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Abstract

We investigated the toxic effects of carbaryl on early embryo development in the African clawed frog,
Xenopus laevis. To test the toxic effects, frog embryo teratogenesis assays using Xenopus were performed.
Embryos were exposed to various concentrations of carbaryl (5~320 uM). LCioo for carbaryl was 320 M,
and the LCso determined by probit analysis was the concentration of 235.68 tM. Exposure to 160 uM of
carbaryl resulted in 10 different types of severe external malformations. Histological examination revealed dys-
plasia of the eyes, heart, guts, somatic muscle, dorsal, liver, blood vessel and swelling of the pronephric ducts.
Malformation of neural tissue and brain was not severe even in the high dose of carbaryl. Benzidine blood
stain showed distinct inhibition of inducing erythrocytes in embryos and animal cap explants. Electron micro-
graphs of embryo revealed retinal detachment, loose photoreceptor lamella and the degeneration of sarcomeres

in the carbaryl-treated group. The mitochondrial degeneration was also observed in the test group.
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Xenopus laeviste ]3| A 4=¢J(Nasco Co., USA)
st 2242C 9 F2AA ALS, f4 A 313 ]
4 BRoE 458 gd5AAE AHgEen, A
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60; and MgS0s, 70)0.2 103] A 3t & =& Zu|
7] vi(st. T Aol o] &Yt £ AP AH8H
H) o] @A = Nieuwkoopd} FaberS'? whsict.

FETAX(Frog Embryo Teratogenesis Assay-Xenopus)
g 87) 95l TN stage 99 BNE F2H9)
2 257) =8t 10 ml FETAX wjgefo] Eol9le
27 60 mm A HET)A)o wjF3H e, of
£ JgzFoE ek dEae 48%E F
HFEQ 0.08%(v/V)e] ofMES &) ETo
2 39t Lowe 271 98 4989 FEE 2
#j 42 5, 10, 20, 40, 80, 160, 320 MO 2 AL,



AFA Fhutdo] otz bR EATE e LA WA=

LCsod 27] 9§ 4P 8Y9 ¥=+ ASTME #34
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LCsoS ZAA3}7] Y3t SPSS Software(version
7008 AH8-8te] Probit £4& A3t FvlE S
el g AT ARl dzTd vsto {ov)st
A A RAe=A] B713E7) 18] SPSS 5 student's
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Fiule ¥ 2 Xenopus laevis T 713 u] 719 u)
(st9E 1507 AL&3te] 96417 =& WY 2
Y27 ol E e FolA st460. 2 WS v &
2 100%¥ ek AP Ms 5 (edema)S T
107}x1 ¢} 78 o] #AE Y or o]Z L Fhutd
9] T=7} F7F 45 7P oHFig. 1). FETAX

Fig. 1. Tadpoles of Xenopus laevis exposed to carbaryl at
the blastula stage. Control tadpole (bottom) and
test tadpoles (others).

{A): Control embryo of X laevis, (B): acetone con-
trol embryos, {C-E): carbaryl-treated embryos(20,
40, 80 zM). bar:l mm.

o] f-& -

wjokelol wjkd Ty SultlE T, 5 10, 20 M
o) Flutdo] =¥ wlo] AEELE 100%H 2 1}
By 40, 80, 160 pM 554 =28 Wl AES
& Z+Z} 98.67%, 96.67%, 92.00%0]™, 320 yMel A
B RE w7} AR T ek Xenopus laevis )
o gigt Futdel LCio 320 pMo 2 vhEbyth
(Fig. 2).

