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Abstract This study is aimed to search the possibility of developmental toxicity test using the zebrafish from
the pesticide. We selected herbicides alachlor and butachlor, reported for fish toxicity, and insecticide fipronil
reported for the high fish toxicity and the honey bee risk among the pesticides with high usability for the
examples of the pesticides in this experiment. In this study, we showed those effects on the zebrafish embryo
development by exposing different kinds of pesticide with different concentration and exposed time periods. As a
result, the rates of hatching and abnormality of the zebrafish embryo after treatments of alachlor were increased in
24-48 hpf group, and the juvenile fishes in every group exposed to 40 pM or more of alachlor displayed sever
morphological changes such as bent tails, edema and activity failures. In case of the butachlor, the rates of
hatching and the abnormality in 24-48 hpf group were higher than the other groups exposed in different time
periods. The fatality before hatching was high in 40 uM or more of butachlor treatment, and entire zebrafish
embryos in 48 hpf group died before hatching. All the living juvenile fishes showed morphological changes as
like as the treatment of alachlor. The rate of hatching and the survival of the zebrafish embryo by the fipronil
were higher than other pesticides. However, morphological changes such as bent tails were observed from the
most of living juvenile fishes. Therefore, the effects of three different pesticides with different concentrations and
exposing time periods on the development of zebrafish embryos showed that all the pesticides effects were
proportional to the concentration, and exposing time periods may cause the morphological abnormality.
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2013) &3, Fipronil> §5743, A12M szl el =2 4
Z83E Zk= phenylpyrazoleZll 2] AFA| 2 y-amino butylic
acid (GABA) 58710 232 2837 GABAS#
ClAES apdsto] Begh SRS fridete] AFast
£ YEM M (Kim et al., 2009; Kang et al., 2002; Cole et
al., 1993; Tomlin, 2009; Moffa, 1993), oM 3EE0]
SEH] AL 2dthKorea Crop Protection Association,
2013). Lee et al. (2007 A 2 EYe] 75k 7Y
& Z3  alachlor HAEFUSTS B3I, Sanchez-
Camazano (2005)% Vryzas (2011) =3t alachlor & 155 &
kol thal] 2ol A48l EAES] fEES B 3
o} T3 WWF (World Wildlife Funds)®l4<  alachlorS
WHA Aol B2 ERIAL, FHdA e HEA
siE=2o7 HF3l7 9Itf(National Institute of Environ-
mental Research, 1999)

Butachlor= 5°F ARE-Fo] W 5-6¥90l| b 5 i
o] AZHE A0® B E T UthPark et al., 2009).

Fipronil®] 73-%- &=ol| tfgt F45d0] wi-¢- =3 47
7re] ZF=Ao] I B e YrkKim et al., 2009).
Mendoza-Eliase= zebrafish ¥jo}Z fipronilel]l =ZA| 7S o)
333 ug/LolA 718o] BT R8I tH(Mendoza-
Elias, 2006).

% 3 10~7F. hpf: hours post fertilization) &<F a7} &
=3, 10-24 hpfi78 & 10A17HEE 24417holl = A o]
FAEH, 2dpf (G F 24. dpf; day post fertilization)o]
= 73} 3 dpfll= UgE gl SAdEth(Kwon et al., 2006;
Kimme, 1995) o|x1¢ 7hA14A 2 713432y o] -9~ wl
27 Y= 5, wjolrt FE3k in vivo imaging®] 7Fsst
of WA A UojubE= cellular processe] W3} o]
golate] AW 9 FdRo] AR S AAAH A 4
A JEE 7 gl A 7 g g SN E
of AFEEZ JtkKim et al., 2005; Kwon et al., 2006;
Graham et al., 2007; Feitsma et al., 2008; Amatruda et
al., 2002; Stern and Zon, 2003).

