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ABSTRACT. Human reconstituted epidermis models have been widely used in evaluating phototoxicity.
However, human reconstituted epidermis models made in Korea have not been employed to assess phototoxicity.
In this study, we conducted an in vitro phototoxicity test with Neoderm®-E, human reconstituted epidermis model
from Korea, in order to see if the model could be used for the evaluation of phototoxicity. Firstly, we
performed an UVA sensitivity test and selected 6 J/cm® for an UVA irradiation dose. Chlorpromazine as a
positive control was then tested to confirm that the substance induces phototoxicity in this model. Afterwards, 3
phototoxins and 2 non-phototoxins were tested using Neoderm®™-E and Epiderm™, a generally used phototoxicity
test model, to compare prediction results for each chemical. The results indicated that all those 5 chemicals were
correctly predicted with Neoderm®-E, which was accordant with the phototoxic information on them. However,
only 3 chemicals were correctly predicted with Epiderm™. Consequently, the predictive capacity of the test with

Neoderm®-E could be higher than that using Epiderm™. Overall, we reached the conclusion that Neoderm®-E
could be used in evaluating phototoxicity.
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o] A Rel SAR AHOE Cldlo] B2
tjete 2 A (replacement), ZrA(reduction), I
Sh(refinement) 9] 3R Y& WFFsh= %%*a‘%‘tﬂxﬂt”
kel wol ola Qi IR Qlste] @A} OECD
Test Guideline(TG)of QA wH AL o] &5t u|Hx}
A F(OECD TG 439)3} w]HEAAEH(OECD TG 431)
o] A|AE A g1 rt (OECD, 2015a; OECD,
2015b), @A AUHolAE W FFY AR RES
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% H7F 9 Aol AREHA U (2R . 2010; #
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Cho et al,, 2012; Bin et al,, 2014; Choi et al,,
2014, Jung et al,, 2014),
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of ¥t} (Gould et al., 1995; Leliévre et al,,
2007; Onoue et al,, 2008). °o]¥3t J=A HII=
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for guidance on photosafety testing)’ S A|Zto =
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2004), EZF ZFof| ofoFFE=AFA22}E] & (ICH) o
A oJofE o] A E 7L Zho] =RI(ICH S10)0] mf
A Q=0 ROS FetAA AW, in vitro 3T3
NRU AlgH, A9 REdS o]g3t F54 AlAH

Table 1. Details on test chemicals
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7holl  ARE-E AL A= E 7 e
(Liebsch et al,, 1997; Bernard et al., 2000; Jones
et al., 2001; Portes et al., 2002; Lelievre et al,,
2007), =€ AR} FAsHA FFZ 7=
= A Redoe] ko] Hlou oS &-E3t F=
4 AR S 2uE vt glok O8] diwe] 2
AFdoMds FlelA  iEE A RREC
Neoderm®~E& o] g3}e] &) cl|n|2mdue] F54
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2007; Onoue et al,, 2014)., 4—Aminobenzoic acid
(PABA), chlorpromazine HCl (CPZ), erythromycin
(ETM), promethazine HCl (PMZ),
(QN), tetracycline (TCC),
blue tetrazolium bromide (MTT)-= Sigma-—Aldrich
(St. Louis, MO, USA)o|A +algict. AlgE29
3t ApAISE AR Table 19 7]&3l3ith. Sesame
oil (>99%, research grade)2 Santa cruz (Dallas,
TX, USA)ol|A 4515t} 6—well plate, 12—well plate,
24—well plate, 96—well plater= Corning (Corning, NY,
USA)o| A £4l&keict. DPBS (Ca’*-Mg** free, pH 7.4,

Leliévre,

quinine HCI

isopropanol, thiazolyl

Test chemical CAS No. Form Vendor Purity S\iici:;leed ilr’n?;fn?\:;)i(ci;
4-Aminobenzoic acid 150-13-0 Solid Sigma 100% Oil Non-phototoxic
Erythromycin 114-07-8 Solid Sigma 94.7% Water Non-phototoxic
Chlorpromazine 69-09-7 Solid Sigma 99% Water Phototoxic
Promethazine HCI 58-33-3 Solid Sigma-Aldrich 99.7% Water Phototoxic
Quinine 6119-47-7 Solid Sigma 94.8% Water Phototoxic
Tetracycline 60-54-8 Solid Sigma 98.7% Oil Phototoxic

" An estimated purity of erythromycin was calculated by nitrogen content.