96h LCs0& A3 989 % 3 50 A2
LC 15~93% Alole] ¥XE<] 200~260 ;ML 10 M 3T
Aoz BEsiA e wELAAS & 27 200,
210, 220, 230, 240, 250, 260 ;M F}utdo] =€
wlo] AMESLE 712} 85.33% 78.67%, 67.33%, 6533%,
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AEg d&dtt o]& A7) #3t] Probit F4
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Fig. 2. The percentage of survivals and malformations in
Xenopus laevis. Blastula embryos were exposed to
carbaryl for 96 h at 24+0.5C.
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Fig. 3. Various external malformations were observed in
tadpoles exposed to 5~160 pM of carbaryl.
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g o4& Jeld R-& &4 (notochord), FHFF
(cephalic edema), &<~ (abdominal edema), 438
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2 3ojA Yehgch AL 80 pMolA 1R e
o] HIE&E& Byon HYg ule 82.76%A T
FHFS AT 52 EX9 TR JFFHe
2 veEgton 160 M A-AMA Q] 7536%N A F
Fagol veinth ER4FL L5 darde
T3t e A dele Aoz 715 2 AN
o 40 pM FHebE A EAA] F 47.97% A 5%
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< F3s1 F FAsn AAT AP vy F2
B =&dn], $EPRE BPD A EAXNE
Fel ddo] #8153 ¥sitt Astd Iy AL
1Exé Fhtd A Al 7P Az dgolde
2 Jelgon 160 ;M A Al BE AFAA 7} o)
23 o JeEAT dF A4 & FER
A=), & 4, F& 1y, Lol PR
A, FX} FFL 40 M o3 FEE A )
AX BAF F7HE A I3 A0 188 7
g o, FhualEe] =& 5% 40 pMoIMRE 33
A 28] HHHALT FEL vl AP
ARE ng] 2a7A] E¥3e AL 23 g 5 9
Ak £ T2Vt FUHEFE AR U g7y 7
&7F #FEHA LY ATt 160 M Tk M el
o] A ME 7t A9 #FEZA &t} o]
9] <12 benzidine blood staine] A th&9t)

AP B A mmEESDE 2T vl 3}
Aok R TN AL 882:0480]9en, S
2T 5 M 7t HeE e g gL 4
8.7120.57(1:1.86)3} 8.75:0.44(t:1.37)2 thZ o) )
st ozt Aoy, Foud Hile RoAF
2] ekstoy. 13U 10, 20, 40, 80, 160 uM Fhule o]
HAHE & Z+7 8.23+0.67(1:8.83*%* P<0.001),
7.23x1.01 (t: 16.70%**, P<0.001), 6.74+1.06(t:21.87***,
P<0.001), 6.22+£1.00 (t: 28.38*** P<0.001), 5.76+
0.86(1:37.01***, P<0.001)E2 VEN} w272 uf$
frou g 2ol & Ve ATHFig. 4).

FETAX Y& o] &3} Xenopus laevis®} 7] H)
2 498 27 LCoo 320 zMo) I LCso2 245

Body Length (mm)
123

Control Acetone 5 10 20 40 a0 160
Concentration{ #M)

Fig. 4. Body length of control and carbaryl-treated em-
bryos (p<0.01 and error bars show 95.0%).
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o}  Fx Alold HEE] FH3] AIHe F=
7t A& AL E A FEr) LCxo9 o873 X<
probit £4 A3 23568 MEXAN A APAze)
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SAE Fe2 Fute] EeHa, d= 2o}
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T, g4, dgvty ek g2y}, FAALE F
F9 ¥R L Qo712 sa}3E (paraquaty
Xenopus laevisol] =2 A A7E5 AEHE 55
YERItHs Bas} fA1E Aol

EQEA dd 54871 7 ARHA VE
2 H3A-NE E 4 Uk 7t XA A8AA
o] AFo] AGsA FolENLH A=Y= FF
A dEbgth o2 AFAME o) & AL 4RZA
3 54 vdehdle 437 ddled =2 E o
£ A] 9| o] E(nonylphenol ethoxylate)oll Xenopus laevis
W& =2AZS q ol7E SHAFH e AL
2 Rudz Qo). 2 M (notochord)S 80 M X &
T 82.76% A FH2 o] et Aol HE) 160
IM A ZAME 69.57%7 UJElG AL 1F5E A
oA AGgaA7t AZAsHA oA FEHF
o] 2318 AA et Aoz Bl Al HA
L HEqA AU A4S A1 Qs AEe =22
8tA ggtom, I8 o] ARE o] FoXA &
Sttt o] A& FupEol 3| ofAY F ol 2 H| 2to}
A At HA AgzA o BT dE A
3 Zo FAY 28] BAAY AEY FHajrt Ao
gohe Rueh FABI. 3389 wlele 438
o] B2y vEo] ddo] AA A ZA3HA FH
A, slupdo] A WY L3R wg RAL
259 ek A A 7P A dgelde
2 Jehgon 433 AME BgEHoR Yia
Yol olF EZAte A& FAY 5 YYrh

