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AAE 5 WNEAT SEUAADY
(QATNREDE o &3 JEATF AFH) rol =gl

Ma
2 AFHE AAD R FSFQA F9(epidermis)e] A3}t g Aty EA&
- fARSEA =gk QIA 9] 2@ (Reconstructed human Epidermis, RhE)S ©]-8-3}<
UN GHS 7] wet 9525 245 788k AA L (in vitrg I 5-A= Alg R el

B AgHS AAW(n vivg 3725 Al BAstE 28713 e] 27
| AHHoZ OEL APEAS AdAARED] FhFoz g3

2]
DA A =E2AIX F MIT 4HOE A AEsS 543

>
ok
fifd
i
Lo
&
4 4
D
K
ftlo

& Ztol=gilddl= 79 ASE Aol E3Hol Jow 4 AFHE d8std
A A 7] B 2 & (EpiSkin™, EpiDerm", SkinEthic™ RHE, LabCyte EPI-MODEL24, epiCS®,
Skin+®, KeraSkinTM)% AF&-3ho}

oI. A3

YEAFELDLS AAFE Fiste o RBAMEe VIt He FES E4AZ
T dorn, E4E Axes JAAFe AE, 53] @9 7d MEe YAz A5
HES-S dozit. ol2 Qs YA xze A3 ExqAHe FrVles THH BEFS
sty ole FRAF Fa o yrhdth B AGHLS oldF dE
o= NFEA % AT P ¥ &4 FEE ZASY ARAIEAL T
T Am dARY ddAEe 298 dANRRYA A9ELE Tados Ag
F F MIT BHPOR AX YELS A5 ANPELY AFAFTHES F17
=t

m. A 5 2HAG

B ogEe 7 27ke A Al we gEoR AgsAY FEEAWs)



(Integrated Approaches to Testing and Assessment, IATA)ol| A A3 % Z(testing strategy)
o] dFE A3t UN GHS category 2(HFA=&E4) =& No Category(HlA=4
=) 245 78 F Ao

BoAENe A, A, waA R gaol A48T 5 glor, bsektE wAls
Ag Mol e PRE FobA Agdlol Bk shas) dojzEe AF ATA obF
B7hEA ggomz B slelseloAt 5 it

Az AEE 240 BEEE MIT L2ohas S8 sgeld 2e F53
= AREANAY AALEA MITE MIT E2ujgoz 2y 2942 & de A
FEAE AE 2L ZHS GHT + JOBE oF BAR] 9% T/ g=

ANES FFs7] A 2w (batch)o] A FRD el HLEAF E== FFATL
14 SAUZT FFS(OD) 7 38 HA(3 2 aﬁ& e =AUk
I3 Hsd 70 QA EREDe] ST OD #el 31§

Q1A ] 55l 5§ skek 7k | 38 A% #
EpiSkin"(SM) = 06 <15
EpiDerm™ (EPI-200) > 08 < 28
SkinEthic"RHE > 08 < 3.0
LabCyte EPI-MODEL24 = 07 < 25
epiCS® > 0.8 <28
Skin+® = 08 <25
KeraSkin™ = 0.7 < 16

Apnde B4 B 1FS FEHE ALONTA B FFAL
o

Tt A-f)elvt AHEE 4 Atk ©]= SDS(sodium dodecyl



sulfate) T+ Triton X-1000 ™ ICs #kolyk ETs #oZ A5 & dow, H35H
770 A F-2d o] SDS} Triton X-100° thet ICs = ETs 518 HLA(RS 2 &4
e E 20 AAIFH] At
2 ATE JdAYFErde F4 #Y JE
QA= 52 58 atgk gk &8 e gk

EpiSkin™(SM)

(SDS 18413t A &)
EpiDerm"SIT (EPI-200)
(1% Triton X-100)
SkinEthic"RHE
(1% Triton X-100)
LabCyte EPI-MODEL24 SIT
(SDS 18413t A 2])

ICs = 1.0 mg/mL ICs = 3.0 mg/mL

ET50 =40 /‘]Zl' ET50 = 87 }‘]Zl'

ET50 4.0 /‘]Zl' ET50 = 10.0 /‘]Z_}‘

ICs = 1.4 mg/mL ICs = 4.0 mg/mL

epiCS®
P ETs = 2.0 A3t ETs = 7.0 A%t
(1% Triton X-100)
Skin+®
ET50 =40 /‘]Z_]_' ET50 =9.0 /\]ZJ_'
(1% Triton X-100)
KeraSkin SIT

ICs = 1.5 mg/mL ICs = 4.8 mg/mL
(SDS 18413 A &) v 8/ ¥ 8/

AANGBLe DBA T2 A, DAANGRLL besihE g Aol
Ie B gopd A83T OE AAHE Bastd 9. SAUEEde R4 EE
o

A S58H(PBS) S AHESta, FANEELL 5% F8&4 SDSE A&t

o Aldrtt A ST FdhETE AHgsta, 4 Ad=dd dx
=& sl Ha% 37 HHEARE AR

i)

42 NEd=d B d=xzed 48

A B 1A AREAS 2de) EAL BUS BE 4 =S FED L
g3tk TARA A, Aesty] dol APEWe] EAel 47 ASD F =S
Yol £F(DPBS) EE FRFE Evle] BWS AMET Aol we AYRdo] EHlol

tE % gon ok 7 Ay Afsts AANRERde] LaH B4 A 7))
o 7))



ANRED H8ol Bd & 84 SFAPBS 5) EE 09% HSHEF(NaC)
&4 AHgste] ®9)9 FHS AAHTT Aol By AlZajui Ao go] 37 °Col

43 M &= =4

AZ AEES AZFstr] 98 MTT B S A, =32 2do| MTT
|HS Ha 3AIZE FF AT F O|AZEREG(EE FARE &ul)S o] &5t =F
oA Aol MIT Zard JHee FEIH MIT 2203 5= IFFZEE
=78t/ HPLC/UPLC-spectrophotometry & AR83t] A3t 4 ot Al EH ]
MTTll 213 2HEstAU (Al MTT dAl) d=) Aol AAY e =4 AHE T
A E = A T dE2TS ARSSt] AdEde] AEE S MAstEA st

olF HASNoF IH(HH1-27~32% F=x).

BYFe ABELLS G D FHF A Fo| W 2 PE&| 50% ol

(< 50%)%1 7%, GHS®l| 2 £57F 3 3FEA|7} "8 (Category 2 & Category 1)

W 27 AEE(%) 4
< 50 ) R} 24
> 50 07 =4

a8y 2 TlolEgile] =3ZHE RhE A@WE UN GHS Category 134
Category 25 T2 F QloB=g HFT 75 24357 faf a5 do A3 F
7} BR7F Basit ARE H IR R o= QJHE(TG 430, 431, 4359 &7
gto]), Ald=d 2§ 3 5 "ok AR Fo] Bt 24 AEEC] 50% olsH(< 50%)=
UetUH a3 AlgE4-2 UN GHS Category 2(H A4 E4)2 153,

w3t Zh=o] A A A wEk(el: UN GHS Category 3= {8 3}A] %L‘_‘:- 751_?_)
NEEZDS 8 2 Tl A F9 HF 23 AEE0] 50%s =H(>

U‘I
O{l
-
rr

_9_



UN GHS No Category =

7ol

driol o

Z+t RhE A
=T (5% T84 SDS)9

& el Ul

#el 3

3]
=

7t A

VI. A4 9 By

A & (replicate tissue)®| ElolE|(d: Z} Al@EH ]

+ SD

s

se)

gl ¥,

/é]
1 MTT &

5

Ak
AN@Edol o

A 3} H 31 A o

ol
s

o g

o
=

s o

53|
==

sfoF ghet. Al

e Bl

Nd=4

wjr

T

o st d YR s s

wjr

i

wjr

-AE A AEEE E O 2EEY AP 7, 4

Jﬂ_

N

ot

23

HPLC/UPLC-spectrophotometry A
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NYBAT L WETY WEA
NSCliving % NSCkilled 5, 2 &
AHEE RhE 22 A @ #A47|E 9 dSadol tigh 49

ZF Al =T W g2 HE7)%L, drEAY, 4 Al5e SAHZ(OD =EEMTT
2oz 33 99, 23 AEE, o 23 =L, 23 dEARTe 25 #A
A e WEA) B HolH e =3x3)

= A, MIT A3 A 2§24 AldE4dd AHgH = tlxzde Al
AIOD Ee= MIT ZErpzE 93 g9, %NSMTT, %NSCliving, %NSCkilled,
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H3 1. HYE(OECD TG 439)

AANEED S o] &3 JEAT AP

In Vitro Skin Irritation: Reconstructed Human Epidermis Test Method

e

1. NEASE G2 B EFEC EH & YR s AR E4E
AFJH[UNS  ‘gstede] 7 3 #FACl #Fd AA=3AZHE (Global
Harmonized System of Classification and Labelling of Chemicals, ©]3} GHS) ol ¢
del]@). & AE 7}01‘33}019— UN GHS Category 20| wet A=A gst=4d (S
4 8 EFeE)e 7oA A A AHEE ¢ e A (in vitrg NEHE Al
}H(1)(2). UN GHS9] Al /\]-ﬂol Category 3(%F3t A= E4)S AMH}A Fe=
o e AYdAE BEFEA ¥E(non-classified) 28-S Fdst=dl £ A 7)ol
ZlS AHRE o Aok wmEkA 4 m7Ee] Al AA 2 2R AAC w2t 2 Alg Tto
=eplE AW (in vivg dFASAEe] dAANEHeZ &5 ARgsAY AdAE
(testing strategy) WolA <LF tAAIH o= ALgsty st dFASAHE
A ATE).

A%OH e,
<

M e b mo

—_—

o J

Ao ® RAAS Hrle AFEEY AHES EFITHOECD TG 404, 1981
Az AE, 19929, 2002'd, 20151 ANA]@). FA4 AP A AZE A 7EA A9
dH o] OECD TG 430, 431 ¥ 4352 A&HHJATHG)(6)(7). AFF4 R A5 &=
HI7HIATA) i3 7Fol=2kql AR A 203 (Guidance Document No. 203) A X
g BN =75 O35S ste 2 /MR RES AWsty, () SEEdY oEAS
722 ThsAd BIHE Hd 71 AE 2 HIA @ (non-test) TIOlHE FHIL ARE
Holl thgk A 3& AgshH, (i) F7F Agol Bag 5o tg HTHS APST}3).

1
4

oz >@ e 03: > b N

3. 2 A TholEgkRlS IAl A B ER] RAsS oRA A B A
Zhol =gkl AR FSH]] EY)(epidermis)®] A3}t gl AEstx E4e Wi+
FARSHAl mksle] A A3 g 1A 3E 3] (Reconstructed human Epidermis, ©]3} RhE)<]

_‘|2_



A 2] ANEAE 7IRko = Stk RhE AldAl= AEHR] 59 23 7% 2 A=x :rL/H
(cytoarchitecture)= 71x Bd-& FAsH7] A8l AAFHe HFAHAS FHAAE
MEAoE ARETTE FAA B HH 7E7] & (Performance Standards, PS)- 7}°]—E]r‘?l
A F A 349 (Guidance Document No. 34)2] &l @& RhE 7|9k A Aol
HYH AFHY A5 BI7HE &olstAl FTH©8)(9). & AF 7hol=ekel& 2010 ol
Hzx= AdHo], 201330 RhE 2 A&t F7F AR <= 417171 A A
AERom, 2015d0= GD 2035wl & 42 AT uA e =Yt
7] A8l /W EHALL, o] F RhE RS A&t Al@¥ e F7Hst7] fla /1A = 4.

