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The Effects of PCB on the Embryonic Development of
a Korean Frog, Rana dybowskii'
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ABSTRACT

The embryotoxic effects of PCB (Aroclor 1248) on a Korean frog, Rana dybowskii was deter-
mined by using the FETAX (Frog Embryo Teratogenesis Assay-Xenopus) protocol. The rates of
mortality and malformed larvae were investigated by probit analysis. The results showed that
PCB is highly embryolethal. From LCg, of 1.48ppb and from EC;, of 0.25ppb and TI of 5.7 were
derived, which indicates PCB is to be considered a teratogenic compound. Specific malforma-
tions occurred in 62.0% as edema at the 0.1ppb, in 32.0% as tail deformations at the 1ppb, and
in 68.0% as profound deformations at the 5ppb of PCB concentration which living embryos were
exposed to. PCB suppressed the growth of head-tail length at a relatively low concentration
(1.0ppb), and therefore growth inhibition as assessed by embryo length can be used as a sensi-
tive indicator to evaluate the toxicity of pollutants in the environment. In conclusion, PCB must
be considered highly embryotoxic to Rana dybowskii.
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Polychlorinated biphenyls(PCB 126)< Xenopus laevis
3} Rana temporaria® &3Jold =Z2A7H 718
fiets Aoz A 3o (Gutleb er al., 1999),
AN 2R wEhd 9 g ¥ (metamorphosis) X
A7 z2E gHE 2USE FAAY o Po AR
WE) 22 So] d#A 9lthBray and Sicard, 1982;
Galton, 1992). X547 2 279 Z 9= PCBE &
AgAlel 9L Fo| AT 2EAE adNT=
Ao 2 4eA 9rHBrouwer et al., 1988; Murk et al.,
1994).

A7l ol Bool 2P 2P8A 54 B
718 5ol i3k A1 2.2 Frog Embryo Teratogenesis
Assay-Xenopus(FETAX) Wi o] d&l 451 gleH
(Bantle et. al., 1990; Morgan ef al., 1996), ©] 2| 3
FETAX Whie] mhah |2l ME 2 vhte) X229
MFele] vjotg &43 A7t AP 1 JtHGutleb
et al., 1999; Mann and Bidwell, 2000). & 1M E
g E 5 ARAFATIIG WAL G o
Z2E Q3 o) 2 e A&dd o] gEA A
= A F2I(R. dybowskii) (Ko et. al., 1997; Ko and
Lee, 1997; Ko et al., 1998) vjjo}e] @Az & o] &
3lo] FETAX ¥Wol w2} PCB(Arochlor)7} A7l 2]
wlopAyol || X & G & At A St
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B Ao o] 4" A FEL 20024 11€~2003
919 B #F ¢ A didA AAFER
dybowskii) 43 (2F 30g ©1’hH3 F3(F 20g ©14H
AAE 2z 30AY st g BT T
4~5C7F FAE YAANA 7t THE f=dy BH
ato] A g ALE-3tAT
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2. digkey B Al

vk © 2 = Amphibian Ringer s % (AR: NaCl,
6.6g/1; CaCly, 0.15g/1; KCl, 0.15g/1)°] Penicillin
G(30mg/l), Streptomycin sulfate(50mg/!) & Sodium

bicarbonate $3%-£9(200mg/)< AHE Z A H7}
gt AgEtg on, vgFd ] pHE 0.1N HCIE AHS:
dto] 7.42 @30 AL ¢S] WBE fEdt
7] 93 H 344 3% E(Frog Pituitary Homogenate:
FPH)2 &3l A7 H3leAE 100 A2 22 o2
ARZ N &0 B2 B F(20sec), YA E
2](20min, 1000rpm, 4°C, VISION, VS-15000CF)3t
of AZdS 1 pitvitary equivalent/mg(pit. equiv./mf)
FEZ THEQoH, o] & A (1) EF5t YER
F-207C)3td AHgatA Tt i FH ol H7Het polychlo-
rinated biphenyls(Arochlor: AccuStandard Co)+= hexa-
nedl =<1 & hexaneW-& A A S} dimethly sulfonyl
oxaloacetate(DMSO)Z A 7418} Stock solution 2
2 AZ37 0|2 ARSHOE SNt 17 ool
o A7lstch v vlo] DMSOY-2 wjopdadahyd
o &£4% 2R gE F50.02%)F AMHEsIEoH,
PCBE EF3A] g2 wldd e FAlol AH&ste d=
ToZ AHE3A T

3. HigtRx ¥ 2E3rE

AR W FEE Aol AR F2ES 9
220 FASI 247 Fol MBe FEAR,
+79] 328 A% ste] AR 2u00] THE WA
ALE HEd ZAES NG W2 FENA 34
B¢ FuE F AAE LFYE BUAT he(e
0% A 5) 34 ARAE WAL W] HelFol
3% fEA

4. TEEOl AF X e

FATE AF s 9 FHE =T F 343 0]
Woll 24122 wjolEe] &3sly] AlZ3HH (Johnson
and Volpe, 1973), 2 £9] Hlo}E 5 A xZEo] 4
B3] Urold 743 5L 71 vjolEnte A
3l Ao 2 AP ES A A 18ToA Euj7]e
A Gl 71742 el Fste] Agof Alg-steth

