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Abstract It is common to use many experiment animals to evaluate the toxicity of chemicals including
pesticides. For protecting animal, the concepts of 3R (Reduction, Replacement, Refinement) were introduced
and in vitro alternatives methods actively have been developed all over the world. Many experimental
animals for toxicological tests have been used, so that it is important to establish the alternative methods. In
this study, the alternative method using reconstituted human skin model (Keraskin™) was conducted for
classification of skin irritation on pesticides. Sixteen formulations selected on the basis of the degree of
irritation were treated by Keraskin™ test. The percent of cell viability was measured into the culture medium
collected after treatment of the pesticides for 24-72 hrs. The skin irritations of formulations were evaluated by
the cell viability. In this study, The 4 formulations with mild irritation in rabbits were evaluated as non-
irritant, the 6 formulations with moderate and severe irritation were evaluated as irritant in human skin model
test. We suggest that the alternative test using Keraskin™ model could be used as toxicity evaluation for
primary irritation index (P.I.I.) score of greater than or equal to 2.1 of pesticides. The further studies should
be required to apply for hazardous assessment of pesticides on alternative skin irritation methods because of
the interindividual variability of the sensitivity of skin irritation on pesticides.
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epidermal keratinocytes NHEK)E  Millicell cell culture
insertoll A Bl%FAIA multi-layered, differentiated in vitro
human epidermisE A AH A&t Episkin Episkin-
SNC(france)ollA] 70238 Dermiso] sN3sH= type I, 111
collagen & 91l type IV human collagen S= ¥ 1 ¢
o] human keratinocyte® ©]F¢] epidermissS /3% A
o]t ECVAM, 2007a, 2007b). ol X FET A &
o thet thdst = 9 AF7F XYL v} 2 T At
FAAUNAA G =719 F)AANEIE]S] Human epidermal
keratinocyte 9554 Keraskin, Human keratinocyte2}
melanocyteZ ©]F017 32 FH2d Melaskin, B ZA}O]
A29] Fibroblast?} collagen gelZ2 7% 3, multi-
layered keratinocyteZ 3| & #4435k 1A 33 FFrd
5 st AEAT Foll 3Tt (Tornier, 2006).

SEy el ofd dANEY el A7zt
ngsle] oA AR 913 AN FAE 9 A7)

AlF3ltt. OECDOIME OECD 3}8H=dA 87153 WY
72540 g AXFHORE AFHFAEZE o&
AR Al S 439 2159524 (Reconstructed human
epidermis model) Al ©] 20104 51 = ATHOECD, 2010).

& AP FJRAFAEA AANEES sl g
YFAFHAEH R AE 7S Hrlelr] flete] =
WollA 7ike]o] 253 UM EEl¢] KeraSkin™& ©]-8-5}o]
OECD TG 439 Ql&¥F2d AlFgHS A et th(Moon
et al., 2007, 2010).
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T A2 FellA 9 Feke-S Histksto] 4k
13} AFAR(P. 1. L)Z Table 12] 7|50 wle}
S =S 2Esk] ALSIATHRDA, 2012a).

AFse BAF4 F2FS. 2 Kasugamycin-thiophanate-
methyl SC, Bensulfuron-methyl-Mefenacet SC, Carbosulfan
-halosulfuron-methy-mefenacet GR, Bifenazate SC, Carbosulfan

EW, Metolachlor-Pendimethalin EC 6%5-, A= A=A 5o
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Table 1. Classification criteria of skin primary irritation in
rabbit in korea

Classification PLLY
Non- irritation <1.0

Mild irritation 1.1~2.0

Moderate irritation 2.1~5.0
Severe irritation >5.1

“Primary irritation index = Sum of means of scores marked at 24
and 72 hr

Table 2. Evaluation and Index of P.LIL. of selected pesticides
Invivo (P.1.T)”

Pesticides .
Evaluation Index
Kasugamycin-thiophanate-methyl SC 0
Bensulfuron-methyl-Mefenacet SC 0

Carbosulfan-halosulfuron-methyl-

mefenacet GR ~Non- 0.50
. Irritation
Bifenazate SC 0.79
Carbosulfan EW 0.80
Metolachlor-Pendimethalin EC 1.00
Metalaxyl-M SL 1.35
Glyphosate-Ammonium SL Mild 1.46
Benfluralin-Isoxaben WP irritation 1.6
Dithianon-Kasugamycin WG 1.96
Pentoxazone EC 2.10
Edifenphos-Isoprothiolane EC que?ate 2.50
1rritation
Etofenprox-Fenobucarb EC 4.70
Chlorfenapyr-Clothianidin EC 5.70
Mecoprop-PSL . S_evgre 6.00
1rritation