ColEF - o fgh - HAUS - fFY

Flul 3} E ) Z & 2 Ptrichlorphan)ol] =23 A3
FHo A7 AE= FNEVY D] dAETE
Bt QAP B Aol A Xenopus laevis®] Hl)
o tisld e Futdoe] AFEME AFZA Y 4
743k Bl AE 2SR E BTt

FETAX assay A3 & vl v & w33t B33
Ag o, A4 W Fh e avt BEEHAeH, 4
ggo] =2 AE AL A 5 YAt A TH
FHNAE A HFEFAE Hol3 e
7} A2l Bolx] e&d=dl o= 718t H-& Danio rerio
o] Az] A olAdE Aol 28 }olA] A7} Lot
A5 FuF Alo]o] HALgho] gt
19 #AAZL Qe Ao2 A B AFdN
€ 7hekE o] Xenopus laevisol tj 3t thEs =g LAY
A g FHtelrle ShRAY BAEHA R
A U gk A=A E A4HA gor
L3818 73 A} AsEHE SHanz 4z
9 4 Atk

32, =3ty AP

FETAX A3<& v} wlo] 2435 3435 &
7 160 M L2 Heg weA &, A%, &3,
89, 24, 74, A4 D(pronephric duct) 52| thakgh
Z353 7|¥ o] #AHYHFig. 5).

Aol & A=, FAY, BFo] & Ug
sten <hle mele FWel X EAThFig.
5-A). §4 Fhutdo] Muld 3ol 9 HAe
TR FHLE s Fo ATVTF FAEJL
o, A= F Fo YXgte HAAEFH F58A
o FEZ W] £HIL I= FEYort #
ZHAG. A7t A FAE AIAREY o|F
o] WA AT(Fig. 5-B). Aol A g2 14
2442 AHow EFsigen HE7IE 4A
F o) £ E3AATHFig. 5-C), 7t A= A 4
e gk ATE VMR A2 ESEAE Boju Q)
Rem, AgdAA 77t A HojA FtrhFig.
5-D). Ao 28 @2 A%, 3 F Fog 5F
¢ 722 Z B3 e v(Fig. 5-E), 7hukd A
Al &astde dedtEa Ao HAen £33t o]
FolA A &kt 2Eln B Yol 283G &
Z = AHFig. 5-F). Aol A HA F%eo] Jde
Z98A Mz 2Fsta FHHo2 wEH gle

2
A
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Fig. 5. Comparative histology showing malformations in Xenopus laevis tadpoles exposed to 160 @M of carbaryl for
96 h. : (A-B) tadpoles sectioned at the level of the eye, (A) control, (B) carbaryl-exposed; (C-D) tadpoles sec-
tioned at the level of the heart and hemorrhage, (C) control, (D) carbaryl-exposed; (E-F) tadpoles sectioned
at the level of the gut, (E) control, (F) carbaryl-exposed; (G-H) tadpoles sectioned at the level of the somites,
(G) control, (H) carbaryl-exposed; (I-J) tadpoles sectioned at the level of the liver, (I) control, (J) carbaryl-ex-
posed; (K-L) tadpoles sectioned at the level of the pronephros, (K) control, (L) carbaryl-exposed; (b, brain;
g, gut; h, heart; 1, lens; li, liver; nc, notochord; oc, oral cavity; p, pigment epithelium; pn, pronephros; r, retina;
s, somatic muscles; si, swollen integument; vc, viterous chamber; bar(A-J)=100 rm, bar(K-L)=50 im.

U(Fig. 5-G), A4¥w9 A& FRHFeH 18
A JE AL 2R ggton, TKF Aol A
Ao 2 o] R A Gyt el FHAEe] 3
o7} A QTHFig. S-H). 4] ThA E (hepatic
cel)E2 E& o]F] A= dFsln vF7te] AY
AR (Fig. 5-1), AT T2 G Fo AR}
of 7@ Aolol o] 74 @gtom AEE
£% olFo] LA ¥ P2 It E
A et HFig. 5-1). Auje] ANAE B HAF
of WPAHA EAQ ¥V BEAHYUOH, AHL
gkm B3 1 BEE o] F1 AU THFig. 5-K).
ey FhbE A e Al A4#E FAEse AEE
AdEgem AX i giEol 718 ZAE
1 g chFig. 5-L).

it 487 2AEA S 100A8 FEgdn
slof| A dizatd) vimste] F4 o}z A vl &S
7iald e FEEE 7125 47 20:M 7k A
g A AAE FFo ooz &3t o) FH
Aol Rl o] FAMNA Y 10%, 20%2 2+ Z

