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[0003] o= FH=AEZD s Aty o= vfg- WIstA wh-gahm,
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frell M (fish-derived cell lines)7} olFo Al Rdw fFd5A H7}
Ha vk, ofF AlEs dEdd wWE JHAl Aol IS wiAlste] ¥ dvE Ay
245 AT, dE 5o, FAMEAANN FAllE RIG-2 o7 AxF= o9
A=A EZ Hrbo| AF&% A2 [Nehls, S.; Segner, H. Comet assay with the fish
cell line rainbow trout gonad-2 for 1in vitro genotoxicity testing of
xenobiotics and surface waters. Environ. Toxicol. Chem. 2005, 24, 2078-
2087.]1, PLHC-1 Al¥F+= #WZ[al¥ d(benzolalpyrene) 2 old wHEFH IV o]E
(ethyl methanesulfonate)®] FZA5AS AA Hx=E 453 Atdeltt [Srut, M.
Traven, L.; Stambuk, A.; Kralj, S.; Zaja, R.; Micovic, V., Klobucar, G.I.
Genotoxicity of marine sediments in the fish hepatoma cell line PLHC-1 as

assessed by the Comet assay. Toxicol. Vitr. 2011, 25, 308-314].
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T 2= YA (Oprinus carpio) AETE o]-&dte] Z¥HuIZE(Climbazole)
W8 g =5 (Half maximal effective concentration, ECso)S AF=3dt ZAxle},
15%(w/v) %9 AEjold A (fetal bovine serum, FBS)S E&3t= v X0 A o
(Cyprinus carpio) AEZS ZHwvL=(Climbazole)® 96 hr w¢F A3t 729 2
1%(w/v) %9 ZA®jold A (fetal bovine serum, FBS)& X 3sh= wjA| oA <Jof
(Cyprinus carpio) MEZE FHuF=(Climbazole)® 6 hr ®oF A& 3 H99o 4
5248 Z9 A8 (comet assay) oz B3 Axfolr},
T 32 AA(Oprinus carpio) METE  o|E3dte HEIEERE
(Metolachlor)9] W& &%= (Half maximal effective concentration, ECsx)& At
=3t A3}, 15%(w/v) 5%9 AHlo}ld A (fetal bovine serum, FBS)S X338l

Ko A o) (Cyprinus carpio) AMEZE WEE = 2 (Metolachlor)® 96 hr &<t

st A 2 1%(w/v) sE2 AEjold A (fetal bovine serum, FBS)S 3E3hs})

r1r

Wz ol A o (Cyprinus carpio) AEE HWEZHEZZ(Metolachlor)® 6 hr <t
Aglet A9 FA54S 79 A (comet assay) o2 A3 Aol

T 4% Yo (Cyprinus carpio) AETE o]&ste] tiolwlZ[a, h]|tE A
[Dibenz[a,hlanthracene]2] ®WFrFfa-5%(Half maximal effective concentration,
ECso) & AF=3 A¥el, 1%(w/v) 5% A®jo}dH (fetal bovine serum, FBS)S X
st WA A Ao (Owprinus carpio)  AEES tholwl E[a h]¢tE LA

[Dibenz[a,hlanthracene] &2 6 hr &<t g3 ZANA FASAHAS ZW A Y

(comet assay)l. & #2413l ZAujo|r},
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T 55 oo (CQyprinus carpio) AEFES o] 83 JETRIA

(Ethoprophos) @] WHFEf-&-5%(Half maximal effective concentration, ECs0)& 4F
=3 Aok, 1%(w/v) %9 Avobd A (fetal bovine serum, FBS)S X st i

AN A JA(Cyprinus carpio) AXEE ANEZZX~(Ethoprophos)= 6 hr &<k A

EN

Els

Ao FAS5AHS 9 Al (comet assay) & 413 Ao},

= 62 1%(w/v) 529 A2®Ho}d A (fetal bovine serum, FBS)S X 3g+s}

rr

Gl
Ao A W &5 (Macropodus ocellatus) AEE HEFEZZ(Butachlor)® 6 hr &
oF A&t A FA5AS 9 Ad(comet assay) o= A3 Ao},
< 1%(w/v) =2 AHo}d A (fetal bovine serum, FBS)S X 38}&l= 4

R W EB (Macropodus ocellatus) MEE 2,4,6-EY S22 =(2,4,6-
Trichlorophenol)® 6 hr &< A3k ZHAANA FAHASAS =W AlS(comet
assay) .= A5k 4dijo|t),

T 82 1%(w/v) 5=2 Agold A (fetal bovine serum, FBS)S E &3} Wl
Ao A B &5 (Macropodus ocellatus) MIES ZF5AF]=AL=(Fluxapyroxad) & 6
hr &< Agd oA Fd5A4Ss Z9 A ¥(comet assay) o2 FA &
A }o]t),

T 9% 1%(w/v) %9 AEjo}d (fetal bovine serum, FBS)S X &3t Hl
Aol A B &5 (Macropodus ocellatus) AEZS X2 (Fipronil)® 6 hr &<t

A g zolA Fa5AdS 29 Al (comet assay) &8 4% Ao},
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T 102 1%(w/v) sx9] AHoldA (fetal bovine serum, FBS)& E3ah=
Hl %] of] A W 559 (Macropodus ocellatus) ANEE S8 EZnlolal
(Clarithromycin) 22 6 hr &<t A3 ZAAA FA5AHS ZY AlE(comet
assay) .= A5k 4dijo|t),

T 112 1%(w/v) sx9 AHold* (fetal bovine serum, FBS)S E3ah=
R A W53 (Macropodus ocellatus) AXEE 2 ,4-tFo|-tert-FEHH =(2,4-Di-
tert-butylphenol)= 6 hr &<t AHgd QA FHA5EE Z9 A3 (comet
assay) .= A5k 4dijo|t),

T 12% 1%(w/v) sx9 AHoldA (fetal bovine serum, FBS)S E3ah=
Hj| %] of] A W E-5-9 (Macropodus ocellatus) MEE YW EZ2 0 72 ER
(Perfluorooctanoic acid)2® 6 hr &<t Hs 27X FHA=4E I3 A
(comet assay)l. & #2413l ZAujo|t},

[2ge A7l g 7422 WE]
[0010] & oA wix] | 54 =49 % d9(Ee 5% @9)=E At

5= "bw/v)"= HA 100meol] e 54 =d2 grE vt =, wiA
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ATH.

+

carpio), W55 (Macropodus ocellatus) solA AEl=

CRUESE ST

il

[0019] 7] WE7] AEFE (al) AoldE W& 7]

el &71el &71a, FepAEsass et A viAE H7bstar g 5,

(

o
(o3

Ze LA ELE a4 2k oA WAS Wlelw wAsd NEs] 24L

Zheheksl= @Al (a2) 7] FE G &710lA Thetele =4S A9 A5
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B
>
N
rlr
(e

e 2 FE FHe 7= &7la dAdZdste] Al
2

& FE G &7ldAM st
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N
Y
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K
=
kel
e,
p)
o

A e T o] FAE e ANA wix2 Hylslm wjgEte] AEES A7) W
237 AEFE F55E GAS 238t Wi g AgE = gl

[0020] 7] W1&Ea7] AZFE AZet7] el AMEE= HA] wjA= AlEZ
ol AFEE = AR e mAdA deE F daL, dE 50, 2FAE

AEjo}d A (fetal bovine serum, FBS) 2 &AA7F HZ=%  DMEM(Dulbecco's

4
%0,
o
0%,
N
oSt
o
59
I
of
e
X

£
=

(03

o
B

modified Eagle's medium)oA] A &i=
AREE = Aol L FRVE AREA gow, dF 5o HUAd, 2EFER

T 24l (Primocin) oA A= & vk, A7 A= dydd 2 2E
dEunlolpo Zgor FAE % glar, T EA(Primocin) ©EHOR FAE 4
T ook E=, Y] FEAEdassE 2t A wiA = AME b AFEEH]
= 547 U3 wixe FgARasrt vEY AR 2 FF7F a4 A
Sty x| gfom  dE 5o 2532, AHoldH(fetal bovine serum, FBS), Al

A, L-=FEFY, HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]
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1 FapAlEsias A(Collagenase A)7F H.Z% DMEM(Dulbecco's modified Eagle's
medium)oll A Ael=d o Qlv}. 7] FHAEarsE Ldat= AA| vl A&
= A= At sHAE dAYUA™" F2 2ESIERtolAlY 2HFom FAdHT.
T, A7 AAFAE w - AA wjA = o FAHEE wiSEr] HE AFEEE A
Al opFst wiH oA dEd 4 Qla, dE 5o FFI~, AEjold A (fetal
bovine serum, FBS), &AA, L-ZFebd 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]”’} H®.Z%  DMEM(Dulbecco's modified
Eagle's medium)ol A A8 4 vk, 7] ofFAlE wldE HA iAo £
FAA = it E o FARES TR wef gfetA 7428 o dE =91,
NFAIE vjFEg NA wix|oA wSE = AFAEI AA(Oprinus carpio) AE
AT FAE HUAY B 2ESEntolile 2o r FAE= Zlo] npghA st
U EZ, o FAlE WS AA wiFeA mdEE olJAETT HES

