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Abstract - The chloroacetanilide herbicide alachlor (2-chloro-2’,6’-diethyl-N-
(methoxymethyl)-acetanilide) and organochlorine insecticide endosulfan (6,7,8,9, 10,
10-hexachloro-1,5, 5a, 6,9, 9a-hexahydro-6,9-methano-2, 3, 4-benzodioxathiepin-3-
oxide)are the highly toxic agricultural chemicals. Bombina orientalis is one of the most
common amphibians in the world and comprises a large proportion of their total num-
ber. B. orientalis spawns in the farming regions at Spring when the massive applicat-
ion of agricultural chemicals occurs. These chemicals in farmland may threaten the
reproduction of this frog. Therefore, we examined the embryotoxic and survival effects
of alachlor and endosulfan at various concentrations in B. orientalis embryos. The sur-
vival rates of embryos at 312h post fertilization treated with alachlor and endosulfan
were decreased with concentration dependent manner. Also, developmental malforma-
tions appeared by alachlor and endosulfan in B. orientalis embryos. The malformations
showed in order of frequency with bent trunk, tail dysplasia, bent tail, thick-set body
and ventral blister in alachlor treated embryos. The exposure of endosulfan produced
7 types of severe external malformations with tail dysplasia, pectoral blister, bent tru-
nk, bent tail, cephalic dysplasia, ventral blister, and thick-set body. Following
exposure to alachlor and endosulfan the types of malformations were diverse, sugges-
ting these chemicals target multiple events in embryonic and larval development in
this species. These results suggested that alachlor and endosulfan were detrimental for
survival and development of B. orientalis embryos.
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W 5u) 4 Ao} B4 (Endocrine Disruptors: EDs)o]
ul=- EPAC] 93l S e] fAlof W] 24E &
o= AW Ad 3229 AL WE, o)F, AL A
TR ulde s AdEUe w3 )

Pel WEHE oA, 4 w2 AL} A7l )
T gre vl slad BUoleh AelEs v
A Ao EAlo] Y& WEH|AE n;sle] FHIFE,
AT, FA - A2H 2R THF T ANzl
AL, A 38, o), WAk, 84 A vl 5
Aol g fEela, 2 Az BAAA Y o|AtE e,
/H *ag.‘}_ /\]73_,,]- U:]Q;]zj]_,] o] BELAE 01-_,] Hl-/\g__. oul-z;}-
o= BHuEol FZE% 9ic}(Colborn et al. 1996;
Cadbury 1997). W] £4])4] A B2 Z2FHo) ug} oz
A71E 22Ee 5 B a3 el Mz vdagn ¢
A glel HEuA Aol &l EA-E QefAY An)z}
o o3 A FAHA o, vl At A =+
AEY AizAe) FEEo HEYH Y Aotk 18
B2 I NAZE Fojeks, 37 A Holl AHRste A
42 HYE Fok dA AARINER I F (World
Wildlife Fund; WWF)2] ZFl = 6752 23230 5
A= lom, dE FHYAME A S 3sHEA, 9
‘1}% AFHE 5 142%9 2L WAL EA

Rt s &4 Al ez 259 3sEa
T e 19 5ole] 29Tl 3107 549 18
2 AQYhAA A A x3E hAect s o
8] dof= FE7|¥e RyE w]$ wrl CarbamateA|
Az 2l mancozeb2: FFAANA AL FAE Al
3, 32E8) E2FRE 2dse 3L AN B
327} ¢Jo} (Bindali and Kaliwal 2002). AtZ=4] methoxy-
chlor-2- xenopus AAd] =& A] QA7) JEu]H
Ao} & o7, progesterones]] oJ3}e] FA} H5& o
ANAFE Aoz oA gler (Pickford and Morris
1999, 2003), A5 o)l glo]A] follicle?] atresiaE Z7}X]F]
= 7le g HIE|3 9Jr} (Borgeest ef al. 2002). AlEA] ol
mirext= AF wWiolel] xZA] 71¥E g deA
st} (El-Bayomy et al. 2002).
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dA5 ashs Aol LAY ek oled AL AL
AR1e] edske glovk, 2 WA ojgae] el
2t B 1% 31 9]t} (Stebbin and Cohen 1995; Burkhart
etal. 1998). 7§72 § IMFe IHEFE slEE R
w4 el eAe) F4vh ey, IpH s22e) 2hge
2 welsl) dgel A oleAs) JFE A
o] W= EBZol Fh}o|rt} (Stebbin and Cohen 1995).
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okr]F-22] el il Fe) (Bombina orientalis)E& X
D2 28] AefEA o] FAF wiole] HhAY ol AYEo
H)2 of kel wiste] dyEiodet RNl (B. orien-
talisye S-Euetol| Al A A Aol A A &) Al Foll o2
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MAIA] 9 A7) oy Bote] gH)e] of7] wjE
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2 chloroacetanilided] 33E2A] P} S g
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L ArEd o g wu] ¥ 51 gt} Alachlor& EHEEo] )
oA FA w29k (olfactory mucosal tumors) (Wetmore et
al. 1999; Genter et al. 2002a, b; Burman et al. 2003), 7}
A st (Wilson et al. 1996; Heydens et al. 2000)5-& <
o7+ 7oz dex g} Organochlorined] 2&HE3)
endosulfan (6,7, 8,9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-
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hexahydro-6, 9-methano-2, 3, 4-benzodioxathiepin-3-
oxide)> At #4, 31 5] AufA] AFA2A ol
A%t} (Kullman and Matsumura 1996). E-§-5Ef
gt 54| i 2 oo, 53] ofA{ F +AEE
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WAl B F, 587 A AHelFA £AAFE e
£ 01X MMR &9 o2 33] A3t & ujeF7|(MIR550,
Sanyo, Japan)ollA] 18°C &7 dlolA] 13Uz} wiekslsich

