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7H4 3 {Method

evaluating genotoxicity of toxic material using Macropodus ocellatus cells}

[7]1&FoF]
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&

5 ol

-0 (Macropodus ocellatus) A
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o
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~<H
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Ho

ol
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A

To-

[0002] +4d 524 =4 (Genotoxins)< T}

wakar, i

[e)
T
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(morphological deformities)o]ut
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[0003] o= FH=AEZD s Aty o= vfg- WIstA wh-gahm,

W

A axdl WE 27 BA A5 AN, gepd ol £4 Bkl o] F8
3 mpolANt, 1 AARE B b @A Aok oRE $AEHER % o
=4 Ave Agws)l "ojxAY Yoy #4e] ol

ofF e F&I FAEAY Frhe A

L
©
i<}
ko
ol
)
©
=2
= Aut}
L)
2
= 1

ofd & dow, B Jhsd ¥ masel #Huh W
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].

[0004] == A& (comet assay)= 7N AMX ¢4 DNA =4S A=
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ot
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e
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B
%0,
v
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WA 24 VleR, BE A

DNA 7}=F HYH(DNA strand breaks)<S #H71sl7] &l A543 2 oF AGoA €
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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

l

Jm
ol
i

Aol dteko] 1%(w/v)Ql A% diA 100mée] &4 =4 1go] &5 Q=

N
o,
Lo
=,
=

=
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[0012] ol3}, ¥ we FAHoz dyd.

[0015] & o] o o wWE Fd54d HrEHEe (a) HER
(Macropodus ocellatus) AEFTE FAE wFE A x|} A &7]o Y

Al Fate] 871 UlF-odl WE5 (Macropodus ocellatus) MEE F-ZAZL & o FA

"

MFE AA MAE AAGe] S4§ §712 FAskE AL (b) ) 54

S 8710 F7E i Als B SRS A wiHE 2eeke S48 AA AE

S FH7Fskar 3~10 hr EoF wiksts A2Al; 2 (c) widge] 989 F 3wl AY
(comet assay)< F3dl| W S5 (Macropodus ocellatus) AES] DNA &4 52 =
Aot A3TAE EFeit). o]sf, E W] A o mE fAEAd HIHS

TR e MR o] AWt

[0017] Bl &5 (Macropodus ocellatus) AET

i

[0018] & ZHeolM FHASAES H7FskZ] fd ARgss HE$o

(Macropodus ocellatus) AEFE UE17|Q SR (Macropodus ocellatus)) A

wel = A A wietole 1 FAEo] wAE= AE Hdeln
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[0019] A7) W &5 (Macropodus ocellatus) AET+= (al) Aold= BHE
B-o)(Macropodus ocellatus)S T & =4d o &7]d &7, FoAEaE

A8 TP A MAS s G T, TATNELT T B

u
o
P
i

MA WA E H7bstar WXete] W &% (Macropodus ocellatus) Z2& 7Feteks]

[

AL (a2) 7] wE FEe] &7lA Thekeke 22 S Al9fR s arts A

(Macropodus ocellatus) AETE 53t TAE XE&s= WiHel 93] A==

P~
T

[0020] A7) W &5 (Macropodus ocellatus) Al

m
mlm
%
ol
~
Ao
e
S
>
o

Y= A A= AlE kel ARREE A thFRE HiA|elA Aded

¥
%0,
o
oZ
~
ot
oz
2

Z% DMEM(Dulbecco's modified Eagle's medium)ol| 4] A ei=
T = AX gl AEEHE Aolgtd I TRV ASHA o, dF Eof ¥
yad, A~EdEnto]al IR A (Primocin) S04 Aeld 4= gih. A7) 334

LUy R 2EEs Y 2FoR THE £ Qa,

K
AL
ko
=
=
=
o
c
2

A2 el AR = SR TR wiAlel FEAEA et e wA =A

1 FF7F aA ARER Fow, dE Eo] FFFIA, AEjold A (fetal bovine
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serum, FBS), 3@rAA, L-=2FE, HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-

ethanesulfonic  acid] 1 FEaAEsas A(Collagenase A)7F  HEH

28 TFee A A ASHE FUAE SGASAE AULD L 2EY

(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]”7} HEx
DMEM(Dulbecco's modified Eagle's medium)olA A&i=g 4= <l A71 o FAIE )
F& MA wiA|ol EZFE FAA= HAYAYH, 2EFErto]A, T A (Primocin)

, ZYEA (Primocin) 1 Aol whgrAsirt. £k, A7) ofF
A E vl AA vlA] oA AEjolE A (fetal bovine serum, FBS)e] e
10~20%(w/v) ]l Zlo] wpekAstar, A FEFe 0.005~0.06%(w/v) S Aol whgH]
stal,  L-=2FEe e 0.6~2%(w/v)l Aol  wbEASkaL,  HEPES[N-(2-
hydroxyethyl)-piperazine-N'-2-ethanesul fonic acid]® & 0.1~1%(w/v)Sl A

of vl ATt o FAL WFE AA WA EFE FAAL ALY L 2=

s

Enfolale] xgow TAHE A9 HUA

lo

gHeFe 0.001~0.02%(w/v) Q1 Aol

o
pi

Asta, 2EdEnlolale]l &S (0.005~0.04%(w/v)Ql Ho] vlEASL. o F

]_

A EE HA wiAol E3E FAAZE 2 R4 (Primocin) &2 FAEE AT

O

g 2 A (Primocin) 9] &2 0.005~0.05%(w/v) Sl A o] w2z s},
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Ir