JeldTh 40M el A dolMe 24 gle &
8, 2319 FAHRF, 25 gARA, Hyo 75
A, 7AA BHAE o]do] FAMA L 30%, 10%,
50%, 100%, 10%=2 2 z+ vFebdoh 80xM 7hubg
Hwe F aadel, 57 9 &9, &3H, 2
| FARZ, F4 R, 70, FHA EY o)
o] Z+z} 40%, 60%, 20%, 60%, 100%, 20%, 10%, 20%
2 YeEgth 160aMAME 3, 4%, &8, £33,
5, HA, 2, AR, 77 Aol gl B3 HA
MANA e, Aszdr Lerd d¢5
ZA5F ol Axrt uls A3 Ao el
ok FhetE S AT FlA Yetues 2383 o
4 F NAZA g FIFL vl o3t 2

Hoell A ABZzZ 9] o]}-& &A% 4 Ut o=
g wekRddAe A AR ESA T} e
s A7 o 45A w23 O gAAHE
9] Aol Xenopusdl A A7 A £3E A
e A7EH e B d7Ass vingde o A
AAC A= 9% Are gdEgE AL ¢ F
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3.3. 2t HRAEZI0IAM HPESH X sl

Fhutde] oJg 7 BIAHEL S A3 9
3w} FES EulY 23 0 E7Y HAF N
315 benzidine A G2 o] &3] AFAT.

AT GAASNE in vivool A BQ1817] 351
FETAX A& & v}z S v}3 3} benzidine ¥H-2-&
A7 A dzTe F a3 A3AA 877t
FHog FMo] @ AL &Y 4 U 80 M
Fhatdol] xjgjd AgTdAe AdAe o]
FEHAT AAddAe Qo] #FEHA e R
2 Bol AR Edo] Zasfus AL & F
AR 160 M 7HatE AMeld AP A E benzi-
dine ¥H-g e 2 Bo} 44 o] #HHA &
ted, sz FAdo] AR o]FolXA F2
AL & AJ

in vitrod| A Fiuld ]l 23 AE o] YAAHE
H317] g3lA vliEE AXAE e T=F
¥ ujg(animal cap assay)S ©| &3t 4d
L PR3 AXAZRE YTAHEE UA FE3L
it o) FHrlel o3 YT REE AFHHLE A
5 AeVHE st wyos A9 4
Po] P FL& NWRT, 160 M 71t G54 g
2, 30 ng/ml mSCF &= A 2], 0.5 ng/ml activin A
d=xgl &, 30 ng/ml mSCF$} 0.5 ng/ml activin A
Egdxge, 28n dPEAAN A& A% B
A2l o2 A 30 ng/ml mSCF9} 0.5 ng/ml activin
A} 160 ;M FHutE el 67) To 2 3| 1 A
H2T $E3 Fede 23 vAFEAzAT £
83l o0 benzidine?] ¥HgS WEMA &gkt
(Fig. 6-A). 160 zM 7h}2 3} 30 ng/ml mSCF ©=4
A FAME v PP R F oo OE 2ZF2 F
83A) 9gtom, benzidineo] ¥H-g-2 LERHA] 93k
tHFig. 6-B,C). 2 E Fuld FE=UAS] activin A
£ 05 ngmle] T2 g2 wFde FAS
g $EF E2He gy "o g7 A @
A5 A 2skthFig. 6-D). 39, 30 ng/ml mSCF -}
3} 0.5 ng/ml activin AS £33 S A vt T
B 2gHe Y=o benzidineo] 7atA v
235 Eejdo] AF cased| 30%°A ielwtth
(Fig. 6-E). 30 ng/ml mSCF$} 0.5 ng/ml activin A%}

Fig. 6. Animal cap explants stained with benzidine to
show inducing or inhibiting circulating erythrocytes.
Benzidine treated animal cap explants of Xenopus
laevis. Control and 160 M of 30 ng/ml mSCF
treated animal cap explants showed only atypical
epithelium without benzidine reaction(A-C). 0.5
ng/ml activin A treated explants swelled but did
not show benzidine reaction(D). 30% of explant
incubated in the mixture of 30 ng/ml mSCF and
0.5ng/ml activin A showed distinct benzidine re-
action in their inner space(E). The addition of 160
1M carbaryl to the mixture of 30 ng/ml mSCF
and 0.5 ng/ml activin A showed distinct inhibition
of inducing erythrocytes in explants(F).

