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Abstract |

To evaluate the effect of endocrine disruption chemicals (EDCs) to aquatic organisms, muddy loach (Misgurnus
anguillicaudatus) was exposed to low concentration methomyl for 21 days in order to identify the effect of
biomarkers and endocrine. Vitellogenin (VTG) in blood plasma, which used widely as validated biomarker for
endocrine disruption, was significantly greater in male fish exposed to 0.4 mg/L and 2 mg/L methomyl, and
in female fish exposed to 0.08 mg/L, 0.4 mg/L, and 2 mg/L. methomyl for 21 days (p<0.05). This results
suggest that methomyl have probability of endocrine disruption to organism on aquatic system. While inhibition
of Acetylcholinesterase (AChE) activity and increase of DNA damage in comet assay were verified by fish
exposed to methomyl, change of ethoxyresorufin-O-deethylase (EROD) activity was not occurred, comparing
the control group (p<0.05). Indicators at the level of organism such as condition factor (CF), hepato-somatic
index (HSI), and gonado-somatic index (GSI) were not influenced by exposure of methomyl. In conclusion,
these results showed the possibility of methomyl in regard to not only endocrine disruption but also impacts
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U] Al 2 eHE2)(Endocrine Disrupting Chemicals, EDCs)
S AW 2EEEY A 7sE Wtk 2Ee 9
u|sle, DDT, lindane, vinclozolin 53} 772 W2 ok
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methomyl-2 G454 2 Yie|Aus 42 g4 glo
(5 5, 1991; o] &, 2004; Klotz et al., 1996), =1} 37
FANA HEHE Aoz EuHJAHE 5, 2010b).

19969 World Wildlife Funds(WWF)o| A Ul &4 A4 %
o4 S22 DDT § 6758 £53 olf, A= 9 24
J\FAAE o] BHEO] v Beldbs BAel] et
cret A7k AEel ek Sl BuA) u
o15g o YRuAREE L] et 24 Ao
2 ANeke 5 o7EE A9k A% EThel 5, 2004
o] &, 2010a; US EPA, 1997; Boenke et al., 2002; =23}
A9, 2007). 7 % ol59] A8 F(biomarker)E o]-§
Sk B7PHE = AEA S Wt T 4] Al st
of FAZolu el JHE AT & 5 L, o7
BEH 22wt el ofF 7] Hkes vig
O BAEY dgt 27|FEE AT 4 vk HolA
F&Edk QItHUSGS, 1999; USGS, 2000; 7 5, 2010).
2009 OECDo|| A= 22} A1} vitellogenin (VIG) A&
A| #(biomarker)E o|-&sto] Wir|A 4 weEde A3
2|dal7] Y3t F A|EH “21-day Fish Assay: A Short-
Term Screening for Oestrogenic and Androgenic Activity,
and Aromatase Inhibition”S 3} THOECD, 2009).
e ARl AL FARZE AFIEE o] S
Lhetoll AA13H) G F(species)ol B2 AFE o] T £
2k oo mA= dFE Frkehlol ARl dlew,
OECD AJdRolA AAE 22 4 VIG AEAEE 0]
o W] 7Bk F(species)o] W 287 B 714
ol A=A #(biomarker) 574 LA Fof thet A7 £
g Aot gt EDCsol| tiet ¥4 9 S71=2 &5 =il
M= soF A A AL W2ulA g3l it Al =
o] E7hug Aoz Holrh

o= A =Y o SRS AT N E S

o =
o N T2 2T AANE T8 ARE Atk

(Misgurnus anguillicaudatus)= $-2|Lgto] Az og B
EZsal AL, FEIol| &b wlHERA(Misgurnus mizolepis)
of Hlsf E-5ol 7heal ¥Fel 7k 54e Adeh A7)
L 4797000, H5) T e 24, 2L 1do] A
Aarato] Abgto] Zhof gkt (Fujimoto et al., 2008;doopedia
FAR L ot HEEjyA). dA7HA] v]telE o83t Wi
14 24 Tekel 238dol dg @7 @ A o2
oA A gk, EDCs® &2 A Sl methomylo] A w]
T G vl Aol g &l A+ =R Al=E B
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& Aol A= methomyl &) WH] A 9 A=A o] ot
FFE 2ARBE] fl8ko], OECDY 21 o} F AldHs |
Blo] Hgalgion], oz sl SERE A
of o]2i= AEA E(biomarkenE 24519tk ABjeHY
9] MEX 2= plama VTG 5%, 7-ethoxyresorufin-O-
deethylase(EROD) &4, acetylcholinesterase(AChE) 2+
Al, comet assayE ©|-43} tail extent moment(TEM)E =
Ak, NAEEY AEXEZE condition factor(CF),
7t2=eFR| 4> (hepato-somatic index, HSI), AJAAZFHFR]4