[0021] A7) &5 (Macropodus ocellatus) AMEFTZE A Zrsl= HH oA

A GAR WS- (Macropodus ocellatus) ZA | ZEpAENaLE A d
W5 5o (Macropodus ocellatus) ZZo| EAsHE Zepzle] EallEo] A= ¢35 3]
= A5 AE FFEoRE =IsH EFEal, dERY AEES ATl FaE
BRI R EASHA "k, 7] WES (Macropodus ocellatus) METE AX 3t

oA (al) ©AQ wlke 20~40C9 2%, 2A A ZA(HE

lly
s

100~300 rpm) B CO7F EA8HA &= A o] FolA= Zo] nigzsirt. 7]

e

(al) ©A9 ®lF %+ 35~40T<] A7 W e

P
o

| 9 wtgdeiy. =
(Macropodus ocellatus) METFTZE A A= vHo A (a3) ©AQ wlES 20~40T

o] =% %W 1~10%(w/v) CO: A o]Fojx]= Ao vigkdstt}y, 7] (al) @A

e

o] Mo} Lx= 20-30C9l Zol o mgAs,

[0023] A& &7 FH|sk= A LGA

[0024] & o] d oo & BS54 F7PEyHodA 5388 8715 &4
e A1GAE W EEo (Macropodus ocellatus) MEFZE O)FAE vlFE AFA
i< o} shA B7]e Hrbslar AL A wlYgsie] £7] U viged HES
o (Macropodus ocellatus) MEE F-ZAZ] $ ofFAHE wFg A wixE AA
st Aoz fAHEY. A7 &7 WES S (Wacropodus ocellatus) AEF7F 4

A RAT 5 o AL L FHE AAE Aol 1 FRvF A AREA 2o

rlr
)
2

H, dE S0, 4 ZgoE(Well plate)”} 9o}, 3k A7 A ZyolE
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rir
o
)
Q‘L
[
2
\\)

T 67l o)te] dAWelDE A= Zlo] wvpgAlghd], 1719 del+=
AN tHEwor SAH=EHo] A ¥ SRS AA HiAE A
U B E59 (Macropodus ocellatus) AFES] DNA £A4S A9 {23+ &= tho]d
g AZAP]=(DMS0) R FA4H7EE AA wiAE TAE g OA AES 2o
W E 20| (Macropodus ocellatus) AEZS wjdksta, UmA] 5719 o= FL&38l=

A2gA A Tt F7F g Als 2 54 J7HE A4 WA E

it

{
i
ol
i)
rir
|\
2
ofo

N WES Bl MESAWacropodus ocellatus) MEZS v FSTt.
[0025] 771 AlTA A vl gL 20~40C 2] &%= B 1~10%(w/v) 02 Z71e]

A W58 (Macropodus ocellatus) ME7F 7] WF, vl stA= &7] 33 v}

=

ol Fis] FAS = Qe AR 58 o] FolX] = Ao] nighA sttt 7] A1
o o] mjek L= 20~30TC¢ AHo] o upEAsTE, A7) ATSANA wjE A 7He

10~30 hr&l Zio] wishz it

[0027) &5 (Macropodus ocellatus) AEZE H7} At A 871 EA6=

e el A wiFet Al2eHA]

[0028] & ¥He] A oo wE FASA HI/PEHAAAM  HEEo

(Macropodus ocellatus) AEZS B7F 2 A&7t A6 AEjol A vl st A2
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=
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&
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(polycyclic aromatic hydrocarbons, PAHs) TEX AF3IsE SoA A=
oY F Aok, AV TEE SA=HE 1 TRV A AEA o
Eo] & (Ag; Silver), <¢Fu g (Al; Aluminum), H]ZA(As; Arsenic), 7F=%H(Cd;
Cadmium), FZTE(Co; Cobalt), =Z=(Cr; Chromium), 2] (Cu; Copper), = (Fe;

Iron), <(Hg; Mercury), YZNi; Nickel), 2 (Pb; Lead), @ o} (Zn; Zinc)

solA Ae=E = 9ok, T3, AV AxA sA4EEE I FTR7F A ASHA
Zom dE Eo 2,4-D(2,4-Dichlorophenoxyacetic acid), 2,4,5-T(2,4,5-
Trichlorophenoxyacetic acid), 2,4-DP(Dichlorprop), MCPA(2-methy1-4-

chlorophenoxyacetic acid), MCPP(methylchlorophenoxypropionic acid), MCPB[4-
(4-Chloro—2-methylphenoxy)butanoic acid], =2]¥A|°]E(Glyphosate), =F3EA]|

YolE <A EH(Glufosinate ammonium) w3 £ AW AbA|; oln| -3 HI =
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(Aminopyralid), Z =29 2Hg] = (Clopyralid) < ze g2 A ;

S

[

PCP(Pentachlorophenol) %3 & #HEA;, ZE3Y(Propanil), FEZF=

K

(Butachlor, ©IHE), <dgZz=(gtx) S e ojnlolx;, SRz zab
(chlorpropham), #t}o]w €& (Pendimethalin), Ao 2¥l7FH (thiobencarb, AFeh)
S 22 Fhhpu ol EAl;  wEPHl = E|o}5=E (methabenzthiazuron, Edl&2d) 53
Q2A; olE#tR (Atrazine), APl (simazine) T3 #2 EgfolopxlAl; 3}
2}3 E (Paraquat, 18+%<) 53 22 v|ygde]wA; B=2Zvk2 (bromacil, 3}9]
Hpel ), WERE(bentazon, HRAFLE) S 22 ek Al tholHk(Dicamba), &
F5A]9 2 (Fluroxypyr), ©JvkAF¥] Z(imazapyr), ©]vhAb (imazapic), OJvkAbE2

(imazamox), ¥ E(Linuron), "WEf+ZF =22 (metolachlor), IZFZH(picloram) &

A
s
rlo
Jo
N
2
BN
2
=2
>,
rx
i}
e,
B
%0
b=
o

A7 ARLAEA SRS

of\

F7F AA ASEA Zdow, oE &9 SDS(Sodium dodecyl sulphate),
SLES(sodium lauryl ether sulfate), PFOS(Perfluorooctanesulfonate) %3 &
ol AWEAdA; . BAC(benzalkonium  chloride),  BZE(benzethonium
chloride), DODAB(dioctadecyldimethylammonium bromide) 3} & <kol&A] AW

A A5 Triton X-100, Tween 80 &3 2 H]o|A] AHEA A FoA Ae=d

n

ATk, w3, A FESISHE SAEZL O 57 A AEHA ZFow, o=
50| PFOA(Perfluorooctanoic acid), PFOS(Perfluorooctanesulfonic acid) -5l A
AgE 4 oy, ek, Ay AsA 5A-4EHS ol EX 2 ¥ A (Ethoprophos),