Chlorpyrifos-Cypermethrin EC 6.70
Sodium Laurly sulphate (SLS) (20%)

Irritation -

YPrimary irritation index EC; Emulsifiable concentrate, EW;
Emulsion in Water, GR; Granule, SC; Suspension concentrate, SL;
Soluble concentrate, WG; Water dispersible granule, WP; Wettable
power

E Metalaxyl-M SL, Glyphosate: Ammonium SL, Benfluralin-
Isoxaben WP, Dithianon-Kasugamycin WG 435, % A}
4 F2FS 2 Pentoxazone EC, Edifenphos-Isoprothiolane
EC, Etofenprox-Fenobucarb EC 3¥%, 7te A=A FF
Chlorfenapyr-Clothianidin EC, Mecoprop-P SL, Chlorpyrifos:
Cypermethrin EC 3%% 5 TFJe A9 5o 1655
AHE-3IATHTable 2). 24 tHZ22 2 PBS(Phosphate buffered
saline) g AR&3lRiom, iz =22+ SLS(Sodium
lauryl sulfate)s 20% =% ARESIITHRobinson and
Perkins, 2002).
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5= o] A EEIA A== KeraSkin™&
ARSI oF 4°C AR w3 well B 0.9 mLe] assay
mediaZ ¥ 6 well plateZ 74 37°C 5% CO, incubator
oA oF 2447 B¢ A v S AT oA 7 5E 7H
Ao g AFsAl, FAl T AP A5 30ulE HE, Y
T3, 3 & 2391 7 PBS 30ule FHS A4
T 30 mgS Bl oA 3087 A8 2] well
< PBSZE overflowing 3t E2& A AL, AHAE o]
&3t =4 9 PBSE AAATE. 12 well plateol] 222
cell2 ¥ PBSZ overflowing A7l AejollA 127F A
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Table 3. Cell viability (%) results in KeraSkin™
Pesticides Cell viability (%)” Grade”
Run 1 Run 2 Run 3 Mean
Kasugamycin-thiophanate-methyl SC? 97.1 90.0 100.0 95.745.1 NI
Bensulfuron-methyl-Mefenacet SC 97.6 101.6 92.6 97.3+4.5 NI
Carbosulfan-halosulfuron-methyl-mefenacet GR 86.8 89.2 103.3 93.1+8.9 NI
Bifenazate SC 79.7 85.6 89.4 85.0+4.9 NI
Carbosulfan EW 90.2 91.9 94.5 92.24+2.2 NI
Metolachlor-Pendimethalin EC 110.7 94.6 65.0 90.1+£23.2 NI
Metalaxyl-M SL 84.2 84.3 67.9 78.8+9.4 NI
Glyphosate-Ammonium SL 94.0 87.3 96.9 92.8+4.9 NI
Benfluralin-Isoxaben WP 111.5 103.6 83.6 99.5+14.4 NI
Dithianon-Kasugamycin WG 110.4 98.8 88.0 99.1+11.2 NI
Pentoxazone SC 7.8 7.9 8.2 7.9+£0.2 I
Edifenphos-Isoprothiolane EC 8.7 7.9 9.0 8.5+0.6 1
Etofenprox-Fenobucarb EC 124 9.5 32.6 18.2+12.6 I
Chlorfenapyr-Clothianidin EC 7.6 72 72 7.3+£0.2 1
Mecoprop-P SL 7.6 11.0 8.0 8.9+1.9 I
Chlorpyrifos-Cypermethrin EC 9.9 11.3 17.1 12.743.8 1
Sodium Laurly sulphate (SLS) (20%) 7.3 7.4 8.0 7.6£0.4 1