Carla et al. 5 zebrafish®] wjo}ol| fipronil =A%
S o SIS A= FFS S8 A, 333 ug/ll
olFe] wrelld 71ge]l #AZHAT sk (Carla et al,
2006), Selderslaghs et al.> zebrafish®] Bjo}E A3l 7]
3 Y ujolEAel S g AIFHHS 23Eds] 9
3l AldEA retinolic acid, valproic acid, caffeine 2
lithium chlorideS zebrafish®] uljo}oll 24 hpf, 48 hpf,
72 hpf 28] 3L 144 hpfol] ZH7} =2 A1A LCs B A5l vl
A= GFATE Y519 thH(Selderslaghs et al., 2009). =
3, Hong et al-2 Somite staged] =ZH 2=}t
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zebrafishol] V]X= FEFATNX somite staged] =ZF
zebrafish®] #o}7} somite stage ©]%10l] =ZF wljololl A X
o} W2 Fekga B2 odeS UEhdthaL siSith(Hong
et al., 2009).

Zebrafish WiolE ARG TEEA AIFAT7F SR
AYHIL lout, Silizebrafish vioFS ARS-3H WAl
&k A= TS5 Aol

uba 2 Aelxe ARl B FoF T ARA
alachlor 2 butachlors} 24| fipronile AldEd = A4
SF93L, zebrafishe] vjofe] WITAE Ee|sle] =EAZ
o zebrafish WAl PIX= BT 2 WASHAA] 7Fs

e BAE 2ot

HE ¥
2

=42 alachlor (99.2%. 45316, Sigma-Aldrich Co.
LLC., USA), butachlor (97.0%. 37887, Sigma-Aldrich Co.
LLC., USA), fipronil (97.9%. 46451, Sigma-Aldrich Co.
LLC., USA)S AME3}312™, acetone®Z 200mM stock
solution ZA] & 60 pg/ml sea salt (S9883, Sigma-Aldrich
Co. LLC., USA) (Westerfield, 1995y AM&-31ed 0, 20, 40,
80, 160 & 320 uME Z}2} A4 5 Aol ALk}

Al

> oo
1]

rici)

AT 24075 71718 ARS8 &
AFE8I9 L, pH meter (Orion Star A216., Thermo Electron
Coporation., USA)2} DO meter(Orion 4-Star pH/DO meter.,
Thermo Electron Coporation., USA)Z pH ¥ £E4AHS

=389t

ANEYE

AP ES FHsHI g sleEAe T of
FARGA A ARGE|01X] 7-897 9] zebrafish (Danio rerio)
£ A&

U3} Holg wEYsl] g WS AXE x| $HH
T A8 1:29] BIER YL 1824717t T zebrafish &
S AFSAT A T 20.5 + 1°CA v 2L XA
F 60 ug/ml sea salt (Westerfield, 1995)% 73] A& 3}o]
olEd F& AlA F APl ARE-sISIT

g

2T AETLORE o] AFslon, AldwS Al
HEHY = 2 =E3A7|E alste] AFsHth(Hong et
al,, 2009; Chapin et al., 2008). ‘=2A]7]& 3HAIR +4 F-
24A17H(24 hpf ; houres postfertilization), 74 3 24-48*]7F



(24 -48 hpf), 7-F-48417H(48 hp)ell ZHz} zebrafish HloH&
];q: 016]:_ z_xq 5}01—7 71 _‘J:g_lkg] -

/\] 7:] H]—Ag oﬂ

%% = 0, 20, 40, 80, 160, 320 uMSIT}. &
T 157149 wjolE =EAI A

4 I XAE BE

Z 24-168MN7WHA] 24747F 714 .
24893, 120~174 morphologyS &173 (TE2000-
, Nikon Co., Japan)©.& Rl oI A& st
gt Zebraﬁsh 2012 Fasle] =43}
P& e = AT,

¥ o & mlo

o] A}t
2L

&
), Aol
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1207744 B2 AZ LCset 95% A1Z|3HAl= Probit
method (Minitab verl4, USA) SAZZ 18-S
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Table 1. Condition of embryo medium
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pH-values

Dissolved oxygen (mg/L)

Embryo medium

6.78

9.8
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Zebrafish embryo medium®] pHZE 2 S-Sk
3, pHZFS 6.7833L, 824 HS 9.8 mg/LE 24
(Table 1),

Embryo medium®] 2% pH%te] H$E Engeszer et al.
(2007)& 5.9-8.1, Brand et al (2002)& 6.8-7.52 H.33}5]
I, Matthews (2002)2 £EMAFo] 6.0mgL ©]do|H
embryo medium®] 27 9le} AT whebA] 2 Al oA
zebrafish B zebrafish B0} WA ARE-E £472] pHEL 2
@] Wyt AR Welels sho) 8 2= 9Jou).