2,4,6-E8]Z 229 (2,4,6-Trichlorophenol), 33X =24 (Fipronil) TolA A=
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Ao EmS, A7 Al 54ELS ZHuE(Climbazole), ZHAM]FAIE
(Fluxapyroxad), Z#eE=Zv}o]Al(Clarithromycin) SollA A= 4= Qo). T3

718t S5A4=4dE vol¥l=[a,h]FESHAl[Dibenz[a, hlanthracene],  2,4-T}o]-
tert—-5-8 ¥ (2,4-Di-tert-butylphenol) SolA] Aei= 4= 9l

[0030] 7] =48 A AE WolA H7F thd A8 s A2dA 9
ek o) WEEo (Macropodus ocellatus) AEZS AFBA 71X LOHA EA
of &8 (Macropodus ocellatus) AFES] DNAO| FTFES F= HoA HAei=
Atk dE 5o, A7 S48 A AE dolA H7F did A8 = Ak
SHAl= WE%o (Macropodus ocellatus) AES AE EAES 7|x=2 4H&E3 #H7)

g A5 HAYEFEE(ECn) HFH wWrfasS(Half maximal effective

concentration, ECso) 7FA|9] WHlolA Aeld 4= o}, w3k, 7] S48 AA| A
Z oA H7F g Al59 Fhe bR A= B S5 (Macropodus ocellatus)
ME] AE EAHS V|x2 A= ¥MEefasE(alf maximal  effective

concentration, ECso)ollA 1/5 W] 4/5 5o 2 A #Hd 4+ a1, ¢ vz
SHAl= 2/5 WA 3/56 oz sMHE #d I Au. AVl WES (Macropodus
ocellatus) AE2] AL SAS 7122 A3 H7F did AR H2FFs

(ECo) ¥ "85 % (Half maximal effective concentration, ECso)+ T3 &

-}

T2 e Hrr g Age W E59 (Macropodus ocellatus) MEES =EA71

0%
Ru)
it
=
o2
rok

n

S5 (Macropodus ocellatus) AES AESF = AESS

SAste] AEd = . FAAHeR F7F i AR HLFdFEE=(ECH) R odt
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%7}

rlo

T a55%(Half maximal effective concentration, ECs)E AF&stE HMH
g A= 5-4E7EE A iR E EFste] A7 U AB7F 57FA] o]l F

=2 uistE § S48 OA AES AEskal, A7) A2 dAeE Fde wjd

rfo

=, v AT, CO: E F ZANA M ERo (Macropodus ocellatus) AXEZE v &3k

B3

Fe
P
i

FOONA QA W B ST g A B o opgls A

o

[0031] 7] HA HIZFE A wiA= A2 559 AHoLE H(fetal
bovine serum, FBS)E sl AolgtdH 2 FT/7F AA AgtEA] & o FAXE

Aol AFEE = T TR wiAelA AdEE = o 3] 54 B7HE o

Al oA Tl W EEo| (Macropodus ocellatus) AEF7F AR AzF ot
Zjotell ol2A @Al dh= 5A4S EIEr] sl 0.5~2%(w/v))l Aol mieAshaL,
0.75~1.5%(w/v)Ql Zeol ©f wtgtzsith. ol & 5o, 7] 54 H7He HA wiA=
FF232~, AHold A (fetal bovine serum, FBS), Azl 9@ AEZEnfo]Alo]
B=3% DMEM(Dulbecco's modified Eagle's medium)ol A A& < v}, sk, A
7l =4 H3I7EE AA wiA= v e Al =532, AEjold M (fetal bovine
serum, FBS), &AA, L-ZFet % HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-
ethanesulfonic acid]”7} X5 ¥ DMEM(Dulbecco's modified Eagle's medium)ol A 24

ag vk 47 54 B7hE AA WA £3

it}
o
o
Y
rlr
é
i
>,
5

[
[t
e
Hm
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npo] Al XA (Primocin) oA A8=E 4 i, I EA(Primocin) ¢l #Ho]
k2l siey, w7 54 F7RE A afx] oA AEjold A (fetal bovine

serum, FBS)¢ &S 0.5~2%(w/v)Sl Aol wigAsta, AAS S

ot
rlo
(@)
A
[\\o)
=
VY
=
~
<
N
o

0.005~0.06%(w/v)3l Zo] nf#&slar, L-=FETle & Zo] nf

ﬂi

A18Fal, HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]®] &

LA

F2 0.1-1%(w/v)l Aol nieAsitt. 54 "H7bE AA] wiAel 23tE FAA Y

rlo

Avdd B 2EflEvolile] xgor  FANHE A4S YA

R

=
0.001~0.02%(w/v)Sl Ho] wlEA &1, AE=:NEnto|Ale] S (0.005~0.04%(w/v)
1 Aol mpFAsi. =4 HIEE AA iR xdE FAATE ZE] R

(Primocin) .2 FAHEE A9 ZZEAI(Primocin)® &< 0.005~0.05%(w/v) <l

[0032] %47 544 AA WES Az 4& wids s 7 g Al
25 54 H37FE AA wiX e} &3t AFEY. B3, Y] S48 AA AEL
v s A F7F A AlRE £3EA] & gxaS o E2d8E ¢ Jdu. 9

Ni

Eo] A7 SAE AA AMES SIS IA w2 A 2T v thold)
g AZALo|=(DNSO) ¥ =A4E7ME A w2 Y x2S o x2se ¢ 9
. A7 tlolwde AEALO]=(DNSO)E= HE (Macropodus ocellatus) H|3E9]

e g4z AHE Y. FEdhe e

DNA

i

4e A fuata o

rr

(Macropodus ocellatus) AES] DNA =4 55 SASH= A3EAANA H7F iy

A zw7F EA8s Z2AA WER (Macropodus ocellatus) AEES v]Sst= 2T
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T+ B A A 87 EA6HA & @A W EEo (Macropodus ocellatus)