2% of control
NI, non-irritation; I, irritation

9EC; Emulsifiable concentrate, EW; Emulsion in Water, GR; Granule, SC; Suspension concentrate, SL; Soluble concentrate, WG; Water

dispersible granule, WP; Wettable power

AlZL & 7AUHA] shaking 3FTh. KeraSkinTMcel Q72
2 PBSE AIHS ¥ ElfrE PBSE AlASIATh Al
KeraSkinTMcell> well & 0.9 mL2] mediaE ¥ 6 well
plated] &7 37°C, 5% CO, incubatorol|A] - Bl 424]
7k &<t skt

o

Mz 4ZE8 EHA
Higo] B¢ & AZAEE SHS st MTT[3-
(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide,
Sigma] assayS AAISIITE 03 mgmle] F=2 ZAE
MTTE well F 300 ul¥ 24 well plated]] Y31 KeraSkin™
cellll83F & 37, 5 CO, incubatoroll 4] 3A17F v 31Tt
Wl & MTTE #|ASIEL KeraSkin™ cells AMZE 24
well platel] 71 % Isopropyl alcohol2 2 mL# #2]5}o]
A7 B AolA WSt Formazan 5% - 250 ul
A 96 well plate] £7 Multiskan spectrum(Thermo, USA)
< o]&3te] 570 nmelA SE3=E SIS
KeraSkin™=d €] #7254 782 MTT assays ©|-&
3t A ZAEES o8t A ZAEELS Y2TFE 100%
o2 71Fst ALteleon, MEAYEES Table 30 LE}
Wt 25744 W7ke AlEAAESEC] 50% Wl A A
SA=E, 50% ol A HAEAEAR BAsEST

ng

o

(OECD, 2010).

719 AA=E v’ O E jn vitro KeraSkin™M=2d 9] MTT
assay Al @A ASAET A} in vivo ARATE] H
o G7kE7] S8t in vitro A1@AE HIASAEY wf H]
A5402 AFHE v, A54Y W A54 AS4=
T3l HES MES(%)E A&l 7]Ee AF] A}

4 BR HAAES B,

~—

#a ¢ 0%

Mz dZE8 5

MTT assaye ©]8-ste] MEAEES S A, A=
dol gl & 6 F5 Kasugamycin-thiophanate-methyl
SCS 95.7%, Bensulfuron-methyl-Mefenacet SC 97.3%,
Carbosulfan-halosulfuron-methyl-mefenacet GR  93.1%,
Bifenazate SC 85.0%, Carbosulfan EW 92.2%, Metolachlor
Pendimethalin EC 90.1%%] Al EAEES YepSITh Z &
o] 254 FF 455 Metalaxyl-M SL2 78.8%, Glyphosate
-Ammonium SL 92.8%, Benfluralin - Isoxaben WP 99.5%,
Dithianon-Kasugamycin WG 99.1%2] A| £A=8-8 Yehl
Atk F=o A=4 FF 3FEQA Pentoxazone ECE
7.9%, Edifenphos-Isoprothiolane EC 8.5%, Etofenprox-
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Fenobucarb EC 18.2%2] M ZAEE-2 YEMUTE e Aol AR TR E7E o] 83 A AFE EUlZ
A4 FF 3% 221 Chlorfenapyr-Clothianidin EC 7.3%, A3 AFASEET7IE et E7E ASA0l Sl F
Mecoprop-P SL 8.9%, Chlorpyrifos-Cypermethrin EC 12.7% OF XL AL 4ZE ZFL 3EE JlT 3ZES As
o M ZAEEE UERSITH om, & Aol A3 1534 KeraSkin ‘j@_ ] 9|72}

AN Z2 Sodium Laurly sulphate(SLS)(20%)E 7.6% SART 712 EZE o83 in vivo IFASY AlF
o] MEAZES Yephlo] = A54E HeERAAT o] A3}E v]aLsto] Table 40 YERAAT

Fwole] R34 e T Pentoxazone ECE 652 % In vivo A8NA A=F40] gl 5L in vitro A4
Aoz bS53k M EAES BT 85% ol/de] AEAEES BIAL, AL A=40] de &
oF W3 78.8%0/de] Al §—‘—E* VR AT, kA Al
QIZLFRHUAYH 4 E7| DIRXF LAt A2t b FAEE0] 50% oY 7AF 54l gle =42 TR/
AFFFEIAN LS HAT=S o] 838 FaL AEE o = 71%d w2t 54 fle sk Al 54 ok
&3te] RS W1 F U AR AEsE H25A £ E 7k
A EYolh, & AFoA ARES JIF A EE Fujol In vivo N@A = B ZFro 454 sl 49+
A A ZloE Al (F)UEEAA e e A ZAEE0] 18.2% ]OP-J A ZAEES UER o AlEAY
24 Keraskin™& ARE-3l] MTT assayS A SFATH EE0] 50% ot g A=) e R EREHe
SOtk RSP B2 FRPAF Bt o} 717w i, ARl ol Aee ASHAEE
et Az, 7% 5 5% AT oM HFA S Eisi=g
< A3k Aot H AdsEe] g tAlAEYel In vivo N @3} in viro N@ A3 7+e] IS Hrtst
A&Ho R JNEE L 9oL, kil oM E TERS 7] $18ted in vitro ARAITE BIASAY o) BIREA SR
FAe BrEo] Tk FEAIY Al APFTEUAY A8l W= HE, ASAY o ASAH0E Bk HE&S
7Fs e W7t 2 asit. WEE (%)= AEste] 7]Ee] Alfe] A=A 7