il

YAt

4. °H =2 o W@

Alge]]l  A}£-3  alachlor (CAS No. 15972-60-8)3
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MMR §-84-2- Z}7ke] kAl g F=HE A3 F, 7 33
g, AARE okt v AASEA B
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7 &, wjokst A3} alachlorg Fx=off ujel x2g Ag
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82 Y xFo| 81.3%F ¥ ew, alachlor 5uM, 10 uM,
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Table 1. Survival rates of B, orientalis embryos exposed to alachlor

Survived embryos (%)

Alachlor No. of Time after fertilization (h)
(UM) embryos 24 48 72 96 144 168 192 312
Lb Np Thb Mr Mo Te Te Oc
0 48 47 43 43 43 41 41 41 39
(97.9) (89.6) (89.6) (89.6) (85.4) (85.4) (85.4) (81.3)
5 45 43 41 38 36 36 36 36 32
(95.6) (91.1) (84.4) (80.0) {80.0) (80.0) (80.0) (710
10 37 35 31 30 29 28 28 27 21*
(94.6) (83.8) (81.1) (78.4) (75.7) (75.7) (73.0) (56.8)
20 48 42 36 34 17 15 15 15 g
(85.4) (75.0) (70.8) (35.4) (31.3) (31.3) (31.3) (18.8)
40 44 40 39 18 5 5 5 5 0*
(90.9) (88.6) (40.9) (11.4) (11.4) (11.4) (11.4) (0)

Survival rate of embryos at 312h post fertilization was showed significantly different among the experimental groups by chi square test (P< 0.0001).
*Significantly different when compared with control group by Fisher’s exact test (P < 0.05).
Lb: Late blastula, Np: Neural plate, Tb: Tail bud, Mr: Muscle response, Mo: Mouth open Te: Tail fin circulation, Oc: Operculum complete

Fig. 1. Various malformations in embryos and tadpoles of B. orientalis.
(A) Normal, (B) Bent trunk, (C) Bent tail, (D) Cephalic dysplasia, (E) Pectoral blister, (F) Ventral blister, (G) Tail
dysplasia, (H) Thick-set body. A-F: tadpole, G-H: embryo
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20 uM, 40uM A=)l A wjote] AEE2 77 71.0%,
56.8%, 18.8%, 0%% YeEb AT wete] JE&L
alachlor A2)so) wheh Fashe AFE ehiele
g, 53] AeleE 10uM ojellM s =7}t Folxlol o
2t AEEL folHor Al ow(P<0.05) A2
X 40 pMoAM = BE wjolr} &4t} (Table 1). Alachlor
%ﬂ"’/]%& wolell A= 71X £-8¢] ]3] A=
Alachlore)) 2)3) ekd 7)32) 32 2% % (bent tr-
unk), w2l A A o] (tail dysplasia), A8] 3 (bent tail),
A2 Ao} (thick-set body) 3 232~ (ventral blister)
S-o] 242} 43.2%, 34.1%, 11.4%, 9.1% 18]35 2.3%2] ¥l
= $=o =2 vepgr} (Table 2, Fig. 1).