4. = A Trol=geldd x3E AP 55 5 4 APY Al AR AS
Ao FEol B HAHE F5 20 FEHO AT FF 20 AAE AAH ASH
2 Al YW (Validated Reference Method, ©]3} VRM)©| o] A Tlol=El %

FAADEBINEE) S AL o AesA 5 z
A Ttoleei]le] 239E EE APHE HAZ AdSHEAE 80%, Sol=
70%, AI= 75%) FFshe= HoeZ FAFHIA(G  dHolH  FE <A (Mutual
Acceptance of Data)> FAMAEHB7L7]1F(8) met HF 5 o OECD7]— AE 2 ;‘(HEH
e A thsiMRE BAgE 4 o

Sas AEnel Agdmel qa 27l aTARE GRLd Adne 79 g

AREE e FAld HolE FEddAge] Aee Te F Ut

31

v
g
>
o
A\
N
o
(r
kW)
ro
=2
o
_?_l,
i,
>
@
mE

O
o
2
o 4

I AdArE R HISHE

6. RhE A @R Y EAS 7Iastal B71e A ASATAA dS5E vkek 2o
(16) B AP 7tol=ekele) A& A ARl UN GHS Category 3(2F3 A=5=4)
o &3l 224 EFE g fite Aoln(1). 12z A= A AA- wet
B A Ttel=giiles ofgA AHEEA AA ®

At 9 97 == & DAsE T4
5 2=tk A BIHE A4 TS H 7H(Integrated Approaches to Testing
and Assessment, IATA)] &gk 7lol=2kQl A H A 203 (Guidance Document No.
203y F=xsfoF Fo3). AA FF- AHES Il &2 AR 2o F



7. R AR lolEgele Al A% WAEEe WRAFL o
Sepole By 2ol Us FEE 3 5

TG 431°] Y% RhE AIFAE 7|He 2 o EEEES—% Jolgh ). = Alg 7}

o=l Abghel AA L] A7) (in vitro the target organ of the species of interest)
N AL G ARAEE 150 Kb B e sl e A Ao
A BAsE A BAA s 3 AEUH (T4 e dodle Alx B =4

[¢) =
£ 27 wAE AdAer gFn gt B AY slolzelle] sute] Hi

Aol b5 & YA, AA] AP 7

VRM AZ dAFolAE B 525 AFstda, VRM AF A7 dlolEH o]
2= & 58709 3stEdS £d3TH(16)(18)(23). £ AlF sloj=gtde 1A 2 gA),
WA, g2e] A8 = ot A= F4 e vIFA, 1AE 784 = v
AY = At JhsEgd 1A e Ao e Bog Zojor dn, T E AP
g g s} Al obA HI7EEA] ekl tH29). RhE
=
=

(0]
AU
ro
rlo
©
i
_o&
oo
ol
ol
X
§2
rl

o XN

) 2 7P°l‘:?/}°l°ﬂ B
ol WatetA TIHA Fe AF=dY Ade 13T we sid AE 2
2 A AT oF . Ed= Aol dig A 8T
< i Rs ey ﬂEﬂ"ﬂQ‘r
= A Zhol =2}l
73 5-(ll: Eskes et al,
2012(30) Il 2k =ol & Al 7lol=gele A
3= <k Aot 54 F8HE 4 F(specific chemical classes) v E]838H2 4
2 AE 7}0153}‘3% A8 F Ao Fld Fgolx mAE Fols)of
of thet ALl & AW dolE Hlw AFolM= AA F&F=7}
54% (6571 ‘& 3}3} xﬂxﬂ), NA=7F 44% (2570 AA), Sol=7F 60% 4070 AA)E rERS
th. o] Hl°]E= RhE 7|¥F A2 7 A= Ads 33 A4 A&d + =
7hs/do] BEsithe AME S o ETH47).

SEe APED 2 AALYE MIT
BAL AL AEL ZHL HY
8% )

QI TH27~338 F =

? MIT Z=2vpdst Aok sgols Hls
= MIT ZE2uzto 2 2H 398 = e
F9on BAS 3 A = A

_14_



735, 371 HEEA S (replicate tissues)®] T3 Al o
= %"5—0]-1:]-. g8y wrEA g Ayt AR UAXEA] ALY HF AEE 5045% =
& Age meslok alm, A F we AY A

1.  Ad=EdE& vFgdds JdAFd #29 dEAAz= 7449 3']'94 RhE =
T2 o2 ZgHn. RhE Ed2 AAAIE 152 34 v <A w9 29
o] FA4E w7t wjgFg Aoltt. o= 714 F(basal layer) % %E,L%(spmous layer),
I S (granular layer), Z12]3 Ao Xt AW T F8 FFS AZD 343
A Z(lamellar lipid layer)g E33t= thE9 ZHd F(stratum corneum)oZ T4 5
of AT
12 S e F8 SRCE st FstEdo o7 vRASe sl 4
Se FHste ANAEHE s Az, AL B O 9 sRAZ JIAS
(underlying layers)S &4AIZ & Atk &49 Alxes dS5iMELS EvstAY 4
T ARtEE doled ol AT AE(F3 & ZIAAE B Wiy A=)
of &< v WA Er} ARt FFEAGo] Frlstd FHb B FFo] AT
(29). 53] RhE 718ke] A PR A2 AdACd da44dsdol fle 45, Alx/x=3
&4 5o AHEY AZF(16) 17)= AxE AEEE F5IT

13. RhE =" Ax AE&E2 AAFIEJ] MIT [3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide, Thiazolyl blue; CAS No. 298-93-1]7} & 4ol 93}
Aol 2wzt (formazan salt) 22 HSE = A& XA A FEF3t HFZHo=
SAHTHEL). A=4 242 A AR (S, 50% ©lsk( <)ol UN GHS Category 2)
ojgtZ AE HEES FaANTE AS Tl AEE & AT AP Trel=g]le] A
AA R AL Tl wet, Azl AR o] e AE AEES UE= ANE =2
2 A4 EHAE FE T IHS, 50% =3 (>)°]H UN GHS No Category).

BT 20l
14 7 APAe B AY Jlolsa(RE 0o FE AN INHOE A



Ao, & 19] =dx 4 1070E A&t 7l€3 sd=E dsdlor v & Ag
Zhol=gilol] 29d 54 AW AREAE 5 39 & 20 AANE 4 sdE &2
(£ 1) AxZ &L L H(indicative range)E FraLsfof ot 559 sHx EZo
°l& 7FestAl FAU TdE R o2 AET F fle T2 Aole & 14 e
H AR L3 AA TEo] A&dTs st AAle] B AW F3 dHolEE &
238 A= e =4 @: F 224@)= AHES F At olus UiA sdE =4
AHE-2] B S W ok o

Mo
ofy
i)
Q
filo
=)
dim
N ofN
fo
ol
2 g
>
o

A n vi UN GHS
Chemical CAS No. M ) | g am
& Category
HFEA ¥+ =4 (UN GHS No Category)
Naphthalene acetic i
, 86-87-3 0 A No Cat.
acid
Isopropanol 67-63-0 0.3 B ) No Cat.
Methyl stearate 112-61-8 1 A No Cat.
No Cat.
Heptyl butyrate 5870-93-9 1.7 4 A (Cat. 302
A 7hs)’
No Cat.
Hexyl salicylate 6259-76-3 2 4 A (Cat. 302
A E7HsY
7€ EZ(UN GHS Category 2)
Cyclamen aldehyde 103-95-7 23 o A Cat. 2
1-Bromohexane® 111-25-1 2.7 o A Cat. 2
Potassium ]
i 1310-58-3 3 A A Cat. 2
hydroxide(5% aq.)
1-Methyl-3-phenyl- i
Sy 5071-27-2 33 A Cat. 2
1-piperazine
Heptanal 111-71-7 3.4 A A Cat. 2

_16_



=

= K o i K

e 4% A7 AsE 49 HUYBoR thgel szl mer AYAA () HGBPol F53

(i) Draize A5 ¢ AA WA GehAIATRE F A7), (i) & oD FGFEE 7HA
L (v) A% el AEEE SEA el Uehg, (v) 259 AF 8 Bee] AFAA A s

A3, (vi) AASAH oA AZE, i) FEo 45 Belel fn(el: YA GE YA £

=4) B A7) vE3 ol Y.
2E

o]

oo
i

~

A

30
I:l[o

2
o

i A<, OECD Al 7Fol=gkQl 4040 wE(4).
Ag 7hol =gl A} UN GHS Category 3(2F3t 2= £3) 54 (1) 7Hel e
4 1-methyl-3-phenyl-1-piperazine ¥ 1-bromohexane 3 HH ¥ AF7|H wet o
148l Ao} o] mfd 5 35

Alg i

hE A@Mel #Has 2 Aol tia drelth
S B2, & AR slel=eidld BE A A2

RhE A dH 7484
ARFE Q] 271 (General conditions)

17. 733 ZzZ (epithelium) A|Tdoll= vIFHAAS A ZAAAEE AEsfiof ot
tso] dolle AAAZCIAS, =S, HHES)7F Al 715& S=(functional) 42
< otfell EAsioF I AESE AESAY 71FE 4 (benchmark chemical)(ll: sodium
dodecyl sulfate(SDS) =+ Triton X-100)¢] W& F34E AY + e A 7%

HS AAgetr] sl Bagh o A@AgRo] T}E 5o Fxolofof Ik AW Ve
°

]

G4 =E2AL F 7E @01 z7 AELEE 50% T2AIE TE(IC) EE
ARE A T2 J7|F EFS =X AE YEL0] 50% FasteEd L3 &
NZHETs) o2 9% 2D Hrisojok 3ty RhE 29 o] B4 A= F99 &4
o] AolleE AR EIFHE AL Ye Ao Bt @ A gi k& U=
AgetA <= o ATk RhE E22 ¥E ol e vlolg 2, npo|dFetnt 9 X
Tl LE=HA golof gk

7158 Q1 ZZ (Functional conditions)

A =& (Viability)

_‘|7_



18. AEE& AFstls MIT AldRol AHEETH3L).
= 5 MITE Z4 MTT 2Erpd Jd=2 @d47]1, ©
EHE(EE AR &)e ol&ste] =AM FEIH FE &MY FFE(OD)
: < 01)°]ofoF 3o} FEd MIT Z2ve EEFFE ]
stAY 333 AW E tE HPLC/UPLC-spectrophotometry S ©]-83t %
ATH36). RhE B2 AE-A+= g RhE 229 Zb bl x| (batch)7} &/t
= Z5= ] §1—010HO]: gl SAUERT OD #(FFE AF Ad z=d0 A
! 513k )= RhE 2 73R/ 3FdAkol ofsf 24U &
roE AS5E RhE AERe A4tz OD @ s&fs 5
A HPLC/UPLC-spectrophotometry AF-&A= H-5 39 F 49

:
B
i)
Ho
—
L
>
o
9
39
rr
>

&
=
i
rlo
o
P~

m
rO
2

2 H~l y.

ANE SHWET OD MAS SHNET 3§ /1Z02 Aok Tk =T
oz Ae® zHo] AW xF 7 U RO WFHIL Ytk AL (AT
WEE 2R FA)2 BAB o} Bk,

38 7] &(Barrier function)

19. A =3 g A FAAL SDS T+ Triton X-100 5, AlE SA4 71+ &2
(cytotoxic benchmark chemicals)ol 24 o /H w24 F34sts AIC) v ETsp>
2 ZA)& AAS7d T ok dH(FESF 3 & 5).

5 5 5} (Marphology)

20. RhE ®do] Q1A Hulg} §AHEE T2(t)
A8tz HAE Fashelol Gt

olj
AN
N
o]Nr
b
1
©
flo
o
o|N
QL
N
Ho
o
BN

A & ¥ (Reproducibility)

21 AP etz 2 g4t ET A AT BAS T AdEH SR A
AHES Hofof ot

#& #2/(Quality control)

23.  JWEA EB== FFAF 4 RhE 22o] AHeixl Ak S8 7o Fddive AHE e

_‘|8_



W AREAN Al AlEE o

]

<
=

7 A

=
ar

o4
A

=
S

1

°
i

tH, o]
N

°

il oF

9

18491 (3

o

} RhE 2d& ARE-

hus
QA

73 -l
AHEAZE AlE oA o] A g E

FTHPAE 1Cso == ET509]

ol

ANEdEd 2 =4 38

TH

& o
b 2]

k<l
yal

[
=

ATt ©] &

<
T

=

A Aojllth, RhE AW

Rz o3z Jyd
20°C ~ 37°CZ t}
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26~83 pL/cm® E+= mg/cm’) (5 3
[e)
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oNx =4do] HAA

SRRt

of we} A& AIZFS 158~60
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e EE ojth. MTT &4 33 =2 FxoX Tgste] A
€% & Ak 28E A-F FE(e: 0.3~1 mg/mL)e] MTT &4 A7 F3F Ho
FH MTT= Aolle AlZe o3 B4 x=rdoz HIdAG. JAHdd FA 2=
e A= B ol&ZERSE, M (acidic) OlAZERE)E AREEY] xZ
A FEsta, 222k 5= Hd £ 30 nme] T W= 3 X (filter band pass) E&
HPLC/UPLC-spectrophotometry & AH8-51¢] 570 nm S35 0l4 SA3H3E33 =) (36).