89 A= Ze R (Primocin) ©WEOE 4

o

(Macropodus ocellatus) H|3ER
H= Zlo] npgrAsia. R, AV of JAE g AA HiA] oA AwEjotdH
(fetal bovine serum, FBS)9] ehe2 10~20%(w/v)Ql Z o] nig=slar, dAA ] &
F 0.005~0.06%(w/v)d Aol wpgkAstal, L-=Fetue] g2 0.5-2%(w/v)<]l A

o] w}HAsFar, HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]

Lo

FF2 0.1-1%(w/v)Ql Aol mieAsitt. o FAE wiFE A Aol L

d

1

FAA ALY B mEREde|AY 2For FANE A9 AUdde I

o

|

o 0.001~0.02%(w/v) 2] A o] IR k) T S E"lEulo] Al 9 SheF
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(al) ©A19 Al 20~40TCY 2%, A Y 2A(4E &9 100~300 rpm) =2
CO7F EASHA] &= 7oA o]Fofx]= Aol vpgkAsltt, A7) (al) A2l A<
ez 35-40CRl Zlo] B mhgAsitt. B3, A7) WEar] AxsE Adtehe

Ho| A (a3) ©A12 ke 20~40C2 €% 2 1~10%(w/v) 0z ZAA] o]Fo]A =

N

Aol vpgAsitk. A7) (a3) DAY MY v wgEE o FAEe] Tl uhet
Agd 5 vk, WGE = ARAET YA(Qprinus carpio) AER]D 5 (a3) &
Al wE 2%+ 35~40TQ1 Zo| o wvpgA sttt w3k, s = o JARET HE
B A (Macropodus ocellatus) AER] 745 (a3) GAY WY 2=+ 20~30TS1 Ao

o vl s,

[0023] A4 & 7|5 FH|3= Al1dA
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=
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FA]
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=

=
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o

Z=
=

aromatic
T2 (Hg;

(Ag; Silver),
FHHE (Co;

[e)

T

d
o]
Iron),

Cadmium),

=
=2

A (Fe;

o
7= 5 (Cd;

Copper ) ,

thshrl ekl 3= A (polyeyclic
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Mercury), UZI(Ni; Nickel), W (Pb; Lead), ¥ ©}d(Zn; Zinc) oA A84d 4
ATk ', A7) AxA 5AELS O TRV A ATEA g, dF8 =

2,4-D(2,4-Dichlorophenoxyacetic acid), 2,4,5-T(2,4,5-Trichlorophenoxyacetic
acid), 2,4-DP(Dichlorprop), MCPA(2-methyl-4-chlorophenoxyacetic acid),
MCPP(methylchlorophenoxypropionic acid), MCPB[4-(4-Chloro-2-
methylphenoxy)butanoic acid], =8 3XA°]E(Glyphosate), = FXEAUCIE IEH
(Glufosinate ammonium) &3 2 A= AbAl; ofv] =y &gl = (Aminopyralid),
293¢ =(Clopyralid) 53 7S ¥ gldA]; PCP(Pentachlorophenol) =3 &

H=A; TE3d(Propanil), HEFEZZ(Butachlor, "HAIE), deEF==2(gkc

N—’

) & ofwlo] = A ; Z=2 2> 2% (chlorpropham), #H t}o] v e-&l
(Pendimethalin), #}o]@Ml7}H (thiobencarb, AMH) T3 22 Zhupw| o] EA; wE}
Wl 2 E] o} 52 (methabenzthiazuron, EZ3d) T3 #2 Q42A; ofELR

(Atrazine), A"}z (simazine) &3 S Eglololx A, &+ E (Paraquat, L&}

2
=

b

) S3 2e vygdyeA; B Erpd(bromacil, dholnpelx),  wlElE
(bentazon, WMAFLRH) S 22 FepAAl; to]Zb(Dicamba), EFIFAIME
(Fluroxypyr), ©]vFAl¥] 2 (imazapyr), ©]"FAF (imazapic), ©]v"FAFE-2(imazamox),
Y52 ((Linuron), WE&SFZ = (metolachlor), JFEZZH(picloram) =3 & 7]
AzANA e 5 dvk. T3, A7) AUSAA 548D 21 /7 A A
Sy x] ko o & Eo] SDS(Sodium dodecyl sulphate), SLES(sodium lauryl

ether sulfate), PFOS(Perfluorooctanesulfonate) s 2e JolA
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A& A; , BAC(benzalkonium chloride), BZE(benzethonium chloride),
DODAB(dioctadecyldimethylammonium bromide) T3 #& ol2Al AASAA;

Triton X-100, Tween 80 3 7L Hlo|2A AHEA A Soix] M= = ),

PFOA(Per f luorooctanoic acid), PFOS(Perfluorooctanesulfonic acid) oA A€
g F 9. w3k, ] dEA SAHERALS o EX 2 ¥~ (Ethoprophos), 2,4,6-E

g F2 29 5(2,4,6-Trichlorophenol), Y Z2ZY(Fipronil) SolA HAe=d

ATk, T3, A7) Al 5AERLS ZF3uE(Climbazole), ZFAFAIE=
(Fluxapyroxad), Z#ig]E=Zn}lo]Al(Clarithromycin) ol Aeld 4 Qit}. T3

718} EAHEAL tpo|dlE[a,h]tEZA[Dibenz[a,h]anthracene],  2,4-t}o]-

tert—-5-2 ¥ &= (2,4-Di-tert-butylphenol) oA Ael=d 4 gl

& A AE WA B Y AR FEE v

J{m

e 722 AE3 w5 a 55 (Half maximal effective concentration, ECso)

oA 1/5 WA 4/5 FEoz 3MHE fd & i, o weAs A= 2/6 WA 3/5
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A (fetal bovine serum, FBS), 3AA, L-ZFEbY 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]”7} ®.35%¥  DMEM(Dulbecco's modified
Eagle's medium)oll A deid = vk, 7] 54 B7FE A wjA|o] =3¢ 34
A= W= ol FAxEe F7ol wet vuefetA 49 5 Aok, dE 59, 54
F7HE AA WA oM i FE = oAFAIETE YA (Qprinus carpio) AESR A5 @
AAs AU B 2Ef Rl 2o A= Aol nigrzsity. B3
54 Hrkg AA| wiA A e gE = AFAET WET (Macropodus ocellatus)

AERJD A5 FAAE ZE A (Primocin) S50 = FAE= Zlo] wighzlsith, &

ke 0.5-2%(w/v)Sl Ao] wpEkaa, A e 0.005~0.06%(w/v)Sl o]
MEAe T, L-2REe §ee 0526w/ Aol WEA T, HEPESIN-(2-

hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]® & 0.1~1%(w/v)el A

oAl xFom FAYE A5 YA T 0.001~0.02%(w/v)Q Hlo] wpg
Aslar, ~EHEWlo)Al] &S (0.005~0.04%(w/v)2l o] mlEA st =4 H7}

Al

L

& MA] wfA|o] EotE dAA 7} L EA(Primocin) 2.2 FAE = A$-

e
o

=
(Primocin)®] &L 0.005~0.05%(w/v)<Ql ZHo] nlzkz]slt},

B =i = i R

o
mi

[0032] 7] 54&

12

A A=

il
flo
>

|

H

_04

25 54 H7FS AA Aok ZEste] AlztEv. w7 SAHE A AE2
bl el B2 i AlRE 29eA @ dxds ¥ 29E v dE
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[0044] 1. A& 3 ¥H

[0045] 1.1. Wi <] &H|

[0046] (1) 7 Wl =] (Normal media)

[0047] 25 mM H%9] =FFZ 27} 3% DMEM(Dulbecco's modified Eagle's
medium)ll 10%(w/v) &5%=< AEjo}d* (fetal bovine serum, FBS), 0.006%(w/v) &
=9 HyAdd 2 0.01%w/v) TR AE=:NEnlo|AlS HEFste] AHAF v A (Normal

media) & H| SIS},

[0049] (2) E&AIE3] a4 vl A (Collagenase media)

[0050] 256 mMe] ZF32~7F §f-¥ DMEM(Dulbecco's modified Eagle's
medium)®l] 15%(w/v) =2 AHjo}d A (fetal bovine serum, FBS), 0.006%(w/v) &
o] FyA™, 0.01%w/v) FEO ~EfERLO]A, 1%(w/v) FE L-=FEW,
0.5%(w/v) TE9 HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic
acid] % 0.2%(w/v) 5% ZeAEa a4 A(Collagenase A)E H7lsle] FepaE

3l &4 ¥l A (Collagenase media)E 4|3} T},
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[0052] (3) Ui (Cyprinus carpio) WF-E W]

[0053] 25 mMe] =F 327} % DMEM(Dulbecco's modified Eagle's
medium) ol 15%(w/v) H%E2 Z©ejo}ld A (fetal bovine serum, FBS), 0.006%(w/v) &
=o HAYAR—, 0.01%(w/v) F&=o 2EEVOIA, 1%(w/v) =2 L-2FE H
0.5%(w/v) el HEPES[N-(2-hydroxyethyl )-piperazine-N'-2-ethanesulfonic

acid]E RB=38t AN (COvprinus carpio) VI-g xS F4|8 ).