Table 4. Comparison of skin irritations between skin irritation test in rabbit and on artificial cell results

Skin irritation test

In vivo test” Invitro test”

Pesticides? — Sensitivity”
PLI®  Classification Cell (\;1/?;) ility Grade®

Kasugamycin-thiophanate-methyl SC 0 95.7 NI
Bensulfuron-methyl-Mefenacet SC 0 97.3 NI
Carbosulfan-halosulfuron-methyl-mefenacet GR 0.50 Non-irritation 93.1 NI 100%
Bifenazate SC 0.79 (ND) 85.0 NI (6/6)
Carbosulfan EW 0.80 922 NI
Metolachlor-Pendimethalin EC 1.00 90.1 NI
Metalaxyl-M SL 1.35 78.8 NI
Glyphosate-Ammonium SL 1.46 Mild irritation 92.8 NI 0%
Benfluralin-Isoxaben WP 1.6 (MI) 99.5 NI (0/4)
Dithianon-Kasugamycin WG 1.96 99.1 NI
Pentoxazone SC 2.10 Moderate 7.9 I
Edifenphos-Isoprothiolane EC 2.50 irritation 8.5 I
Etofenprox-Fenobucarb EC 4.70 U 18.2 I 100%
Chlorfenapyr-Clothianidin EC 5.70 Severe 73 I (6/6)
Mecoprop-P SL 6.00 irritation 8.9 I
Chlorpyrifos-Cypermethrin EC 6.70 M 12.7 I
Sodium Laurly sulphate (SLS) (20%)? - Irritation 7.6 I

ISkin irritation test on rabbit Keraskin™ test “primary irritation index ¥ NI, non-irritation; 1, irritation ®Position control “ratio of in vitro test
9EC; Emulsifiable concentrate, EW; Emulsion in Water, GR; Granule, SC; Suspension concentrate, SL; Soluble concentrate, WG; Water
dispersible granule, WP; Wettable powder.
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8 o TS xoksl glelEAe] AL Hrlely] flEte] Be AdEEo] AREL k. 2 FEAF ek
A sl AgEEe 424 RoE 98 FEAES AskE e SEUAAEY A7t Eds] AET 9l
Ul kst 55 Al FAATEEAY, AT SEAE, IJRAFAEAE 5 A8 AlgelM AEEES
ol4-3lo] AEZAHIIE St Utk AAIF Q] FAo @] Feko] kA HrME g FEUAAIEY dAAS
TAZE AFE Ao, B AF3e Aoz sold AANEY F ¥y ndS o] g3t BRI H ) H4
VYeAE AR Yste] AAETH AP ERA L 7|20 E7S o] &3 HRAFAA NN HFuke-S HH s}
o] A3 Ol 13} AFFAEP. L L) 0-7(F RS- 45) 342 7R 5AE 1658 A, Qg9 H(KeraSkin™2
o] 4-3lo] MHEAFAAH IS FsINTE 2 A, Tl TR A MEAES 50% olslE A=A EF=E U
Eigon, AT o]sle] Tkl A MEAEE 50% ol 4o v B E YEPT 959 A=540] e A
ToAM me] sk A Al AT A FIEA 71wt FYARRS BEASH o JAI(RDA,
2012b), 2] F|EAFA 9] 7% wzest Alglel] wlgl e xjolE Hol7| widl] HEAFA thAAIEE Feo
He 23 27180 ZAE7F 2od Aog dAvtEn ooz FoobdAHrE 93 SE4ES AT & e A
dH ASATE 5 5I5F AE1E S AT P eAe] it Al Eh

Molo)  AFEthAl, AFASA, AFAHE






