J|HA éiﬂ“\"o ANESTHAO SEA
HECONOLELICH SHANMOZ 2 B NAMs Ofl CHSH A2 E otAXt dl= At EE2
S22 HA2 GAIE AZEL JIE AISEENS HlW L7 AIES 593_ SH = otLZ2
NAGHOF SHLICH 2 B8 & A 27 AtS otolA, NAMs A &8 2= JIE
AMNEEEU BESH0l EHMAAM= 2 ELICH OI&4E2Z 0] Alg8 2 O U= Jtsotd,
IOIEI D £F6t L gle 22 S22 ol 2CF A6t 20 23H HI0IEE
M = JUUOFGHH, Ml 12 2L OloH 2t H K HASRLIEI 2H0ll Al 2l E 5 == USLICH

Ol #=0ll CHet 02l E olEot= S& COU It U= == ASLICH JelLh Ol et NAMs £
HAgt YY L2 s0lot)| flolAd= 2e I L= A J122 S01H2 7 Atet =0l
dAJASLICL OlAdet Hlw e BP= 0l Jtsg UIoIee &t 2, el I NAMs € & 1)
NS 250 et Al el of2d0ll Thiet Olof 2l 2010 el &ctE &= ASLICH
NAMs &0l &1 sSAEYES JIE22 EIIE M, NAMs Ol S8 Jtsst Hs &9
HA= AU CIOIEHOA 22= Bisdi dlw, el 2JE= COU E JI=E2 2 ot
cdoll OF & LICH

g 0

17



NAMs & 25, J§F& 20/ L 7K =2/ 2024 53 &

r

33 Jl=d sS4 n%

NAMs 2| Z#HAst MES 28 WL AN, J=H S B2 Ha AU 0l
NAMs OIAS Hasd A0 et Eot 2 U= X == Egol== ot
NS A, S ASEE AMEE = U= AMESE A BRA(F, HE ER) &t 12l
HES SHAEUOIEH =24 82HS l&ots 2= ZEELICLNAMs 2| St M Bt d =S
gSote Ay ™o EHZ2, Y AIEE0l JI=d 2EHUHAM S=20 SH3stD0 UA
Z2d(@)otl d2lg = A2H Ml JtseEsS E&ots A LICH NAMs 2 AIgH
A gotet=e =8 &Y XS 25 ZZSLIL Jl=8 S4 #d80lc d4=8
A2HdN 2, N AGE FRINESH SXAN=SHE JCH, 0l THe S HO [et
&1 stgt== d8ote O &= SLIKE 4). d=8 Bt =0l ol 4=stH
24 It &1 st eSS HE2Z NAMs 2 452 Eltote HE2 010
HAIERALE22(H= 3.2.2), 0l =0l = S & T~ (Ishikawa, 1985), Al & L, = A st
XEEHZ2)/=8 FHUH sE= = AL

331 dE8E &2 19 S

HBIEOZ NAMs 2| D=8 Sd #E2 1) NAMs 2| WA A 2b-0ll CHEF =01 &l A 2)
Hg 8IL3)ag88 W EIL4)SHUOIEH EA L 21,5284 22 E2)2
22 =2 HIE Zecte Ty Y0 HEELICHAY 2).' 2~5 SHHNKIC Zit=
A4S HZD0 JACH, 2 HHS 2= UE B= SH =S 0128 = ASULCHLHE
S0, &84 2 ) ZUE Sofl IR 284 W AMeEES =doliof ot HU M=22
Lz =S Leot== Mg ES =8oll0F etth= A2 0] E2E =5 JUSLICH

[ Scientifically relevant NAMs ]

l

[ Conceptual evaluation of sources of technical variability in the assay ]4 ---------------- A

[ Within laboratory evaluation of assay performance ]‘ ............... »

[ Statistical data analysis ]4 --------------- >.
: :

[ Determination of method transferability (if needed) ] ----------------- >
v

[ High quality, robust method ]

01218t 2 S0lls 284 28I 2R0tA ZHL A SItse Sy Ald 2, W22 2R 3etE
DMelg Adeld 248 ZIIA sts JI18e Al R nsilico) E28 1 22 SHS0| UAS +

USLICH
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2. 2248 NAMs S o) e T RATF. A2 HetE =AM 2 =30l OF ot =
CHHIE LIEtdLICH HEd e 2ERet 3R 0l E*ﬁlgmbj"OIEXHlé?} FJ| S0l & edgt
o= U= LS LIEFHLIC Petersen et al.(2022b)2] 51 JtE 2H0F 2 A4S0 HI M S 3 S LI CH.