U A YRRDS o] 83t F=A sEHAAEE A A+ -7
Table 2. Details on two human reconstituted epidermis models
Tissue origin Number of Thickness of Surface
Model Cell type for cells cell layers cell layers area
Normal human Foreskin ,
EpiDerm™ epidermis 8-12 layers 100 pm 0.64 cm
keratinocytes (Neonatal)
o Primary human Foreskin ,
Neoderm™-E epidermis 5-8 layers 40-50 pm 1.1 cm
keratinocytes (Neonatal)
1X; YR d-Gibco, =LEE-AZAL A1), water TE_’,_— 71 B 18-24A|7F =9 37T, 5% COy 90%

(UltraPure™ distilled):= Thermo Fisher Scientific
(Waltham, MA, USA)ollA] 45kGIct 9] QA|u] L
g9l EpiDerm (EPI-200-PHO, 24—tissue)= MatTek
(Ashland, MA, USA)OJA] LIekGlar, =W QUA|u]F 1
20] Neoderm®E (12—tissue)= TEGO Science (Seoul,
Korea)ol Al Fstgict. QUA|w o] thgh ApAgh A
@2 Table 20| 7]&st9ict.
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pad (Paper disk, 8 mm &; Advantec, Dublin, CA,
USA)o AdEAS 20 p 1 AP & A2t "ol =
Ao grg Agstdr wUHEDE pad (Paper
disk, 12 mm &; A|2AL AF)ol AlF=EE 60 p 1
Aefet 3 A2gt Hol 229 FEE A&t
T A=A Agof dig fApel> 19 19 AAISH
ok vieF =, FS ZARAA 6-well plate (FQJK
d) Ei= 12-well plate (FHED)E wjF7|A A
Wil pads A83 AL ol AASHATE. UVA XA}
2 plate 1idE §& Y2 UVAE 6 J/em® W = Atk o] A AlFH & 1X DPBSE &4 s] A|A
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Figure 1. Test chemical application designs of
EpiDerm™ and Neoderm®-E. Five concentrations of
a chemical with a vehicle confrol were topically 9. 5Y &AM
applied on each tissue duplicate using é-well
plates for EpiDerm™ (A) and 12-well plates for
Neoderm®E (B). VC, vehicle control; C1-C5, lowest 2E AYAT dst EAZH EAL Graphpad
Prism software (San Diego, CA, USA)E o|&3}%
o s Aol gk 24 AE&] ATt 0%
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olguEmale] AL AZsy] A mElo] HHA it S AdGA RS skl 1 A3 ETM, CPZ,

S Folsly] Ysle] UVA Hm=AdS 28stdct PMZ, QN9 ful= water2 AAEQal, PABAS}
(Figure 2). 3 J/em’¥ 7HAo=Z Z 21 J/em’71A TCCY &= oil2 AAE AT} (Table 1),

UVA ZAFE 3F9la AE2ES IIsdes o Fon
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Z3}glth (ZEBET/ECVAM, 1997). &3+ Sy 14 5] Fedz=ER] CPZE A&t UA|gFRES o]
Budo] Ao UVA 9ZtE AFS AAES o 12 & FE4 BV Al 2 s3EeA 2delskaat st
J/em’7HA] 2A AYEgo] 80% o]l AL el § Ak A F=4 AlEHol TR e =9 dA
G Uit WS in vitro W in vivo FEAARA  FREAQ EpiDerm & o]-§te] P =
5-20 J/em® o ZAFEFo] AMRE| I Qlal, ool m o] & o] Fojx| =] Belsy| 9JafiA EpiDerm A]
(A) Epiderm™ (B) Neoderm®-E
1204 120~
§100- g
z 80 >
2 o &
> >
g 40- 3
7} 7}
2 0
= 20- =
0_

0 3 6 9 12 15 18 21

Jiem? Jiem?