(: MTT #24), e Aol 917
T A A Bl 4

0%

I
o
AN
o

(283 2 323 Frx). MTT 23 g 2 2AA 0 < BAStE Wi B
LA g A2 B AY Jtolmgiiled 23E AFH APHe FEAAAAA A &l
& = 9 th(32)(33)(34)(35)(42)(44)(48).

28. AAAQ MIT &dAE 23] s M= 0l MIT &0l 2 A3
EHE HUls|or g AlgEHo] £8E MTT B3dEH0] A/ Aoz HetE A
dEdol A MITE Sdste= ez FA4sH, EFFFEOD) S48 =&
HPLC/UPLC-2-33 57 AH&3= E/HE Aol A 82 (non-viable) RhE ZZlo] Tj
gk 7154 gRlo] FUIE o] FolXof . FUl 7lE EHAAAME 2 22HS AMES
=), &2 A SAETF vl SA T Aolole A vtk Ao E AFgEH
S EF30 4 MTIT 39 AFER S HAT F /) oo & o HEsta H
£o] 4 MTT  FLNSMTD)S 93l ZA A3 A3 Pt
(32)(33)(34)(35)(42) (44)(48). +AHH =9 A/ FHEA 4 ANFEE T 9
NSMTT thzTo|d F&E3tth. MTT Ao =& Aolde 229 AE&dA &
A3 MTT $dAlo] =9 & X229 H 503 MIT Sd&S A A =2 A
&S AAtsted, ol BAE AgAA sAd JPHE AR vt A
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2 THO%NSMTT).

29. £ AFEH Zo Bou} o)Az eded HES uf FAEE AFEH 71
A 7hede AEst 7 dxad BeAds B fdl, == 84) 2/Es
Ol AZZHE(FE SNl AFE- ~HEY B Aok 3ty & U/
o2 H{LNA AFEAC] 570+30 nm M WS FFIE Ag, FUHHSE
ZAA thE=T(colorant control)& ARS8, olHT wiETol B8IHA| f= AF

HPLC/UPLC-&#33 =4 WS AR&aiof o328 9 333 F=x). EFFX=(OD)
%‘%E A A= "(ID" Zl'/}j% doJl= #

WHEA SO A gsta A AFHEAE PSR, MTT v f SACA = W53 A
F(NSCliving) W< AAst7] s MTT €< th4l ajxol A uj Ok@ﬂ- NSCliving

[r
N
L
i,
N
>
od
ru{n
S
o
jﬁ
2 b
N
)
lo
>
o
%0
rlr

272 72 AlF@ =4 (colored chemicals)Z Ao AldaloF slH, HEo AP
& gl doldes =23 le«l AEsh#] Woldom lsf 7z 43 Pq(uﬂﬂ) =4
2l NSCliving tiZ&wo] Ha3slth s do7le AFEAY =3 4oldle
Z2& MIT %0“01] Al H"oﬁkﬂ D 23 AEEANA, FLT AF=Z =ESAX
dolds 23S MTT7E fle A olA wjFete] 4 vISol3 MY tixdo =3
&L (BNSCliving)e WA = 22 AE&S Aldtstedl, EAE AddAE ol&
Ao X3 g.
30 22 MIT &d(28% Fx)a A 29T FHx)e A FEste Ao
2 3E ANF=4o EFFFEOD)E SAHY Hod= dA 293} NSMIT %
NSCliving x4+ /2 A WA tixae] et MIT AdS Hdsks o
T Aol AdEA e ZA, A, FA)o] F2 o] B siEEH =, 28% A 7]
=3 vk} 2ol AFEEA BA Mo MITE AHH R A& SEo g 3
7V Wefstr] wEoltth oled AFEE L Aolle 23 H F& 22 2R A
& JoBE NSMTIT a2 AFEL o3 AHHAA MIT g 7HsA #rt
ofrgl 2 & Holdle AFEe AFo = A3 A Mg dsiyE RAE
HAo] e 4 Q=4 /\]?‘é‘j 2o ] ’%0} = 24

ooz A 7L BRATE AL i) g5 =< Z<1(NSCI<111ed)«] H| 5o]A A
ol tigk Al HA dizao] Basit. o] F7F xadAe Adedes Ha 271 o
dol 2 24 AR A gst=d, old 2 2 WHEAEE JA AF dAE

= MTT & thal wjFdols witan. 2k A/ 3l

ba 5

o

ol

-

=
o

= FaetA AFER 3 e NSCkilled 2T o2 FESAIN 7
ZSl H—]oﬂjﬂ NSMTT EH}_;:LL:‘_”}‘ %/\]Oﬂ /‘E(Bﬂoi ];;:'_T;]_ _'__/_‘v}lj_ q__%_
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&S AFEHN =FdF AHolde FF A
%NSMTTS} %NSClivings wjs& H 3

71 & HjA 2 wjFete] A B 5ol A txza Y HlE(%NSCkilled)S Tldte] 7|
Aretm RA"E A FolA FAlol Y= SANETH Hlusty AddY. (F &F
%2 YEE = %Viability - %$NSMTT - %NSCliving + %NSCkilled)

31 H 5oz MTT ¢ 9 HlEold Ay FH4o] #3333 =A9 Ad B oo
2 22 FEEY BF #E =Y F JduE Holl FY3h oo wek 7 AFHLS
TA HHOZ AFEAS AP o, A#E = MIT Z20RHCAS # 57360-69-7) 2.
2 EFFEA A HeE AAdMoF gt MTT 23 S 4/EE A Hgo g
BA glo] AgEAAA 4 24 FEE9 OD7F £33 =AY A H9 el
A A=A 4L BAEHA e AEE] 50%0]8H<=50%)% Aol +33F
A 183 EFFFEOD) Al AHFA MIT &dA == A M A=
AS Hristed Ageitt. 18y AR Y %NSMTT 2 /E= %NSCliving®] %k
°] 50% °ol’F(=50%)¢! ANF=de A e EFHA &+ 47 EFE EES T
B3l 7] F(cut-off)o] & F ol of 3358 Fx)

32.  MTT A@olA wi-g 23 A PR I3 £FFFE(OD) 4 H&stA]

L 4 (colored) Al E2 9 745, MTT X =2ulzt
HPLC/UPLC-spectrophotometry H<S T4l AREE & ATE3E Fx)  (36).
HPLC/UPLC-spectrophotometry Al =Hl2 F&x =4 Mo MIT Z2vps AFE2=
FH EYstA slEthB6). ©l= <ldl HPLC/UPLC-spectrophotometry S AF8-& o=
A dEZol FAGle] NSCliving =+ NSCkilled &0l H831A &th 18
=do] HFHo2 MITE &ddte 2oz FEHAY MITE A% SdA7=
o] Hr7HE Wlstes Ade we A528% Fx), NSMIT txwo] ARgHojof 3t
MTT Z=Zrkzk Z4o] HPLC/UPLC-spectrophotometry S AH8-3t= 74 22 A
A AU ERTAA T3 MIT Z2uizt g 3o ik AFdEH
ZZ o] MTT Z2rkd faddoz Addan. MITS sk Ald=de
T, = 24 AEES AFEEA =" Aol Aol =2 AEENA
P _

s

m

N

o
rk
30 o

ox | rlo

=

=3

>
(o3
o

T

|

Z

i
[

2 X r[r _114
ok
e e

X
o

o

Ol

ol

&
r
|\

)
{0
N
2
o >
Ho
o EEO
vz A
o
T
-
O{l
e of
4y 18

(HPLC/UPLC-spectrophotometry Al-8)°] 333

glong oldF za 2FES WY 4 it

_22_



33.  HPLC/UPLC-spectrophotometry= R+ 32 A@EA(FA, T4, MTT <4,
MTT ®BlIgdA) AN MIT ZErE SAHS 98 AHES 4 Jvk36). HPLC/UPLC-
spectrophotometry Al 2=8lo] TheFslr] wiiLo] =2 FEE9 MIT ZE2npzt AZFst=
#13 AR83t7] Hell, HPLC/UPLC-spectrophotometry Al 2=®lo] ZHAH S glslof 3}
H oj= Hlol LR AT #Hd Abgel tid m=AFol A A F o HAIE W&

71Zste] dHe FF HAA wi7/lH(a set of standard qualification parameters)©l]

gk 38 7S FFA=AE Tl AS5THE6)(37). olE Fa miyfHs B o5

AEe B2 44 B 4 A 22 4 Ho® He AEL FEEY,
3

HPLC/UPLC-spectrophotometry Al ~El& B AJg 7lo|=glRlo] AR Alg =7
e MIT Z=rkt S40 Agsin vtz AES o e o=z FdT

& 71&

3. #AS¥ RhE 29 #XE ARSStE 2 AI@W (228 Fx)ol disl, s4dzTe
2 A" 22 &3 9 £ 9, BE Z2EF B 2 EHS HAF
E F3EE Jeor g dxd FFE #hol ZEe FH9 Addxte 1Y oty
Z UH/MAE ¢ o iRV E FPAUERTG% T4 SDS)eE AEE AT
AN 3o wel ASA sstEd 1%’6}0401: do(F=E 3 F= F7HE] A
He B A 7tol=eile] 238 A SOP #E (32)(33)(34)(35)(42) (44)(48). =
Z HEAIE ZF SA e AEA[EFHAHSD)] l;t"«l g9 el lojof gt
(5 3 #x)

a3 4 5 g5 =24

o] FRE @2 AEE 100%2 st A= Blaste] AEE
ALvst=dl AR8-Eth. HPLC/UPLC-spectrophotometry 7} AH8-5 & 79, 22 =&

MTT Z2ulz 139} H a3k AJFEF w23 Aol %3
P a3gq (%) oz Ajtd. 2RHA & Ad=E225H A=S4 =
TESE AZ AEEY 7|F F(cut-off value)d AIAAE Hrista A=A g
=4S At AR EE SAA AAE WA Ao 2 EAFE A FEAS |
= A EFAHYARA Zx). A4 dS5S A% 7IE 2 okeet 2ok

%
o
o
£
>
o I



2 A Zhol=gilel 4™ RhE A ¥R UN GHS Category 13 Category 25
TEY F Bz AREAY #AZ FUF AERIF HF EF 24 e
% EZo] v R214(d: TG 430, 431, 4359 &
Adho =z =y A8 9 Tl Al & 23 AEE0] 50%°]8H< 50%)=

N GHS Category 20l wz} AF 2= 4= 3+
o

o I A= A A Ao wef(el: UN GHS Category 3= AEstA &= 5) A&
2 Sl A F 23 AEEC] 50%E 2> 50%)5HE A9l UN GHS
No Categoryell wel d5F A=0] gle Aoz FdHY.

Yol g
36 W A@Eith 2% WRARA de HolH(dl: BFRE LI 74 APRAY
FRE @ 2 A A dolE 53 3 ® 3

37. AE BRuAo= e ygo] x5 ook st}

o TAAMEEZ: [UPAC == CASH, CAS ¥H3E, SMILES =+ InChl Z &9 &
sletE2 AHEAR, X2, &5, HA-s AFAAHORE AF 7S BEeEY )

o TAHEEA, UVCB B BEEd: 5318d Ju gof hed 54

TRREe] A v g, Tt 54

37 Fx)

—~

[e:

o Bod 47, g%, 2Rt g Bd 54
o EA(NBIE A ATA3

p

O:

)
o AFHE AT AY A AGEY/REL A2 o]
o AFBAY FHH L AW F A AF, ARA

o A XA
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4d A& EZ(Mono-constituent substance): & Tl Wt o] F8 AR

80%(w/w) ol EAstE 24,

MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; Thiazolyl blue

tetrazolium bromide.

4 & EZ(Multi-constituent substance): & T e} F 7}A] ]9 ZFB- 3
> 10%(w/w) & < 80%(w/w) EZ EAets 4. AR 42 A=x
TJr%O]‘jr =5 E'/Q_J"’Jr OdE =429 AoloA EF =4 F 7 o3 =4
ShRkg }lo] Aol A= Ao, A Ed& 3shikgo daEoln.