11

I 8AF EHAHNE AISES d=sS 24, & Cou & S=8 =
2ol =€ otsdl g ot 28& IEP. NAMs 0| EH&tet COU & X
220l FHoAU, EMELZ HZ0 od2 Sist Ji=d 2 Mt Y=
F20= Y NAMs = Ml SHC 2 Mokl &S == JUSLICL HE Bt HAUMAM=
NAMs 2 (et Hsde Jels Eototld, A é”o A6t ?lolil ZBEELICH
254 W BIME, &8s 2ot AIEE = dJtotl), a2 =S
LA H2(M: 34, ‘Z“éﬂl 2 2 = S AlE 21
II-EOl OI‘—I' %l-O | SF _J'\_ OI%Ll [:l, jHlEI hvE |

02
\J
o¢O

_'_

2Ho &S A olgt = U S HOL L AYA L EHIHA EES ZEiE%
Sofl =4 2N BHS EIictl, Hsde E4S #8060, 24 L= 34 20l L&
oHE JIE0 0l ZHHO CHet SHE A& E 4806t /s SH 2LE A ot= dl
2E8E &= UsLICH

OIXISCOZ, U2 NAMs 2| 22 AEA 2L AEE2 S8t dIlsd HILE =3ot= 20|
g =% USLICH &84 2t AMNE2 SiiAds 28400 O2EA didE s
AEYHO EILL NAMs 2 Ji=& SES MHot)| flol =8 = U= AMES
SOz 20IE 4~ JASLICH 6t MIisd Blle AMEEYo Il P8 =
=HEAIOI A XHOI(H: & A EAlAE == MOIHE S AtEot] UE AgallM=
A=SsH AIAE ALE)E Clolf ZHHot= 2SS Ao, st 2HE Clol HE 0]
LSt EE=2 MY £+ ASLIT

NAMs & D=8 E4 A#Z0 &30 & = U= Z I & & E 50 LHEEA
USLICEH Ol =HMI0fl CHSt 2 Ct AHAISH L & 2 Petersen et al.(2022b) 0l A 221 & =~ AU S LICH
Olefst :?g Soff ME= 2 5 2= AME™ WX WE Z0oF US 4= JA2M,
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CHRIE, 25, R2TOL, AR AS, 78 S0 Fe MAL SN0 AL, NAMs I
e J|= U 2HT ZEI0 UASLCL HE AT ZRHAS 015D AN
BN MBE 2 ATE, NAMs O] MA5H= HOIEIS SHAlohs LD 2R 618 JIES
o4 551 f) & ol OF &LICH
36 SUNAE
NAMs O COU, M2t X MRS U J|aX SHS UL A 32 L HO0IE s SR
3 THRAR0| OHAES AOIIT S0 Soh BetmoR AES & ALICH
DL TR AE £F2 24 AU A L HH0 02t LA > ASLICH
NAMs BOl= 02101 X M2 CHE XS Sofl 23 2 A2, 0|0l= AlZ gl M5
SHZS 2MB5I0 A0l 2 TE S8 20M0 HE5iD MRS 4 A=K S Boshs
Xol0l TEELICHL AEEl AZH0ls WEA, B=s ¥ 2A40| Zaes 22t
SIXIBF 010 2BEIXI= &SLICH J2iU 0l 2M0 ULEX 2e =t 820 948
ANEHO AEH LS 4 USLICLNAMs O B L M IISH AT, 248 &R,
X U B 2Pl JIF HME2 SN AEWUF0| SSH0ID SUN0ES
SN0 HOE A MRS 2015 & USLICH AB A2 NAMs 20| AHSE
DS 29 L SXB2AGE O oS B0 HUl L ATEYN N, 23
OIMA F4 OIZA)Q CIZ0| M2, ME 2 A0 08t Z2AM 24 S 20l
NAMs BOIQ BBiE DS H2S S0 LT GLP 42 SEZ 1= 9179 I
=

AEE 2F ZHI0l CHEt 1Q0Q/PQ ENAME HES 2 U=t & == USLICH GLP
Bl & S(mon-GLP) A2 2 EH|Jt 2ot HE Aotk 20z== HEset 24X &
ANE 2d 2ME 226l 0F & LICH

h

NAMs 2 AR DI =XN2 L A4 BE= =8 X M3A /= AMII2 AL ZEZ A At
ZEE = UAETE 2 JrsoHOF ELICHE NAMs Off Ois @O & SgXel 828 It=
NICEATM, S 8des=UHMAIE S Z SHH (European Union Reference Laboratory for
Alternatives to Animal Testing, EURL ECVAM) & ~] itst AE2 22, d=2UHMAIEEHES
HIE (Japanese Center for the Validation of Alternative Methods, JacVAM) 2t 22 &S J| 20
oo Z&E = USLICH NAMs 2 SEEH2Z H2EE £ Y= JIEt JI& = =X
JI72= 012 a2 ASH-AaM-24AMEe st XHE2IHE (U.S. Federal Insecticide,
Fungicide, and Rodenticide Act Scientific Advisory Panel), S& ASHEH
1+ 82| & 3l (European Food Safety Authority Scientific Committee) 2 OECD S0| U & LICH.
T SOl OHE RO GHE Al R SSX0I HEE /ol A2 XS & = UL, BES
22IE MY FTE = QUSLILHL MSHIIE Hal S22 WSt HRLIEIN AIEY
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= el FES 8Re cou, AAH ZalZRA, deld BIF a0l Hl= AMEe
NS0l Tt €t = AsUITH HEXIE = ’S*.OJ ZEE Fol MEols E20=
ol & NAMs 2| CHE NAM, M S Skt = EE_ X CIOIE 2t HIWE A-=X2 K F
L § = &84 2t 8otel 2 JIS0| 2 gL Olddet St
NAMs 2| 84 2t dDisdill M2z =501 2 += AsLICH