AIES HgFete e DNA &4 58 S48t

L,
L)
M

o] DNA &% &5

gETe DNA &4 S duHe dudge goz dusE 4d B4l 2
GFe WA % Bk oY AR fASHS Y & Ao

[0033] *37] A2ekAlA e 20~40Ce] 2%, 7-89] pH, 1~10%(w/v)
CO: % ¢ AN ol FolAE Aol wkgAstth, 47 AzeA AL W L
20-30T2) o] o whgAsth, £, 47] AzANA WY AFe AL 7)o}
gejel] mekstA gromA Wob oy ARel BE FEG WL grss Zuo

A 4~9 hrel Aol vpgrAslal 5~8 hrd Aol ¢ vpshAl st}

[0035) W =5 (Macropodus ocellatus) A|ES] DNA &4 =55 =AHFE

A 3¢HA
[0036] ¥ wgo] & deof wWE fFHAEAH HIMWWHelA HER

(Macropodus ocellatus) AES] DNA =4 =& SAHSIE AsdAl= A7 A2dA

Ol

o 5 wjko]l &EHE X =Wl AF(comet assay)S =i W EEo] (Macropodus
ocellatus) AE2] DNA &4 o5 S Aoz FAHY. A7 29 AlY

(comet assay)< FISAX ] DNA £4S HESHY FHA5AHAS Hulsles AlgHe

H
(1
nc)

stz el M A A7) o] 5W(single-cell gel electrophoresis) o &

. 2l A& (comet assay) AEE of7fEssoh SRR F FA7]aL AV

of

= AAste] 4 (Comet) BFS FAANTI= Aoz FAEY. A7IdEed o3 &
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FEA e DNAE &/d (Comet) o] w2 (head)E A83tal £74%¥ DNAE Al v
2 olsste] mElE PFAet. ZW A& (comet assay)S A ZZoA DNA °o]%
7}ek A (DNA DSBs, DNA double-strand breaks)S A& & 9, o4z =4
N ©d @ o]Frle AukS ¥ E3 DNA A% &S AT = Q. B gy o
A dof e FHASA HIPHAA ALEsk= ZW Al E (comet assay)< w2 S}
A= DNA ©]=7Fe AYH(DNA DSBs, DNA double-strand breaks)S 7HA|8le= 4 =

ol A)% (Neutral comet assay)olth. T3 3ol A3 (comet assay)S Eaf w413

[0037] & o] d oo wE FA=5Ad F7PHAA FH7F i AI5Y
FAEAAL Hr A AB7F EA8E FZdoA wiSE W EEo (Macropodus
ocellatus) M3Ee] FZHl A Zdo] @ Hr} tiid AE7F SAHA] Fe ti=aollA

Wl e W55 (Macropodus ocellatus) AXE2] ZHl mg] ZolE wWlulsle] Hrl=

)

T U, FAHoE B Uy d oo mE FHsA F7RHA A 3o g Al
wel fARAe WA o Ansk EAeA @t dzed wWod W
(Macropodus ocellatus) AX2 ZAWl 7g] ZAo] tin] H7} A Al57F EA5=

=

N

Aol A Witk B E2o] (Macropodus ocellatus) XXl =¥l g Zoleol =7}

1

|=]
= -

fifo
fru
i
jﬂ
(LY

9ic.
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7 7T ER

g

Ny

e G54

[0040] =

ol

W5

7 71EE=

3

b2

S

g

A5

s

o
T

w2

of| o]

48

" =
[N R S |

F; WE5o (Macropodus ocellatus) A

-
X

(Macropodus ocellatus) Al

W &S5 (Macropodus

R

—_
fite)

—

-

o
el

d

ol =
ok %

o %

-
e

of Al

T
-

of F2A717] #18] AH8-=]

ocellatus) AEFTE £7] Y

S

Nk
2

)

(polycyclic aromatic hydrocarbons, PAHs)

E

37} 7

3

3

o] (Macropodus

E=s

el

7}ak7]

7Foud AR

3

b2

ocellatus) AET2 AH|

2
N

To-

1 A e A

S

s}
ol

i
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[0044] 1. A& 2 HIY
[0045] 1.1. 8lR|& FH]
[0046] (1) 7 vi=](Normal media)

[0047) 25 mM H%=9 =F3FZ2~7F 3% DMEM(Dulbecco's modified Eagle's
medium)oll 10%(w/v) F%=9 A®jo}& A (fetal bovine serum, FBS), 0.006%(w/v) &
ol HAYAH L 0.01%w/v) = ~EfEuntolals BEFsle] g w ] (Normal

media)E H|3FAT}.

[0049] (2) A3 a4 v A (Collagenase media)

[0050] 25 mMe] =F=

>

7} &% DMEM(Dulbecco's modified Eagle's
medium)ol 15%(w/v) X9 A©Ejo}d A (fetal bovine serum, FBS), 0.006%(w/v) &
=o AYAH, 0.01%w/v) sE°] ZEfERA, 1%(w/v) §%9 L-ZFEH,
0.5%(w/v) el HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesul fonic

acid] 2 0.2%(w/v) X9 FeAE a4t A(Collagenase A)S H7lste] A&

3l a4 vl A (Collagenase media)E W] 3} T}.

[0052) (3) A (Cyprinus carpio) BIF-g& A
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[0053] 25 mMe] =537} % DMEM(Dulbecco's modified Eagle's
medium) ol 15%(w/v) H%E2 ZEjo}ld A (fetal bovine serum, FBS), 0.006%(w/v) &
=o HAYAR—, 0.01%(w/v) F&=° 2EEVOIA, 1%(w/v) =2 L-2FE7 H
0.5%(w/v) opeRel HEPES[N-(2-hydroxyethyl )-piperazine-N'-2-ethanesulfonic

acid]E RB=38t AN (Oyprinus carpio) YI-g xS F4|3 ).

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

[0056] 5 mMe] ZSF3Z2=7F FH¥ 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-2F©efd 2 0.5%w/v) F=e
HEPES[N-(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]S H =3l HE

B0y (Macropodus ocellatus) W& vjXZ= =413} T}.