[0055] (4) Bl &%) (Macropodus ocellatus) viF-g& wjA]

[0056] 5 mMe] ZSFFZ~7} /¥ DMEM(Dulbecco's modified Eagle's
medium)ll 20%(w/v) &%°] AEjo}d* (fetal bovine serum, FBS), 0.01%(w/v) &
w9 R (Primocin), 1%(w/v) &= L-2Fe9 2 0.5%w/v) F=e
HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]& H =3l HE

B0y (Macropodus ocellatus) W& vjX = 1|3},

[0058] (5) A (Cyprinus carpio) =237} vl
[0059] 25 mMe] =F 327} ¥ DMEM(Dulbecco's modified Eagle's
medium)ol] 1%(w/v) HE9 A vjo}& A (fetal bovine serum, FBS), 0.006%(w/v) &

zo HYyAd, 0.01%(w/v) =] 2EHNEulolAl 1%(w/v) £ L-=FE7 2
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0.5%(w/v) TE9 HEPES[N-(2-hydroxyethyl )-piperazine-N'-2-ethanesulfonic

acidl& HFsto] oA (Qprinus carpio) =738 718 WA E 1|33,

[0061] (6) W55 (Macropodus ocellatus) 5738714 wjA]

[0062] 5 mMe] ZFFZ2~7F /¥ DMEM(Dulbecco's modified Eagle's
medium)ol 1%(w/v) %9 Ae|o}d % (fetal bovine serum, FBS), 0.01%(w/v) &%=
o] Z B A1 (Primocin), 1%(w/v) %9 L-=FET %2 0.5%(w/v) X2 HEPES[N-
(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]lE X EF3}o] HBHEL

(Macropodus ocellatus) =73B7F8 ¥R & 1|5},

[0064] 1.2. o]/ AXF9 A
[0065] (1) A (Cyprinus carpio) MEFS A%
[0066] 2ot AA(Ovprinus carpio)E 15%(w/w) %o FWMA 8o

o o 2% Hok AHTIL, o] F T0a(w/w) FE] oL FEAOw of ¥ Hol

M

AF 8L, o] % S5%(w/w) =9 YU/ AEREnto]lilo] shd iS4
o1 (phosphate buffered saline, PBS)Z ©oF 2% =oF A3t A7) A& 34
< 23] WkRSlglth. o]F, AlFHE JojE HEZHHAA &2 F A v (Normal
media) & &% H7lsto] #o] mp=x A 3 5, %8 Z(Scalpel knife)& 5

= ol A tAFAT. olF, A vl o] S 50 m S AYE F
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H(Conical tube)® %71 % o7]d ZgzAEsia4s % (Collagenase media) 15

s A7Fskdt. o]%F, IYZ FH(Conical tube)E wir]eo] ¥a, 37C9

rfo

ki

, non-C0z 2 200 rpme] Z7OoZ oF 1 hr §<¢F AgujFslict. o] %, zyz
B (Conical tube)E °¢F 18 HoF E® A (vortexing)dtar, AA A (Normal
media)E & F¥7F 40 m7F S AAE F oF 102 )b A&(eF 25+27C) ¥

Aste] 24€ Aetkgn. olF, Jheke £4e AdH FFAVL Ame I

Z+ B (Conical tube)el AT &, ME &1 FTAES 800xge] 7o = 27
b dAEY st ME AAE HAAFG. olF, AMELE FZYZ FH(Conical

YA/ ~ERQEnlo] o] ghfw AibE A 2] 4 4= (phosphate buffered saline,
PBS)= 2W¥H wWhE3lo] M EH Y. o]F AlXE HE(cell pellet)S Ao (COyprinus
carpio) W& wjF|o] dEsta ZeaTo £ 5, 37CY &% 9 5%(w/v) CO2

=

N

Aol wykrlelA 25 ol wietol VA(Oprinus carpio) MEFE AASEaL,
A oA (Cyprinus carpio) MEFE o] 59 Ao A&, Yo Ax
= Cedex HiRes Analyzer(05650216001; Roche, Basel, Switzerland)Z o]-&3d}o] =

At

[0068) (2) W] &3 (Macropodus ocellatus) MEF2] A2}t

[0069] 2to}oly= W =80 (Macropodus ocellatus)S 15%(w/w) =2 T

12

A OO oF 21 B AHAIL, o F T04(w/w) FES fHE FEAOE
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2 & MASkAL, o]F 5h(w/w) w= FUA™H/AEfErto]ilo] FHtE 214
A=A 2] 2 9= (phosphate buffered saline, PBS)®= °F 28 F<b A&k, A7)
A RS 23] dHEsink. o], AlFE HERolE FAEYYAN &1 F A
Hl A (Normal media)E& &% FH7bste] xZFo] m=x4 &gA & F, F=8& 2
(Scalpel knife)®Z 5i ol ZHA BpAFAG. o5, ZA vzl do] =4& 50
m 8o IYZt BB (Conical tube)Z 271 3, of7]d AR as vH
(Collagenase media) 15 mE H7}skict. o3, mYZ FH(Conical tube)E Hj
F7)el dar, 37C9 2%, non-C0: ¥ 200 rpme] Z7o2 °F 1 hr &< AGulY
sttt ol%, ZYZ FE(Conical tube)E ¢F 1+ &< =974 (vortexing)shal,
42 wiA](Normal media)E & F37F 40 m7F A AYPYE T oF 108 &9 A
(oF 25+27C)oll WA ste] x2& 7hehekdrh. o]lF, 7hepeke A& AL 4T

Aubs A2 FIUZ FH(Conical tube)dl] AT T, =2 27 AFZ=HE 800X

7t =Y (Conical tube)ollA A|E N (cell pellet)S AY3t A=HS vy,
5%(w/w) X9 HAYAA/AEFEnto]Alo] SR AsbtE A4 9= (phosphate
buffered saline, PBS)Z= 2W¥H HHE3lo] AFsIAt;. o] AX A= (cell pelle
t)S W EBUacropodus ocellatus) PIFE viA|o] dEslar ZEkx=3d %71
T, 25T 2= H S(w/v) Co: =x1e] 7)ol 25 o mjgsted Has

(Macropodus — ocellatus) MAETFTE  AZstar, A 2psh S5 (Macropodus

ocellatus) AETE o]F2] Ao AL, HEHO] AX 4+ Cedex HiRes
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Analyzer (05650216001; Roche, Basel, Switzerland)E ©]-&3}o] =A%),

[0071] 1.3. o7 AXFE o] &3 FA=Z BH=A H7}

[0072] (1) ¥Vl (Cyprinus carpio) AEFE &% SAA=Z9 AHEA
77}

[0073] =4=d=E YA(Gprinus carpio) =748 7F iAol wlg] A3
F%(0, 62.5 ppm, 125 ppm, 250 ppm, 500 ppm, 1000 ppm)7} A H7}slal &3)A
A g w59 SAEE ZTE&AS AxsT. AMES S454E SHEE
(Climbazole), W E 22 2 2 (Metolachlor), tlolwl=[a, h]StEZFA
[Dibenz[a,h]anthracene], oEX %X *(Ethoprophos) ©]lT}.