(gonado-somatic index, GSI)& &A3}4

-

_101:

>

=

HiEH
oH

p

>

|§-Ih:0t
[

& AFollA AREH 5of methomyl(=5: 97.2%) UAl=
THE Aol ARFrIgkew, o= positive control)
9] 17B-estradiol(==: 98%)-> Sigma-aldrich(St. Louise,
MO, USA)o|A Y5k} FA) 279 stock solution
ZAIE 95to] Buf|= N, N-Dimethylformamide(DMF, Honeywell
Burdick & Jackson, NJ, USA)E AM&35}9iTh

ojr2lel Y ¥ =3t

2 A7 Aol AMEE plftes FHEE BEA
A Ol Aol 12 em o] H= 7
Rk YRt vt 0.8% AgEolAl )
& AJA F31, AR A<x(sexual maturation)S ]3]
2(25-260)3} H27|(H27: 16412, 27k 8A7) S
afo of 248 o4k 4L AIA F90m, A7 Hol GSIE
A5t A4 A4 Aeg A =F Al 919t 1l
Tl &3t w2 A 217 Y (42 23~25T,
FF71CERA: 16A1ZE 27 8AIZh)llA 23 ¢t AA]
SHAAL, w9717t wok AW Yl AAtofs WAEHA] it

=
o] Top meal(Tabia, 3+4)S el La3}%ch
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Methomyl 9] =ZA|H-& Y3 OECD test guideline No.
230(0ECD, 2009)2 u] 7] 283}l o, 822422 (flow-
through system)& ©]&s}o] 21Y 59 &334ty &5
F9 AAL OECD TG No. 230(0ECD, 2009)¢f uwhz}

MTC(maximum tolerated concentration)2 &1l =& 3}
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gom, MTCE +3sh7] 93f 11
ol S8 R, oA 45 T 2 gl
ol Aog IAFJong w2l (08, 0.4, 2 mg/LE
AR5} a1 g Z(control, C)T} °V\4T’H_:_i1(p051tlve control,
PO)S F9It). B2 AR taols 2709 wEpE 4
A, FPdRTY] FEE OECD(2008) EilAE 3
T5ke] 100 ng/LE ARSI ules 7F w2 kro) b
B9z oM 6o, 7 evleld % 120212 bzl

A3 717k Eot u)Ate] 9] Ho|= Top meal(Tabia, 3+, 2§]/

VS FE5F T, AAfo]E W =AZ=ARS oY IS

| 59 §448NE o8

?'E']_ [¢] S IR—
v, $ALE, DO, )2 H4 3Ye] T ol 27353
. A E(biomarker) 24§12 v)7ele] YRGS i
B ¥ LU 2100 BRE A AT, 7 2

wO| WhE~ R b 3ufe], 4
219 &3 9 Sl *F&ﬂ *Frr‘ 92 4 S5
&% | um membrane filter®} /% oI5 FIA|A
AHg-8kgi

Agisote] 24
Methomyl®] 5%+ high performance liquid chroma-
tography(HPLC)E °]-8-5t9] #4330t maAl @ 2of 9
& A 9 A Ade ssken, A|7IZE sl
< Ald AFEERE 0, 79, 14, 21U §= SAS
sttt B2 Table 13} 2t