[0058]) (5) Yo (Cyprinus carpio) 7333748 v A]

[0059] 25 mMe] =537} % DMEM(Dulbecco's modified Eagle's
medium)ol 1%(w/v) &% AEjold A (fetal bovine serum, FBS), 0.006%(w/v) &
Lo #HyAd, 0.01%w/v) %29 2EfER]A, 1%(v/v) 5% L-=FER 2
0.5%(w/v) el HEPES[N-(2-hydroxyethyl )-piperazine-N'-2-ethanesulfonic

acid]E ®B=38te] o (Oyprinus carpio) =AF 78 vixE =8]8 o).
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[0061] (6) W55 (Macropodus ocellatus) 573714 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) -&X°] HEPES[N-
(2-hydroxyethyl)-piperazine-N'-2-ethanesulfonic acid]lE XH.EF3}9] HBHESL

(Macropodus ocellatus) =73B7F8 ¥R & 4|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% Hk AHTIL, o] F T0a(w/w) FE] B FEAOw of ¥ Hal

o

AFstar, o]% Sh(w/w) =9 HUAY/AEFEwno]ilo] 3 AitEA ]2
o1<9=(phosphate buffered saline, PBS)E <F 28 ZoF A AT, A7) AA 3H
< 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 #AA gdAFAT. ol %, #HA vdA do] 245 50 W &Y ZYA F
B (Conical tube)® %71 &, of7]d ZgAIEsfa4s wlX](Collagenase media) 15

s H7Fskgick. o]%, FYZ FH(Conical tube)ES uje7|o] Yar, 37C9
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o

5%, non—COz B 200 rpm®] O ¢k 1 hr &t M&ujefeaint. o5, Yz

H (Conical tube)E < 1% &

2

9 (vortexing)stal, “87 ¥iA](Normal
media)S & H¥7F 40 me7} HA AhE T oF 105 S A2(F 25£2T)el W

Aol 24 ek, ofF, Jlehere 24S AN FFANS Az =

il

ZF HH (Conical tube)ol A+ 3, A= %7 AZdS 800xgd ZHo=E 28
e AAEYste] AlE ANS HAAZG. olF, M2 FAYZ FH(Conical
tube)oll Al AR A (cell pellet)S AL FSHES Wi, 5%(w/w) F=2 7
A/ ~EqEntolilo] 3hi¥ 14keka A 2] 4 95 (phosphate buffered saline,
PBS)® 2¥ whE&lo] A sIHTE. o]3, AME A (cell pellet)S Ao (Cyprinus

carpio) W& wlA o] HEEt ZTpAFo 7 T, 37C9 &% 2 5%(w/v) COe

EXN
N

Aol w7l 25 o wistol VoA (Gprinus carpio) MEFE AZshaL,
A2k oA (Cyprinus carpio) MEFTE o] Ao ALEsItr. o] AxX &
£ Cedex HiRes Analyzer(05650216001; Roche, Basel, Switzerland)Z o]-&3}o] =

Aseieh,

[0068] (2) WE& (Macropodus ocellatus) MEFL] A=zt

[0069] 2to}ole= W&o (Macropodus ocellatus)S 15%(w/w) =2 T
A FgNoR of 27 FoF AMlFHsEAL, olF 70%(w/w) F= oEE FgAoR of
2 FF MASkAL, olF 5h(w/w) w= FUA™H/AERErfo]Llo] St 214

254 2] 21 5= (phosphate buffered saline, PBS)E °F 2% &<t Al stlvt. 47|
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A RS 23] dHEslnk. ol%, AlFE HERolE FAEYYAN &1 F A
Hl ] (Normal media)E& &% FH7bste] xZFo] nm=x4 &gA & F, F=8& 2
(Scalpel knife)@ 5% o] ZA A FUT. o], ZA gz o] &S 50
m¢ 89 IYZt BB (Conical tube)Z 271 3 o7]d AR as vjH
(Collagenase media) 15 mE H7}skch. o3, mYZ FH(Conical tube)E Hj
F7lell War, 37C9 2%, non-C0: % 200 rpm®] 27O & °F 1 hr FF w4
sttt ol%, ZYZ FE(Conical tube)E ¢F 1 &< =94 (vortexing)shal,
42 wiA](Normal media)E & F37F 40 m7F A AYPYE T oF 108 &9 A
(oF 26+27C)ol WAt x2& 7hehekdlvt. olF, 7hepeke A& AL 4T

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

7t =Y (Conical tube)ollA A|E N (cell pellet)S AY3t A=HS vy,
5%(w/w) X9 HAYAA/AEFAEnto]Alo] shiE AsbtE Al 4 9= (phosphate
buffered saline, PBS)Z= 2W¥H HHE3lo] AF ATy, o] AX A= (cell pelle
t)S WEBUacropodus ocellatus) PIFE wiA|o] dEslar ZEk2=Td %71
T, 25T 2= H S(w/v) Co: =xe] 7)ol 25 o mjgsted Has

(Macropodus  ocellatus) MAEFE  AZFstar, AFst B EEo (Macropodus

ocellatus) AXETE o]F2] Ao AL, HEHO] AX 4+ Cedex HiRes

Analyzer (05650216001; Roche, Basel, Switzerland)Z& ©]-&3}e] =A% tt.
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[0071] 1.3. ojF AXFE &3 SAHA=E Y54 H7}

[0072) (1) 9 (Cyprinus carpio) AEFZE o]g3 EAEZ A=A

37t

[0073] S4=d& YA(Gprinus carpio) 7358718 iAol vlg] dA3
F%(0, 62.5 ppm, 125 ppm, 250 ppm, 500 ppm, 1000 ppm)7} Al H7}star &&) A
A g w59 SAEE ZT&AS AxsT. AN S454E SHAE
(Climbazole), W E2t2 2 2 (Metolachlor), tlolwl=[a, h]StEZFA
[Dibenz[a,hlanthracene], oEX %X *(Ethoprophos) ©]lt}.