Figure 2. UVA sensitivity of two human reconstituted epidermis models. UVA was exposed up to 21 J/cm?
Tissue viability was calculated with the MTT assay. Red-dotted lines represent a tissue viability of 80%.

(A) CPZ (Epiderm™) (B) CPZ (Neoderm®-E)
120 120-
== 0 UVA() I UVA()
;\? 100+ Bl UVA(+) e\" 100 %%« [ UVA(+)
Q 804 éﬂ 804
8 60 3 60
> >
S 404 g 404
a ?
0 k]
201 = 20
0- o4
S & & & @ N DI N SN ©
NS Q@"-‘ ISEEOEES &
Concentration (%) o o

Concentration (%)

Figure 3. Phototoxic effect of chlorpromazine as a positive control in two human reconstituted epidermis
models. Chlorpromozme was topically applied to the epidermis models. After application, UVA was exposed
at 6 J/cm?. Tissue viability was calculated with the MTT assay. Values are the mean + S.D. from 2 tissues per
group. Statistical analysis was conducted when a 30% viability decrease in the UVA irradiated group
occurred, compared with the UVA non-irradiated group in the same concenfration (**p<0.01 and
#¥0p<0.0001; Student’s t-test). CPZ, chlorpromazine as a positive control.



10 - Journal of Alternatives to Animal Experiments

ofr
-

9‘1"
ol 3@ 32

HHoIA AL FES Aol AR 53
t} (ZEBET/ECVAM, 1997). 11 ZA3} CPZE& A&
o o 0.01%9F 0.02%0)A] ® A
&2to]7}F 30% o]4o]7] ‘Iﬂ—v—oﬂ =4 B4 4
‘Zii’ 71E Anet fARE AS Q"J?ﬂ?‘i (Figure
ooz Iy olxuiErdol Neoderm®E
% gsto] F=de B + ‘2}‘:7\101] gt 7hs
A& #olslaz} 313t Neoderm®Eo| EpiDerm’ X
o} 2&A FAV ok AL Zeorstel 0.000316-
0.0316%9%] ==& Aostgct FXAF & CPZY =
dE FRlstES w 0.0316%0 4 H]ZARET FARLY]
AEEAO7E 30% ololnw FuA EHE WASH
At} (Figure 3B). walA Neoderm®-ELS o] &3t
54 WL 5T 4 Aok A2 o 4 A%
3t EpiDerm Al@Wo|A AAIgE CPZY] Oﬂ*éo]
Zr= =T 3L7bo] 0.00316%904 0.0316%Af0] 2L
Neoderm®-Eo|= #E=AJo] L= w7}l 0.0316%
o]7] W] F A mFEEE A FY
A-LQ. Q] 07]}:_ L:Eﬂ. %A].ﬁ]-]:}]:_
t} (ZEBET/ECVAM, 1997), 1¥7] IIH-E—
Fudo] CpZol| gt F54 §hgol §
3t Neoderm®-Eof| AM&EE AFE —4
EpiDerm A|@H¥} 53 2 E35te] F5

A=Yt

%

_l

e m

i<
BN
M
©
ot

I

{Ke)

ru>4=1

Z’E <2
v
rr
j|:_1‘
Mo mo L &L 3O

NS B=4 B 5 I AN

= QAR FfrEdo] & T4
7] gieell 3719} FE4d =2 2709 =4
ALgste] el AAMEEAY HLAHS 4
A F ARy A
g FAstaS 1 PMZ, QN, TCCx FEA &
g =L PABAQ— ETME H|Z=A 237 7
et (Figure 4A). =& QA9 R R A= PMZ
M=A AR BAE QI PABA, ETM, QN, TCC
Hg=4d 5482 BAHIAY (Figure 4B). 4|
P AFERAS O BEA AHHY AT A
= 0 2y JA R e 67 &
Fom =] QAR He 67
= 47H7]' o z)5}9t} (Table 3). ZFEL £3¥o=z
3015l 1w Neoderm®E7} EpiDerm” Hrt} &
A AL AL 3o1g 2= 9ot}