¢
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[Shid

MEX|H(Biomarker) £
1, ME FH|

eEAE 1123 2100 HERE viTe o
st wpHstgled, Aed A SAsA VIGL
comet assay w41 1t NS AFHoH L, EFE ANt

| EROD 4 % ZHSgAI~HS]) S42 $ 2(liver)h

%2 olg

Table 1. HPLC condition for the analysis of methomyl

WALZHAHGSD) AL SIa WA d(gonad) S %5}
Rtk A2 72 0.15 M KClo] &2 Thg 2A1E 245
G, BES S HAY Fof AH WLl Yol FHYE A
Ao, 2ALYEIRA -80TR B4 A7) Bashoich
ACHE B4% $lste] 52 A4t U8 A% 3 o
Ao dof F4YE AZom, 2ALYFDAN 80T

MEX|HE(Biomarker) SA{dlH
1. MBSHE MEXE BA

1) VIG sk

Add e mATE wiaaste] 4C, 6000 rpmofA 10
1 diie] o &, A ds Beste] 1.5 mL tubeo] &
AFI 24 A7 80 CollA Wghyt stglct. ujite]o

2ol A
AZste) o, VTG enzyme-linked immunoassay kit(ELISA,
Biosense Lab., Norway)E AR5t VIG =5 27315k

& (monoclonal, polyclonal)@} Vn standard+=

2) AChE &4

AChE 42 Ellman 59| ®¥(Jung et al., 2008)2 <~
Aelol BABIST). -80Col ma) FE ulFele] HE
3} 5-5F2L 0.1 M phosphate buffer(pH 7.6) 1 mLof| 23+
(homogenization) A]71 th&, 4C, 10,000 goj4 1087}
2y sk of u dol 4%
supernatant(PMS)E AChE?] &4-S =A==y A25}HS
th. AChE 242 PMSO| Tlers Fof o 4 glom,
bovine serum albuming standardZ 3}= bicinchoninic
acid(BCA) protein assay kitE o]-&5h] thilld Agko. Al
Al5}9iTh. Microplate reader(BioTek®), VT, USA)S o]&
3to] 415 nm TP A FHEE B, Y SYES
ol g3t} AChE S5 #4kst3ict.

ol postmitochondrial

Instrument HPLC Agilent 1200 series

Injector ALS GI1329A

Pump Quaternary pump G1311A

Detector DAD G1315D

Column COSMOSIL 5C18-AR-1I, 4.6x150 mm, 5 um
Mobile phase Acetonitrile/Water = 55/45 (v/v)

Flow rate 1.0 mL/min

Wavelength 230,16 nm

Injection volume 20 w
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3) EROD &4

ulgtE] o] Zhg 0|83t hepatic EROD 4= &4
Kennedy and Jones(1994)2] fluorescamine assayH
| qte]of UHA| 2sko] AAatgiet -80Tol Hke| ozl
A &2E 353tal, 50 mM phosphate buffer 1 mL2} 10 mM
Phenylmethylsulfonyl Fluoride(PMSF) 200 pl7} §424 &
2l ea7]o) A FHsHE sholet. sk AlRE 4T, 7,300
gol A 3023 AAERE &, A5Me F3te] 1.5 mL tube
of SAFT A ATE thA] 4C, 16,000 gollA] 60+&7F
aesta, ool = A5 wE]al EAA pellets 50
mM phosphate buffer 100 ulz} 4 o}ZE3ith Fluorescence
analyzer(Fluoroskan Ascent, Thermo Labsystems, Finland)
& &30 resorufin® 530-590 nm Aol Af, THAEL-
400-460 nm oA Zlsic.
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4) Comet assay

v F2]9] oS o] 3 DNA damage 4] W2 Kim
£(010)9] WS ek Sgekch. e 2ol HBSS
(Hank’s Balanced Salt Solution)7} &7] tube?]
A7 -80TCollA W atglct. ARE dEAil &
3000 rpmof A SE7F AAEEE 3L, 1% agaroses SH|
A3 Az A7l setol=of| oAl Y& AxAZ A&
o] AzxEW &eo|=F lysis buffero] 3A7F ol B7He
% 1xelectrophoresis buffer’} @71 #7]%9% chambero]
a1 25V, 300 mAojA] 2587 M7 5= AASkE A
7190l B Sefol== 0.4 M Tris bufferof o] 391