[0074] YA (Cyprinus carpio) ¥F& X7} 5o U= 96-4 Ed o] E
ol F AEFE A9 ofF AE7} 2000707F HA AFsa 37CY 2% L 5%(w/v)
C0: 2719 wj7lolA 12 hr &<k viFete] o7 AELE Ao nietel] F-2AZ.

o) F, WAH WFNS AAST TFR TR HAE

t:k:l
FN
ofo
o
ftlo
E
N
=
ol
ol
w
ﬂ

To =%, 5%(w/v) Co: R oF =79 w7l 6 hr &<k wiaetlet. =3, of
Z (Control)e] 72§ oA wjgd s AA L, FAED T8 il o
(Cyprinus carpio) SAH7FE wiAE HA71ek & 37C9 2% 2 5%(w/v) C0: =4
Nl A 6 hr &<t vttt wie] k5w = wjgNS A ASEaL DPBS(Dulbecco's
Phosphate Buffered Saline)® 23] A|&A3ste] o] HES AAFAL. o] F, A
o] gkmHl Aol A &35 S8 ZF el 0.2%(w/v) %= SDS(Sodium dodecyl
sulphate) &% 50uE Agsta 37C2 2% % 5b(w/v) C0z =19 wig7]olA

1 hr E<b wjksldct. o3, z o] 1:10000.%2 3]A3k Gel Green assay
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solution(41005; Biotium) 150E A @lste] AMMslar, 7]¥7F A7]A] EA 2 A
o]s= % VICTOR Multilabel Plate Reader(2030-0050; PerkinElmer)E& A}-83}o] DNA
7F @A F3S EA48 S5t o), o7] 485 nm % W= 535 nmoll A FF

2 Z4sle] AT, BAE of Axe AEE gl sxse] S4B of

3 7}stsiet.

[0076] (2) WIEEo] (Macropodus ocellatus) MEFZE o] {3 EAEZ 9]
AE 54 H7)
[0077] =R EAS WEE(Macropodus ocellatus) =4 F7F& vix|o]

2] 443 5%(0, 62.5 ppm, 125 ppm, 250 ppm, 500 ppm, 1000 ppm)7} = A %7}

He}E 2 2 (Butachlor), 2,4,6-E8ZF229%(2,4,6-Trichlorophenol), =ZA}y]
Z L= (Fluxapyroxad), 3~ =2Z4Y(Fipronil), ZdgE=Zn}o]Al(Clarithromycin),
2,4-t}o]-tert-HF-E = (2,4-Di-tert-butylphenol), HEF QB S EH
(Per f luorooctanoic acid) ©]%lT}.

[0078] W &%) (Macropodus ocellatus) BF-& wWiA|7} £ = 96-9 =
o] Eo ofF AEFE AY ofF AE7} 20007H7F HA HFstar 25T == 2
5%(w/v) CO Z=719] wjF7]ell A 12 hr &<t vjgste] o F AZE 4o njto] F

A ZTE. o], oA mjgels AAstL Tt v 4= Z=dqs WUt
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&

T 25CY &%, S5%(w/v) CO2 2 oF 79 ujd7]olA 6 hr &<t vloF3stA ).

ﬁ

wal tfZ7+(Control)e] A5 doA njtos

Mo
=
N
_O‘E
o
iy
ox
(e
i
o
N
op
2
=
>

W &% (Macropodus ocellatus) =73B7F¢ WAE H7Ms $ 25T9 =% 2
5%(w/v) CO: 7oA 6 hr &2t wlgetaint. vigfe] ud 5 wdqS AA sk
DPBS(Dulbecco's Phosphate Buffered Saline)® 23] A& 3dle] o] AES A AsH
Atk olF, AlFHol k5 H AR AE &HE Hl 2 Dol 0.2%(w/v) F=Y
SDS(Sodium dodecyl sulphate) &M 505 A edtar 25C9 &% 2 5%(w/v) COz
e wF7el A 1 hr &< wgFeaiet. o] %, Zb ol 1:10000.2 3|43k Gel
Green assay solution(41005; Biotium) 1500E A g]3dte] SAStar, 7|E7F A7) A
k7 & 41o]F ) VICTOR Multilabel Plate Reader(2030-0050; PerkinElmer)E& A}

g3ko] DNVE A48 P BAS SASAY. om, o17] 485 m L WE 535

ol

ol G ZAst] BASATh. BAE ofF AEe AEE @ol zsd 5

tlo

7 AlEe] e R a s E(ECo)E AEetal, SA4=4Y AHsA

[0080] 1.4. ¥4 =9 Al¥ (Neutral Comet Assay)S ©]&3 FASA H7}

[0081] (1) =™ NP8 SHED EF8 & 2T &9 A=

[0082) 15%(w/v) ‘%< ZA®jo}d A (fetal bovine serum, FBS)S ¥ 3Hal+&=
DA (Qprinus carpio) WFE vl HA4EZHQ S¥8lE(Climbazole), HE2HE

Z 2 (Metolachlor), tholwl=[a,h]tE#Al[Dibenzla,hlanthracene], oEXZ ¥
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(Ethoprophos) & Z7t RbFRaEE %= (ECo) o ARE X7 HA H7bsta &3iAA
JoA(Gyprinus carpio) MEe AL HH4EH HFE9 1S Azt E=9,
15%(w/v) &% Aelotd A (fetal bovine serum, FBS)S &3t o (CGyprinus
carpio) H1SFg8 HiA o] tholwe AZAlo]=(DMSO)E 0.01%(w/v)e s%7} =HA A

7¥etal oA A DA (Qprinus carpio) A HET thza &4 15 A=A

=3

[0083] 20%(w/v) &X< ZEfo}d*(fetal bovine serum, FBS)S 3E 33}
W &% (Macropodus — ocellatus) WSS Ao =454 FEHIEE
(Butachlor), 2,4,6-E8]Z =229 %(2,4,6-Trichlorophenol), ZEA EALE