LN
o
)

NSCkilled: & 29| H] 502 A% (Non-Specific Colour in killed tissues).
NSCliving: Aolle Z219] B Eo]& A4 (Non-Specific Colour in living tissues).

NSMTT: Hl 5|4 MTT 29H(Non-Specific MTT in killed tissues).
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HE 9 B AF slol=aele] =3kE A|FH

RhE A @AE 7|92 ste 79 FPFHOE o] & 7l ALY Ao Hd ALd AFAT,
HA3h D 72 T(10)(11)(12)(13)(14)(15)(16)(17)(18)(19)(20)(21)(22)(23)(24)(25) (26(27)(28) (43) (45)(50) (51) 7}

Ha& ASYRIAE 80%, Sol= 70%, B 75%)°l weh dRHAT. & AE stel=gkelel 234 770
Alarle] 55 5 4 Ay Aol AHEE ASAT FE2 oot Bk & Thel=Ekl B AR
BH7}71% Mol ALEE VRMLS EpiSkin™'#} EpiDerm™ SIT(EPI-200)°] t}.
Mz | AIEE BA AT AT 73 =
A AEFA HS A7(2003~2007'3)

ECVAM Pse] I A@H FAH84LE AHYste=
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o]
1 EpiSkin™ | A&E ATH39)(40)(21)*. EF BHEHA o= 2dn (16) (17) (18) (19)
v5 =2a0 Aus pd® Ague dogs o 0 D E G
979 Psel Bolk 9 UPE ke Aelshe F 9 0

2 7|4ko] HAH.
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A HAxE 43 A HSATFE AR o (16) (17
EpiDerm"™ ANEdel FAHL4E ECVAM Psel T Ald® | (21) (23
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AN = ATH(23).

SIT: ¥ #A=A13

RhE: Q1A 9] F-=ed

_38_



5 3. 2 A Zejegld 23d AdHE Z=EE /s

2 Z2AgH d Z25F u/i¥s s

RhE AlFHE wl$ FARE Z2EZS BRoFH, 25 37°CollA 243 &<t FulF TH(32)(33)(34)(35)(42)(44)(48). A= 2 o
3 e Agwel thFd A 7% B 37k W ldsE 3@ A) A A 2 8%, B) APER =¥, Q) TS &
Epigkin™ EPiem™ SkinEfhic HPLMODEL24 epiCS® Skin+® KeraSkin™
) (Elgéz)om 23) %216T) (43)(49) (42)(43) 49)
A) A F
W A7h 18~247 3t 18~247 3t = 273 15~30413F PLILES | YRET | wama
X &3 2 mL 0.9 mL 0.3 or 1T mL 0.5 mL 1 mL ImL 0.9mL
B) AIEEE FH&
. 10 «L 30 uL 16 uL 25 uL 30 uL 16 uL 40 uL
(26 uL/cm?) | (47 uL/em?) | (32 pL/cm?) (83 1L/cm?) (50 #L/cm? | (32 wuL/em?) | (67 pL/cm?)
10 mg 25 mg* 16 mg 25 mg 30 mg 16 mg 40 mg
LA (26 mg/cm?) (39 mg/cm?) (32 mg/cm?) (83 mg/cm?) (50 mg/cm?) (32 mg/cm?) (67 mg/cm?)
+DW(5uL) DPBS(25uL) +DW(10uL) +DW(25uL) +DPBS(50ul) +DW(10uL) | +DPBS(40uL)
UYL E wA ARG AR | AREEA B | Fad e A8 AH8EHA oS AHE-H AHg-H 8BRS
A A8 Az 154 603 428 155 204 428 30+
a) %‘5%;] A
Hg e A b 37°Co A 2 e A e 37°
35+
C) FHi¥ 8%
x] &-=F 2 mL 09 mL x 2 2 mL 1 mL 1 mL 2 mL 0.9 mL
MTT solution &% 0.32mng1/LmL 13(r)1(1)g/urrI;L 13(1)1(1)g/ﬂnEL Ogoglg/;;L 13?1(1)g//urr1;L o.gorglg/;anL O.ZO&g/;rEiL
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A21% 1 < | =089 < | =072 <
LAY ETFOE Ay s ) < > 08 2 < o < > (0.8 % =
£ NiR e e | 2 e o8 =08% =3 =07% =25 258 25 16
OD(E E= DPBS) '
PAYZFOGDE  5%)O2 0 ) .
Aeje =4 wEAael [ _ . < 209, < 40% < 40% <20 % < 40% 0
B AEE, U=
ojH] %= A

< 18% D < 18%

z24 WEAR SD < 18% SD < 18% SD < 18% SD < 18% SD < 18% SD < 18% S
EEAA
RT: AE(18-25C)
DW: S/
DPBS: Dulbecco®] Q14+ &452E4
* Sope SOPol MAWE U HAE ~FoR U
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o AAE e AR BEFHOZ AFEHY 7T Al AFATd FHodd APHAA A HAE UeRdTh o] W= E AY
7}0153‘&‘/] AB= oYX gk A|FHS 1A 53 Slol] ubx oz ALgslr] A AP Loz AEE u {8314 2Y 4 At
coLs TM EpiDerm™ . . LabCyte . T™M
vy ST SkinBlic | EPLMODEL24 |  epiCS® Skin+® KeraSkin
EPI-200 SIT 43)(44 42)(43

(23) R (23) o (43)(44) (42)(43) (51)
EFHA 2+ EF(UN GHS No Category)
naphthalene acetic 92.3 +/- 5.2 | 100.7 +- 8.4 | 104.0 +/- 129 | 1004 +/- 7.6 | 99.3 +/- 10.4 | 94.6 +/- 17.9 | 81.8 +/- 15.0
acid
isopropanol 88.1 +/- 8.7 | 65.6 +/- 16,5 | 101.0 +/- 11.3 | 76.7 +- 7.0 97 +/- 6.8 | 90.7 +/- 275 | 76.6 +/- 9.4
methyl stearate 98.5+/- 11.3 | 107.7 +/- 4.9 | 104.4 +/- 158 | 99.3 +/- 10.4 | 101 +/- 8.0 | 1017 +/- 6.5 | 93.4 +/- 11.3
heptyl butyrate 102+/- 42 | 107.1 +/- 4.2 | 921 +- 175 | 1054 +/- 11.1 | 100.3 +/- 51 | 79 +/- 17.8 | 87.3 +/- 11.9
hexyl salicylate 89 +- 1.8 | 106.9 +/- 5.2 | 959 +/- 125 | 1009 +/- 82 | 95 +/- 8.0 | 89.1 +/- 16.3 | 88.3 +/- 10.4

EZ(UN GHS Category 2)
cyclamen aldehyde 254 +/- 12.1 | 185 +/- 16.2 1.7 +/- 0.9 9.1 +/- 2.9 | 12.8 +/- 26.4 3 +/- 0.4 1.7 +/- 3.0
1-bromohexane 244 +- 159 | 16.9 +/- 2.5 1.3 +/- 3.9 157 +- 3.4 | 104 +/- 4.8 | 56 +- 0.7 | 18.9 +/- 12.9
%%gisgf)um hydroxide 9.3 +/- 100 | 43 +/-1 16.7 +/- 17 3.3 +/- 3.1 26 +/-36 | 52 +-15 | -1.2 +- 2.0D
1-methyl-3-phenyl- _ _ _ _ _ _ _
I Diperaing 238 +/- 17.8 | 7.35 +/- 2.7 8.2 +- 7.1 5.8 +- 3.7 | 388 +/- 37.9 | 45 +- 07 54 +/- 95
heptanal 16.6 +/- 13.6 | 5.1 +/- 0.3 1.3 +/- 0.9 9.9 +/- 1.3 4.4 +- 49 9.3 +/- 0.2 2.8 +- 28
d 2 TR Ao T "Hdt AlE AEE L o9 W-E(variation)S UERHACH



¥ 4. B AEF Jlolegdo =38E MTT A@Ee SANRTE OD F 3849
3¢ ste g | 38 A 3k

EpiSkin™(SM) > 0.6 <15
EpiDerm™SIT (EPI-200) > 0.8 < 28
SkinEthic™RHE > 0.8 < 3.0
LabCyte EPI-MODEL24 SIT > 0.7 < 25
epiCS® = 0.8 <28

Skin+® > 0.8 < 25
KeraSkin™SIT > 0.7 < 1.6

E 5 B AY Jhol=gldd 23 AEHY QC HA &3t 7+

&8 sk &% 58 % @

EpiSkin™(SM)

(SDS 18413t A &) (32)
EpiDerm™SIT(EPI-200)

(1% Triton X-100) (33)
SkinEthic"RHE

(1% Triton X-100) (34)
LabCyte EPI-Model 24 SIT
(SDS 18AI3t A 2]) (35)

ICs = 1.0 mg/mL | ICsp = 3.0 mg/mL

ET50 4.0 /\]ZJ_' ET50 = 8.7 /\]Z_]_'

4.0 AZk ETso = 10.0 A%k

ETso

IC50 =14 mg/mL IC50 = 4.0 mg/mL

iCS®
?1p% Triton X-100) (44) ETs = 2.0 Azt ETs = 7.0 A%t
Skin+®
(1% Triton X-100) (42) ETs = 4.0 AzF | ETs = 9.0 A%t
KeraSkin™SIT

ICsp = 1.5 mg/mL | 1G5 = 4.8 mg/mL

(SDS 18Xt A &) (48)
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ME 4 RhE ZZolA 3353 MIT E2vldt 23¢ 918 HPLCUPLC -spectrophotometry
NzHe) ARG B Fo ApEE @ o8 r)E

| 7] <= FDA A H oA dAd Z2EZ(36) (37) g 7=

2olglE blank(SHFAE A e3kA] &S AokglE RhE =
291 A Z_}‘Q] O]/\EE‘%}% "Ii'“% ) :'1‘1_ blank(o _1?‘7 PHE]O}’X] Areainterference=AreaLLO
cT e Zo RhE 20| o|AZEWE FHE)o] oA | QL 20%!

oS Hi

1 = AL |
g olaxzedge] F4 #e(F, 1.6 ng/mL, 16 ng/mL, 160 | CV = 15% =& =

pg/mLoll A ¢ MTT ZEukzl) (n=5) LLOQO &l 20%

0 — 0, 51:_% =

ARE | olazmened Fd wel(n=5) #Dev. = 15%

LLOQ® tisll 20%

i 85% = mMEH2 &3}
HEH 2 g3 | 4olglE blank(n=5)¢] #2 ¥

% = 115%
Areainterference'_'AreaLLO
N8 ¥ ULOQ* EF ¥ olAZ2HE B4
Q v K Q2] 20%
Al el SyA < BAFA (ULOQ(200 pg/mL) oA Al
ALY W) | Zste] olAZ2AE Ul MIT ZTEvkzkg 6l A% 1/3 | AFA: %Dev = 15%
34 olaZzE R FH A (n=H) EE= = LLOQ ##
#gol s 20%,
1¢2k 109 AFHd ¢ olaz23&9 T #HE(n=3) %Dev = 15% = CV
ANPR (L | 2¢2k MY A E olazERgo FA #E(n=3) = 15%
39k 1709 HEAd % olAZ2dg o A #E(n=3)
RhE %3]
FEEY MIT | AolSl+= blank(n=3)8] #34 &, MFc] FHE & A
Fauopzk ©7] | (18~25T)oll A 2447 B & 14 %Dev = 15%
*H4
a3t 4§,
RhE %3]
- ;m AU blank(n=3)e] FA Fe), Aol WA G A
- ev =
e 4 LE@AT, 20T, 80C)NA WA BE T B ’ ’
bt A7)
*HA4
2k

"LLOQ(Lower Limit of Quantification): &g #HA, =2 Y&& 1~2%, F 0.8ug/mLE Ho|H.
*ULOQ(Upper Limit of Quantification): HUAHA, SAURTY 0)AZ23E FEEAH MIT 22rizt Hu
FEERY 28] o] =7, £ 200ug/mLE Ao,
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HAE 2. YE(OECD TG 439)

OECD/OCDE 439

Adopted:
14 June 2021

OECD GUIDELINE FOR THE TESTING OF CHEMICALS

In Vitre Skin Irvitation: Reconsoucted Human ¥ pidermis Test Methods

INTRODUCTION

1. Skin irritation refers to the production of reversible damage to the skin occurring after
exposure to a substance or mixture [as defined by the United MNations {UN) Globally Harmonized
System of Classification and Labelling of Chemicals (GHS)] (1) This Test Guideline (TG)
provides an jin wiro procedure that may be used for the hazard idenfification of irritant chemicals
{substances and mixtures) in accordance with UN GHS Category 2 (1) (2). In member countries
or regions that do not adopt the optional UN GHS Category 3 (mild irritants), this TG can also be
used to identify non-classified chemicals. Therefore, depending on the regulatory framework and
the classification system in use, this TG may be used to determine the skin irritancy of chemicals
gither as a stand-alone replacement test for i wive skin irritation testing or as a partial
replacement test within a testing strategy (3).