2. Endosulfane] 23 F-g7+te} ujole] vty o)A}

el (B. orientalis) 43 %2 endosulfand]] =&
A1Z F, dlokst Al My xel oet AdY F7te) A&
£ B3] g2A4 el (P<0.0001 by chi square
test). 1347k wokst Fodsfe] wfole] AYELL dizx
Zo] 71.8%% RO, M) % 1uM, 5uM, 10uM, 50

Table 2. Frequency of malformed B. orientalis embryos
after alachlor treated for 312 hours

Malformation No. of malformed % of malformed
patterns embryos embryos

Bent trunk 19 43.2

Tail dysplasia 15 34.1

Bent tail 5 11.4

Thick-set body 4 9.1

Ventral blister 1 2.3
Sum 44 100.0

uMe) Ay wjjo}e] NEEL 7}7d 64.4%, 54.3%, 47.2%,
20.8%% vteliglc}. wlole] AJE8-2 endosulfan Xl
2ol wel sk S Jeldiglen, Xele = 50
pMelj Ao} &g ol H]sle] 345w A= 4
&= AAE BT (P<0.0001, Table 3). Endosulfan®
A3t wietol M 2 7HA] 39 713 o] FEFNEH,
e} A2 el (tail dysplasia), 714X (pectoral blister),
E2% 3] (bent trunk), 28] I (bent tail), FEH|3 A
(cephalic dysplasia), B-¥-4% (ventral blister) ¥ AJAFA}
of] (thick-set body) £¢} 7|3¢] 41.5%, 19.5%, 13.0%,
11. 7%, 5.2%, 5.2%, 3.9%2] vl= 4o 2 1}ely}c} (Table
4, Fig. 1).
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Table 3. Survival rates of B. orientalis embryos exposed to endosulfan

Survived embryos (%)

Time after fertilization (h)

Alachlor No. of

(uM) embryos 24 48 72 96 144 168 192 312

Lb Np Tb Mr Mo Te Te Oc

0 39 36 33 31 30 28 28 28 28
(92.3) (84.6) (79.4) (76.9) (71.8) (71.8) (71.8) (71.8)

1 45 40 37 32 30 30 29 29 29
(88.8) (82.2) (71.1) (66.6) (66.6) (64.4) (64.4) (64.4)

5 46 39 37 33 28 26 26 25 25
(84.7) (80.4) (71.7) (60.8) (56.5) (56.5) (54.3) (54.3)

10 55 46 45 36 31 28 26 26 26
(83.6) (81.8) (65.4) (56.4) (50.9) (47.2) (47.2) (47.2)
50 48 41 37 30 24 20 18 17 10*
(85.4) (77.0) (62.5) (50.0) (41.6) (37.5) (35.4) (20.8)

Survival rate of embryos at 312h post fertilization was showed significantly different among the experimental groups by chi square test (P< 0.0001).
*Significantly different when compared with control group by Fisher’s exact test (P<0.0001).
Lb: Late blastula, Np: Neural plate, Tb: Tail bud, Mr: Muscle response, Mo: Mouth open, Te: Tail fin circulation, Oc: Operculum complete
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Table 4. Frequency of malformed B. orientalis embryos
after endosulfan treated for 312 hours.

Malformation No. of malformed % of malformed
patterns embryos embryos
Tail dysplasia 32 41.5
Pectoral blister 15 19.5
Bent trunk 10 13.0
Bent tail 9 11.7
Cephalic dysplasia 4 5.2
Ventral blister 4 5.2
Thick-set body 3 3.9
Sum 77 100.0

40uM8) A A ol 25 A4} b e
RodFelo} (Table 1). =3 Ar3A] endosulfan?] AL
alachlorg} n} x| 2 AZE o] Helexd 249 A
= el g} (Table 2). 4 ATl 23} alachlor
(Osano et al. 2002), endosufan (Broomhall and Shine
2003; Gendron et al. 2003; Goulet and Hontela 2003),
benomyl (Yoon et al. 2003) ZLg]12 diuron (Schuytema
and Nebeker 1998) £-2] 3z<¢fo] 7)) 78] wjole] whaje] 4]
wetel fal] BHA 2H4-sim, o]E HEAL] Fxo 29
ERog AEEo] Zradte Al gEF e oAk
A nANEH o7 HFELEL FFol wet A
=2) Aol AT PR 27 wokel Bael sloiA
Solal AHeRde A AT + Ao 2 A7
& A3} alachlor 2=+ endosulfang ] 2|3}x] ¢S
z272 AEE] 47 81.3%% T1.8%F HAFc}
(Table 1, Table 3). 3524 X=|8}#A] & AFPZ of
A2l wete] AEEL A4t o2 A Adsivh ApAAde
ol Ae] wio} WAz} el AFPAAA L) e} e} A
TFollMe #FE g5t wioldl B2]H 7o 7l A=
7397F A2 4 Qo AAZ BRA FA o] wkd wiot
9] 7% Aol A veh e A7t woh 2ey o
A3 A 24 B2 F7 o] 9] ART) ofd &
= 3ok E g8 ez AHApt dA AA o] AR
2ol Y & e, ol =AY U
g8 Mdel Z2A A4 Al 23 Ads= 9l of
=3 87 2dE AT 5 e Ao, FMFo] =A
7t Helds g B3l Adel wobst 22 HlwnA Aol
Ede] FHFHLUAY, 75 B FFH FoF ¥l
o3 oju] Age AT AAME AR = GRS W)
of WA Agel A3 HE A= S Aol
Alachlor®} endosulfan-2- wjo}e] wtAlo] ¢lelr] A&
o) dapar opiet 7ge SEs Aoz e
£ o343} alachlor?} endosulfane] =23 uljo}eljA]
£ 2 7HA f3e 73] #AHAS. Alachlore] =%