[0074] LA (Cyprinus carpio) WIFE ¥R 7} 0o & 96-4 ZHo|E

(-~

F MEFE A oF AXE7F 2000707F HA AEst 37C 2% 2 50(w/v)

C0» Z719] WA 12 hr FeF MlFete] ol F AEE We| wete] FAA T

{

ARG g Bre BB

ftlo
=5
N
ofo
g
o
b
N
.l
ol
of
%)
ﬂ

o], oA Hj g
Tl &%, 5%(w/v) CO: H St xx1o] vjF7]olA 6 hr &<k viFeaieh. &gk, of
Z(Control)e] 79 oA wvjgFANS AL, SAHERD FTFL dial Ao
(Cyprinus carpio) SAH7FE wiXE HA71ek & 37C9 2% 2 5%(w/v) C0: =4
Nl A 6 hr &<t wiFetSlth. wie] k5w = wjgNS AASEaL DPBS(Dulbecco's

Phosphate Buffered Saline)® 23] A|&A3dte] o] HES AAF AL, o] F, A
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o] &5 % A¥o] ME =S Ha 2z Lol 0.2%(w/v) FE2 SDS(Sodium dodecyl
sulphate) &< 50uE AeletaL 37Ce =& B S%(w/v) C0: =z19] Hjg7]olA]
1 hr &t #jgstgict. o], zZF Ao 1:10002.%2 343 Gel Green assay
solution(41005; Biotium) 150ulE A 2lske] dMstar, 7|7 A7IA] A 2 4
o] ¥ VICTOR Multilabel Plate Reader(2030-0050; PerkinElmer)E AF-&3ko] DNA
7F dAE FFS FAE S4sdTE. olw, 7] 485 nm % W= 535 mmoll A HF
< SAs FAEIT. B4 ofF AMEe AEE fholl T xse HAEZH] o
T Az " HEREFE(ECG)E AbEStl, SA=EY AHSEAEES

B7hahsie.

[0076] (2) W &8 (Macropodus ocellatus) AELFE o]&3 FHEZY
e = H7t

[0077] B EA S =89 (Macropodus ocellatus) =7 H7F& vl o] 7

2] 443 Fx(0, 62.5 ppm, 125 ppm, 250 ppm, 500 ppm, 1000 ppm)7} A H7}
il &N A Tt sEe] SAEY RFEAS AxsoT. AR SHEAS

R e}= 2 2 (Butachlor), 2,4,6-E8]ZF 2295 (2,4,6-Trichlorophenol), ZSA}LY]
ZA}= (Fluxapyroxad), Y Z2Y(Fipronil), ZFHgE=Znr}o]2l(Clarithromycin),
2, 4-thol-tert-F-& 9= (2,4-Di-tert-butylphenol), WHZ 2 Q7 L2 ERA)
(Per fluorooctanoic acid) ©]%lt}.

[0078) W &5 (Macropodus ocellatus) vJFE& iR 7} Eo] Y= 96-4 =
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golEo] ofF AMEFES AT ofF AEZF 20007H7F HA HFska 25T 2% B

5%(w/v) C0» 270 WMG7|olA 12 hr Bk wWidate] ofF AEE Aol vieto] ¥3
AR o, WelA WMLRE AARL FF Fwe] SHRA FEEAS A7}

5 & 25C9 &%, 5%(w/v) CO: & oF A9 wlekr|o A 6 hr FoF njekslodt}).

w3k, 27+ (Control)e] 45 Do A vjdAS A

A
p‘L
k]
Bjiy
oX
i
X,
=5
MN
ofo
1%
=2
£

W55 (Macropodus ocellatus) Z73B7FE ¥iXE H7Fgk & 25T 2% H
5%(w/v) COz Z=71ollA 6 hr &2t wjgstitt. viFo] ¢kad 5 wjgels 78t
DPBS(Dulbecco's Phosphate Buffered Saline)® 23] A% 3le] o] AES A7 s}
At olF, AFol krH AR AE &HE &l 7 Lol 0.2%(w/v) FEY
SDS(Sodium dodecyl sulphate) =& 50uE A elstar 25T &% 2 5%(w/v) COe
79 wiFrel A 1 hr &< viFeith. o]F, 7} e 1:10002.% 343 Gel
Green assay solution(41005; Biotium) 15005 A 8]ste] GAstar, 7|3E7F A7 A
k7 & 41o]F H VICTOR Multilabel Plate Reader(2030-0050; PerkinElmer)E& A}
&3kl DNAZE f4E d3s &48 AT oluf, o17] 485 nm 3 W= 535
mel A @3-S SAHste] EASAT. EAE ofF AlEe AEE el TIxste] =

7 Al e R aEsE(ECo)E AbEetaL, &

o,

a0 YHEHS

il

[0080] 1.4. A 39 AP (Neutral Comet Assay)S ©] &3 A=A H7}

]

[0081] (1) ZH ANEE& SAHEE F28Y 2 =T §99 Az

b
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[0082] 15%(w/v) X2 A®jo}d* (fetal bovine serum, FBS)S ¥ &3s}l+=
DA (CQyprinus carpio) AEFE iAo 5A4EZQ EHul=(Climbazole), WlEetE
22 (Metolachlor), thol¥l=[a h]tEZ}Al[Dibenzla,hlanthracene], SEXZE A

(Ethoprophos) & 77t ¥ a s = (ECo)e] Axt %7l A H7rela &siAA

Jo

o

BoA(CGyprinus carpio) A AL S4=4d FFE&Y 1S AxsAv. £
15%(w/v) &%2] ZElold A (fetal bovine serum, FBS)S XE3SIst= A (CQyprinus
carpio) W& wiAle] tholwd HZEALe]=(DMSO)E 0.01%(w/v)e] &s%=7F A A

7¥ekar & AA DA (Gprinus carpio) AEol AE&Ed tiz=ar &9 15 A=x=s}3

t}.

[0083] 20%(w/v) &%=°] Aefo}d ™ (fetal bovine serum, FBS)S &3l
W &5 (Macropodus  ocellatus) — WFE&  HiXo FAEZEA FHEgz=
(Butachlor), 2,4,6-E8]|Z 229 %(2,4,6-Trichlorophenol), ZEA] EAL =

(Fluxapyroxad), 33X =4 (Fipronil), ZHZE=Zwlo]Al(Clarithromycin), 2,4-T}
ol-tert—-5F-El 9= (2,4-Di-tert-butylphenol), ¥Z=F2 2-2ek2H(Perfluorooctanoic

acid)& 2+t W R aEE(ECo) ol AWt w7 HA HUbstal &airA BlEE

=]

(Macropodus ocellatus) A X0 A& SAAEZ 58 [ A3, &S
20%(w/v) BE° AEjold A (fetal bovine serum, FBS)S X3st= HEE
(Macropodus ocellatus) P& wjx|ollo]]l tTlolwel AHZALo]=(DMSO)E 0.01%(w/

Vo sE=7F FA HArreta fAAIA BB (Macropodus ocellatus) A FEo] &

i)

B §o 12 Azs.
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[0084) 1%(w/v) &% AEjo}d (fetal bovine serum, FBS)S X3l
AoV (Cyprinus carpio) E3718 wjxd] EAEZQ ZFYd}lZ=(Climbazole), HE

2= Z 2 (Metolachlor), Thol¥l=[a,h]erEg}Al[Dibenz[a,hlanthracene], lEXZE

X 2~ (Ethoprophos)E ZtZ} W85 % (ECso) o] ARE F%=7F S A H7bela 834
A DA(Oprinus carpio) M¥ES A& SAEZD T+ N5 AX3HT. =

3, 1%(w/v) %9 ALHoldH(fetal bovine serum, FBS)S X &3sl:= oo
(Cyprinus carpio) 5733878 wixo] vreolmd AHEAL]=(DMSO)E 0.01%(w/v)2]
s27b A Arretar &AM A JA(Gprinus carpio) MES A8 thxa &
IE Alxs3irt.

[0085) 1%(w/v) B%E2 AEjold A (fetal bovine serum, FBS)S X 3SHsl+=
W55 (Jacropodus ocellatus) =878 wjX|o] SAEZS] HEeEFZ=
(Butachlor), 2,4,6-E8]|ZF 229 %(2,4,6-Trichlorophenol), ZEAMY FALE
(Fluxapyroxad), ¥>~=4(Fipronil), Z#gE=Zu}o]xl(Clarithromycin), 2,4-t}
o]-tert-HF-E ¥ =(2,4-Di-tert-butylphenol), 3H=ZF2 =342 (Perfluorooctanoic
acid)& ZH2t W a s (ECo) o] AWt 5%7F HA H7betal &3AA HES
(Macropodus ocellatus) AES AL ZHEH XT8N IE AxsY. &3
1%(w/v) &x9 AEloldA(fetal bovine serum, FBS)S X3l HES
(Macropodus — ocellatus) S HE7Fg  wiAo] tlojwa  AHEALo]=(DMNSO)=

0.01%(w/v)e s=7F HA H7star &3lAA W E29 (Macropodus ocellatus) A

ke

of Hg3 Hx &9 M8 Az},
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[0087] (2) EAE

iy
==
M\
ofo

I 2 =7 89 12 o83 offF ALY

A

Hj &
[0088] Ao (Cyprinus carpio) PoFg wiX|7} E9o] 9= 6-9 Zgo|E
DA(Cyprinus carpio) AMEFTE A A (Cvprinus carpio) AXE7} 67,000707}F