40 0l= ALJ|2&2 NAMs S92
41 AR QP AE L AHZE etoll OfEt Ol h

A 20O =4 HIOIEHE &, g8 E AMEE = U= Het0l M2 TELICH 0]
g2y, 78 2 HS g0 et GSELULL s NAsM 2 22 8E £= 7A4H
”“aFOHA‘I‘_ ot HEg = AN UE HElM=s =30tk &= = USLICHL
(et M NAMs 2 JHEXF2F AFEAt= NAMs O] 22 Wet=s DoioF 2 LICH It SE U=
Herto 2= DA, IATA £ = &= Al & 8 (standalone method)O| Z& &L Ol =8t& Xl=
H2&LICH

NAMs O #Hl =& L= JIEt SHN Hetetkle A M0t ot= 22 4, /& & A2
SH0 e NAMs 2] &M, T2l NS, R84 Y/E= gy HHsS F2EGH=
s Al M= IPEJPNAMS 100 e &K 2 ESt=A0 Tet €28t =2
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USLICE O0lef8 NAMs = el &Y Stef20 o =20 AN oHNet 2=
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USLICHEHAE AE). TUE B=R0U= ﬁﬂljlﬁoﬂkl stet= 0l ol 2CH HEXHQI
Z2E3ERgd ”47 He L0k GtHH, Ol E Z2E S Uel= Ol A E &= NAM 2 AE20
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NAMs 2| S X2 HEoH 8EE0O0F otH: Solld AE, R4 HIHL ZEA 9
GUtE Flet 228 S)NAMs = oild SRS J|2H22 IO O0F &LICH MZ )
NAMs £ &2 COU 0l =0t HEot= 240l REELICE delt ==0 HE8e R
CIOIHE ALE0t0H COU E FIHE &= USLILLSIUS COU = LEHR O Z EF H M 2+

=1 OF &LICL NAMs HAH &0ls ?let =J| Alc= CcoU Jt &= E <0

0= =

T e gor
0 ox

e 84382 = UAsLICHL HE88 32 FIHUOIEHE Soll COU E &< = JASLICH
A 7 AP 2 J120t0 G222 3 NAMs 0l tist cou & O E == J&U L & X
HAH 20ls =SHotII0 YA, Metel NAMs Off et &S cou € d&8o6t= 20|

HAEEH COU O CHE BHEH2 LBIHOZ NAM s HE XSt ol E COU o 2H&E A XD
2H0ll =2l & OF & LICE 31 & Jtsst C

FCOU Jt 2l EDIMHA (e 812l cou 2= £ 0
tsdilt Mt Mgl =0tz 280l Wel,
USLILCH

O
g
=2
n
Q
o
c
¥
&
0
it
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T EEZ2 NAMs 2| B2 ol AIE -0 thet #H J1& € A1 e &4 E =02
S AZE 222 gLIL 88 & A3d =22 0laet A2E XNEHotXgt 0l 2
Jgtez o F8sS E8olJle SEothl @5 = USLILL NAMs Jt di @ote =50
UN Eel =2BL)| RodiMd=s L8HECZ B NAMs 0l CHeH st AEE 2= 20|
ZgULC HE, S84, AlIZe JtEd, NAMs 2 =& & ofi&0 &= 21=50|
Zeollte 8 SENAMs O et 28 & Had =l UO0IEIH ALE Jisgt ZR0 %
NAM s &S Hete = A= E A UG LICH

& E28EE)S 226t)1LE UHlotd= NAMs 2 ds2 2R =2 ofld JIE
B2 HiwoloF LICH afgsr 0l 42 JI&E 282 Mt =2 ERIt
ESUCH Olelgt JIE E28e sAH2 852 HIIA @EUAE =& AU, JIE
B2 =X 458 ASU HENH s=£E0| It DR Red2Z ol oiE
280l et &8st A2t ddE= 2 EsUt ZUE B8z oHE0 et
Z28= WE M, Al 2= NAMs O] D& E28 ) sSot)L O fFotlie X € =
AOCOFELICL. COU Ol et olEE &= U= AL A==2 UE = U2H, HE =01,
SH=? 88 € AF2dE HAE Rold Sd #98 & fold BIIZ LIOHZ 0l THet

COU Gl tHet O ==2 A=t 2R LICH

NAMs O tHet &l2lE =0l= 8 JHAl SE2 AFZEXIE oHE NAMs It CHAIoFHLE

Letotde JIE 282 Uolee &M NAMs 2 HIOIEHE MZot= XA LICH &Y

LHOIA & &FH 2H0l NAMs Off CHet 822 AMEHCz SR7ote A2 A0l tHet
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KILEOI NAMs JF QHR A DI Z=0fl CHal EFRISHR 2B A J1Z BOF A0l Ol € =ere
4 UST I L AAUAN ZH 2 AT

flet F2HAS X3HAIZI0 NAMs 2l &8 & 0 =X
NICEATM 2 0|= W & & MAHESZ SALS L E8E &
gfLICh

Ol= g2 2tel, Jeld 20 HEH e =M #H =02 A== Sol NAMs 338

5.1 Ol= W X£3t: ICCVAM % NICEATM 2| &€&

ICCVAM QIJHH(ICCVAM Authorization Act)0l= ICCVAM 2| =Z0| Csdt &0l
MIAIEI O A =LICH42 U.S.C 2851-3, 2000; NIEHS, 2023d).