160 ;M 7lutd e} BgdHe] g FEF e =
Z AstAY, A Y B 220 Faletgon ¥
T BAaHA 200 F & Y FEF EeHAA
v} benzidine ¥Hg-o] ¢}3}A VlelGthFig. 6-F). o] A
© 2 mSCF¢} activin Adl] QA 37 A4gF
FET ¥y 30%0A FREHAT Fhutdo] A
HE RS e 8P Eadr 348 22do 7
o] YA L Ao AL ¢ 5 AU

Benzidine 7458 vl 555 £HE 24
APt Fpuldel g E7Esle] AAHAE &
st 21 A, WEF TEFT LYWL HRY
3z Fuk 2313190 n(Fig. 7-A), 160 1M Fhuld
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9E XEd FEF 2yUe v3E 2dx4 9
o & 2A& EIAAE B3R oy, £49
Wxel 3ol AR RGN FJX7E Do)
2)2Fsl 9 thFig. 7-B). 30 ng/ml mSCFZ &= uj| <
& B2 YU E dxFd {AG 288 R
Fon B3R HzAY 2 rhFig. 7-0).
0.5 ng/ml activin AZ ©EX2% FEF FHL
3 o EHRFoR FeMoln Wi & F2

Zul g4 innercellular membraneS & A8} YL, 4 .

BZAL oFsHA EEA7E EelWo] gstd 1
Hu g7 Eie Ad #EHA YEkoHFig
7-D). 30 ng/m! mSCF$} 0.5 ng/ml activin AZ EFH
g8 TEF BYdse 3 9 BrzHol @
o UiREg T e 3 F9 FuEA in-
nercellular membrane AR A7l B ¥
TAE7 B ge Aol RAE A (Fig. 7-E).
30 ng/ml mSCF$} 0.5 ng/ml activin A9} 160 zM 7}
Yol BeAed S 29 Jhd @58
o} fAHe ARE Byon Yy EeddMe
nAFESEASL iy JHAE 3 F3he] AF
B = QAchFig. 7-F).

Xenopus laeviso} S A2vg A8 2-8-& ol A
vk 228k o) 5 Y7 ES ASHL de 4
d AFolME AF B ¢ qUTh 70 Faska
Aol B wel gl vlo} gle Aol FEE A
Fhutdo] ¥ E8E Ate Aol ohdrtehe F
22 3P olF dEI] A8t 4HE A AHE
&+ benzidine BAGAHE L) Xenopus
laevis®] ¥} 94 & BMP-2, 4(bone morphogenetic
proteins)= A Auja A 15 ¢, A%, AT, €7
o] fx9 B e 53] BMP-4o] &3 F
Y77t FE5He A& benzidine §YFHH L o] &
ato] lE A7 A7 U olH Y benzidine
H23 27t E4 8 W FH2F 2% (hemoglobin) 2
#lolel 1§ (heme group)oll 28] 3lElo] A4 A
AEY HE BB e AGe, FaE ¥
Fol Boldom =Hsey J4E A B
o213k v & o] &3t mlE3} MEHE wiFdtE
FES FeugHAA Flutde] 7P H4AH B
B} AF3Arh ol A activin AZ FlY F
21 E o] &3l e mSCFe FHlY 5 87 &
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Fig. 7. The histological verification of the induction or in-
hibition erythrocytes in animal cap explants of
Xenopus laevis. Mesoderm induction by activin A
and its inhibition by test materials using an animal
cap assay in presumptive ectoderm of X laevis:
(A) Only atypical epithelia was observed in control
explants. (B) Explants exposed to 160 ;M carbaryl
also exhibited only atypical epithelium, but showed
innerspace in each explant. (C) Explants exposed
to 30 ng/ml mSCF, only atypical epithelium
developed. (D) Neural tissue, innercellular mem-
brane were induced but blood cell was hardly in-
duced by a single dose of 0.5 ng/ml activin A, (E)
The explants incubated in a mixture of 0.5 ng/m}
activin A and 30 ng/ml mSCF showed in-
nercellular and blood cells. (F) In explants in-
cubated in a mixture of 0.5 ng/ml activin A and
30 ng/ml mSCF and 160 M carbaryl(bc, blood
cell; ic, innercellular membrane; nt, neural tissue;
bar=100 ym.