N
X

o, ethanolo] ¥of IPAR] & Axsloieh. Axd
0| =& ethidium bromide(EtBr) stain 2910 2 ¢35}
Fau)7d o2 TSI, DNA strand breakage A=
Image Analyzer Software(Komet ver. 5.0, Kinetic Imaging
Ltd., UK)E ©o]-&3}¢] extent tail moment(tail lengthxtail
% DNA/100) k& A4ksteict

1=
£ >
rlroogt

2. IMHTZEL YEXE EA

A 429 HEAES CF, ZH5ZA5(HSI), Y245
FAXGSDE= CF=(A5(2)x100)/ A4 (cm), HSI=7k2]
A(@)*<100/3|%(g), GSI=AA] 2] F7(2)x100/3%5(g) 4]
o] o) zZ+z+ AAikelYthHam et al., 1997).

]

oHm

AEA
VTG %%, EROD A%, AChE &A= U DNA &4k
drof IHE AJEX] T = ANOVA(Analysis of Variance)
B2 Saut g, gz A2 Aole fERyos
Bonferroni post hoc comparison testE ~33}ic}. CF,
GSI, HSI®} 22 7Aled BeaA e T2 A%
E= AFS AHEste] ANCOVA(Analysis of Covariance)
ATt B 7t ARAE Wgo] ATES 1)
or= 729+ log ¥+ square-root transformation2-
sttt E3E 2 #i0] BARY] 5EAdLS Leven's tests

H5lgih WE EAEA S SYSTAT 12 Z2 128(SYSTAT,

X

O 4l A

Table 2. Measured concentration of methomyl in the test solutions for 21 days exposure period

Measured Concentration (mg/L)

Nominal Concentration Replication Exposure day Mean+SD”
(mg/L) (mg/L)
0 7 14 21
R ND” ND ND ND
Control ND
Ry ND ND ND ND
R ND ND ND ND
Positive Control ND
R, ND ND ND ND
0.08 Ry 0.07 0.08 0.08 0.06 0.07+£0.01
' R, 0.07 0.08 0.08 0.06 0.07+0.01
04 Ry 0.39 0.39 0.41 0.34 0.38+0.03
' R 0.40 0.40 0.42 0.34 0.39+0.03
5 R, 2.12 2.04 2.23 2.14 2.13+£0.08
R, 2.11 2.03 2.21 2.13 2.12+0.07

9SD: standard deviation
ND: not detected
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21 =34 7R 5 oo TP He AL
A A Abof7E AYSEA] of otk 2199 A7 F4h 2

24.8+0.5C, pHE= 7.3+0.1, DOE 7.2+1.4 mg/L
206+19 Lux® 24 =9t} Methomyl E40] tf
2 0.99998 ©|9al, HEFAE= 0.02 mg/L, FFHA
0.07 mg/Lo]3ltt. E3t methomyl 9] 3|48 112.3+0.6%,
96A17F E9F methomyl 2] 94 A2 93.044.3%0] 1T Al H
71781 219 F3F AN F=E #4139 k= Table
29} Zromf, 7} whEo] Hidt S sEe A=Y
87.5-106.5%% AAEw o] £20% oY & =7} 3=
th. 3HH, methomylo] T3t v]3te] o] 48417k WA Abs e
(LCsp)= 1.5 mg/LE RiEI lOoiHashimoto and
Nishiuchi, 1981), 2 A1E 3 A= 212 0% A0
Ueht 21%5s 2 mg/La HEE

ok

o NN rlo ok
>
e oo fr fr =2

T

MEX|H# (Biomarker) S
1. VIG Sk

7 nI2|o] A9 kE 1199 2 mg/l, =5 2149
+ 0.4 mg/Le 2 mg/Loj|A tfztol |3} VIG =7}
Al S7HFA 2 (p<0.05), AA vFte] 9 A kE 11
SJoj= 0.4 mg/Lo} 2 mgl, =% 210 0.08, 0.4, 2
mg/LO| R ARddtolA izl Bls) VIG =7} $A14]
02 FosA 5718 ASR TEE 1 (p<0.05), methomyl
9 keFeklt S7HE VIGY skt $71shs 4%

1200

N 11 day *
[ 21 day
1000 -

800

600

400 -

Vitellogenin (ug/L)