e =2 HYI2ANEY ZE SsEH L SUE SAEHH
o ZZRUH ST YEFE MAHCILOl= AL HH I 2t B S SFot== ettt
o Ol=E2t3o, AR08, 3MHA(SH L) &
dsriEds(Ud=sd MC’*%P Of 2tet tst NHE2f& )it 22 ¢
+=th= Soll 0I= 0 &I CH
o =Y HR AR Ut MZ XA 2E= £ Hotetlh
o Ol B2 B3R ICATM IIEH 2, 1l stallilA =2 st =e
2o AdssS HElge=zN €d=Th
o A HIHEE AEHE OI Ol= G J[&2 A MEE EFot=S BSHUA=X
2toletlh.
o SIS WSkt L M 222 o= HE XL 5= Soll,
MEE= AEE OI A 27 M S SEot=AXl &0lot=E &+

o JisetER AIE

2

I S AHEE Z011L, JHEBHH L, CHXISHCE

ICCVAM 2 SSAEYHO 24, M L= HAHE HHdte HMAIES i, 7 H S0l
F=RA4 BILAESSAGte 22t I =S SXELICLICCVAM 2 A EHY
HE XU XI&S MBotd, M =4 AEE80 e & ;% H(peer review)2| #&
A& S EOteH, %E% ANEY ALZ0 CHet HE At S olY A2 D120 H3&LICH
SS AN S UL T=HE0 =Rt SH HPES HHE U AN, ICCVAM 2
NICEATM 0f| A J—FE‘,|6PE A Dz AR D52 Sdll O JIs=S s=#ELICH M8 FOl
Adl S StUHZ2 = S22 Adllds %’—I?J MIel ozt 2AaH OIMZE ZAES
J|Bte = EPA 01|/\-| NS NAMs Off CHE A &4 2 At 23 A R F I 2HSH
ICCVAM 2| X & 0| A SLICHDeisenroth et al., 2020).
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Dt 8FH 2 A (National Institute of Environmental Health Sciences, NIEHS) & H
H AF22 =0l NICEATM 2 ICCVAM Ol CHEH, 12| D ICCVAM AR 11& &5,
FIHE, R3S 2 23 0l et D=8, ust™ 2 2 XS

o

H 5tx o
.ICCVAM 2 K| &ot= A 2 0& NICEATM 2 210t &2 €= &L

[ )

=
oa
[[[I
HI
X
Pl
0%l
M
1]
1>
OolI
ol
kJ
>
ull
Pl
10
x
H>
40
M
HH
Mo
2
é
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1S
2
2
o

]
>

. NICEATM °J' AFO| E, Integrated Chemical Environment, 24! X0l CH&t I A& S
Soll A& OHE XL, ?HI |2t AH &Y 20k 82 E MS3ELICH

e NIEHS S S4& A2 &5, S5/ 0= 22 - 221 M0 =4
A& (Toxicology in the 21st Century, Tox21) ZAAIG 0 J|05t= S8
Xl & &kLIC

4
oh

ICCVAM OIM HISoteE Jl&2 28 A28 Z &0 NICEATM 0IM HSote XI&@E Mete
N0 2 HHCE SZEEE B M 2+ M 0'01 NAMs E&Sot) HALES
E0IoH)| ?I8t 0l= A J|2e =3 E X &ot= Ol =301 ELIT

52 0Ol= W £38:3Rs 2 S A&t FIOIHQ AL =

Ol= H&I|22 ICCVAM 0 #0ot==d 20 Chefst HAo2 NAMs 0ff CHol
2L 0= SOl, Tox21(Tox21, n.d.) S EPA, NIEHS S} S48 24, 28 24
L =& SOHH 7 L& HlE (National Center for Advancing Translational Sciences, NCATS) 2
FDA 2t2| HA2E s LICH Tox21 2 =H= S8 S&=0] oIN M2 WIS
grofot ) A0 fFEHQ Fets U/1& = U=kl HFRE 82 = Algot)| ol O
e S838Itg2S Hgote JAALICH Tox21 2 EPA 2 UWEH W22 A3cd
HNEEZ AEDHE U2 SR 2HAH=E L EHZUE
PA = Al =& A|°401|A‘| % ANES 2 =

k

- 0

J4§:13”(EPA 2023)EP 20|
gteaMSLICH £8F NICEAT
CHAIBH)| I8t ey (A= 212 5

),

£ =24 S4H(EPA, 2020

o <

2!

A
mg+9ummaEA+ 5o Xpro= g Zoro) ol
=952 &4 01X SE0 28X 022l BEHAllen et al., 2021), 3)
as[magﬂwag%gAﬁeguumwwgai%gwmﬂEmd

o
01

=T ESE @8E = U= 22 THEH(Ceger et al., 2023)10t 2edst S2 AIES
st N
=
st

Yo
0y 7o
=l
_|

W
O
0 O

A 240 _H._EE' LICt. FDA = EC‘P_FNCATS =]
io N IOHEOI DIMMEISHE AIAE D=2 2dsS SA6HD SHA

Soll SEAE= 31“5 g g Az oz Wolzs2 sHEez IS
= = LICH IAIZ2= ICATM, 01 =2 UN 8 20t 22 & 3] 2t 2
stet=E EFHA Efﬂl_’EiH\lﬁ‘%(Globally Harmonized System for Classification and