2, The assessment of skin irritation has typically invoived the use of laboratory animails
[OECD TG 404; originally adopted in 1981 and revised in 1992, 2002, and 2015] (4). For the
testing of corrosivity, three validated in vitro test methods have been adopted as OECD TGs 430,
431 and 435 (5) (6) (7). A Guidance Document (GD) 203 on Integrated Approaches fo Testing
and Assessment (IATA) for Skin Corrosion and lrritaticn descrbes several modules which group
informafion sources and analysis tools and provides guidance on (i) how o integrate and use
existing test and non-test data for the assessment of skin irritation and skin corrosion potenfials
of chemicals and (i) proposes an approach when further testing is needed (3).

3. This TG addresses the human health endpoint skin irritation. It is based on the n vitre
test system of reconstructed human epidermis (RhE), which closely mimics the bicchemical and
physiclogical properties of the upper parts of the human skin, i.e. the epidermis. The RhE fest
system uses human derived non-transformed keratinocytes as cell source to reconstruct an
epidermal model with representative histology and cytoarchitecture. Performance Standards
{P3) are available to facilitate the vaiidation and assessment of similar and modified RhE-based
test methods, inaccordance with the principles of GO 34 (8) (9). This TG was originally adopted
in 2010, updated in 2013 to include additional test methods using the RhE models, updated in
2015 to refer to the GD 203 and introduce the use of an alternative procedure to measure viahility,
and updated subseqguenily to include additional test methods using the RhE models.

4. The tesi methods included in this TG are listed in Annex 2, which also provides
information on the type of validation study used to validate the respective test methods. As noted
in Annex 2, the Validated Reference Method (VREM) has been used o develop the present TG
and the PS (8). Following an independent peer-review, all methods included in this TG were
consideraed to meet the following minimum predictive capacity: 80% sensitivity, 70% specificity,
and 75% accuracy. Mutual Acceptance of Data will only he guaranteed for test methods, which
are validated according to the PS (8), if these test methods have been reviewed and adopted by
QOECD. The test methods included in this TG can be used indiscriminately to address couniries’
requirements for test results from i witro test methods for skin imitation, while benefiting from the
Mutual Acceptance of Data.

© DECD, (202T)
Yo are free to use this material subject to the terms and conditions available at rp. wew oecd orztempsandoondifions.
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5. Definitions of ferms used in this document are provided in AMMEX 1 -

INITIAL CONSIDERATIONS AND LIMITATIONS

G, A limitation of the TG, as demonstrated by the full prospective validation study assessing
and characterising RhE test methods (16), is that it does not allow the classification of chemicals
to the optional UN GHS Category 3 (mild irritants) (1). Thus, the regulatory framework in member
countries will decide how this TG will be used. For a full evaluation of local skin effecis after a
singie dermal exposure, the GD 203 on IATA should be consulted (3). It is recognized that the
use of human skin is subject to national and intermational ethical considerations and conditions.

T. This TG addresses the human health endpoint skin irritation. While this TG dees not
provide adequate informaticn on skin corrosion, it should be noted that OECD TG 431 on skin
corrosion is based on the same RhE test system, though using another protocol {6). This TG is
hased on RhE models using human keratinocytes, which therefore represent in vitro the target
organ of the species of interestmareover, it directly covers the initial step of the inflammatory
cascade/mechanism of action (cell and tissue damage resulting in localised trauma) that occurs
during irritation in vivo. A wide range of chemicals has been tested in the validation study of the
YREM underlying this TG and the database of the VREM validation study amounted to 538 chemicals
in total (16} (18) (23). The TG is applicable to solids, liguids, semi-solids and waxes. The liguids
may be agueous or non-aquecus; solids may be soluble or insoluble in water. Whenever
possible, solids should be ground to a fine powder before application; no other pre-treatment of
the sample is required. Gases and aerosols have not been assessed yel in a validation study
{29). While it is conceivable that thess can be tested using RhE technology, the current TG does
not allow testing of gases and aerosols.

8. When considering testing of mixtures, difficult-to-test chemicals (2.0. unstahie), or test
chemicals not clearly within the applicahility domain described in this TG, upfront consideration
should be given to whether the results of such testing will yield results that are meaningful
scientifically. Such considerations are not needed, when there is a reguiatory requirement for
testing of the mixture. However, due to the fact that mixtures cover a wide spectrum of categories
and compaosition, and that only limited information is curmently available on the testing of mixiures,
in cases where evidence can be demonstrated on the non-applicability of the TG to a specific
category of mixtures (e.g. following a sirategy as proposed in Eskes et al (30}), the T should
not be used for that specific category of mixtures. Similar care should be taken in case specific
chemical classes or physico-chemical properties are found not to be applicable to the current
Tiz. A study comparing /7 vitro and in wivo data for 65 agrochemical formulations revealed an
overall accuracy of 54% (based on 65 agrochemical formulations), a sensitivity of 44% (based
on 25 formulations) and a specificity of 60% (basad on 40 formulations). This data indicates a
lack of applicability of the RhE based in vitro skin irritation test for agrochemical formulations (47).

9, Test chemicals absorbing light in the same range as MTT formazan and test chemicals
abile to directly reduce the vital dye MTT (to MTT formazan) may interfere with the cell viability
measuremeanis and nead the use of adapted controls for corrections (see paragraphs 27-33).

10. A single testing run composed of three replicate fissues should be sufficient for a test
chemical when the classification is unequivocal. However, in cases of borderline resuits, such as
non-concordant replicate measurements and/or mean percent viability equal to 50 £ 5%, a
second run should be considered, as well 35 a third one in case of discordant results betwesn
the first two runs.
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PRINCIPLE OF THE TEST

11. The test chemical is applied topically to a three-dimensional RhE model. comprised of
nan-transformed human-derived epidermal keratinocytes, which have been cultured to form a
multi-layered, highly differentiated mode! of the human epidermis. It consists of organized basal,
spinous and granular layers, and a multi-layered stratum corfeusm containing interceliular
famellar lipid layers representing main lipid classes analogous to those found i vivo.

12. Chemicalinduced skin imitaticn, manifested mainly by erythema and osdema, is the
result of a cascade of events beginning with penetration of the chemicals through the stratum
cormeum where they may damage the underlying layers of keratinocytes and other skin cells.
The damaged cells may either release inflammatory mediators or induce an inflammatory
cascade which also acts on the cells in the dermis, particularly the stromal and endothelial ceils
of the blood vessels. It is the dilation and increased permeability of the endothelial cells that
produce the ohserved erythema and oedema (29). Notably, the RhE-based test methods, in the
absence of any vascularisation in the in vitro test system, measure the initiating events in the
cascade, e.g. cell / tissue damage (16) (17), using cell viahility as readout.

13. Cell viahility in RhE model is measured by enzymatic conversion of the vital dye MTT
[3-(4, 5-Dimethylthiazol-2-yl}-2, 5-diphenyltetrazolium bromide, Thiazaolyl blue; CAS number 298-
93-1], into a blue formazan salt that is guantitatively measured after extraction from tissues (31).
Iritant chemicals are identified by their ability to decrease cell viahility below the defined
threshold leveis (i.e. = 50%, for UN GHS Category 2). Depending on the reguiatory framewaork
and applicability of the TG, test chemicals that produce cell viabilities above the defined threshold
level, may be considered non-irritants (i.e. = 50%, Mo Category).

DEMONSTRATION OF PROFICIENCY

14. Prior to routine use of any of the validated test methods that adhere to this TG (Annex
2), lahoratories should demonstrate technical proficiency, using the ten Proficiency Substances
listed in Takle 1. Users of specific methods included in the TG may want to consult Table 2 in
Annex 3 for indicative ranges of cell viability achieved for individual proficiency substances listed
in Table 1 below. In situations where, for instance, a listed substance is unavailable or cannot be
used for other justified reasons, another substance for which adequate in vivo and in vitro
reference data are available may be used (e.g. from the list of reference chemicals (8)) provided
that the same selection criteria as described in Tahle 1 are applied. Using an alternative
proficiency substance should be justified.

15. As part of the proficiency testing, it is recommended that users vernfy the barrer
properties of the tissues after receipt as specified by the RhE model producer. This is particularly
important if tissues are shipped over long distanceftime periods. COnce a test method has been
successfully established and preficiency in its use has been acquired and demonstrated, such
verification will not be necessary on a routine basis.

Table 1. Proficiency Substances !

Substance CAS NR In vivo Physical UH GHS
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score’ state Category
HNON-CLASSIFIED SUBSTANCES [UN GHS No Category)

naphthalene acetic acid ~ B6-87-3 1] Solid Mo Cat.
izopropanocl 67-63-0 03 Liquid No Cal
methyl stearate 112-51- 1 Solid Mo Cat.

&
heptyl butyrate S58T0- 1.7 Ligquid No Cat.

33-9 (Optional Cat.
3P
hexyl salicylate 6250 2 Liquid Mo Cal
76-3 (Cptional Cat.
3p
CLASSIFIED SUBSTANCES (UN GHS Category 2)

cyclamen aldehyde 103-95- 23 Liquid Cat 2

7
1-bromohexans* 111-25- 27 Liguid Cat 2

1
potassium hydroxide (5% 1310- 3 Liquid Cat 2
ag.) 58-3
1-methyl-3-phenyl-1- 5271- 33 Solid Cat 2
piperazine* 27-2
heptanal 111-71- 3.4 Liquid Cat 2

7

Nates:

' The Proficiency Subsiances are 3 subsat of the substances used in the validation study and the selection is based on the following critena: fi)
the chemical suestances are commercially available; (i) they are representative of the ful range of Draize imtancy scores {from noa-iritant fo
sirong imtant); () they have a well-defined chemical structure; (i) they are representative of the chemical funclionaldy used in the validabion
process; [v] tey provided reproducible in vito results across muliipés testng and malbple laboratories; (vi) they were corectly predicled i wfro,
and [vii} they a2 not 3ssaciated with an extremely fos profie (2.9, carcinogenic or toxic to the reproductive system) and they are not associated
with prohikifive disposal costs.

% in wivo soore in accordance with the OECD TG 404 (4).

*linder this TG, the UN GHS cptional Categoey 3 (mild irstants) (1) s considered as No Category

44-medhyi-3-phenyl-1-piperazine and 1-bromohexane can have varakls resulls in dfferent laboratores dependent on the supplier and could be
corsiderzd o5 suggested in paragraph 14

PROCEDURE

16. The following is a description of the components and procedures of a RhE test method
for skin imtation assessment (See alsc Annex 3 for parameters related to each test method).
Standard Operating Procedures (30Ps) for the test methods complying with this TG are available
{32)(33) (34) (35) (42) (44) (48).

RHE TEST METHOD COMPONENTS

General Conditions

17. MNon-transformed human keratinocytes should be used to reconstruct the epithelium.
Multiple layers of viable epithelial cells (basal layer, sfratum spinosum, stratum granulosum)
should be present under a functional sfratum corneum. Stratum comeum should be mult-layered
containing the essential lipid profile to produce 3 functional bamier with rebusiness to resist rapid
penetration of cytotoxic benchmark chemicals, e.g. sodium dodecyl sulphate (SDS) or Triton X-
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100. The barrier function should be demonstrated and may be assessed either by determination
of the concentration at which a benchmark chemical reduces the viahility of the tissue by 50%
(IC50) after a fixed exposure time, or by determination of the exposure time required to reduce
cell viability by 50% (ET50) upon application of the benchmark chemical at a specified, fixed
concentration. The containment properies of the RhE model should prevent the passage of
material around the stratum cormeum to the viable tissue, which would lead to poor modelling of
skin exposure. The RhE model should be free of contamination by bacteria, viruses,
mycoplasma, of fungi.