Meld oz fEste A& A7) A3 A8 A
t}. activin A FHEPAFZZAUATGE-L : trans-
forming growth factor-B)ell &8t Fui¢g] F=9UA
24 w0 g NE g8 23S ¢ T3
H#E8E B4 AT D, & 0] 0.1~05
ng/ml activin AdjA FEF WS WS of
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F 5 Y%M ¥ (blood like cell)9} FFEz o] &
Ak 0 APz, 28, 9o H4, FEE
< 10 ng/ml activin A A FEH 0 2.8 50 ng/ml
activin AdlA E& BlEg Balsis AoE gHA
QAP B APAA AHEE mSCF(Stem Cell Factor
from rat)& activin A%} Ag3sld thge] Wy}
£5:9 HYTE Fedve Bust geng® 2
A3l A 30 ng/ml mSCF<} 0.5 ng/mi activin AS 2
FAel & A EFIHAHE, 53] 4P 458
2 4 9g Aol AFSGh ol AYT 2

8 276l 160 xM 711 S HI1He o) F5F

Bel¥e 3% 38y shud 953
o FrARSE AE BYow, 20704 FolA 3 A
gt benzidineol] WHg-StATE o] &N Fiuid L YRy
FHEE ERHoZ Adve A4S 84
on ol AiE FHulE-& Xenopus laevis2] ¥t

ol

%

ol %8 - AN - FE4

Ao ErEsE ZelA Asjdche AMd S s

34. ojMl Hejsty &3P

0.1% BSAY} 3233 Steinberg's A ]2 Q4o A
96A1ZE Ft Wl FE =T uhe} 160 pM FhubE
A v dE wie] w2 5 FHo AHAZZY v
FEE AN Ao vlm $2s8QuhFig. 8).

I A 8A w2 2T F5LAE9 ¢
FAEG AT R FH Ao wl g3y
et gy o] 2ERv vl ER o it F4E
HELEEE photoreceptor lamellag) X|Ws S0
E FA4H] Ao 1 R B nEZE
o7} 2R H o YUTHFig. 8-A). 28} Aupd A
M e FFEATDER gt ratg )
olel W& HFol FAH] gilen Aol B

Fig. 8. Electron micrographs of retina and somatic muscle of control and carbaryl treated group. Contro! embryo ex-
plant(A,C), test embryos exposed to 160 uM carbaryl(B,D). The carbaryl-exposed embryos frequent multi-
vesicular body and retinal detachment, photoreceptor lamella was nor compact and loosely arranged(B). Somatic
muscle of carbaryl treated embryos showed irregular arrangement of sarcomere and showed degeneration of
myofilaments. The degeneration of mitochondria was also seen(D). {(a, A band; h, H band; i, T band; mt, mi-
tochondria; mv, microvilli; nu, nucleus; pg, pigment granule; pl, photoreceptor lamella; s, sarcomere; z, Z line;

bar=1 pm).
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gReglEzoeg Bt} agla photoreceptor lamella
of Sduide] BAlst v AEA wld=H
ATt microvillie Debd N2AYPE o) F4EA
oA g FEHY o| R FFLME] At
8 FASE AXE AL Ao gARES
B8 2 RE pigment epithelium-4 A= 0
2 olF 3ty sl s =4 microvilliz} F4eld e F
dAe gH=o] FAAY 715E #I3A FE
Ao 2 BAuHFig. 8-B). W2 T 2 LA Foide
AAWTW,HH D7 A& FFF 5 UAAHFig.
8-C). 28y 7huld A FAAE H Wyt BEx
ggkon], Aol By en 24K 45t
A= Y chFig. 8-D). I dZ oA E fEZEE
o}e] o)Fulo] H8I&E} T cristac7} F WEFH Y=
¥t AE Alde v EZ=golr) BuiEe
HAS BoFYHFig. 8-A, D).
FRAAEvF R v § £ AFY 25&
Hn #E3 A A w9 AL photo-
receptor lamella Tto] 2 AA u o] w&3 9lor
TEA| XY FENEQ] YFAEL} 74
Az F4MEE BoFE. 28y 7lutd X
T E ozt g EE T 9% A}
7} YEsten, ol& 7153 A Z4A Y o] A3}
F& vehdch =3 44409 F4EAEL
W2 =504 g2 YeltE microvillis 348
AEo] AR ES 4240 02 T3 A
ggtke Bt glor lubd A FeMe oY
3 microvilli®] AZ}gt w37} BFH T olHo =2
7153 A A7 Y Asjgso] AfEvs AS
AArge) AAREER Qe AFEoA veElhvde AF
Aol &4 & e vER =g ol H3d 7}
b A2 S8 #FEE v EFZzeele Hy
2 o]F 9 FAE F o] 239 IHALE YFI=
E 9E FACE 3tk Fiuldo] nEZ =g o}
ol EAL VI¥te Bie Jupde] g &34
EXRT v EZ= ot i FAo] Feve 2
s v EZ=gote] Yo & WA, a3 A
FHAA FAG 2HE RAFAYY. 2a 24
X = AAA] Bt 25279 UEr}
AastHe=d ol I8 3 E(paraquat)E  Xenopus
laevisel] 28] A] &Aoo AA 7HA o) Ads] 7+