34



NAMs ) 25, ZFE =0/ 2 74 =2/ 2024 53 &

Labelling of Chemicals, GHS)0ll 28t &, NAMs AtE2 &Y06t= A& HES st
ICH 22| g%, OECD Aldxlx'uiﬂa” ot Soild ot A2 Y AFRK(Test Guidelines
o S0l U

P
Programme and Working Party on Hazard Assessment)(f| CH St &

ICATM 2 [0]=(ICCVAM), O'E(JacVAM) S BHEURL ECVAM) 2 FHLICHOHLIC

A WS EH et A ?:‘)OI 23S A& Ao MEHMZ 48 EAUSLICHLTE
’SO# LHOZ= S sSUHXAIEEHSA 1(K0CVAM) SEHMAEEES
HE(BraCVAM), == /A!%EI oD L A=Y SH E Y HEIt ASLICEH O AEL
& =t sE= G &&LIC

o [HM AIESE/EEO0I ES S0 ES
Ao, sgX0 X*%%DF 2 IQPH ;”’é A e S S8 SF0AM =X

—

gas AseLt

e M EEZ MMEE FHUMAISE/ME0l 22t s= & &30l CHol
SSotAL EdE 25 DI XﬂooPE§ S&ol= sAN ASHCZ IIsE
JR20tU 2 es= ME2 UM, 22 L= HE(SE € 1S Z)ot== of=
O E2Rs =M 8= =& LILL

UN LHOIIA GHS &9 & 2l= Cheket Rolle
02 2&54d)0lA NAMs 2 AtES

4
Y
ro
o

1 A

i
0x

H(chapters)S H&ote &dFRIASsS AdotRSLILHL O|E1§F L3
NAMs € Z8AIII= O QN d1UE T=otU2H, DAs € Fold &HHE 28 oIS

tsgt U*U*OE d&ot=dl JldotAsLICH Ol2ist = A =52 NAMs 2| 28 &0t
OtLIct oflE =00l ol S=8t XA0l 8l =AM X0l &= XAS MBot=s

SHUHAMNE S2ELICHL

NAMs &0 Cist E2LA S LoAI= X2 S QA2 ICH &2#5= SsoiME &01e
= UASLICH ICH I Jigst O A&E= & MAH O A =20 &g EHO0| =2
tset H2gAoz 2HEE= MAIEE8E2 AFE0l BAIZ AUSLICEH 0ldst
HA2LAS2 ICH EX e d=0F AR08 2/et WItE A, E&Es &Aoo Z
AN&EN BFHEAUSLICH UHAIZ= %*E“ HOLE <st ststA 9 (in chemico) &
MR (in vitro) Bt o] B2 0| L 8HE LICHICH, 2013). L8, A Al U 2HM = A (f] 28 ICH
A& HHAIEEgES 28 88 20 F o oY AlIE"o Hgd EIF 280l CHet
DA, el Msstd EFilgts J|E 2D g 25 S0 ZELZ o
QL& LICHEFDA, 2021b).

OECD = 7 Ml AEXE L XNEME ZSHAIZID] A8 FHE S22 (L= SHSB)

Asts Sl X2 0l= NAMs 2l 23 2 &0 0= &306td UL ICCVAM 2 OECD
A2 g8 AME XA Z 2 ) (Health Effects Test Guidelines Programme)0fl CHSt 0] =2
Y= Tt 010l JI0icte O =Rst 9g= &LICH 0 9= =™dotHA, 0=

35



NAMs °| 25, §Z48 20/ & 7H 52/ 2024 E3 2

= Jt & & Xh(National Coordinator)= =IJtXZ&E X} AR 1E(Working Group of National
Coordinators)2| Hcil3l2] L J|EF AIEII0IEHR Y &S0 M 0I=2S (HESLICH oY
AU U, Ol= 2N A= 3Rs 2 2= EHE ELES= OECD TG &0l CHol
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N0 CHSE st d X222 HSELICH OECD AI&JH0I &2kl 2 38 JH OECD 3@ =2
OlHZAHXZ0] Stst=&E2l otMHES EHotote O &s& 10 USLICE OECD
OIOIE & S 21 & (Mutual Acceptance of Data, MAD) £& 2 OECD Al&JI0|EetelS
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HE A 201E

DX AE: 0l E0E2 2 210AMS 0 ASS XI&ot)| #18 RYLICHL S3 012
O|0ILt = Al J| 20tCH THE = /}AsLICH

3Rs: 1 & AlE D|HO AFCZ 6| HP & ofe ot A AWM S= A=Y

& A(reduction, 5, AIE &= S22 2| 2 A3}, WHl(replacement, =, 019 & L= HIS2
ANEL ALE) £= jH’\"(reﬁnement F,EYIJIEZ 0o A2 =20l ANWOLE =%

U= SS0ILE DS F A hH0 28t A,

&G (Accuracy): Al B2 2 AEE = Jl&Eg 22 & Xl 28 &

S 42U E A2 (Adverse outcome pathway, AOP): RII XIS 20 =& AS W
MBS A Gt =M LMotE, RS UE =clicte =XHE AHHS
AANOZ HSSH A

& U (Applicability domain): A|S S AIE5I0 A
C=elgd ANEEozZ MHE ZUIL 58 Itssh 242

o3 & & T (Balanced accuracy): otL2| “H S(class)”0| CHE “HE 20 A H 0|
LIEtLtE =2 HOI UIOIE MEE d906t= O AHEE = SH K HE 0 &0 dloh o
o =

LOY HEE=00ZE E0|EL M HAOZ HAL

MESHAN A2t A (Biological relevance): 2t& S LHOHIM HH St StSS A2l Hak

il_._(Concordance) & B 200 B X &
2 AMEY /&= 2R

OE H%ol= O At=SE = AULH ¢
=80 Z JE5HH =RE=tHES 3

Olcigt BEOIA Ol 80 S “d2tet afs UMl st 2012 ALE.