Funcrtional conditions

Viability

18. The assay used for quantifying viability is the MTT assay (31). The viable cells of the
RhE tissue construct can reduce the vital dye MTT into a blue MTT formazan precipitate which
is then extracted from the tissue using isopropanol (or a similar solvent). The optical density (OD)
of the extraction salvent alone should be sufficiently smaill, i.e. OD = 0.1. The extracted MTT
formazan may be guantified using either a standard ahsorbance (OD) measurement or an
HPLC/UPLC-spectrophotometry procedure (36), as further explained in paragraph 33. The RhE
model users should ensure that each batch of the RhE model used meets defined criteria for the
negative control. An acceptability range (upper and lower limit) for the negative control 0D values
{im the Skin Iritation Test Method conditions) is established by the RhE model developer/supplier.
Acceptability ranges for the validated RhE test methods inciuded in this TG are given in Annex
3, Tahle 4. An HPLC/UPLC-Spectrophotometry user should use the negative control OD ranges
provided in Annex 3, Table 4 as the acceptance criterion for the negative control. It should be

documented that the tissues treated with the negative conftrol are stable in culture (provide similar
viability measurements) for the duration of the test exposure period.

Barrier function

19. The stratum corneum and its lipid composition should be sufficient to resist the rapid
penetration of cytotoxic benchmark chemicais, e.g. SDS or Triton X-100, as estimated by 1C50
or ETS0 (Annex 3, Table 5).

Morphology

20. Histological examination of the RhE model should be provided demonstrating human
epidermis-like structure (including multi-layered siratum cormeum).

Reproducibility

21, The resulis of the positive and negafive controls of the test methed should
demonstrate reproducibility over time.

Quality control (QC)

22. The RhE model should only be used if the developer/supplier demonsirates that
gach batch of the RhE model used meets defined production release criteria, among
which those for viability (paragraph 18), barrier function {paragraph 19) and morphology
(paragraph 20) are the most relevant. These data should be provided to the test method
users, so that they are able o include this information in the test report. An acceptability
range (upper and lower limit) for the IC50 or the ETAD should be established by the RhE
maodel developer/supplier. Only results produced with qualified tissues can be accepted
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for refiable prediction of irritation classification. The acceptability ranges for the test
methods included in this TG are given in Annex 3, Tahle 5.

Application of the Tast Chemical and Contrel Substances

23, At least three replicates should be used for each test chemical and for the
controls in each run. For liguid as well as solid chemicals, sufficient amount of test
chemical should be applied to uniformly cover the epidermis surface, i.e. ranging from 26
to 83 plfem® or mofom? (see Annex 3). For solid chemicals, the epidermis surface should
e moistened with deionised or distilled water before application, to improve contact
petwesn the test chemical and the epidermis surface. Whenever possible, solids should
be tested as a fine powder. A nylan mesh may be used as a spreading aid far all test
conditions (see Annex 3). At the end of the exposure period, the test chemical should be
carefully washed from the epidemmis surface with agueous buffer, or 0.9% NaClL
Depending on the RhE test methods used, the exposure period ranges between 15 and
60 minutes, and the incubation temperature between 20 and 37°C. These exposure
penods and temperatures are optimized for each individual RhE test method and
represent the different intrinsic properties of the test methods {g.0. barmer function) (see
Annex 3).

24, Concurrent negative control (NC) and positive contral (PC) should be used in
each run to demonstrate that viability (using the NC), bammier function and resulting tissue
sensitivity (using the PC) of the tissues are within a defined historical acceptance range.
The suggested PC is 5% agueous S05. The suggested NCs is either water or phosphate
buffered saline (PBS).

Cell Viability Measuremenis

25, Accaording to the test procedure, it is essential that the viahility measurement is
not performed immediately after exposure o the test chemical, but after a sufficiently long
post-treatment incubation period of the rinsed tissue in fresh medium. This period allows
both for recovery from weak cytotoxic effects and for appearance of clear cytotoxic effects.
A 42 hours post-treatment incubation period was found optimal during test optimisation of
two of the RhE-based test methods underlying this TG (113 (12) (13) {14) (15), and is now
a standard parameter for all test methods included in this TG

26. The MTT assay is a standardised guantitative method which should he used fo
measure cell viakility under this TG. It is compatible with use in a three-dimensional fissue
construct. The fissue sample is placed in MTT solution of appropriate concentration (e.qg.
0.3 -1 mg/mL) for 3 hours. The MTT is converted into blue formazan by the viable cells.
The precipitated hlue formazan product is then extracted from the fissue using a solvent
{e.g. isopropanal, acidic isopropancl), and the concentration of formazan is measured by
determining the OD at 570 nm using a fitter band pass of maximum = 30 nm or, by using
an HPLC/UPLC-spectrophotometry procedure (see paragraph 33) (36).

27. Optical properties of the test chemical or its chemical action on MTT (e.g.
chemicals may prevent or reverse the colour generation as well as cause it) may interfere
with the assay lzading to a false estimate of viability. This may ocour when a specific test
chemical is not completely removed from the tissue by rinsing or when it penefrates the
epidermis. If a test chemical acts directly on the MTT {e.g. MTT-reducer), is naturally
coloured, or becomes coloured during tissue treatment, additional controls should be used
fo detect and comect for test chemical interference with the viability measurement
technigue (see paragraphs 28 and 32). Defailed description of how to comect direct MTT
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reduction and interferences by colounng agents is availabie in the S0OPs for the validated
test methods included in this TG (32) (33) (34) (35) (42) (44) (48).

28. To identify direct MTT reducers, each test chemical should be added to freshly
prepared MTT solution. If the MTT mixture containing the test chemical turns bluefpurple,
the test chemical is presumed to directly reduce MTT and a further functional check on
non-viable RhE tissues should be performed, independently of using the standard
absorbance {0D) measurement or an HPLC/UPLC-spectrophotometry procedure. This
additional functional check employs killed tissues that possess only residual metabaolic
activity but absorb the test chemical in a similar way as viable tissues. Each MTT reducing
test chemical is applied on at least two killed tissue replicates which undergo the entire
testing procedure to generate a non-specific MTT reduction (NSMTT) (32) (33) (34) {35)
(42) (44) (48). A single NSMTT control is sufficient per test chemical regardless of the
number of independent testsiruns performed. The true tissue viahility is then calculated
as the percent tissue viability obtained with living tissues exposed to the MTT reducer
minus the percent non-specific MTT reduction obtained with the killed tissues exposed fo
the same MTT reducer, calculated relative to the negative control run concurrently to the
test being cormected (W%MNSMTT).

29. To identify potential interference by coloured test chemicals or test chemicals
that become coloured when in contact with water or isopropanaol and decide on the need
for additicnal controls, spectral analysis of the test chemical in water (envirenmeant during
axpasure) andf/or isopropanol {extracting solution) should be performed. If the test
chemical in water andfor isopropanal absorbs light in the range of 570 = 30 nm, further
colorant  controls  should he performed or, altematively, an HPLC/UPLC-
spectrophotometry procedure should be used in which case these controls are not
requirad (see paragraphs 32 and 33). When performing the standard absorbance (QD)
measurement, each interfering coloured test chemical is applied on at least two viable
tissue replicates, which undergo the entire testing procedurs but are incubated with
medium instead of MT T solution during the MTT incubation step to generate a non-specific
colour (NSCliving) control. The NSCliving control needs to be performed concurrently to
the testing of the coloured test chemical and in case of multiple testing, an independent
NSCliving contral needs to be conducted with 2ach test performed {in 2ach run} due ta
the inherent biological variahility of living tissues. The true tissue viahility is then calculated
as the percent tissue viahility obtained with living tissues exposed to the interfering test
chemical and incubated with MTT solution minus the percent non-specific colour obtained
with living tissues exposed to the interfering test chemical and incubated with medium
without MTT, run concurmrently to the test being corrected (%NSCliving).

30, Test chemicals that are identified as producing hoth direct MTT reduction {see
paragraph 28) and colour interference (see paragraph 29) will also require a third set of
controls, apart from the NSMTT and N3Cliving confrols described in the previous
paragraphs, when performing the standard absorbance (OD) measurement. This is
usually the case with darkly coloured test chemicals interfering with the MTT assay (e.n.,
blue, purple, black) because their intrinsic colour impedes the assessment of their
capacity to directly reduce MTT as described in paragraph 28. These test chemicals may
bind to both living and killed tissues and therefore the NSMTT control may not only correct
for potential direct MTT reduction by the test chemical, but also for colour interference
arising from the binding of the test chemical to killed tissues. This could lead to a double
correction for colour interference since the WSCliving control aiready corrects for celour
interference arising from the binding of the test chemical o living tissues. To avoid a
possible double comection for colour interference, a thind control for non-specific colour in
killed tissues (NSCkilled) needs to be performed. In this additional control, the {est
chemical is applied on at least two killed tissue replicates, which undergo the entire testing
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procedure but are incubated with medium instead of MTT solution during the MTT
incubation step. A single NSCkilled contral is sufficient per test chemical regardless of the
number of independent testsiruns performed, but should be performed concurrently to the
NSMTT confral and, where possible, with the same fissug batch. The true tissue viahility
is then calculated as the percent tissue viability chtained with living tissues exposed to the
test chemical minus %NSMTT minus %NSCliving plus the percent non-specific colour
obtained with Killed tissues exposed o the interfering test chemical and incubated with
medium without MTT, calculated relative to the negative control run concurrently to the
test being comected (%N SCkilled).

31. It is important to note that non-specific MTT reduction and non-specific colour
interferences may increase the readouts of the tissue extract above the linearity range of
the spectrophotometer. On this basis, each laboratory should determine the linearity
range of their spectrophotometer with MTT formazan (CAS # 57360-69-7) from a
commercial source before initiating the testing of test chemicals for regulatory purposes.
The standard absorbance (OD) measurement using a spectrophotometer is appropriate
to assess direct MT T-reducers and colour interfering test chemicals when the ODs of the
fissue exiracts obtained with the test chemical without any comection for direct MTT
reduction andfor colour interference are within the linear range of the spectrophotometer
or when the uncorrected percent viahility obtained with the test chemical is already = 50%.
Neverheless, results for test chemicals producing %MNSMTT andfor %NS Cliving = 50% of
the negative control should be taken with caution as this is the cut-off used to distinguish
classified from not classified chemicals (see paragraph 35).

32, For coloured test chemicals which are not compatible with the standard
absorbance (OD) measurement due to too strong interference with the MTT assay, the
alternative HPLC/UPLC-spectrophotometry procedure to measure MTT formazan may be
employed (see paragraph 33) (36). The HPLC/UPLC-spectrophotometry system allows
for the separation of the MTT formazan from the test chemical hefore its quantification
{36). For this reason, NSCliving or MSCkilled controls are never required when using
HPLC/UPLC-spectrophotometry, independently of the chemical being tested. NSMTT
controls should nevertheless he used if the test chemical is suspected to directly reduce
MTT or has a colour that impedes the assessment of the capacity to directly reduce MTT
(as described in paragraph 28). When using HPLC/UPLC-spectrophotometry to measure
MTT formazan, the percent tissue viability is calculated as percent MTT formazan peak
area obtained with living tissues exposed to the test chemical relative to the MTT formazan
peak obtained with the concurrent negative control. For test chemicals able to directly
reduce MTT, true tissue viahility is calculated as the percent tissue viability obtained with
fiving tissues exposed to the test chemical minus %NSMTT. Finally, it should be noted
that direct MTT-reducers that may also be colour interfering, which are retained in the
tissues after treatment and reduce MTT so strongly that they lead to QDs (using standard
0D measurement) or peak areas (using UPLC/HPLC-spectrophotometry) of the tested
tissue extracts that fall outside of the linearity range of the spectrophotometer cannot be
assessed, although these are expected to occur in only very rare situations.

33. HPLC/UPLC-spectrophotometry may be used also with all types of test
chemicals (coloured, non-coloured, MTT-reducers and non-MTT reducers) for
measurement of MTT formazan (36). Dues fo the diversity of HPLC/UPLC-
spectrophotometry systems, qualification of the HPLC/UPLC-spectrophotometry system
should be demonstrated before its use to quantify MTT formazan from tissue extracts by
meeting the acceptance criteria for a set of standard gualification parameters based on
those described in the U5, Food and Crug Administration guidance for industry on bio-
analytical method validation (36) (37). These key parameters and their acceptance criteria
are shown in Annex 4. Once the acceptance criteria defined in Annex 4 have been met,
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the HPLC/UPLC-specirophotometry system is considered qualified and ready io measure
MTT formazan under the experimental conditions described in this TG.