200 +
*

1) IS g—

Control PC 0.08 0.4 2

Concentration

(a) male

WEE K Fig 1). o]F+= estrogeno] 9sf Fr=%= VIG
Aol mskA HEeSHER, ofFollA e VIGE WA
et SBHEA(EDCs)& HAI5H7] 913 A=A E(biomarker)
2 9] o]gro] gl (Anderson et al., 1996; Hutchinson
et al., 2006). & A Ao w2 £72 0.4-2 mg/L, &
712 0.08-2 mg/L9| oA 242} VIG7} tf ko] Hs]
S9I5PA 2715 A0 Lehi(Fig 1), 0|9} 228 A3}
+ methomylo] QI fHQF M|z o} Apgufat Al g, 11
2|3l o 2ERAY B4 Aol WEHAE 28sk= AL
= B2 72a7E0] o) e @ 4 hGiesy e
al., 2002; o] 5, 2004). 3, & S5(2010b)0] 2007-2009
of WA ol Z4a BoF mUE PR g
9, A ol A methomyl ] 5% 0.19-0.96 ug/L
oz oo S HEEY 2 § A= s=7F 2 Al
A ¢3E AdsEel el we Hol

methomyl 9] W&H| A wek FaFo] gle= A

STk e} ko] B £EOZ HFY 5 Y Ba,

A
VTIG7} S715t9] B W& ko) G 7|dhe
= A 5= 1 o 24 F methomyl®] of o] thgt
HlA R g 7ol S AoR HHh

100 ng/L 17B-estradiolo]] 21 &<t &% FAU=
O] B4 A2tz Aol 5 HolA| oRekar, ¢hFlollA
2190 HEFRE vttt dfjzgtol Mg folstA
VIG %7} $71eh Ao2 WAt p<0.05, Fig. 1).
Methomylo] =25 29 VIG =9 v|wd o= oF

re fu

6000

N 11 day
21 day
5000 -

4000 -
*
3000
*
2000 + *
*

1000 + *

PC 0.08 0.4 2

Control

Vitellogenin (ug/L)

Concentration

(b) female

Fig. 1. Vitellogenin(VTG) concentrations in blood plasma of muddy loach exposed to methomyl for 21 days. The values represent
meantstandard deviation of level of vitellogenin. Asterisk indicates a significant difference from the control (p<0.05).
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rx
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SRS VIOE M2 e 02 M, o
L u]qtg] 9] 17B-estradiolof gk VIG w7 "E(sensitivity)
ke ofel vis] ] el Ao A, )2
of W2 17B-estradiolo] =% A E17]59 VIG
protein GTof el A g3FHa-s=(Lowest observed
effect concentration, LOEC)7} rare minnow (Gobiocypris
rarus)= 1 ng/L(28Y, <41 Z4), zebrafish (Danio rerio)
= 3 ng/L(8Y, §44] 27H), Japanese medaka (Oryzias
latipes)= 10 ng/L(28%, HWER|5=4] ZA), mummichog (Fundulus
heteroclitus)= 100 ng/L(21¢Y, HIA$A 22 ofFo wh
o WA} Ul k) e o 2 SlekWoods and
Kumar, 2011).

2. AChE &4

ASA 7R 77104 9 7HFH 0| EA sofEo] Fadt
Z-2-712mode of action)S A1 AAE A3f|, =
sterase2H] A2 LHA SIth Albert, 1981). AChES] ¢
A= A2 ALo]o] acetylcholine(ACh)E &2 A|AH Al 1k
HEg 42 Qo)A H, o)z
Q3] o529 49, A, S S| BAlE Qo7
U 22" o al AbskA] of7]3 2= 9JtHLi et al., 2008).
214 %9 methomylof| =% uw)72|e] H+# AChE 5=
2o A 812.4 pmol/mg protein/min 4502 A %)
0.08, 0.4, 2 mg/Le] =& sxo)A Z+z} 380.1, 335.7,
411.8 pmol/mg protein/minZ tjZtof| H|3] F 53%,
59%, 49%% 74Aa% Ao 2 Vel th(Fig. 2). 181 AChE