H&Z Z0k(Context of use, COU): S8 Al Y, 82 &4 £ =32 200 Uist AtS
kAT 2 X 2 HEHGH| J|l=o}

= O™

AelE Ol 0lE IOl A/=Z (Curated database/list): A S6HH HE & R 22l =, &
SH0l #YED NS > U= AXSHE F29 IE

T AN
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& 8t (Fit-for-purpose): NAM(E = NAM M E)H M HSdte
AL D 2| AIS|S 24(EPA, 20214).

FOZ ZHO Los HEo 98 Y

Jor JiD
Nz 12
0z =2

o
.
Jon

A E & 22| J|=(Good Cell Culture Practice, GCCP): M | 2| (M 2 J| ) &9
P 1 HI0IES SES SAMAIID| Aol &AM AZ2HoZ

| & =!(Pamies et al., 2022).

0 Kl

&
¥ g
o JA

8 22| J|E(Good In Vitro Method Practices, GIVIMP): 2 i 2| A|&E 22|
JI &0l 28 OECD XI& A (OECD, 2018)0fl & ¥ & ZZXOl T AdKI=Z, M2
&4 HE, A S E= AL =0l Y AISH e HE A S HSE.

2

HI & AL AI & 2 2l D1 = (Good Laboratory Practices, GLP): 0| = EPA, 0| = FDA, OECD 2t
22 I 20K SES AE2Z N =0t A J12H00 CHEt OIOIEe MZE2l J|BH0| &l =
AEAMIIEN SIS 22 L SEES EXNE 898

S 0H4 Hazard): 1 L= MEIst o2 SHXNO| LI KFolist 2 018 &= U=
tss

Folld & F(Hazard classification): S& =4 OIS S(EZLE)0l Ut 2 AlgE 2
ZHEIIPUCZ oist=28 L= HS2 RofES (s H=0 2Yot= A ItHE
UOIHOZ Y SHOZ ALE
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Al (Hazard identification): RI&4 Tt ARZ AN EF
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|'_t':_|90I
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H Jl(Integrated Approach to Testing and Assessment, IATA): 3t =& 2|
He S8 A8 2/Es 8- B A2 =, W 32 =X =
tAl(OECD, 2017).
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S ALAI & & E I | & (Performance standards) DIFS RS
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™ Jb(Potency): =& 2
APt HESH

51



NAMs ) 25, ZFE =0/ 2 74 =2/ 2024 53 &

B Q& (Precision): =2 S AI20 13, 012 24 20 24 SEO| " =X
ONC HUCL EZME Y42 BEECH

Al 81 (Protocol): AlE! CIOIE MA O BIIZ Q6 LQE BE A% 227 QS J|Z
U MRS TESI A B HUB S 2,

X 2{ 4 80l (Qualification): ZSE DU C= 2AS AFRSH O[3t BF 20t RIE
N2t 2R QA ZHO AN PHECZ A U M 4 Y= AZAHS LD
QUCte HE,

Z & 22|(Quality control): M Z L= Ao ZH0| T8t 2 QX ED YST
ik(&lé}é E—” A}RCl‘— OIE=| O| QFE CC‘— A|E

& 1) 3l 8 = (Reference compounds): & 1) A|&EY L= AEUHA LA MESE)0AM2
SISOl LA ASOl Wet, MetE Aol AR e = Ot E UM ArE St
Plol SEHE StetS A& 1) Al & Y (reference test method)’ & 2 ].

& 1) A& 8 (Reference test method): AIZ =2 0| Al AN (HA M=E)0 7ol
tsd= "otol)| st M SHCZ AIEE = S0 &E AlEd

A&l 2| & (Reliability): Al2H0| X0l (et & LHUHA L= A4 20l AIEE S &
JtSotH =g = A= SEX. A H X A 2 HEL N AEA W
Bt= 4 S HAGHH &It

Bt = & (Repeatability): SE& J|2H LH0l S8t THUM sLet S 20l (Holl EXHE
WIS M EHAN= AlZ8Z e 24 . . st AIEEH(E= 22 E£= AE =2)0
CHoll S &t 224 GO, S L& AIEEHCZ 22 SEXHO Z 1t 29 & X

2 & & °(Slezak and Waczulikova, 2011).

& 4 (Reproducibility): S 25t A2 E L A& AISE AIE0IH 22 S8 HOl AIE
Zool A2y < SUSAE-E(E= 2 E= AE 2EH)H Ut M2 THE A

SO AM(CHE 2HE X AEA 5), S2st AMNEgHoz 22 S8 A0l 21 2t9| &Kl

2 & & °(Slezak Bt Waczulikova, 2011).