HA FEsha 37Ce &% 2 5%(w/v) C0: 279 wld7]ol A 12 hr < vl g3l

tlo

DA (CQyprinus carpio) MAEE 42| nigro] FEZAA|ZItE, o] oA wjgds A

Asta EAEA TN [ 2m = 2T &9 1 2w 7zt de #Hubs &

37Co =5, S%(w/v) Co: H ¢ =71 wiF7]elA 96 hr &<F wjgste] <o
(Cyprinus carpio) MEE SAHEHAZ 83U}

[0089) W &5 (Macropodus ocellatus) BR¥-E& ®IA|7} &0 U+= 6-9 =
dolEo W EHE(Uacropodus ocellatus) AIETES LI V=5 (Macropodus
ocellatus) A|3E7F 70,000717F H A HEstL 25T 2% 2 5%(w/v) CO: =719

ekl 12 hr s<t w3t v &5 (Macropodus ocellatus) AEZS Ao] v}

gol REAZAL, o)F, WolA wjFn S AA%L BHRD EFEY 1 onl Ei

vt & I 2mee 7+ o] H7Mgk $ 25T =%, Sh(w/v) CO2 R ¢F 279
k7ol A 96 hr F<F vjkste] v &89 (Macropodus ocellatus) AEES ZAEZ

= A8
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[0091] (3) SAHEZ B8N I 9 UxT &d& o] &3 ofF AXY uj

&
[0092] A (Cyprinus carpio) WFE WA 7} Eo A= 6-2 Zd o] Eo
DoA(CQprinus carpio) METE LY JA(Cyprinus carpio) AE7}F 67,000717F

A FFska 37Ce =% # 5%(w/v) C0: 239 wig7lolA 12 hr &<k wjgsto]

o

NN (Cyprinus carpio) MEZS Ae] upcho] LA ZTF, o] oA wjoralS A
Asta 54 2F8Y 0 2m v g2 &9 1T 2ms 7F dof H7kst =

37C9 2%, 5%(w/v) CO: & oF Zde ujdr|olA 96 hr B<F wjkdle] <)o

(Cyprinus carpio) AIXE SAHAEHA=E A sslc).

|l

[0093] W E3-o| (Macropodus ocellatus) W& wWiA]7} S0 9= 6-4
dolEd WEES (Macropodus ocellatus) AEFTZE A B EE (Macropodus
ocellatus) AE7F 70,000707F HA HFskaL 25T &%= 3B 5%(w/v) (02 2319
7)o Al 12 hr &<t wikste] W 559 (Macropodus ocellatus) AEES Le] nf
ol F-ZA LT, o5, oA wjgA S AAGL FAHAEE EFEY O 2m T+
iz &9 I 2mes Z2F doll Hr7pgk & 25T 2%, 5%(w/v) 0 2 ¢ x319]
k7] 96 hr &<t vjdte] W &8 (Macropodus ocellatus) MEES SAEZ

= A3t

[0095] (4) A =™ Al ¥ (Neutral Comet Assay)
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[0096] o] AM¥XE SAEAZ A 3sk $ DPBS(Dulbecco's Phosphate

Buffered Saline)® A|&3lo] BE4ES A|AStT 2 o EFYAS 271se] o] F

|\

AEE Do vigtol A dojuigitt. SAEEE A2 $ ofF AES DNA &4
AL 98] CometAssay Single Cell Gel Electrophoresis Assay Kit(4250-050-K;
R&D Systems, Minneapolis, MN, USA)E A}&ste] A7|dES AAEHTE. o5,
Image J Z=Z 13 (v =HH ALY, Bethesda, MD, USA)S o]&3ste] DNA =ZH

Far, DA 27 Zel & R4 w® Yot

ol

(comet) PSS 4

[0098] 1.5. A ¥ e 24

|

[0099] A2 el WHE #Est7] ¢8] 969 ZdelE A 2000712 A

LS BFEETE. o], AXEE 0, 62.5, 125, 250, 500, 1000 ppm %9 E=AE

[0101] 1.6. BA ¥4

[0102] %+ B4 AZES]o] #7]%]<Ql GraphPad Prism 9(San Diego, CA,
USA)E AF&3te] Student's t-testE TR, F9FEE=(No observed Effect
Concentration, NOEC), HAYF&%=(ECw), WrrFaEE=(ECo) R 95% AlE -1t

(CH< 5d3 A LZEolE AR&sto] AlLkstSl
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23!

(NOEC) :

14
Ho

O

R

Eok

[e)

[0103] =

P4

I} 2}o] (p<0.05)7F = Ha

"

5_]__

W EAH O Feojn)

[0104] = Z

Al

o}

2 10% S

==
Fo

7]

14
Ho
e~

ol

0

Hr

=

[0105] * WFf-&35 %= (Half maximal effective concentration, ECso):

S
T

7= o 2 50%

A4 23

[0107] 2.

[0108] 2.1. N|2& FHAEA H7 ¥ /e

S
=

, FBS)

A (fetal bovine serum

1e(w/v) §X=e] Zefjotd

o o

[0109] +*

N o F ALE

El

=

OO]:

6 hre] =i

ol
=

7F& vl X (Toxicant media)

o

]

o
o

bovine

s

J(fetal

ZHold

15%(w/v) &%

iAi )
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serum, FBS) ¥ SAEHS Eset= WA a5 AREste] ofF AXE S

o 96 hr &<t ==A17]a1, A F9 A& (neutral comet assay) WS 3] DNA

of

o] 7t=r AeH(DNA DSBs, DNA double-strand breaks)S FA3st= Aoz A HT
T4 32 AE B oA, A7 el AxfHo=FE DNA DSBs7t o] & ol
whef, AE(E =) DNA DSBs(Zre])= 4% =4 &4 sdlo] 4AddT. = 1
o B)= & oA Aestr = M= 54 F7F Wi Bk ZAo=A,
%(w/v) 522 Aelold A (fetal bovine serum, FBS) ¥ HAEAS ¥ 35t uj
A §NE ARSI oF HAEE SAHEH 6 hr 5 =EA17]3, T4 29 A
3 (neutral comet assay) WS =& DNA o]=7F<t A WH(DNA DSBs, DNA double
strand breaks)= SAdt= Aow FAEH.

[0111] 15%(w/v) 5Xx2] AEjo}d* (fetal bovine serum, FBS)& &3}
HiA = o 7 AlFEo] HjGfolA drbHor ARREI Qlal, HAEH] 96 hr &<t
AT AR FAEA Uk AQE e 10369 Abold] Z)Ztel gt Wb
W B ddol s 1%9(w/v) T2 LHlold g (fetal bovine serum, FBS)S 33}

= WANA oF HES SAHEEA 6 hr Tt =A== 215 AHEstaL, T4

ftlo

9l Al¥ (neutral comet assay) WS F3] ME G DNA o]F7le Aot
(DNA DSBs, DNA double-strand breaks)S S74slo] SAHEZ29 FA5AS HUlst

e,

=
—
—
>
ol
N,
—
rlo
2
S
)
ke
N
2
>
K
2,
>
ok

(comet assay)= ©]-&3}<]
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[0113] [3% 1]

AT/ F T FHE4EZ =& A7 [ F=E

PAC2/Danio rerio benzolalpyrene 64 R1
ethyl methanesulfonate

Erythrocytes/Danio rerio a—tocopherol 5, 7, 14|R2
anthocyanin T 21

Erythrocytes/Cyprinus carpio karanjin 1, 7, 14(R3

T= 21d
RTgil1-W1/Oncorhynchus mykiss benzothiazole 12 R4
RTL-W1/Oncorhynchus mykiss complex runoff samples 364 R5

[0114) = R1: Srut, M.; Bourdineaud, J.P.; Stambuk, A.; Klobu ~ car,
G.I. Genomic and gene expression responses to genotoxic stress 1n PAC2
zebrafish embryonic cell line. J. Appl. Toxicol. 2015, 35, 1381-1389.

[0115] = R2: Rocco, L.; Mottola, F.; Santonastaso, M.; Saputo, V.;
Cusano, E.; Costagliola, D.; Suero, T.; Pacifico, S.; Stingo, V. Anti-
genotoxic ability of a-tocopherol and Anthocyanin to counteract fish DNA
damage induced by musk xylene. Ecotoxicology 2015, 24, 2026-2035.

[0116] * R3: Tasneem, S.; Yasmeen, R. Evaluation of genotoxicity by
comet assay (single-cell gel electrophoresis) in tissues of the fish Cyprinus
carpio during sub—lethal exposure to Karanjin. J. Basic. Appl. Zool. 2018,
79, 19.