7t sk YEAHOE AR Pokon, 04 mg/ll =& &

Z acetylcholine-

2L z&H o)1

1600
1400 -
1200 -
1000 -
800 -

600

] P

Control 0.08

ACHhE activity (pmol/mg protein/min)

Concentration (mg/L)

Fig. 2. Acetylcholinesterase(AChE) activity of muddy loach
exposed to methomyl for 21 days. The values represent mean+
standard deviation of level of AChE activity. Asterisk indicates
a significant difference from the control (p<0.05).

g

rH

N
08
o2
ofn
e

EoHT BAMOR Y2gT Sofet Aol R Tkp<0.05,
Fig. 2). 7]& 445 E3 A& gt methomyl 2]
AChEA 3] 43k ® 15k} QItK(Li et al., 2008; Ozdemir
et al., 2010; Tomlin, 2003; Xuereb et al., 2009; Yi et al.,
2006).

3. EROD &4

22, 0.08 mg/L, 0.4 mg/L, 2 mg/L =2 SxofA] 3
o+ EROD &A=+ 717} 0.45, 0.96, 0.85, 0.96 pmol/mg
protein/min & 2 ‘Frof uh2 Ho|xpr} 3X| Yorom, Ald
oA Z49 F7PF HEE AU 2t 727 2po) 7t
UERA] 9kopth(p>0.05, Fig. 3). ERODE o]&7} 9]91A4
3}sHE(xenobiotic chemicals)S &8 7% cytochrome
P4501A1 monooxygenase’} G-EE Q= Z2AS 425t
= st AEAFo|tWhyte et al., 2000). 2 planar
halogenated ¢} polycyclic aromatic hydrocarbons(PHHs 2}
PAHs) Ev= 27} FARE 81250 ol EROD 24
S7FetAE 2, pH, 9%, HASA, AT 3 2
© 874270 98] Wal7]= stchBucheli and Fent, 1995;
Stegeman and Hahn, 1994; Whyte et al., 2000). 24} A]
52191 methomyl®] 79 A& 412 EROD &4 4
ol taff B AFANTE glow, Al AufofA = °“’/\l
EROD & W7} wawfx] Qi

o,

4, Comet assay

29 tail extend moment -2 FH4F 26.02
T, 0.08, 0.4, 2 mg/Lo| =3 EToAL

2 et
Z; 4+ 35.6,

EROD activity (pmol/mg protein/min)
w

Lo wm

Control 0.08

Concentration (mg/L)

Fig. 3. Ethoxyresorufin-O-deethylase (EROD) activity of muddy
loach exposed to methomyl for 21 days. The values represent
meantstandard deviation of level of EROD activity. Asterisk
indicates a significant difference from the control (p<0.05).
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120
-
=
g 90 - *
e
£
-]
s
£ 604
£
Ei
<Zﬂ 30 A
a
0 T T T T
Control 0.08 0.4 2

Concentration (mg/L)

Fig. 4. DNA tail extend moment of muddy loach exposed to
methomyl for 21 days. The values represent meantstandard
deviation. Asterisk indicates a significant difference from the
control (p<0.05).

499, 61.98 =2 w7} Z713H2 DNA &4 Aw7} 2
7k A3E HolthFig. 4). 53] 2 mg/LY| =% Fkof
etz Hlsl FofatAl S7kste] DNA &/4go] 714
=2 AOE YETHp<0.05, Fig. 4).

7]2| = methomyl®] F-73154 TE AR5 dofry] 9
gt 2 7HA] AF7h AlmEnioloh Abghe] gl Azet 9

in vivo A8ZA1o] A methomylo] DNA £A4MS 4o 7S
shelat 4 9oE W, 2ol AT LHAHIME 24

Hk2-o] YElY7| % 3} thBolognesi et al., 1994; Bonatti
et al., 1994; Horng et al., 2007; Sun et al., 2010; Wei et
al., 1997).

5. JiH +Z2| YEX|H®

WA 2] BEA3ES CF, 7HA(HSI), A4%
FAHGSD)= 27} methomyl A 2] 7t FAH 0=
05k 2oz} aHE| ] ekgrrk(p<0.05, Table 3). OECD
test guideline No. 230 (OECD, 2009)¢f whe} 435 21¥
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