J

o o A

e
oXl N o Of mN 9

Ol 10 b0 xR dle N
KON

e e
b}
o
M o
%
o

v, =

A A RG] FtE Z 4000do] A A&
AA RJIA T Fo} fARSE theFet o] e W
S Ao &85 9t (Poumay et al,, 2007), 2l
Ao el GARgE 7)15e 7HAAL e Ao Qs
A QAT FEEDS o] &3 A|FPHo] OECD Test
Guidelineo] AEHELE Z9] 2717} QAAE L
o S QAN RERE S o] &3 F=4 AW‘ﬂ%
19994 ECVAMO) o3& AIAAHZAH (prevalidation
study) 7} Z¥ = 1 A3 AlFHOe R 7
Ho]F 9t} (Spielmann et al,, 2000), QAo r2d
& o] g3t FEA AFHLE MatTekAl2] Epiderm™ 3}
L’OreéalAl®] EpiSking ©]§3t F54 AlAHE°] 7l
HEo] QAR = QIA|u RS o] &3t AR
OPX‘ AR e oteh. SlollA] 7 A w R

< =8 A YFERYY FUASHA AU LRRE &
ﬂ*lﬁﬁfﬁ #95 (epidermis)®] 4]0 FHs}7]
ol FEA4 Al HE8AE 5 i’l% AOog Tty
Atk EI AW QA RS
FHSHA =W wjEAIZto] 2A E’:PrEM o] ok
ol wobd Al 7EY 7HAE H9| QA9 FE
dof vlsf wol APstr] WEol 1 8=t word

Aom AZE et A & Ao oA A
gof w9l Q1w R2d Neoderm®-ES o] &3}
of F54 AYH AL AF+E sk ¢4 4
2 Iy dAgREEdo] i3k UVA it AdE
Yool om UVA tigh A3t Wz/dE et
(Figure 2B). UVA ZA}EFo 2 AAH 6 J/cm?9]
S Iy mdo] wigbAoel 12 J/em®7tA] 27 A
o] 80% o]4o e MHMEEAL L S20]
o) AAMERDS o &3 FEA A
Jlem*e AW G FEAH Bo| FE BA
97] gl FEA £AFgelY] Hie] HEHoE
J/em?*S AAsF Tt (OECD, 2004) AAE UVA
AFEE o] g ol opA =
CPZE o] 83t BEA B/H FEHOR WA H
=7} 29 AT ERW Bpiderm™o]A9] TS
2l 0.00316%0l| 4 0.0316% Ato]o] W 9o} A5t
wio] AR AT UVA ZAFo] HAT AL
99 HEA Ao BerbsAel Yrks
4 919t} (Figure 3B), 27129l 5714 A
Sol AEEA FEY Yuok FUT A5
QAR R £ FEA
AEE R ¢ 4 Un AFHORY BES

N
o o L1 4> [o

U.E
=2
2
2
(o>

o

U
N
fru
=
|
_IZi
|o
Hﬂ
_,>:
ol
m,

¢

|

Wope N oo off fr N o

p

%1\

[

o flo et o
il
i
mlo

.