¥ o 4
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A5 Z2E9F 849 L F9 e &5 oY
°] gtk RBae} fARAT”. w3 2z
Zx(chlorpyrifos)2} 2} x]-2(malation)g E-3+x] 2] A]
deRte 29449 3T RagE SARI:

FAFE AT SN A 5EA ot
o APHoz P YE FRoG. YwHoz
de AYFOZRE RIPAT 5IEL FH
A AEAE HAER $g5¢d T =58
AEE 7HA Ao FHHE e AEAHez deA
Aie AT 2 AdEe AFgA BoAFRo]
Xenopus laevisdl] ) LA} 71BE A A o
FE vAe AL FAA

FHutE-& EgolA 30939 w17 S E
#7}t e FAET) Fo 94 dloA] FputE e ¢
2} & (malation)o] £} EAL Wl Fukdo] B
g2 AN E FUHIA S4E8FH7} o A
HAthke Rar}t 92082 Hyla versicolors) 7}u}d
& APER 4UT RFNAE W 34%8] AFELS
e AT 10~16Y F =2 AR S 9 10~60%, X
HAE 2ol FUE e 60-98%E AL Eo| T3
dohe nast 9o,

FMFEL A A HE 98 HAH
& QEo|71% AT 48%2] v HNE HAHE
o ART A $1Fo) AAPY. Anpde A
HARLR FRAANA FEEA AHEH T Qln
FAF 271 A J1BEAAN FFS A E A
oltt. o & EW AZAse FH4EA /M 5]
& 55T oI, 1 9] HAeo] ERHA, £F,
X, 28, 458, A%, w, A%, T g4 T
Z18FFE AA Y £5& =3t MATS 3¢
AFle 98- 74 2 Aotk wEtd T E3Fo
2 o] §3 AY 7R FoF UENA ndEFAL
TR 2HE ¥ 2L FA MAA =&Ho| &
A5 7] v 2SS AN €4 N
Vsl Eon, Ad&ANA FAMF 7¥xg
EoFe AL Alole] Az @A BT B8 ths}
T AE Qe 970 Wad Aoz At

P

4.8 2

2 dFoME o= 7 EN T Xenopus lae-
vis®] 27| Wi o] v)X)= carbaryle] EAEHE
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A73ATt. EA 5] 2482 Xenopus laevisE )
$-8}a] FETAX assayol) m}e} 23311tk #l(embryo)
= %8 59| carbaryl(5~320 pM)o} =2 AH
AP, carbaryldl] g3 LCioo& 320 ;MY T,
LCs0& 235.68 iMS].2.1, probit ¥41-2 833 2 w}e}
FAFE T 160 M Fhupd ol =2 A Z S o 107}
A o] gFd 2P 3 71do] #FHUL %3
& ApoMEe E 4%, A%H, 25, 34, 38,
Y@l A FARA, ANBME REYo] #F5
At ABZ2A 7 Ko Bt carbaryld] o] A3
£ EEAAE Ve 9okt benzidine 874
Aoz wist FES £ WelA carbaryle] g
Y FEIFEY AAE FHA £FHA”E
W73E€ T vAEELE FFA e carbarylo
Hed e oM g, =& photo-
receptor lamelad} ZHorMe 249 B73H, &
AR dx 74, vEZcgol Ba% Ao FoA
A5 dRHA

are 2

B d7e 3PS AEFAY FEFZSAREH
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