(Fluxapyroxad), 33X =49 (Fipronil), ZF g E=Zvlo]Al(Clarithromycin), 2,4-t}
ol-tert—-H-E ¥ =(2,4-Di-tert-butylphenol), 3ZF2 & 282k (Perfluorooctanoic

acid)& 212} W aEE=(ECo) ol ARt s&7t HA H7betal faAlA HES

(a8

=3

(Macropodus ocellatus) A|Eo| A-E&s ZAE2 Fgd S AFxsT}t. T3
20%(w/v) %9 A®oldA(fetal bovine serum, FBS)S x3s= BHEE
(Macropodus ocellatus) WoFg wjx|oo] tio]lwe A ZAlo]=(DMSO)E 0.01%(w/

v Fx7t HA #H7bstar &AA WE-a (Macropodus ocellatus) AXE] 2§

el

Fojzs 89 18 Axain
[0084) 1%(w/v) %< ZAEjo}d ¥ (fetal bovine serum, FBS)S ¥ 3Hal=
DA (Cyprinus carpio) =3B 7F8 wjAo =452 S-ulZ(Climbazole), HWE

t} &2 2 (Metolachlor), tTholWl*[a,h]etEZAl[Dibenz[a,hlanthracene], o|EX=Z
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¥ 2~(Ethoprophos) & 7t} W a8 = (ECso) o] AWk w7t S| A H7bstar &34
7 o\ (Gyprinus carpio) AE A& HHEH TFEd IE A=
sk 1%(w/v) %29 AHlo}d A (fetal bovine serum, FBS)S X g3st= Yo

(Cyprinus carpio) =743 7F8 wjx]o] tholwd AZALo]=(DMSO)Z 0.01%(w/v)<

FE7F HA "rsta &SAA YA(CQprinus carpio) AEo] A& 2t &
IE Axsct,
[0085] 1%(w/v) ®%°] ZEjo}d 7 (fetal bovine serum, FBS)S 3Fal+=

WE5 (Macropodus — ocellatus) HB7HE  wlxo] HAEZAQ HegZz=2
(Butachlor), 2,4,6-E8]ZF 229 %(2,4,6-Trichlorophenol), ZEAT EALE
(Fluxapyroxad), 33X =49 (Fipronil), ZF g E=Zvlo]Al(Clarithromycin), 2,4-t}
ol-tert—-H-E ¥ =(2,4-Di-tert-butylphenol), 3ZF2 & 282k (Perfluorooctanoic
acid)= 217t Wb as S (ECo) o ARt FX7F HA Hrleta &fA1AH HES

(Macropodus ocellatus) AEo] Agdd SAEZH TFLd IS5 AZXsHF. T3
1%(w/v) X9 A®oldA(fetal bovine serum, FBS)S X33l= HES

(Macropodus — ocellatus) SAAH7FE  djAo] tlojmd AZEALo]=(DMSO) =

oo

0.01%(w/v)e] =7} HA H7 star £A A WES (Macropodus ocellatus) A

Fof Hged xat gH = A X3},
[0087] (2) ZSAEZ EF8N [ © UXT &Y [& 0|83 ofF AxEY
Hj) &
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[0088) A (Cyprinus carpio) WEE WX 7} £ QA= 6-2 Zd o] Eo
DoA(CQprinus carpio) METE LS JA(Cyprinus carpio) AE7}F 67,000717F

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

!

NV (Cyprinus carpio) MEZS Ae] upcho] LA ZTF, o] oA wjoralS A

AeEd 2589 1 2w B W2 89 1 2w ZF g HUhe &

78t

ol
=
it

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

(Cyprinus carpio) MEE SZAEHAZ A2 AT},

i

ol 3

rir
|l

[0089]) W &5 (Macropodus ocellatus) ¥RFE wjX]|7} 6-<4
dolEd W ERS (Macropodus ocellatus) AEFTZE A VSR (Macropodus
ocellatus) AE7F 70,000707F HA HAFskaL 25T &%= 31 5%(w/v) 02 2719
7)o Al 12 hr &<t wikste] W 559 (Macropodus ocellatus) AEES L] nf
ol F-ZA LT, o5, oA wjgA S AAGL ZAHAEE EFES [ 2m T
e o T 2ms 7 dol H7pgh § 25T 2%, S%(w/v) Co: R o =719

k7] 96 hr &<t vid3te] W &8 (Macropodus ocellatus) MEES SAEZ

= A3t

[0091] (3) HSAEE EFE8N I 2 dZT £9AE o] &3 ofF AlX2 =l

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

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

!

NV (Cyprinus carpio) MEZS Ae] upcho] LA ZTF, o] oA wjoralS A
Asta 54Ed 58S 0 2 e thixa &4 1T s ZF Dol H7hE 5
37CY 2%, Sh(w/v) 02 H & x| w7l 96 hr & wgste] <o

(Cyprinus carpio) MEE SZAEHAZ A2 AT},

|l

[0093] W &5 (Macropodus ocellatus) v E-S vjA]7} 6-4

i

ol 3

rr

dolEd W ERS (Macropodus ocellatus) AEFTZE A VSR (Macropodus
ocellatus) AE7F 70,000707F HA HAFskaL 25T &%= 31 5%(w/v) 02 2719
7)o Al 12 hr &<t wikste] W 559 (Macropodus ocellatus) AEES L] nf
ol F-ZA T, o5, oA wjgA S AAGL FAHAEE EFEY O 2m T+
e o T 2mis 2 dol H7pgh § 25T 2%, S%(w/v) Co: R o =719
k7] 96 hr &<t vid3te] W &8 (Macropodus ocellatus) MEES SAEZ

= A3t

[0095] (4) T4 = AlF (Neutral Comet Assay)

[0096] ol AMEE =AEZ=E AHg3s ZF DPBS(Dulbecco's Phosphate

=

Far zh del EfAle Hrbske] ofF

ol

Buffered Saline)® A& sl E4ES A A
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R&D Systems, Minneapolis, MN, USA)E A}&ste] A7|dES AAEHTE. o5,

Image J TR a(m)= ZHHZAY, Bethesda, MD, USA)S o]&3fo] DNA ==l

ol

(comet) FAE w43k, DNA Il HolE A T9 =2 AT,

[0098] 1.5. AIX F& &4

[0099] A 38 W32 B2t g 962 ZgolEd A 200070 A
EE B, olF, AEXE 0, 62.5, 125, 250, 500, 1000 ppm Lo HAE

dol 6 hr &<t =FA7]aL, dvjds & Al

R

g wasg.

[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

(CDE 5U% 57 £2ZEd0lE AHgaie] Axsdn

ftlo

[0103] * FATF5E=(NOEC): SAH=ES ¥3stH &+ iz vyl

o SAFCRE Fond g3 Zo](p<0.05)7F = H L HAE 5%
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[0104] = Z

Al

o

o= 10% W

==
RLN

7]

14
Ho
e~

ol

0

Hr

=g

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

S
T

7o 2 50% Lt

A4 23

[0107] 2.