Acceptability Criteria

34, For each test method using valid RhE model batches (see paragraph 22), tissues
treated with the negative control should exhibit OD reflecting the guality of the tissues that
followed shipment, receipt steps and all protocol processes. Controf 0D values should niot
be below historically established boundaries, Similarly, tissues treated with the PC, i.e.
5% agueous 505, should reflect their ahility to respond to an irmtant chemical under the
conditions of the test method (see Annex 3 and for further information SOPs of the test
methods included in this TG (32) (33) (34) {35) (42) (44) (48). Associated and appropriate
measures of varability between tissue replicates, i.e., standard deviations (S0 should fall
within the acceptance limits established for the test method used (see Annex 3).

Interpretation of Resulfts and Prediction Model

35. The 0D values obtained with each test chemical can be used to calculate the
percentage of viability normalised to the negative control, which is set to 100%. In case
HFPLC/UPLC-spectrophotometry i1s used, the percent tissue viability is calculated as
percent MTT formazan peak area ohtained with living tissues exposed to the test chemical
relative to the MTT formazan peak obtained with the concurrent negative control. The cut-
off value of percentage cell viability distinguishing irritant from non-classified fest
chemicals and the statistical procedureds) used to evaluate the results and identify irmtant
chemicals should be clearly defined, documented, and proven fo be appropriate (see
S0Ps of the test methods for information). The cut-off values for the prediction of imitation
are given below:

+« The test chemical The test chemical is identified as requiring classification
and labelling according to UN GHS (Category 2 ar Categary 1) if the mean
percent tissue viability after exposure and post-treatment incubation is less
than or equal (=) to 50%. Since the RhE test methods covered by this TG
cannot resoive between UN GHS Categories 1 and 2, further information
on skin corresion will be required to decide on its final classification [see
also the GO 203 (3)]. In case the test chemical is found to be non-comosive
{e.g., based on TG 430, 431 or 435), and shows tissue viability after
exposure and post-treatment incubation is less than or equal (=) to 50%,
the test chemical is considered to be irritant to skin in accordance with UN
GHS Category 2.

* Depending on the reguiatory framework in member countries {e.g., in case
of non-adoption of the cpticnal UN GHS Category 3), the test chemical may
be considered as non-irritant to skin in accordance with UN GHS No
Category if the tissue viahility after exposure and post-treatment incubation
15 maore than (=) 50%.
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DATA AND REPORTING

Dara

36. For each run, data from individual replicate tissues (eg. OD wvalues and
calculated percentage cell viahility data for each test chemical, including classification)
should be reported in tabular form, including data from repeat experiments as appropriate.
In addition means + 5D for each run should be reported. Observed interactions with MTT
reagent and coloured test chemicals should be reporied for each tested chemical.

Test Report

3r. The test report should include the following information:
Test Chemical and Control Substances:

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

* Muiti-constituent substance, UVCE and mixture: characterised as far as
possible by chemical identity (see above), inciuding spectral informaticn for
LUVCE i possible, gquantitative occurrence and relevant physicochemical
properties of the constituents;

« Physical appearance, water solubility, and any additional relevant
physicochemical properiies;

= Source, lot number if available;

« Treatment of the test chemical/control substance prior to testing,
applicable (e.g. warming, grinding};

« Stability of the test chemical, limit date for use, or date for re-analysis if
known;

+« Storage conditions,
RhE model and protocol used (and rationale for the choice, if applicable)
Test Conditions:

*»  RhE model used (including batch number);

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

+« Description of the gualification of the HPLC/UPLC-spectrophotometry
system, if applicable; Complete supporting information for the specific RhE
maodel used including its performance. This should include, but is not imited
to;
i} Viability;
i} Barrier function;
i) Morphology;
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iv} Cuality controls (QC) of the model;

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

« Demaonstration of proficiency in performing the test method before routine
use by testing of the proficiency substances.

Test Procedure:

« Details of the test procedure used (including washing procedures used afier
exposure period); Doses of test chemical and control substances used;

«  Duoration and temperature of exposure and post-exposure incubation
period;

» |ndication of contrels used for direct MT T-reducers andfor colouring test
chemicals, if applicahle;

=  Mumber of tissue replicates used per test chemical and controls (PC,
negative control, and NSMTT, NSCliving and NSCkilled, if applicable);

« Description of decision criteriafprediction model applied hased on the RhE
madel used;

= Description of any modifications to the test procedure {including washing
procedures).

Run and Test Acceptance Criteria:

« Positive and negative control mean values and acceptance ranges based
on historical data; Acceptable variability hetween tissue replicates for
positive and negative controls;

»  Acceptable variability between tissue replicates for test chemical.

Results:

+« Tabulation of data for individual test chemical for each run and each
replicate measurement including OO0 or MTT formazan peak area, percent
tissue viability, mean percent tissue viability and SD;

= If applicable, resulis of confrols used for direct MTT-reducers andior
colouring test chemicals including OD or MTT formazan peak area,
WMSMTT, %NSCliving, %NSCkilled, SD, final correct percent fissue
viability;

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

» Description of other effects chserved;

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

Discussion of the results

« Any deviations from the guideline that are identified during the test, and
whether they impacted the results from the assay or not.
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ANMNEX 1 - DEFINITIONS

Accuracy: The closeness of agreement between test method results and accepted reference
values. It is 3 measure of test method performance and one aspect of relevance. The term is
often used interchangeably with “concordance” to mean the proportion of comect outcomes of a
test method (9).

Cell viability: Paramester measuring total activity of a cell poputation e.g. as ability of cellular
mitechondrial dehydrogenases to reduce the vital dye MTT (3-(4 5-Dimethyithiazol-2-y1)-2 5-
diphenyltetrazolium bromide, Thiazolyl biue), which depending on the endpoint measured and
the fest design used, correlates with the total number andfor vitality of living cells.

Chemical: means a substance or 3 mixture.

Concordance: This is a measure of test method perormance for test methods that give a
categorical result, and is one aspect of relevance. The term is sometimes used interchangeably
with accuracy, and is defined as the proportion of all chemicals tested that are commectly classified
as positive or negative. Concordance is highly dependent on the prevalence of positives in the
types of test chemical being examined (9).

ET50: Can be estimated by determination of the exposure time required to reduce cell viability
Dy 50% upon application of the benchmark chemical at a specified, fixed concentration, see also
IC50.

GHS (Globally Harmonized System of Classification and Labelling of Chemicals by the
United Mations (UN)): A system proposing the classification of chemicals (substances and
mixtures) according to standardized types and levels of physical, health and environmental
hazards, and addressing corresponding communication elements, such as pictograms, signal
words, hazard statements, precautionary statements and safety data sheets, so that to convey
information on their adverse effects with a view to protect people {including employers, workers,
transporiers, consumers and emergency responders) and the environment (1).

HPLC: High Performance Liquid Chromatography.
IATA: Integrated Approach on Testing and Assessment

1C50: Can be estimated by determination of the concentration at which a benchmark chemical
reduces the viability of the tissues by 50% (IC50) after a fixed exposure time, see also ETA0.

Mixture: means a mixture or a solution composed of two or more substances in which they do
not react

Mono-constituent substance: A substance, defined by its quantitative composition, in which
one main constituent is present to at least 80% (wiw).

MTT: 2-i4,5-Dimethylthiazol-2-y1)-2, 5-diphenyltetrazolium bromide; Thiazelyl biue tetrazolium
bromide.

Multi-constituent substance: A substance, defined by its guanfitative compaosition, in which
maore than one main constituent is present in a concentration = 10% (wiw) and = 80% (wiw). A
multi-constituent substance is the result of a3 manufacturing process. The difference between
mixture and multi-constituent substance is that a mixture js obtained by hlending of two or more
substances without chemical reaction. A multi-constituent substance is the result of a chemical
reaction.
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NS CEilled: Non-Specific Colour in killed tissues.
NSCliving: Non-Specific Colour in living tissues.
NSMTT: Non-Specific MTT reduction.

Performance standards (PS); Standards, based on a validated test method, that provide a basis
for evaluating the comparahility of a proposead test method that is mechanistically and functionally
similar. Included are; (i) essential test method components; (i) a minimum list of Referance
Chemicals selected from among the chemicals used to demonstrate the acceptable performance
of the validated test method; and {iii) the comparable levels of accuracy and reliability, based on
what was obtained for the validated test method, that the propesed test method should
demonstrate when evaluated using the minimum list of Reference Chemicals (9).

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

Relevance: Description of relationship of the test fo the effect of interest and whether it is
meaningful and useful for a particular purpose. Itis the extent to which the test correctly measures
or predicts the biological effect of interest. Relevance incorporates consideration of the accuracy
{concordance) of a test method (9).

Reliahility: Measures of the extent that a test method can be performed reproducibly within and
between |aboratories over time, when performed using the same protocol. It is assessed by
calculating intra- and inter-lahoratory reproducibility (9).

Replacement test: A test which is designed to substitute for a test that is in routineg use and
accepted for hazard identification andfor risk assessment, and which has been determined to
provide egquivalent or improved protection of human or animal health ar the environment, as
applicable, compared to the accepted test, for all possible testing situations and chemicals (9).

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

Sensitivity: The proportion of all positive/active test chemicals that are correctly classified by the
test. It is 3 measure of accuracy for 3 te2st method that produces categorical results, and is an
important consideration in 2ssessing the relevance of a test method (9.

SKin frritation in vivo: The production of reversible damage to the skin following the application
of a test chemical for upto 4 hours. Skin irftation is a locally arising reaction of the affected skin
tissue and appears shorily afier stimulation (28). It is caused by a local inflammatory reaction
involving the innate (non-specific) immune system of the skin tissue. Its main characteristic is its
reversible process involving inflammatory reactions and most of the clinical characteristic signs
of irmitation (enythema, cedema, itching and pain) related to an inflammatory process.

Specificity: The proportion of all negativelinactive test chemicals that are correctly classified by
the test_ It is 2 measure of accuracy for a test method that produces categorical results and is an
important consideration in assessing the relevance of a test method (9.

Substance: means chemical elements and their compounds in the natural state or obiained by
any production process, including any additive necessary to preserve the stability of the product
and any impurities denving from the process used, but excluding any schvent which may be
separated without affecting the stability of the substance or changing its compaosition.

Test chemical: means what is tested.
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UPLC: Ultra-High Performance Liquid Chromatography.

UVCE: substances of unknown or variable composition, complex reaction products or biclogical
materials.
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ANNEX 2 - TEST METHODS INCLUDED IN THIS TG

Pre-validation, optimisation and validation studies have been completed for seven commercially
avallable in vitro test methods (10) (11) {12) (13) (14) (15) {(16) (17) (18) (19} (20) (21) (22) (23)
(24) (25) (28) (27) (28) (43) (45) (50} (51) based on the RhE test system with the following
minimum of predictive capacity; (80% sensitivity, 70% specificity, and 75% accuracy). These
seven test methods are included in this TG and are listed below, together with the type of
validation study used to validate the respective test methods. The VRMs that have been used to

439 |2

develop the present TG and the PS (8) are EpiSkin™ and EpiDerm™ SIT (EPI-200).

Test method

Hr. tine Validation study type References

1 EpiSkin™ Full prospective validation study (2003-2007).  (2) (10} (11) (14}
{VRM) The test method components of thiz method (15) (16) (17)

were used to define the essential test method (18] (19} (20}
components of the onginal and uwpdated (21) (23) (32)
ECWVAM PS5 (39) (40) {21} Mareover, the (39) (40)
method's data relating to identification of non-

clazsified vs classified substances formed the

main basis for defining the specificity and

sensitivity values of the original P5*.