2
A

S
)

XAE & LGy

359 AYEZS zebrafish TN =EA]A 24470}
o AARS A, 120079 AR LGy e
A+Z&3} tH(Chapin et al., 2008)

I A3, AAEL FEEH0|AT} LCs, 32 alachlor
24 hpfi= 128.46 uM (0.0347 ug/L), 24-48 hpfe] 7% 95.36
M (0.0257 pg/L), 48 hpf= 43.60 uM (0.0117 ug/L)ATH.
Tomline- alachlor?] ©1F7+] FA5442 96A17F LCs, 741

Table 2. Result of Mortality and LCs, for exposure to by pesticides exposure

Mortality (%) LCs
hpf? uM
Alachlor  Butachlor  Fipronil Alachlor Butachlor Fipronil
Contol 0.00 0.00 0.00
veY 0.00 0.00 0.00 128.46 uM 39.20 pM 307.69 uM
20 20.00 26.67 0.00 (96.50-177.44 uM) (28.25-51.86 uM)  (245.86-438.56 uM)
24 40 26.67 66.67 0.00
80 40.00 86.67 6.67 g / o
0.0347 pg/L 0.0122 pg/L 0.1342 pg/L
160 46.67 100.00 26.67 (0.0261-0.0479 pug/L)  (0.0088-0.0162 pg/L)  (0.1073-0.1913 pg/L)
320 100.00 100.00 46.67
Contol 0.00 0.00 0.00
vC 0.00 0.00 0.00 65.65 uM 33.34 uM 118.19 uM
20 20.00 20.00 6.67 (43.90-94.58 pM) (24.41-42.42 uM) (84.57-175.15 pM)
24-48 40 26.67 53.33 20.00
80 5333 100.00 20.00 257 gL o 00648 ug/
0.0257 0.0115 pg/L 0648 pg/L
160 7333 100.00 4667 0191200354 pg/L)  (0.0091-0.0152 pg/l)  (0.0513-0.0863 pg/L)
320 100.00 100.00  100.00
Contol 0.00 0.00 0.00
vC 0.00 0.00 0.00 39.75 uM 73.69 uM
20 13.33 100.00 20.00 (31.23-50.19 uM) (44.07-119.25 uM)
48 40 3333 100.00 20.00
80 100.00 100.00 66.67
0.0117 pg/L 0.0558 pg/L
160 100.00 100.00 73.33 (0.0095-0.0153 pg/L) (0.0376-0.0793 pug/L)
320 100.00 100.00 80.00

a) houres postfertilization, b) Vehicle Control (Vechicle; 0.16% acetone), ¢) not applicable, not observed because of 100% mortality
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rainbow trout 5.3 mg/L, bluegill sunfish 5.8 mg/L, channel
catfish 2.1 mg/L, seepshead minnow 3.9 mg/LZ} 3}Th
(Tomlin, 2009).

Han (2004)2 73772 Hjo}E 5, 10, 20, 40 uMelA]
vkl Ay} wjolREE0] 71.0%, 56.8%, 18.8%, 0%%=
40uMe] FEOAE 100% AAIRAAL, F=7F STt
et EEo| Fhasigitkal Bilsteitt

Butachlor 24 hpfi= 39.20 uM (0.0122 pg/L), 24-48 hpfi=
36.85 uM (0.0115 pg/L)°]112™, Butachlor 48 hpf & =
E sEollA XAl LCy& AT 4= 91ith Tomlin
o]FEA 96A]7F LCs %k©] butachlor rainbow trout 0.52
mg/L, bluegill sunfish 0.44 mg/L, channel catfish 0.1-0.42
mg/L, crap 0.574 mg/L, fathead minnow 0.31 mg/L2} 3}
TH(Tomlin, 2009).