[0108] 2.1. N|2& FHA=EA H7 ¥ /e

S
=

, FBS)

A (fetal bovine serum

1%(w/v) §x=e] Zefotd

o o

[0109] +

oA o7 MEE

Fl

=

OO]:

6 hre] =i

ol
=

7F& vl X](Toxicant media)

o

]

o
o

bovine

s

J(fetal

!

15%(w/v) &%

iAi )

X

-

[e)
SAEAS

o]
=

serum, FBS)

1 DNA

9

=
o

(neutral comet assay) W&

()
=

4 =9 A
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o]=7tet A H(DNA DSBs, DNA double-strand breaks)S =A3dE= o=z FAFHC),
s W A HAAAA =, A7 delA ME o ZRE DNA DSBs7h o5&l
whel, AMEH (=)} DNA DSBs(A8]) =2 F+AHE HA 33 zdlo] AT, = 1
o B)= & TgolA Aest = A= 54 F7F Wi Bk o= A,
1%(w/v) 5% A®lold A (fetal bovine serum, FBS) ¥ H5AEZAS ¥ 3sl= vl
Al GHE AREEIe] o F AE2E 5= 6 hr <t =FA1713L, 54 29 A
3 (neutral comet assay) WS =& DNA o]=7F<t ZAwH(DNA DSBs, DNA double
strand breaks)s SAdt= Aow TAEH.

[0111] 15%(w/v) 5Xx2] AEjo}d* (fetal bovine serum, FBS)& &3}

A ol AES] WM duAom AFHIL Y3, SHEA 96 hr F

-

(|

CEAIE A §A54 Fbel 2eEE 14369 Abole] s)7be] STt W

)
e

;B dtdo = 1%(w/v) 59 AEjold A (fetal bovine serum, FBS)S ¥ 3&a}
= A oNA ofF AIEE FAHEA 6 hr 59 =FA7]= 21S AHEstaL, 4
A9 Alg (neutral comet assay) WHS &3] AX oA el DNA olF7te dot
(DNA DSBs, DNA double-strand breaks)S =#3sle] ZAEZY FAS5AS Hulst

it

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

(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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[0152]
(genotoxins)® <13 ¢t

(sentinel organism)®ZA, 37 9]

ﬂﬁﬂo

22}
A A

7d o]

T

3}

=

kel 4

|

)
'lO

o %

=
LN

=

Hol7] u
=

(@)

i, ]

o
)
S

}
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=]
(fetal bovine serum, FBS)& 33&hs}

}

<)

t7] 9

3|

8

ok

°©

(e]

T H
1

=
=

A

<

T

)
.

s, AT o

o] 2]

5 1%(w/v) %2 AHold

[0153] +

Ry
fin

Al

Aes Aok, 2y e ofF Al

294 B 24

SRRSO

=

¥

&H

e

A FAlel o

AE g YA

Har EAlel T
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[7H9]
(3% 1]
(a) WME5 (Macropodus ocellatus) METE o] FAXE vlSFE AA wjx] <}

st 87 WHol WES (Macropodus ocellatus) H|3E

|32 W FE AA wMAE AAst] S48 718 EHlske Alld

BN F o] A
A
(b) A7) 544 &7 H7h o A2 2 SARHE A wAZ £

=9 oz MZTS H7}stal 3~10 hr EoF wjst= A2v-A; 2

(i
ol
KU
>,
>,
o

(c) HiFo] &=

ocellatus) A|3E2] DNA &=

sheFo 0.5~2%(w/v)el A& 5EHORE 3= F4

i .

F 5719

(al) 2ol W E5-o(Macropodus ocellatus)S T T H1B Ho] &7
5}3 MA WA E H7bstar witet &, FEE

FHARANLLE TP o

e oA WAE A
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ocellatus) %25 7}

(a2) 7471 78 Feel &7]A 7

ol
=

AN7= &AL,

s

A

2]
™

3 o
A&

tol AlE

5]

A8

Be] 8712 &71al 9

[E]

FH

el

=2 =
T= T T

-
X

E8-o] (Macropodus ocellatus) A

[37% 3]

.
)

[37% 4]

o 4

v
s ol

%y (Macropodus ocellatus) |

=
=

9] HAA3EE(ECo) HE WHas%(Half maximal effective concentration,

ECs0) 7}A] €]

71-57



2025-07-25

[3 7% 5]
ALkl oA, A7l Z4R7E A wiAs 27, Aol d A (fetal
bovine serum, FBS), &AA, L-=5FE9l 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]”7} H®.3%¥  DMEM(Dulbecco's modified

Fagle's medium)Ql AS 502 3= FH54d H7PEH.

[37% 6]

A1l doAAM, 7] o FAl

Hel

HiFg oA A= ST, AEoldEA
(fetal bovine serum, FBS), &AA, L-ZFebwl 2 HEPES[N-(2-hydroxyethyl)-
piperazine-N'-2-ethanesulfonic acid]”7} ®.35%¥  DMEM(Dulbecco's modified
Fagle's medium)©]al, o] FAXE ajFg HA wjx] oAl AEfold H (fetal bovine

[e]
= 54 s

o,

7HE .

ol

serum, FBS)¢] &S 10~20%(w/v)el AL EHo R

(373 7]

A1l oM, 7] (b) @A S 20~30TC9 2%, 1~10%(w/v) CO:

ol
rlr

R 2HAA o] FoA = AS EFLR

]_

=g

o,
L

! 7H3

373 8]

I
rlo

A WA A7 T o= F el oA, (b) @Ae SA4E HA A
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[8 A ]

[29F]

o
N
{F

Nro

¥ E 2o (Macropodus ocellatus) A|E2S] DNA £

v %]

L
-

5

o ARE-

A2

B

%9 (Macropodus ocellatus) A

=
=

o

B3 7] g

ol
=

SR

[tHE=]

4
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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

71-62



[= 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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[= 7]
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[= 10]

CFEI!'ETI"ITOI'I’I‘,"CEI’I

3]
Clanithromyacin
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