O



4 sEHAAEY A a4t - 11

‘oIxojojoyd-uou ‘IdN :oxojojoyd ‘Id |

9/9 9ly 20UDPIODUOD

1d 9'l€ AR 1dN - ON lle) SUIIDADDILB]

1d G'GS 'Sve L'0 '91€0°0 1dN - ON ISIOM auIuIND

1d 695 6Ly 1’0 '91€0°0 1d 008 ‘0¢CS 91€00 'LO0 ISIOM [OH suizoyjawoid

SIODIWBYD DIXOJ040Yd

LdN - ON 1dN - ON JSJOM uIDAWOoIYAIg

L1dN - ON 1dN - ON lle} PIOD 210ZUBgOUIWY-1

SIP2IWBYD DIX0j0joyd-UoN

1d 'y 921€00 1d 9LL LL9 200 'l00 ISIOM suizowoidiolyd

[OJUOD BAIISO4

uoydIpald >___ﬁ_%o_w \M__ Mcwu_o_omo e um_n_vﬂ__u”“:oo UoHdlpad >___ﬁ_%,_m oﬂ_ %m_cwu.uwo ) u_m_n_vﬂﬂu”wcoo BB sipoIuaYD s3]
3-,WIdpOaN wisepidy

‘SlopOoW SIUIBPIdS PaIN}IISUODSI UDWINY OM} Buisn sisa) Alioixojojoyd OJjIA Ul JO SOOUDWIOUSd ‘€ dldpl

"BUIDADDILB} ‘DD ‘euluINb ‘NO {|DH duizoyjewold ‘ZWd PIoD DI0ZUSgoulWD-f
VaVd UDAWOIYIAIS ‘WIT (45844 SAUBPNIS (1000 0>0ssss PUD GO'0>d,) UOLDIUSDOUOD SWDS 8y} Ul dnolb pPaloIPDUI-UOU VAN Ul Yim paioduwod ‘palndd0
dnoiB pajpIpoUl VAN SU} Ul 8S0a108p AHIODIA %0E © USUM PSaJONPUOD SOM SISAIOUD [0D1sID}S *dnolb Jad sanssly g Woly "d'S F UDaWw 8y} aIo SaNPA “ADSSD
LIW 83U} YlM palpindiod Som AHIIGDIA anssi] “AlDiIxojoloyd aioiausal of pasodXa SOM VAN ‘UoHoDNddD Japly ‘sepow siuiapide oMl 8yl JO anssik ayl o palddo
AooIdo) SoM PDIWBYD 1S8) Yoo ‘(g) pup (V) Ul UMOUS Sy ‘siopow siuuspida pajnjisuodal ubwny om} Buisn sjsa} Apoixojojoyd oufia ul Jo sjnsay ‘f aunby

(%) uonenuasuoy (%) uonesuasuoy (%) uonesuesucy (%) uonesuasucy (%) uoieuUadUO]
) O S
< AR CA ) & L Al & o & &
O N A R R N R S NI S O R MY
0 0 0 0
0z - = 0z 0z 4 0z
z 7 Z 7 7
@ ] or 3
o £ g o 5 H] o 5
= = = 09 < =
=& g = § w E =5
08 I 3z 08 & oL = 08 Z
(+lvan oo1 & (+Jvan EE F  (+lvan mR = oor 2 (+vAn mE ozr > (+lvan mm ooL &
wAan O i ozt Gwvan O . wan O3 Ean - wan O3 vt (-dvan O3 -
(3-,wiapoaN) 0oL (3-,wi2poaN) NO (-, WIspoaN) ZWd (3-,Ww19poaN) WLT (3-,wiapoaN) vavd Amv
(%) uonenusouoy (%) uopenusouoy (%) uopenusouoy (%) uopesyussuoy (%) uonenuesuoy
N o &° ® $° A $° >
S e -+ & K Gy 2 ~ | & N o) A & o n & g
NI B AN ~ N DT ~ N N ~ O N [ Y [ N
0 0 0 0 0
0z 0z - 0z o L | 0z o
@ @ @ 7 @
£ £ 4 w g £
o 5 o 5 o 5 H o 5
< < s 0 < 5
09 ) 0 g 09 g o E o g
08 2 0| I 08 J oo = 08 2
(+)vAn EE 001 & (+)wvan HE oor = (+)van mE ML oo & (+)wan =R o«—m.m (+)van ool 3
Cwwan 3 Cwan O3 Clvan 3 wuwy BEEE Cwan 3 Civan 3
0Z1 LA -0CL 43 (743