Fipronil®] 73-%- alachlor®} butachlordl] BI&} X]A}&o] B
L, LCsy 24 hpf 307.69 uM (0.1342 pg/L), 24-48 hpte
148.00 uM (0.0648 pg/L), 48 hpfi= 127.64 uM (0.0558 pg/
L)2 UEeRTHTable 2). Fipronik& o174 9647+ LCs,
ZX°] rainbow trout 248 mg/L, bluegill sunfish 85 mg/L,
european carp 430 ug/L2} ¥ 1250131t Tomlin, 2009).
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wEb B A7A39) Tomlin7} 23 2H A1 g &40
& LCsp A zkel7F Qlon, o= AgA = e zfo
2 AlsHr}

Tk, 7 Al B89 AAREF} LCs k0] zebrafish wiolo]
?X* FHE AEF ol (48 hphy7HAl 21 AlZE A&
=Z2EUE W LGy ol 7P Wk, Ad A 0) 5(24-48
hpf)ﬂ A4 g /g 014 (24 hph)E Tk LCs, whol =3kTh. whhA,
wE3A|IZR] ASFE, A-F ool vs| A-PAol - Al

MEREE PREEERER)

ﬂl

u}
|

ri

fstg 9 73 £ YES

Alachlor®} fipronile] §-8h& 9 H3} & AYE&S A
Az}, 24 hpfAAZ o172 APEZ =Fo] Fajo u
© o] 7P Ao, RE @M 73t F AEE
o] =7 Ut

Butachlor®] 73-%- 40 uM ©]¢ FEoA F3}d 2A}&0]
EUAL, FoF XARe B3 O A=A vs) =4
ER O™, 48 hpfit zebrafish vjol= H-3F A 2% X|A1s
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Table 3. Result of hatching and survival for exposure by pesticides exposure

Alachlor Butachlor Fipronil
hpf? wM Rate Post Rate Post Rate Post
of hatch (%) su}rlsf(\:fzirz%% ) of hatch (%) Su};:ﬁzirza ) of hatch (%) su};xf/};irz%% )
Control 100.00 100.00 100.00 100.00 100.00 100.00
v 100.00 100.00 100.00 100.00 100.00 100.00
20 86.67 92.31 73.33 100.00 100.00 100.00
24 40 86.67 84.62 46.67 7143 100.00 100.00
80 80.00 75.00 40.00 33.33 93.33 100.00
160 66.67 80.00 0.00 NA 86.67 84.62
320 0.00 NA® 0.00 NA 73.33 72.73
Control 100.00 100.00 100.00 100.00 100.00 100.00
vC 100.00 100.00 100.00 100.00 100.00 100.00
20 80.00 100.00 86.67 9231 93.33 100.00
24-48 40 86.67 92.31 93.33 50.00 80.00 100.00
80 80.00 75.00 93.33 0.00 86.67 92.31
160 86.67 46.15 86.67 0.00 73.33 72.73
320 86.67 0.00 80.00 0.00 73.33 0.00
Control 100.00 100.00 100.00 100.00 100.00 100.00
\Y© 100.00 100.00 100.00 100.00 100.00 100.00
20 86.67 100.00 0.00 NA 80.00 100.00
48 40 73.33 90.91 0.00 NA 86.67 92.31
80 0.00 NA 0.00 NA 40.00 83.33
160 0.00 NA 0.00 NA 46.67 57.14
320 0.00 NA 0.00 NA 40.00 50.00

a) houres postfertilization, b) Vehicle Control (Vechicle; 0.16% acetone), ¢) not applicable, not observed because of 100% mortality
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Table 4. Result of total abnormal rate for exposure by

pesticides exposure

ST - HOf3 -

H |:I.OIE.OOA-|.§_/'\_)\-I.OIOH:I|
=] oS TVl S

Hof Total Abnormal rate (%)

P uM Alachlor  Butachlor  Fipronil

Contol 0.0 0.0 0.0

veY 0.0 0.0 0.0

20 0.0 100.0 933

24 40 18.2 100.0 86.7

80 55.6 100.0 92.9

160 100.0 NA 100.0

320 NA9 NA 100.0

Contol 0.0 0.0 0.0

vC 0.0 0.0 0.0

20 0.0 100.0 100.0

24-48 40 273 100.0 100.0

80 100.0 NA 100.0

160 0.0 NA 100.0

320 NA NA NA

Contol 0.0 0.0 0.0

vC 0.0 0.0 0.0

20 154 NA 100.0

48 40 90.0 NA 100.0

80 NA NA 100.0

160 NA NA 100.0

320 NA NA 100.0

a) houres postfertilization, b) Vehicle Control (Vechicle; 0.16%
acetone), c¢) not applicable, not observed because of 100%

mortality

|AI'°

A'EEZ 3% alachlor, butachlor % fipronilS zebrafish
Hjofel] :=ZA|A ATl vehhs 713 P e E Hast
Z 3= Table 49} Fig. 1-49} 74T},