[0117] = R4: Zeng, F.; Sherry, J.P.; Bols, N.C. Evaluating the toxic
potential of benzothiazoles with the rainbow trout cell lines, RTgill-W1 and

RTL-W1. Chemosphere 2016, 155, 308-318
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[0118] = R5: Kienzler, A.; Mahler, B.J.; Van Metre, P.C.; Schweigert,
N.; Devaux, A.; Bony, S. Exposure to runoff from coal-tar-sealed pavement
induces genotoxicity and impairment of DNA repair capacity in the RTL-W1 fish

liver cell line. Sci. Total Environ. 2015, 520, 73-80.

[0120] 2.2. DA (CQyprinus carpio) MEFE o] L3 A=A H7 41

[0121] (1) ¥ (Cyprinus carpio) AMEANA ZFHHIZE(Climbazole)d 4

4
oX,
2

93 FPEEE vm

[0122] E¥H}=(Climbazole)S AAFAZE dg ALY, 2HZ AFA

r

pol

a8 oAstel @ AEvhel prek J1%e geshe ofEeln. FUwkE

O

(Climbazole)& 4F¥F T3

s
rlo

Aol W, & &4 Lddozw dHA

H

o]
2R

[0123] &= 2% oo (GQprinus carpio) MIEFE o|&3slo] FHul=
(Climbazole)®] WFF& 5% (Half maximal effective concentration, ECs)E AF&
sk Aol 15%(w/v) &% AEjo}fd A (fetal bovine serum, FBS)S E3&Hsl= Hj
RN DA(Cyprinus carpio) AEE SHWE(Climbazole) = 96 hr &<k A2t
A9 2 1%(w/v) 5% AHold A (fetal bovine serum, FBS)& X 3$Hal= wj=| o

X DA(Cyprinus carpio) AXEE ZHHUZE(Climbazole)® 6 hr &<+ A3k 4%

o] GAHEAAS 9 A (comet assay)oE AT Aylolt), T 204 Hol= u}f
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of o] 1%(w/v) =9 Aejold*d (fetal bovine serum, FBS)S EF 3= wjA|
X DA(Cyprinus carpio) AXEE TFeE 59 F¥HE(Climbazole)® 6 hr &
oF A gste] AF=3F F™nulE(Climbazole)d] F9 3= (NOEC)= 10.484 ppm ™| %H
o]a1, FHAYeFsE(ECo)E= 20.968 ppmo] L, Wb a-&5%(Half maximal effective
concentration, ECs0)E 94.079 ppm ©|th. A7) Z8€nl=(Climbazole)d WFHEH-&
%= (Half maximal effective concentration, ECs0)2] AWkl 47.0395 ppm & ==
AN (Gprinus carpio) MEES Hgdta SA =9 A3 (Neutral Comet Assay)<
TR, 15%(w/v) sxE9 ABjo}d A (fetal bovine serum, FBS)S E3tsl=
2N A Y (Cyprinus carpio) MEZS 47.0395 ppm 52 ZHu}=(Climbazole) =
96 hr &<t Aelss 7ol DNA = 72l (comet tail) Zo]7} DMSO thzt
the] ok 24.97% Z7FsFR Y. 1%(w/v) 529 AEjold A (fetal bovine serum, FB
S)S E&st= wiAANA Ao (CQyprinus carpio) AEZS 47.0395 ppm 5E=9 FHu}
Z(Climbazole)® 6 hr ¥<F AHgldh= ZHol = DNA =¥l 2] (comet tail) Zo]
7F DMSO thz=st thu] oF 29.03% S7hetltt. olelst A= 1%(w/v) s Ao}
A (fetal bovine serum, FBS)S ¥ 3tat= vl oA A (Cyprinus carpio) A3E
£ = ¥HE(Climbazole)® 6 hr &<t A g8t AHZE B7F WHol 16%(w/v) &

o] A"old A (fetal bovine serum, FBS)S Z&stE= vixo A Aol (Cyprinus

L
22

C.

carpio) AEE ZFYHFE(Climbazole)E 96 hr =<t A st= 7|&9 Hrp q9F

o} S3ulZE(Climbazole) o] Fd54 WHES ¢ 9dstA &X3 4

s
0
rr
2,
o

A ALY
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[0125) (2) QDA (Cyprinus carpio) A|ENA HEZHZFEE(Metolachlor)9
FAFA s H7EHE vl

[0126] W E&==Z=Z(Metolachlor) & #Fx9 ol A4S AA =

2
o

< 31, sHAA dE AMESEE AxzAelt. HlEgEZ 2 (Metolachlor) & T4
Aol Z714 0= DNA o3 EdolE 28 4 U,

[0127] &= 3% oA (Cyprinus carpio) AEFE o|&3slo] HELGIFEZ=E
(Metolachlor)®] ®WHFfra-s X (Half maximal effective concentration, ECso)& AF
=%t Ao}, 15%(w/v) vx9 AEjold Y (fetal bovine serum, FBS)S X &3l

W RN A DA (Cyprinus carpio) AEE WEZEZZ(Metolachlor)® 96 hr &<t

A8 A 2 1%(w/v) 529 AEjold A (fetal bovine serum, FBS)S ¥ g3}

sl

Wi Rl A A (Cyprinus carpio) A | S22 = 2 (Metolachlor)® 6 hr &<t
Ayt 9o FHA54S ZW AlE (comet assay) o.& 43k Aylolt}. L& 3of A
Hol&= nfe} o] 1%(w/v) X9 AHjold A (fetal bovine serum, FBS)-& 3Z 313}

= wj KA A (Cyprinus  carpio) AEES  TrAst sxo HEGE

il
|

i

(Metolachlor)® 6 hr &<t AHgste] A=3 Wl EZ2}= =22 (Metolachlor)®] ¥4

S (NOEC)+= 54.412 ppm v|Tko]al, FH A5 %= (ECo) = 114.753 ppme]aL, Rk

Jo

G355 (Half maximal effective concentration, ECso)& 714.529 ppm ©|RAt}. 7]
W Eg =2 2 (Metolachlor) 2 Hb=3- 85 % (Hal f maximal effective

concentration, ECs0)¢] Zykel 357.265 ppm =% A (Qprinus carpio) AEZ
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st =4 FZ9 Ald (Neutral Comet Assay)S F33FT. 15%(w/v) T2 &
Bjo}d A (fetal bovine serum, FBS)S X3&tsli= uviX|ol A A (Qyprinus carpio)
MEE 357.265 ppm 59 WETEFZZ(Metolachlor)® 96 hr £¢F AHgst= %=
Aol = AEZ 25 APESEe] DNA 29 #E](comet tail)7} TH&EERA] &g},
1%(w/v) =2 AHjold A (fetal bovine serum, FBS)S X3¢tat:= mjAol A <)o
(Cyprinus carpio) AEE 357.265 ppm &%=2 WE2E =22 (Metolachlor)® 6 hr
et Agsls 2o = DNA 29 72 (comet tail) Zo]7F DMSO thzx<t tfn] oF
68.26% =7Fatdtt. olgldt A= 1%(w/v) = AEjold A (fetal bovine

serum, FBS)S X35t wiX|ol A U (Oyprinus carpio) AEES W&}

uld
il
i

(Metolachlor)® 6 hr = AHast= A2 H7F ol AE AFE glo] A=A

Ni

[e}iKe)
Hhs=

S ERHOR AT ¢

o

Kol
=

A AV

ol
32

[0129) (3) o (Cyprinus carpio) AEANA TYo]¥lZ[a,h

2
[
)
l"-—>‘~-'4

[Dibenz[a,h]anthracenel]®] A=A H7} A3}

M)

[0130] t}oldll=[a,h]tE & Al[Dibenz[a,h]anthracene]= 3 AT A4 A
AT = gk Wk B394 (polyeyclic aromatic hydrocarbon, PAHs)ZA 443
Aej Aol AZbe S-S Fdshs Edoln,

[0131] = 4+ A (Cyvprinus carpio) AEFTE o]&3slo] tho]wl=[a, h]<t
Eg}Al[Dibenzla,h]anthracene] 9 8- g5 = (Half maximal effective

concentration, ECs)& At&3dt Aol 1%(w/v) 5%<9 AE|o}&d A (fetal bovine
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serum, FBS)S & st wiX| oA Do (Gprinus carpio) MEE tholwlZ=[a,h]t
Eg}Al[Dibenz[a,h]anthracene] &2 6 hr < g3t XA HFHEAS =
Al& (comet assay) o2 &AgH Ayjo|t}, & 404 Rol= ufel o] 1%(w/v) &%
o] ZAefotd A (fetal bovine serum, FBS)S X &st= wix|olA o (Cyprinus
carpio) AIEZE v}l sx9 tlo|lwlZ[a h]etEZAl[Dibenz[a,h]anthracene] & &
6 hr =<t A gsto] A=3k tholwl=[a,h]FE&AI[Dibenz[a,h]anthracene] e <3
5= (NOEC) &= 123.122 ppm mwhe]ar, A2 dE = (ECo)E 189.103 ppm©] il
IHas S (Half maximal effective concentration, ECs0)+= 953.417 ppm ©]}it}.
thorst mx9 tholwlZ[a,h]¢tEAl[Dibenz[a,h]anthracene] © & o (Cyprinus
carpio) AEE A st T Ao (Cyprinus carpio) AES] Hejerz WIS B3