(uwaapidg) 901 (utulaprds) NO (awapid3) ZWd (ruwiapida) wis Guwiepids) vavd (w)



12 - Journal of Alternatives to Animal Experiments

& BTt (Table 3). F54 BH7HA = <A
mRodo] QNI TCCE 283 4§ =9 dAuR
2y te2A FE4 B0l 71 FEot Fiteh=
ARE A=t Sl AR =R o] UVA| gt
el w1 mee] A7 o] wiio] AldEHol
g Bhg-o] &) AR E T} o} FEHOR
W Jdom HAHEn EIF TCC/ F=4 E2Y
OﬂE in vitro AglolA HIFEA EHE E—%HL} =

i
H
=
rO

cl

o 4o
H
i)
o
Z
D
o
Q.
0]
=
o B
=
o

A
FEA AR gAY o R B4 S+ IS
AT & AAX I Asol 9 AATERL
Epiderm™®Rtt £& o5& 7HE A& & 4 9
k. Neoderm®-E7} =4 Al@He] 289 & 9
B2 FAsk7] glste] FHHQ AFBAES o &3

d59 B77F 228 Jor weE
dnre 2

B L 205U % AEOFEoHH LAY AT

=]

e (151815 4 7458) 2 S E 900, olo] ZHALE
Yk,

r

A=A, Aug (2013). AP KeraSkin™S o] &3t
}%EU N‘ah;Hzﬂﬂhsl—;oj

, Hl—zéﬂ-]
eraSkin" 341‘%1}:“4 Alg ol
AAFHY AGAN A% 2L AE I A
4, 5-13.

wheks], s3], A4 Oﬁiiﬂ_ A7du. (2012). LI
Jo] RFEE 2 2=

A7}, fﬂ%%&é}@ﬂ]ﬂ H3}3) 4] 6, 27 29.
v-4-2 Ravi Gautam, 7 Zo-?l A58, 58 (2015).
ajj-o ‘_—5—,1,]‘:‘5_113 o Emm 4 R

A, olerd, AWM, FEE, Xé%‘ul 434,
K

a%

AW (2011). QFIREES
2 g% g7} sl%%%’étﬁmﬂ]mg}ﬁﬂ 5, 57-60.
ZA|F, Katharine Roque, 4147, Zol&, a% (2013). =
Ul A olEmBe] z10=A Alo|Ezlel wkE Wk
St A AW EFE] A 7, 35-38.
2AF, WAL, 84 (2015), T AN QlETR wjok

2

% A gy G Bl = gl o
gk 27] A AT ddAEEE]A 9, 3337

Bernard, F.X., Barrault, C., Deguercy, A., De Wever, B., Rosdy,
M. (2001). Development of a highly sensitive in vitro
phototoxicity assay using the SkinEthic™ reconstructed
human epidermis. Cell biology and toxicology 16, 391-400.

Bin, B.H., Joo, Y.H.,, Lee, AY., Shin, S.S., Cho, E.G., LEE,
TR. (2014). Novel inhibitory effect of
N-(2-hydroxycyclohexyl) valiolamine on melanin production
in a human skin model. International journal of molecular
sciences 15, 12188-12195.

Cho, KA, Kim, J.Y., Woo, S.Y., Park, H.J., Lee, KH.
(2012).  Interleukin-17 and interleukin-22  induced
proinflammatory cytokine production in keratinocytes via
inhibitor of nuclear factor k B kinase-o expression.
Annals of dermatology 24, 398-405.

Choi, J.,, Kim, H.,, Choi, J., Oh, SM., Park, J, Park, K.
(2014). Skin corrosion and irritation test of sunscreen
nanoparticles using reconstructed 3D human skin model.
Environmental health and toxicology 29, Article ID:
€2014004.

EMA. (2002). Note for guidance on photosafety testing. London,
EMA.