g et M= B% 3, meyAdAdel, me] 3, ARl
9 ERSx 59§38 713 718 e] IAE T} (Table
2, Fig. 1). Endosulfand]] x=Z3% wjoldM = me3FAA
oA, 7HrE, 55 8 & 3, FRUEA, e ¥
QAN §339] 713 o] WFEHIH (Table 4, Fig. 1). 9]
28 A3+ alachlor®} endosulfano] F72]2]
of Wt FAA o gle] HaFst AT el i3l 7| &
L1l o= A zbgich Alachlor$) endosulfanel] 2]
gt wiole] 718l 3 ¥ ANz XpolH & e}
Welch. Alachlorel] 213t 713olE E5 8 #39 719
Wajo] 7Bt 2 ul=2 vepge) whHel] endosulfan]
Aol melg Aol 718 W] 71} 2 vl
viebstem, alachlor =2 Aldle #2HA] gokd 74
w3 Ad o] et o] 9] Aol 93P Roth (1991)%
FAA oA 71| AARA FIE v|H]7]
w) Zolgtm ¥ 13lgdr} =3k Alvarez & (1995)2 R.
perezi®] &3 olol| AZA| ZZ-AphoxE A E3lA S o F
AA S 713e] Jebds Bl welr alachlors}
endosulfano] &3 E58, nejd 5o FHA 71§ 0]
Hehts Zloz Bel o]& stEAEe] AAA N 7|3
PAEA R 24 Aoz AZET, 53] alachloro]
FAA 718 B ¢S wAE Zoz At m
2|3 Aol o] 7182 WA o} AA|FH 1, ko] v F
7t A st epd 7189 {3 olvk A<l wlo}
A HA FollA FE2 71 FA A A AnjEoh 2
ATl M= endosulfanel] x=&F wfolelA] me]edAdzto)
9] 718 2 W=z JePdtt welr] endosulfan-
g 7}A] 2 718 = f08kA R 53] G3k) wiy E4
9 7|6l oJake w)A me|PAANE fdshe A
o2 A7

KT A ZARESY F2 Wl AEEA] W&
A A EALY 3 9 AANEH 3z FAR FQ
g $A= zhed uebd B e 3t skFel A
HAzka W 713 FoE R A Y] EAY BT o}
el He] A8 A9 AR Azt Al Aol 2
g W2H] A Aol EA Y] FA o] o] Fox]& wl$- g8t
A7t AZ 4 Uk

¥ A7ES Syl A el AMgsls A &A alac-
hlors} A+%3A)] endosulfan2 77} 10 uM3} 50 uMe] *
ol Rdre] wjele] QEo] FoHoz FaFHE
HAck w31 o] & IEAES YA Ao £
S5 THE ool sk BhRrb 2 vl eke] LAY
EFA =6 &Koz 73E FUALE ek
ol & FoF2 SEluetollA o] ARESl= FeFoRA o
E T ARl AAT 529 Fof Abgo] o]FoiA
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of Hy AT £ AF AFAE oE o Akgel
UeAA e sxe] J|Eoz AMSE 4 glogE A
ZHglet, 5ok B3 2 EuA Aol Al Hgk s
A Frtol] 3t A F= Xenopus laevis 5] AY EE5=
g2t ATe 3 geldeel AAsA ge AT
oz  QFEo] itk T2} APFER A
339 2 (modeDFTES o] 43 7= $23 ov|E
AR 4 gent, 2 Ade] Mk 2R JBe wde
o] &3 H e A AT oS o Fa3 9y
E 7HElEr 4=y

£ d7e eV 2R AR FTE B
orientalis)E& o] 43le] AF3Het. ¥+ (B.
orientalis)E ©|-4-8 Wu]A) FefEA] A A7
SEdelE vRsl A AANME A7) o] FeiRA|R|
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