A, 125 ppmell A AR B3, 250 ppmF-EH A S W, 1000 ppmol| A= A|AE

A=)

Aol #AZAE T, A7] tholwl=[a, h]¢tE Al [Dibenz[a,hlanthracene] 2] WH=F&
F % (Half maximal effective concentration, ECso)e] ZWkQl 476.709 ppm 3%

o (CQyprinus carpio) AEZE Ayt 4 Z# A& Neutral Comet Assay)S
TR, 1%(w/v) 5% AHold A (fetal bovine serum, FBS)S 23§38l Hl
Rl A A (Cyprinus carpio) MEZS 476.709 ppm &%=2] tio]wl=[a, h]etEZA
[Dibenz[a,hlanthracene] &2 6 hr &<+ AHZlsh= A DNA ZH A1Z] (comet

tail) ZAo]7F DMSO thZ thH] oF 52.31% =713} tt.
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[0133] (4) YA (Cyprinus carpio) A|XANA AEZZ X (Ethoprophos)2]
FHASAE H7 2%

[0134] | EZ &= ~(Ethoprophos)= EY &= AAAE AAsE F7]
A AR el AREHAN, FA5Ee Bad bk Id.

[0135) = 5% Ao (Qyprinus carpio) MEFTE o] &3}e] JEXZIA
(Ethoprophos)®] ®Ff-& % %= (Half maximal effective concentration, ECs)E AF
=% A9}, 1%(w/v) %22 AHjold H (fetal bovine serum, FBS)S 2§38k i
R A A (Cyprinus carpio) AEE o EXZE X (Ethoprophos)® 6 hr &<t *
gt oA FA5ES T A (comet assay) o2 A Aifo|t}, & 5ol A]
Hol= vkel o] 1%(w/v) &%= AEjo}d A (fetal bovine serum, FBS)& E3Hs}
= wiRIANA A (Oprinus  carpio) AEES  TUI FEo JEXIZIYA
(Ethoprophos)® 6 hr &<t AHg3sle] A=3F o EX 2 ¥ A~ (Ethoprophos)®] 3%k
SEZ(NOEC)+= 15.695 ppm "|RFo]ar, HAH 5= (ECwo)+= 31.391 ppmo]al, WHE+-

&% (Half maximal effective concentration, ECs0):+= 208.226 ppm ©|Si1t}. ©tf&F

&

Fro] o EX X (Ethoprophos)® W (Owprinus carpio) MEES sk &
DoV (Cyprinus carpio) MES] FEfstd WslE #ze At 250 ppm o] ol A Al

S 9=, 500 ppmoll Al AE AAo] #FE T, A7) o EE 2 A~ (Ethoprophos) Y]

rE

I aFE(Half maximal effective concentration, ECs0)9] Awkel 104.113 ppm

off

S22 oo (Cprinus carpio) AEES HYstar =4 Z9 AldNeutral Comet

Assay)= T3, 1%(w/v) 5% AEjo}ld X (fetal bovine serum, FBS)= 3
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st v x| oA Aol (Cvprinus carpio) MEZE 104.113 ppm §E9] o EZXZ I A
(Ethoprophos)® 6 hr &<t AH#3st= Z7dA4 DNA =9l Z2](comet tail) Zo]7}

DMSO thZ<* the] ¢F 30.29% = 7}3<sdch.

7} A3

[0138] (1) &% (Macropodus ocellatus) AEXAAN ZAAEZL Ht+Fa
+%(Half maximal effective concentration, ECso)

[0139] 1%(w/v) s%=9] AEjo}d*d(fetal bovine serum, FBS)S &3+
53378 v A (Toxicant media)oll Xl W &% (Macropodus ocellatus) MEZE Tk

Fe B SHEAZ 6 hr B AL T AL YERS ST, A 4F

S5 (Macropodus ocellatus) AETE ©]&3te] A= SAEAES Hfas
T (Half maximal effective concentration, ECs0)ZS A 23} t}.

[0140] [& 2]

5452 W S5 (Macropodus ocellatus) MEo 3t 5AE
49 WERAEE

Butachlor 248 .672 ppm

2,4 ,6-Trichlorophenol 775.231 ppm

Fluxapyroxad 203.8 ppm

Fipronil 140.51 ppm

Clarithromycin 507.575 ppm

2,4-Di-tert-butylphenol 491.186 ppm

Perfluorooctanoic acid 760.098 ppm
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[0142] (2) W]E¥ o] (Macropodus ocellatus) MENA SAEZS FAEA
37} A3t
[0143] = 62 1%(w/v) %9 AEjo}d A (fetal bovine serum, FBS)S X

b= w R oA W5 (Macropodus ocellatus) AEE FEFZZZ (Butachlor)®

ol

6 hr B¢t g3t ZdNA FHAEAS I A (comet assay) 2 2413 4i}o]

d

o, A7l FEEEE=(Butachlor)®  WEfFE-sE(Half  maximal — effective
concentration, ECs0)¢ ZAxkel  124.336 ppm FEE W EEo| (Macropodus
ocellatus) M™EE AHelstal T4 I Alg (Neutral Comet Assay)= T35SI},
1%(w/v) &%2 A®lold A (fetal bovine serum, FBS)S X g8t wiX| oA HES
o) (Macropodus ocellatus) AEZE 124.336 ppm 5= F-E}ZF=Z = (Butachlor)® 6
hr =<t A gst= ZdolA DNA =¥ A& (comet tail) Aoz} DMSO Whxw- tiH]
°F 28.49% 5 7}3tSith.

[0144] = 7= 1%(w/v) &X=e] &Ejo}d A (fetal bovine serum, FBS)& *
gl iAol B SR (Macropodus ocellatus) MEES 2,4,6-ECZEZEZH =

(2,4,6-Trichlorophenol)® 6 hr %<+ AHgd =74

2
Jo

N
it

2,
tlo
K

2=)
>,
o

(comet assay)o= A3  Ayjo|t. AV 24,6-EZEZZHE(2,4,6-

Trichlorophenol)®] WHEH&-5X(Half maximal effective concentration, ECso)<]
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Akl 387.6155 ppm FEE WEEo (Macropodus ocellatus) MEZE AE|stil &
A 9l Al (Neutral Comet Assay)= 3e3dth. 1%(w/v) FE=e AHolEH
(fetal bovine serum, FBS)S X &tst= ufx]oll A W EEo| (Macropodus ocellatus)
MXEE 387.6155 ppm 529 2.4,6-E|FZ29|=(2,4,6-Trichlorophenol )= 6 hr
et Ak =dolA DNA Z9 72 (comet tail) Zo]7F DMSO thxw dH] oF
7.72% Z7}ak ).

[0145] &= 82 1%(w/v) &%2] ZAEjo}dZ (fetal bovine serum, FBS)<

e

stals= WA oA W ERO)(Macropodus  ocellatus) HMES ZZEAYEAE=
(Fluxapyroxad) 2 6 hr &<t HEd oA FHd54dE I3 Al (comet assay)
o7 BAE Axjoltt, Ar] ZE2EAYEALE(Fluxapyroxad) ) WHE-F 5% (Half
maximal effective concentration, ECs)¢ ZA®Ql 101.9 ppm TE2 HES

(Macropodus ocellatus) MEE AHEletal 4 Z™ A& (Neutral Comet Assay)=

TSR Y. 1%9(w/v) %2 Aeold A (fetal bovine serum, FBS)S E3Hsl=

d

Aol A W55 (Macropodus ocellatus) MEE 101.9 ppm 5L ZFAITFAL=
(Fluxapyroxad) 2 6 hr =<¢F g8t Z7o A DNA =9 A& (comet tail) ZAo]7}
DMSO Wiz oi®] oF 54.78% S 7Fsh3itt.