EURL ECVAM. (2015). EURL ECVAM status report on the
development, validation and regulatory acceptance of
alternative methods and approaches (2015). Luxembourg,
European Union.

Gould, J.W., Mercurio, M.G., Elmets, G.A. (1995). Cutaneous
photosensitivity diseases induced by exogenous agents.
Journal of the american academy of dermatology 33,
551-573.

ICH, 2013. Photosafety evaluation of pharmaceuticals S10
step 4. ICH.

Jones, P.A., Lovell, W, King, A.V., Earl, LK. (2001). In
vitro testing for phototoxic potential using the epiderm
3-D reconstructed human skin model. Toxicology
methods 11, 1-19.

Jung, KM., Lee, S.H., Jang, WH., Jung, HS., Heo, Y,
Park, Y.H., Bae, S., Lim, KM, Seok, S.H. (2014).
Keraskin™-VM: a novel reconstructed human epidermis
model for skin irritation tests. Toxicology in vitro 28,
742-750.

Leliévre, D., Justine, P., Christiaens, F., Bonaventure, N.,
Coutet, J., Marrot, L., Cotovio, J., 2007. The episkin
phototoxicity assay (EPA): Development of an in vitro
tiered strategy using 17 reference chemicals to predict
phototoxicity potency. Toxicology in vitro 21, 977-995.

Liebsch, M., Barrabas, C., Traue, D., Spielmann, H. (1997).
Development of a new in vitro test for dermal
phototoxicity using a model of reconstituted human
epidermis. Altex 14, 165-174.

Netzlaff, F., Lehr, C.M., Wertz, P.W., Schaefer, U.F. (2005).
The human epidermis models Episkin®, SkinEthic® and
EpiDerm™ an evaluation of morphology and their
suitability for testing phototoxicity, irritancy, corrosivity,
and  substance  transport.  European  journal  of
pharmaceutics and biopharmaceutics 60, 167-178.

OECD. (2004). OECD guideline for testing of chemicals,
Section 4: Health effects. Test No. 432. In vitro 3T3



U QAR EES o] &3t F=A SEdAAEY Y At 13

NRU phototoxicity test. OECD.

OECD. (2015a). OECD guideline for testing of chemicals,
Section 4: Health effects. Test No. 431. In vitro skin
corrosion: reconstructed human epidermis (RHE) test
method. OECD.

OECD. (2015b). OECD guideline for testing of chemicals,
Section 4: Health effects. Test No. 439. In vitro skin
irritation: reconstructed human epidermis test method.
OECD.

Onoue S., Igarashi, N., Yamada, S., Yoshiko, T. (2008).
High-throughput reactive oxygen species (ROS) assay:
An enabling technology for screening the phototoxic
potential of pharmaceutical substance. Journal of
pharmaceutical and biomedical analysis 46, 187-193.

Portes, P., Pygmalion, J., Popovic, E., Cottin, M., Mariani,
M. (2002). Use of human reconstituted epidermis
EpiSkin® for assessment of weak phototoxic potential of

chemical compounds. Photodermalogy, photoimmunology
and photomedicine 18. 96-102.

Poumay, Y., Coquette, A. (2007). Modelling the human
epidermis in vitro: tools for basic and applied research.
Archives of dermatological research 298, 361-369.

Spielmann, H., Miller, L., Averbeck, D., Balls, M,
Brendler-Schwaab, S., Castell, J.V., Curren, R., de Silva,
0., Gibbs, NK., Liebsch, M., Lovell, W.W., Merk, H.F.,
Nash, J.F., Neumann, N.J., Pape, W.J.W., Ulrich, P,
Vohr, H-W. (2000). The second ECVAM workshop on
phototoxicity testing. The report and recommendations of
ECVAM workshop 42. Alternatives to laboratory animals
28, 777-814.

ZEBET/ECVAM. (1997). Phototoxicity protocol for use with
Epiderm™ model (EPI-200) final version (5th November
1997). ZEBET/ECVAM.