2 EpiDerm™ EpiDerm™ (onginal): Initially the test method (23 {(10) (12) (13)
SIT (EPI-200) underwent full prospective validation together  (15) {16} (17)
(VRM) with Nr. 1. from 2003-2007. The test method  (18) (200 (21)

companents of this method were used to (23) (33) (39)
define the essential test methods components (40

of the onginal and updated ECVAM PS5 (39)

(40 (21)~

EpiDerm™ SIT {EPI-200): A modification of (2) (21) (22) (23)
the original EpiDerm™ was validated using (33)

the original ECVAM P35 (21) in 2008*

3 SkinEthic™  Validation study based on the onginal (2) {21) (22) (23)
RHE ECYAM Performance Standards (21) in {31)

2008*.

4 LabCyte EPl- ‘alidation study (2011-2012) based on the (24) (25) (26)
MODELZ24 Performance Standards (PS5) of OECD TG (27) (28) (35)
SIT 438 (8) which are based on the uwpdated (39} (40) and PS5

ECVAM P3* (389) (40). of this TG ()"

5 epiCs® Performance  Standards based Validation (1) (8) (23} (39)
Study for SIT (407 (44) (43
according to OECD GD 220 (8) (45)
following ESAC opinion in 2016 (45) and
independent peer review in 2018 (43}

B Skin+* Performance Based Validation Study for SIT (1) (B) (23} (29)
according to OECD GD 220 (8) 40y 42y 43
following ECVAM opinion in 2016 (46) and ({48)
independent peer review in 2015 (43)

¥ KeraSkin™ Performance Standards based Validation (48) (49) (50)
SIT Study according to OECD GD 220 (B) (51)

folowed by independent peer-review in 2020.
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Note: The ofginal ECVAM Peroemance Standards (P5) (21] were developed in 2007 wpon completion of the prospective validation study (18]
which had assessed the performance of test methods Nr 1 and 2 in reference fo the classification system as described in the 28t amendment
ta the EU Dangerous Sutstances Directive (41). In 2008 the UN GHS was introduced (1), effectvely shifting the cut-off vaiue for distinauishing
non-classified from classified substamces from an i vivo score of 2.0 %0 2.3. To adapt o thes changed requiatory requeement, the accuracy
values and reference chemical fist of the ECVAM PS5 were updated in 2009 (2} [39) (40). As the ongimal P53, also e updated PS5 weee largely
based data from methods Nr. 1 and 2 (18], buf addifionally used data on reference chemicals from method Ne. 3. In 2040, the updated ECVAM
PS were used for siipulating the P35 refated to thes TG (B). For the punpase of this TG, EpiSkin™ is considersd the VRM, dus o the fact that #
was used fo develop all the critena of the PS5 Detafed mformaton on the validation shudies. a compiiation of fe data generated as well as
background to the mecessary adaptations of the P35 as a consequence of the UN GHS mmplementation can ke found in the ECVAMBR
explamatory background document o this OECD TG (23]

SIT: Sien Imitation Test

RHE: Reconsirucied Human Epidermis
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Table 2- Overview of protocol parameters for each test method included in this TG
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ANNEX 3 - PROTOCOL PARAMETERS SPECIFIC TO EACH OF THE TEST METHODS INCLUDED IN THIS TG

The RhE methods do show very similar protocols and notably all use a post-incubation period of 42 hours at 37°C (32) (33) (34) (35)
(42) (44) (48). Vanations concermn mainly three parameters relating to the different barrier functions of the test methods and listed
here: A) pre-incubation time and volume, B) Application of test chemicals and C) Post-incubation volume.
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. : : - LabCyte KeraSkin™
T™ ™
Ep;:;‘;‘ s.EﬂE:-TEoo; S‘SEE'T':,"‘ EPI-MODEL24 | epiCS® Skin+ © SIT
SIT 43)(44 42)(43 48
A) Pre-incubation
Incubation time ) 4 hours or. 2 hours or 20-24 hours
18- 24 hours 18-24 hours = 2 hours 15-30 hours overnight ovemnight
Medium volume 2 mL 0.9 mL 03 or 1 mL 0.5 mL 1 mL 1 mL 0.9 mL
B) Test chemical applicatio
For liquids 10 pL 30 pL 16 pyL 25 pL 30 pL 16 pL 40 pL
(26 pl/icm?) (47 pLfcm?) (32 plLicm?®) (83 pl/icm?) {50 pl/cm®) | (32 pl/cm®) | (67 pL/icm?)
For solids
25 mg* 30 mg 16 mg 40 mg
10 mg R (39 mg/em?) 16 mg ; 25 mg 2 (50 ; (32 : (67 ”igmmg}
{26 mg/cm=) + DPBS (25 (32 mg/cm=) (83 mg/cm=) mg/cm?=) mg/cm?) + DPBS (40
+ DW (5 L) L ( +DW (10 uL) | + DW (25 L) + DPBS + DW L)
L2 (50 i) (tlopy) ¥
Use of nylon mesh Not used If necessary Applied Mot used Applied Applied Mot used
Total application time 15 minutes 60 minutes 42 minutes 15 minutes 20 minutes . 42 minutes 30 minutes
Application temperature a)at RT for 25
minutes 3ree
RT b) at 37°C for RT RT RT RT
35 minutes
@OECD 2021
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C) Post-incubation volume
Medium volume 2 mL 0.8 mLx2 2 mL 1 mL 1 mL 2 mL 0.9 mL
: 2mL0.3 . 300 pL 1 500 pL 05 300 pL 1 300pL 05 300pL 04
MTT solution mg/mL 300 L 1 mg/mL mg/mL mg/mbL mag/mL mg/mL mg/mL
D) Acceptability Criteria
Mean OD of the tissue
replicates t_reated with | =06 and = >08and<28 | >08and<3 | >07and <25 >08and= | =z08and=< |= 0.7 and =
the negative control 1.5 28 25 1.6
(water or DPBS)
Mean viability of the
tissue replicates treated
with the positive control < 40% < 20% < 40% = 40% <20 % = 40% < 40%
(SDS 5%), expressed as
% of the negative control
Standard deviation " =
between tissue replicates SD £ 18% SD=18% SD £ 18% SD =18% SD = 18% SD = 18% SD<18%
RT: Room temperature (18 — 25°C)
DW: distilled water
DPBS: Dulbecco’s Phosphate Buffer Saline
*Quantity is measured with a calibrated spoon, as described in the SOP
@OECD 2021
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Table 3- Indicative ranges of cell viability values (%) obtained for each test method and proficiency substance

These values are provided for information purposes and reflect the ranges obtained by laboratories participating in the validation
study of individual methods. These ranges are not part of the TG, but can be useful for a laboratory setting up the method for the first
time before routine use for regulatory purposes.

LabCyte
EpiSkin™ | EpiDerm™ SIT SkinEthic EPI- I A KeraSkin™
(SM) (EPI-200) RHE™ MODEL24 efg'ci (T:;T:s} SIT
(23) (23) (23) SIT (13H44) (51)
(26)

NON-CLASSIFIED SUBSTANCES (UN GHS No Category)

naphthalene acetic || 92.3 +/- 104.0 +/- ; 993 +/- 946 +/-

. o 100.7 +/-8.4 e 100.4 +/-7.6 o e 81.8 +/-15.0

isopropanol 881'317”' 656 +/-165 | 101.0+/-113 | 767 +-7.0 | 97 +/68 9%; g" 76.6 +/-9.4

methyl stearate e 1077 +-49 | 1044 +-158 | 9934104 | 101080 | 'OL0 | e3aai1a

heptyl butyrate 102442 | 1041442 | 921475 [ 10544111 | 003 q90478 | 734110

hexyl salicylate 89+/18 | 1069452 | 95944125 | 1009+/-82 | 95+-80 891'; ;’L 88.3 +/-10.4

CLASSIFIED SUBSTANCES (UN GHS Category 2)

cyclamen 254 +- 12.8 +/- i

e o 18.5 +/-16.2 1.7+-09 | 9.1+29 e 34/-0.4 17 +/-3.0

1-bromohexane S 169 +-25 13439 | 157434 | 104+-48 | 56407 | 189+-129

potassium f s 1

e aodife oy | SHHEAOD 43+ 167+-17 | 33431 | 26436 | 52415 | -12+-20

' The negative value indicates mean cell viability close to the detection limit and variation in the data.

@OECD 2021

_67_



ENV/CBC/MWRPR(2021)10 | 25

1-methyl-3-phenyl-

23.8+/-

38.8 +-

ki A 7.35+/-2.7 8.2 +/-7.1 58 +-3.7 5 |asw07 54 +/-95
heptanal o 51 +/-03 13+/-09 99413 | 44+-49 | 93402 | 28428

_68_
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Table 4. Acceptability ranges for negative control OD values in the MTT
assay of the test methods included in this TG

Lower acceptance limit

Upper acceptance limit

EpiSkin™ [SM)

EpiDerm™ SIT {EPI-200)
SkinEthic™ RHE

LabCyte EPI-MODEL24 SIT
epiCcs®

Skin+ *

Keraskin™ SIT

206
=08
=208
=207
=08
=08
207

=15
=28
=30
=25
=28
=25
=16

Table 5. QC batch release criteria of the test methods included in this TG

Lower acceptance Upper acceptance
limit limit
EpiSkin™ [SM) ICse = 1.0 mg/mL 1C=z = 3.0 mg/mL
(18 hours treatment with SDS)
(32)
EpiDerm™ SIT (EPI-200) ETze=4.0hr ETsaa=8Thr
(1% Triton X-100) (33)
SkinEthic™ RHE ETso=40hr ETso=10.0 hr
[ 1% Triton 2-100) (34)
LabCyte EPI-MODEL24 SIT ICz0 = 1.4 mg/mL |Co = 4.0 mgfmL
{18 hours treatment with SDS5)
{35}
epiCs® ETso=20hr ETsa=7.0hr
(1% Triton X-100) (44)
Skin+ * ETzo=4.0hr ETsa=90hr
(1% Triton X-100) (42)
KeraSkin™ SIT ICse = 1.5 mg/mL ICzo=4.8 mg/mL
(18 hours treatment with SDS)
(4B}
{@OECD 2021
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ANNEX 4 - Key parameters and acceptance criteria for qualification of an
HPLC/UPLC-spectrophotometry system for measurement of MTT formazan

extracted from RhE tissues

Protocol Derived from FDA Guidance Acceptance

o ter (36) (37 Criteria

Selectivity Analysis of isopropanol, fiving blank Aredntereerce =
{isopropanal exiract from living RhE 20% of Areayog!
fissues without any treatment), dead
blank {izopropanol extract from killed
RhE tizsues without any treatment)

Precigion Quality Controls (e, MTT formazanat CWV =15%or=
1.6 pgiml, 16 pg/mL and 160 pgimi) 20% for the LLOQ
in isopropanol (n=5)

Accuracy Quality Controls in isopropanal (n=5) %Dev = 15%or=

20% for LLOQ

Mafrix Effect Quality Controls in fiving blank (n=5) B85% = Matrix

Effect % = 115%

Carryover Analysis of isopropanol afteran ULOG? Aréd@nmesmsecs =
standard 20% of Are@yca

Reproducibility (intra- 3 independent calibration curves Calibration

day) (based on & consecutive 1/3 dilutions Curves: %leyv =

Reproducibility (inter-
day)

Short Term Stability of
MTT Formazan in RhE
Tissue Extract

Long Term Stability of
MTT Formazan in RhE
Tissue Exiract, if
required

of MTT formazan in isopropanol
starting at ULOQ, i.e., 200 pg/mL};
Quality Controls in isopropanol (n=3)
Day 1: 1 calibration curve and Quality
Controls in isopropanol {n=3)

Day 27 1 calibration curve and Quality
Conirols in isopropano! {n=3)

Day 3: 1 calibration curve and Quality
Confrols in isopropanal (n=3)

Quality Controlz in fiving blank (n="3)'
analysed the day of the preparation
and after 24 hours of storage at room
temperature (18 — 25°C)

Quality Controlg in fiving blank (n="3)'
analysed the day of the preparation
and after several days of storage at a
specified temperature (e.g., 4°C, -20°C,
-80°C)

15% or = 20% for
LLOG

Cuality Confrols:
%eDev = 15% and
CV=13%

%Dev = 15%

%Dev = 15%

Notes:

LLOCE Lower Limé of Cuantification, defined fo cover 1-2% fissue viakility, ie. 0.8 ugmL

L0 Upper Limit of Cuandification, defined {o be at least wo times higher thar the highest expected MTT formazan comcentation in

isopropanal extracts from negative condrols Le | 200 pgimb
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