Alachlor 40 pM ©) FEo] =58 2E 2] X|ojoA
A3 S, FFol HEENeH &5 Adte] Fgol
HEE AT

Lee et al. (2012)2 <ALl alachlorE =FA17# ©@7|H

7t

24hpf

alachlor 80 pM

alachlor 80uM

47% AL, FRRES 47.8% FAsien, 718E
T3k FEoEA Aol AFEUT BIEA I (Lee et
al., 2012), Lee et al. (2004)& 100 ug/LE =217 $AH]
Z7] BEAAENA A7 B 548 7F UERETHSE (Lee
et al. 2004), & Aol Aas} FARRE AFS HERT
Han et al. (2004)2 alachlorZ 5, 10, 20, 40 uMe] =2 k&
A2 F7RTEelN w5 B, @Al 2] |, A
of B ERFE 5o 71%o] 432%, 34.1%, 114%, 9.1%,
23%°] WI== el B 78I tH(Han et al, 2004)
Butachlorel] =28 Alg o)A, 2F 3} Algh F50] 3
29t} Liu et al. (2011) butachlor 4.8 mg/L &= ]/‘1 <
ZJo] DNA £4o] UAUS-S HIENIL, Dwivedi et al.
(2012)2 butachlor 25 uM *|2]A] DNAL % necrosiss
fretiar HJ_o}Oi ™, o] butachlor’} A=A
DNAEY 55 9o71H, o|&Rlal 7] o] e hal Als
Rl Park et al. (2009) butaclor®] Sl ek
A3/d%7F A3} butachlor A2 Yo T 1.0 mg/L F=0|
Aot $AkE] F 035, 042, 0.51 mg/L F=olA FEHAH,
Fxutg = a9 KA ATk g B
gk, =0 X9 TER (Toxicity exposure ratiosyxF&23} o5
2 Z2R/7F si7Es Aol ATl BAsigion, nlHte ket
A719} butachlore] AFEA]7)7} H]S8tnZ A2k} X]o
of o3k g2 FeEtkL Bisiirt.
Fipronil o|’d-& %3k Fof A& 29 X|ojoxf 2L

23 ZAbo] A9}, Stehr et al. (2006)S fipronilS- ©]

Control VC

Fig. 1. The development effects on juvenile fishes of zebrafish
embryo exposured to egg water (control) and 0.16% acetone
(Vehicle Control).

48hpf

alachlor 160 uM

alachlor 160 uM

Fig. 2. The development effects on juvenile fishes of zebrafish embryo exposured to alachlor.

aIachIor 160pM



=9k alacholr, butachlor 2! fipronil0| XME2tm|4 H{Of

24hpf

24-48hpf

butachlor 20 uM

butachlor 40 uM \

Fig. 3. The development effects on juvenile fishes of embryo
exposured to butachlor.

fipronil 20 uM

fipronil 40 uM

fipronil 80 uM

fipronil 160 uM

fipronil 320 uM

Fig. 4. The development effects on juvenile fishes of embryo
exposured to fipronil.

(¢3

Han et al. (2004) 2228] 9, 583 59 T4 ol 71
FIAED] AWAEA] FFL WH] wZelal sl
(Han et al., 2004), Roth B8t ZAA o) 71HFAEZ 0]
A73A GRS vX|7] witol2tal B s ith(Roth, 1991).

wEba B A toa] AREE AJEEZ alachlor, butachlor
2 fipronits zebrafish Wjo} HATA ] we} =FA1AH &
A, Bef, A3, 75 59 71Fe] vEbom,
ol A@=Zo| zebrafish A7 Ao FaFS v 24 2
et AlsET) BEgh 3 o HEAQ ket A4S S,
7171 R AT7F o] o Aok & Aolet Alg T

aAtel 2
& A7 20139 SRS A EHAS v

IR LARG N 2]8] o]FoiR Flo|H @AM E: PJ008582),
olol] A=t}
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