[0146] %= 9= 1%(w/v) &X:=9 ZEfold i (fetal bovine serum, FBS)& 3
st wf Aol A W ERo| (Macropodus ocellatus) AEZS FZ 29 (Fipronil)Z 6
hr & AHgs =HoA FHA5HS ZW A P(comet assay) o2 FA g

Axtolt), 7] IEZ2(Fipronil)® wWHEFas%(Half maximal effective
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concentration, ECs0)e] ZHFel 70.255 ppm FX® W E%o| (Macropodus ocellatus)
MEEZE AHY3star TA FZH A8 (Neutral Comet Assay)S FASFAT. 1%(w/v) &
=9 AEjold A (fetal bovine serum, FBS)S X3tst= HiA A BHEE
(Macropodus ocellatus) AEE 70.255 ppm %2 I3 =ZYd(Fipronil)® 6 hr &
b At oA DNA ZH A (comet tail) Zeo]7F DMSO wizx=w oin] of
25.3% % 7}3 %k,

[0147] = 102 1%(w/v) &E2 A ®Ejo}dH (fetal bovine serum, FBS)Z-

e

sl WAl B E5 (Macropodus ocellatus) AEXEES S E=ZnfolAl
(Clarithromycin) 22 6 hr &< A3 ZAAA FA5AHS ZW AlE(comet
assay) 0.2 BAls Aylolt}, A7) SFelE&Zuto] Al (Clarithromycin)g W&
% (Half maximal effective concentration, ECs0)¢] Z&Wkel 253.7875 ppm 3=

W &5 (Jacropodus ocellatus) MEZS A3l A = A& (Neutral Comet

Assay)S F35Ath. 1%(w/v) %9 AHo}d A (fetal bovine serum, FBS)<

e

el x| oA S5 (Macropodus ocellatus) MEZS 253.7875 ppm &%=

ifl

pmr]

2] E & rfo]Al(Clarithromycin) &2 6 hr &<t A g3t= ZAoA DNA ZHl #E]
(comet tail) Zo]7} DMSO thZ+* tin] <k 39.58% Z7}&}<d .

[0148] = 11 1%(w/v) &%=° A®jobd A (fetal bovine serum, FBS)= X
3tal= v XA W S8 (Macropodus ocellatus) MFEZS 2,4-tho]-tert-H-E 3 &
(2,4-Di-tert-butylphenol)® 6 hr &< A s ZANA FHAFAS I Ad

(comet assay)C.® EA3t ZAxjo|t}, A7] 2 4-thol-tert-FEH=(2,4-Di-tert-
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butylphenol)?] W& &% (Half maximal effective concentration, ECso)e] A4k
¢l 245.593 ppm FEE W E5 (Macropodus ocellatus) AEES AHsta =4 =
Bl Ald (Neutral Comet Assay)S 3SR T. 1%(w/v) 5522 Awjold A (fetal
bovine serum, FBS)S X3+l wlX|olAN W &5 (Macropodus ocellatus) AEE
245.593 ppm X9 2,4-T}o]-tert-F-EH =(2,4-Di-tert-butylphenol)= 6 hr &
ob AHalst= ZolA DNA =9l A (comet tail) Zo]7} DMSO thzxw: oiu] oF
245.1% %718ttt

[0149] = 12+ 1%(w/v) §%=9] AEjoldH (fetal bovine serum, FBS)S 3
el iAol W SR (Macropodus  ocellatus) MES HEFQZLEA
(Perfluorooctanoic acid)2& 6 hr &<t A3 AN FHAZEE I3 A
(comet assay)o.z EA3s Axlo|t}. Ar] 2 4-Thol-tert-HZF Q9 2L EM
(Perfluorooctanoic acid)®] ®¥Hrf-a&=(Half maximal effective concentration,
ECs0) 2] AWkel 380.049 ppm &%= W55 (Macropodus ocellatus) AXEES = 2|3}
a2 FA FH A" (Neutral Comet Assay)S ST, 1%(w/v) %9 AdHord
A (fetal bovine serum, FBS)S ¥3st=  wiA A B EXo] (Macropodus
ocellatus) M3EZ 380.049 ppm FEo] HEZF 9 2L Elik(Perfluorooctanoic aci
Ao 2 6 hr =¢F g st Z@oA DNA =9 #A78] (comet tail) Zo]7} DMSO =

o v ok 112% =718} t).

[0151] 3. B¢ 2 AE
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(374 9]

373 1]

(a) WIE7] AEFZE o] &

NFAE vFE AA wiAE A

A v A

37h8

Aér;

2 " =
o= =X 7T

S &1 H7F o Al

g
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=
=

(b) 7]

A2etA; =

s

oF

131 3~10 hr ZoF Wl

7}

=]
“

M O
nE=

S
=
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Al
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b7s

7HE A HiA] el A AEfeld
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i
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&7

1

[37% 2]
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[ 6]

A1gkel oA, 7] 548 7HE A A= 25322, LEjold A (fetal
bovine serum, FBS), 3@¥AA, L-=F©ebd 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]7} ®3=%  DMEM(Dulbecco's modified

Eagle's medium)Ql RS 502 = FA54d H7PH.

(373 7]

Aol oA, A7 oA FAE viFE A WA= =FA, Aot A
(fetal bovine serum, FBS), 3+AA, L-ZFebd 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]”7} ®=%  DMEM(Dulbecco's modified
Eagle's medium)©]al, o]FAIXE Bk A wix] oA Aejo}d A (fetal bovine

serum, FBS)¢] &S 10~20%(w/v)Ql AL Ex o

)

il
p‘L
rir
Jo
r>~l
Bjiy
oX,
o,

7P,
(473 8]

A1ske] dolA, A7) (b) @AY wgS 20~40CY &%, 1~10%(w/v) CO2
2

R G 2N o]FoAA = A 5SHL
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1. Culture medium

1. Culture medium

Medium

containing
15% FBS

Medium
containing
1% FBS

2. Toxicant treatment step

2. Toxicant treatment step

Incubation for 96 h

Incubation for 6 h

3. Comet assay step

3. Comet assay step

Single cells are embedded
in agarose-coated slides.

Single cells are embedded
in agarose-coated slides.

4. Detection and analysis
step

4, Detection and analysis
step

The movement of DNA
double strand breaks (DSBs)
from the nucleus in an
electric  field generates
green fluorescent comets
consistng of a head
(nucleus) and a tail (DNA
DsBs).

The movement of DNA
DSBs from the nucleus in an
glectnc  field generates
green fluorescent comets
consisting of a head
(nucleus) and a tail (DNA
DSBs).
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Viability (%)

[= 2]
15% FBS/96 h 1% FBS/6 h
L DMSO DMSO
100 4 —_— = —_— -
80 i'~-.j zole Climbazol
. Climbazole o imbazole
60 - m
404 II 130 s ** EED |_|**
204 160 = 240 " -a’
Climbazole A S ] g 140- B0l
T ' ' ' ! 20- 5 = "5 E
00 05 1.0 15 20 25 30 § ::OO % B 4en.
leg [C tration] ( = = ;
og [Concentration] (ppm) = 80l E 120
NOEC+ 95 ECyt  ECet S 60 Z 80/
% Cl 95% Cl 95% Cl o 40- 8 0
20+
(Ppm) (ppm) (ppm) pl— 0
<10484+ 20968+ 940794+ 8 = 9 %
2.767 5.535 20.734 = o = @
O 0 = =]
E E
5] O

[= 3]

15% FBS/96 h 1% FBS/6 h

Elhltso .
Metolachlor
-
*k

3 { Metolachlor
£ \ —
8
= 404 \
-2 ' 140- ’£| 120+ r
20- 120 - 100
= '} =
5 Metolachior M U B 100 : 5 - ‘
00 05 10 15 20 25 30 § sl ¥ o
log [Concentration] (ppm) = 8 = 604 5
8 a0 —
NOEC+ 85 EC,+  ECgt $ 40l 3 40
% Ci 85%Cl  95%Cl 2 8 a2
(ppm) (ppm) (ppm) ol 0-

<54 412+ 114753+ 714529+
2.743 9.032 55226

DMSO
DMSO

Metachlor
Metachlor
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[= 4]

120+

Viabilty (%)
3

0.0 05 10 15 20 25 A0
log [Concentration] (ppm)

40- 125 ppm | 250 ppm '

20+

o Dibtlznz[sr.h]ar:ithralceml! . ﬁzm-
@ 200

NOEC+95 EC,y+  ECgt
%Cl  95%CI  95%Cl
(ppm)  (ePm)  (ppm)

<123.122+ 189103+ 053417+
19.163 102638  16.784

D

1% FBS/6 h
O ppm | 62.5ppm

nz{a hlanthracene

.
o

DMSO
Dibena(a h)
anthracene
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[= 5]

1204
1001_

80~ s ‘

Viability (%)
$

40 125 ppm| 250 ppm

204

i Ethoprophos
T T T T T L
00 05 10 15 20 25 3.0

log [Concentration] (ppm) 500 ppm | 1000 ppm 160- %
1204 =
NOEC+ 985 EC+  ECy+ o
% Cl 95% Cl 95% Cl 40-

(ppm) (ppm) (ppm) 0-

<15685+ 31391+ 208226+
1.178 2.359 48.945

DNA tail

DMSO

Ethoprophos
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[= 10]

CFEI!'ETI"ITOI'I’I‘,"CEI’I

3]
Clanithromyacin
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