(Recovery): ==& A2 ZUE RALS Il & (matrix)2| A0 2
U EISHAR) Y/E= AT0|2 SAIS2 2% H I WSHH =& 2
ol g

ol o ton
Mo A 4>
0% N0 Mo

A& HIH(Risk assessment): 2|/ S& =2 0I5t A|SHHACHA MESE)0 T8t
SHE A2 L SAN FSO| H Ot
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44 4 (Robustness): ==& Z DH0l
ASNMAIEEE HEE = U

01 2+ &= (Sensitivity): O (18t Al &
I 0
|

HE ZEHHS BHUAM LB = otd&EE &/& =T Sh=
U=z 22 sE2 A =L US.

= 0l &=(Specificity): H[H St Al E

HIE A|oJl:H I—lzl-COl I—IE. Ol E|—
H25t= CIOIE ALS.

99

OtE & (Stability): AIE HE(U: AIE S E, AIS X, Al = 24 S &)t F0HA
HUA 28 JI2t st TorMéPD olE Jisset 21U E & Eote s5.

I ZFE 2 (Standard curve): XX L2 AZE L s HE= HEN HlW(E2
BR YL UHEZ =2 AIE)otH AKX E2 Alg W2 HHet 222 s&E
HEOH| R 24 HIOIHE 2R 22 MAlote 3EA 2HE.

I Z=% Xl & A (Standard operating procedures, SOP): S& A& & A QS +8H5t=
SHS HHolE 34 AH X GLP JI0IECCI0M RTF6HE AFEL

H X ED|(Target organ): 0[S SISt S| YN SL0f (et B2 E 20X 5t Cha

8l ‘Al & B (test method)’ & ‘Z 4 H-Al & B (assay)’ Ut &S

AN S8 (Test method): =2 L= XM S0 et F2EE =0 MEDH=E Z2AMA
E=E8x.s8 AMEgEa2 e 22 S= MMt EE ZHHM ST MISTE U E
e s30 26t B2E MHSHCH Al (test) & ‘=4 & - Al & B (assay)” Ut & |
tset 2012 AMZEECH ‘A SE A& Y (validated test method)” & ‘& 1) Al & & (reference

test method)” & 1J.

A& i XH(Test method developer): A|&E = £ 2 106D, 71 A SR X =

Med 2 Hetd S B&ote 28 L= Hel.

A &8 O 2| XH(Test method sponsor): ZE (HACZ M A EY MM E HEote &8
EE=OHOL A NSt sLet =8 L= 1Y =5 US.

o2 LT 4L
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k) -

A& K CtAl (Test method submission): Xl == JIEF 2| S& 200 2tof XMl CteEl
AMEHN OIS XN 2AHINA. LEIEOZ AEYH MM = Motel E& 7H AIE
LANME =S8 SO0H0 CHStHE AIEEC REH L SHHE SH2 #Yot)| 2ol

2SS HAS HAIISH USO AISE MO OOl =ctelolf et Hde wtst A EFE -0l
Chet DIEt HEE 2 A 8.

1§

A Ol= =29 «
T MA - O M.

& 2= I} S 4 (Transferability):
HEotD HEHOZ ~HE

reproducibility)’ &= & X,

ror
=

og

I
s
rr

14

U s

S & Al &8 (Validated test method): K|t |

AEd L A2AHS TES)| ol 2SS HRIt A2 E SeIE A

& (Validation): S& =& 0| 200 (st X2 & &, A2y L 2HH S SEGte=
2

P OILIC SH SRS St AS0 2 UESE S

pS|
I & PRIT QI XE SO0Hl CHEHAIS ZDHR 0l M4 stolo] B
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ENT0=E AIEEEO 2 HAHD S HE2 HAIELICHWHAIE 08 S1 #X). 0l= JtsEt
22 2 HAE URL FHE = UAEE B0 &2 MO SES &Hct= O
ES0l 2 = UAsUCh =32 HAHE F 02 Mo Sz U2 =5 U, Bz
otLEel MOl =E0| Kl HHE Z8E =& USLICH £ NAMs 2t Mo SE=S
Hlwot M2 THE NAMs 2H0l s ASH S AHIDE LIEtY == UASLICH Ol & SHHel 3R
HSH2 AL FALE = JAsLICH

Harvest Cells from Culture
using Trypsin-EDTA

max. 5 min

using a counting chamber

l

Seed Cells - 15'000 cells/well
with 200 pL in 96 well plate

[ Count the harvested Cells ]

incubate for 24 h 37°C - 5% CO,

[ Remove the Medium ]

max. 5 min

[ Wash 3 x with 200 yL PBS J

max. 5 min

Treatment with NHo-PS NP

Treatment with NH,-PS NP
and Chemical Control

and Chemical Control

serum

serum free

incubate for 24h 37°C - 5% CO,

[ Remove the Medium J

max 5 min

incubate for 48 h - 37°C - 5% CO,
¥

|
i
i
i
i
|
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
i
!
i
Remove the Medium '
i
i
i
i
i
i
i
i
i
i
|
i
i
i
i
i
i
i
i
i
i
|

T
max. 5 min

Treatment with MTS in phenolred
free medium - with 120 yL

Treatment with MTS in phenolred
free medium - with 120 uL

incubate for 60 min

Y

Absorption Measurement
at 490 nm with Plate Reader

incubate for 60 min

Absorption Measurement
at 490 nm with Plate Reader

E3 08 1L 484 2t EIIE OJAK*Q MTS(3-(4,5-CI 0l € El Ot &-2-&)-5-(3-
IIESAMUHEAHE)-2-G-E2HE)2H-HE2HE )/\lc'*t”t:'.*o/\"c‘4 ote =A%, 0l
12l 2 Elliott et al. (2017)O§—|—E‘| ol JtE 20t M= D A= LICH
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HU 02 &2 9
o [{o Lo rov ir min

@10t 2t H|(Cause-and-effect, C&E) =& 2 Jistt = Hs4H2l AQS AlEotL
O+ =2 ColH 202t 1S Sel= C&E Lol &2 Sal *
HEX SHRALICHUAI= O™ S2 #X). 0ldst & &
SHUAEL N Y 2AHN 25 228 dEI Z&E &= JUSLICH C&
2t OHlE aEes =2 Hs4do RS UEELICH C&E OOl 282 M
NAMs W& XRE £ USLICH HLkolS, C&E CHOIHH Q&2 28 D

FEo NME=H 2HAEHS A = )= O W2AH 2¢t= = AL, SAEE JHo
ZT0| 2R IIs80| =20, RAIS Hs4d 25 dSS AIEE Its40| =D

>
2
Om
10

It
o]
AN
=4
=

H=LICH C&E UOIHOE S =4otH AMSHEUA E=3tot)] HdHd=ES = U=
wdOl A2 I = =2td8et 24 Al S8 = Al8ote Ul =01 2 = JASLICH
C&E LI0I0 82 ZHd Alg & Mo =8 d8= ddiote Ol =501 2 = U222,
Olaf8 2= C&E CHOII &2 2 JHAl & of?l It U BHisd d2=E E40tES

e LICE.

1. Cell
maintenance

Time befare Assay

2. Pipetting

Experimental
seeding density

Handling Non Linearity

Passage Seed Density Cell ID €— Repeatability

Media

Repeatability
Culture Stray light
Conditions’

Temperature

User-Technique

Between Columns

€O, —> Gradients during Background —»
Incubator Pipetting
Cell Growth Calibration
Repeatability Between Row .
Plates Signal

Manufacturer Sources of

Dosing Variability
: Prep to P
Dosing rep to Frep Repeatability

Freeze/Thaw Cycle -

Reagent ﬂ

«— Repeatability Kit to Kit

Curve fitting Surface react.—»

Solvent control Contaminants

Agglo/Aggre. Water sol.
Solubility -——— Blank exper. conditions

Washing Step Surface "Chemistry"

Purity Chemical Compositicn

Nano Particle Repeatability Specific Surface

Interference

5. Assay
protocol

Chemical
Compound

4. Toxic chemical
positive control

Particle Size Morphology

6. Engineered nanomaterial
handling and characterization

B 82 Z&E LS 2 8 Aot
ZHH CHOI O 21 8. Rosslein et al.(2015)Z2 & & It

=
=

SHEMTS MESHE AIE-8 2l 211t
=4
=

|
20 =& S }ASLICH
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3.0 22 &

MO S22 L3-8 ol A&l A BHE AIE), 0l Hoild Blez 3= =)
SHOL DI 8s EIoHYL JD| Wd), 2l D A0 +=sHE M0ICH AAE = AIE S
LH M SEL == JASLICEH MEtE =2 AIRE SAlH 24 = A= L2 SOl
EIRATE LE AMAHEE AECHH HHZESstE S22 0 S&25= 52 24)2
A2, FIIH FH0O| &30 2 = USLICL WE S0, 234 ol &8 L Xt
TR 24 NS SHY = U=kl S 20| He AlIg=20| mats 223 =+
JUeEXE otote Ol &2801 & &= USLICHL AIEHE L HH SE2 AMEY0| =3
HOICH =2 H=s4 |Aol= SHote U AIEE &= JASLILH HE =0, 0l AIE& =
AMENE W MO &8 & otlte HUEZLICHE O M S&2 2 BH=2(100%
SIHl SEH=EX EAAHA = JACH, AEL RS, 2 F 2 BtEs ME6te &St
SS0l CHSt Al R B3 DIAEE &0t UUE AHZE &= JASLCH EUEZ
SEN TSt =2 112 ALE2 Petersen et al.(2021)H AN EHE B JUASLICH &£ CHE 3|
MEC= AMELRE WM SECZ= ME & FI 248 A0l ele Hx20 NE ¢
It 24 A0l FIHE/UX S AIE2E2 Sl W20l JUSLLCH 2= EMHE
MERE W HH SES Lol A2 2Ise 2= UL, ZSAINAH Zle= AIEUE LY
N =S8 =HHM 250 2Me =~ USLICH

AMNENE L HMAH SEXS Bgt 2 HsHS HAIGHE 2l 2 ALE0tEH AlZH 210t
AY 2t HSHY =R |0l 2LIHEY = UASLICHOIAI= 18 S3 &X). 0l= Al2t
ZU0 HEEZE=HSH 0 UAUH ANSHUMN HEHE 220/ HEZUS &= A S(OH:
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