5. Ald=2d Azl

Hjole] Wy o] ujx = PCBO E3E wetslr]
A3 frel MIHA AEEL] FREE XY
AHTH AR EAC] TFHA F= 2T Iy
10meell Euj7]ol A 1dull7] Alo]7kA] wiFd wiolEE
Zt 352 25704 Y1 18+21C9 XA 964]
e FstEA 2447 ekt A28 oz mEalR]
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on AFEA sk 5/ oo g Bald At
I RE FR0) gigl 7] 2 AACA AT
vjolE-& A5l 33 ¥HE A "stT

6. Auxz A Y

AEEE Held g 2z 2 #4842 938 4
TEHE AITES }_1\}6}0:] & A& AAz 96
AL ZAZFAANEL G2 1F MA 4L &
}& ZALSHATH ASTM(1993)9] Wil mhet 14
HES %2 B4 E Probit analysis Program©. 2
48] LCs ECso2r F3F3.21 o8 96h LCy
& 96h ECyy 22 30| Teratogenic Index(TI)
& F3lo] TI ko) 1.5 o14e] HH f8iAdel de &
A2 BY3Arh 71F 9] FF= Bantle 5(1991)9
Wi o] wa} FAEA S0l & VIFLRE S| 1E
7} e YeEh & o, 2E7t oA e °ob“ o
fEete nerigozs HPINAL, BFe QY
5 TAZ BRI/ o2 sk "‘:?} £ AA
o FAE FX(EWNY P& BEd FEXFAY]
Y(Edema)2 2 #AsIG oW el B2 g ny §
o] &3] FRHA| g A$E profoundd 9] 7]g o
2 BA st wieole] AAEL =P Hn|H(inverted
microscope; Zeiss) o}ej A A 2k AHocular meter) &
o] &3te] wiloA mej7tR| 9 dolE 54T F A
£ student s t-testZ FAH {24 (p<0.05)& HA
Elpii=

g 3}
Aol AHEAE Zujrle] wole A7l w3t

] ér“%%% FAE & uies f st AAEGY
By A4 F=skd AF o ool =27
317301 2.1~2.3m =Gk A Ta]e] o}
HA | mA] = PC34 HIE golrr] f3) A Te
o] Zuj7] wjo}E< PCB7} HriEA @& dz+%
PCBE 7 %E%i A 2)ste 9617t Wi F wiols
A Uehd AL, 718 &, 718 FF 52 —;-‘-"]'O]'
At 1 23 PCB7} XA &E dZ2TIME
€ A7 ALY JeRA] gglo PCB 0~1PPb°ﬂ"1l‘F
He & lolEo] 3.0%9 H &2 Yehtr] A2}
o] 1ppb(20%), 5ppb(71%)2 F=7} EOAN 1
LIRS ——7]-0}?3,‘7(F1gure 1D, HE T AFE gro
MAEL 0.1ppd T A FE 7]Fo] #FHANLH
(Figure 2), 10ppbe] FE=oME tiREe HolEe]
AALE = d4E JERY .

o213 X H]&-< Probit analysis Program< &
35t B-4% A7} 2l e 9] ol W i3t PCB
G k9] LCso2 1.48, ECsp2 0.268 eI 21, LCy
S EBCs 3L 2 Yo] Teratogenic Index(TDHE T+
g A3} 5.7& VR th(Table 1).

A PCBS] °3ﬂ°ﬂ o vehd 713 F e X7
AANE, ng718, B5718, 33719, profoundd
chekdt S JeERd o (Figure 2), ol g F/d2
+24 PCBY FXd ua} Zp7] o2 v &g UE
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Figure 1. Motality and percentage of malformation in survivors of R. dybowskii embryos after 96h expo-

sure to PCB
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Table 1. LCs, ECsp(malformation) and TI of R. dybowskii embryos exposed to PCB(Aroclor)

Exrosure time(hr)

LCso(ppb)

ECso(ppb) TILC5/ECs0)

PCB

(Aroclor) 9%

0.26 5.7

t}. &, PCB 0.1ppbell A= X3P Y7| 8 (62%), 128
718(20.5%)9 £22 & 7% FFR10% mHe]
vlg] #3kiL, PCB IppbollXe 1273 (32%), B4
71%8(24%), AF71 8 (20%), X843 7] 8(19%), pro-
found¥ (5%)& Zzt veEhen, PCB 5ppbol A=
profound ¥ (68%)°] 7+ &2 H]&-S el PCB
7t AT A vlolE & XA g 7 E S
SurgttE A S EU 2 PCBY 25 A EE3d

wote] Ao WX = ARE AR A8 74 %
HjAEY AL &3 A9 Q2= F 75
mE YEPR 3 0.01ppb, 0.1ppb, 0.05ppbe] 5ol A
< % 7.3~7.4mE vehlo] 273} FARE 27]1&
veb 21t 1ppb, 2ppbe] FEA = PCBY] &
o < 6.0mm FEF ZE 2 vl&] 1 2717 ZAA
e THp € 0.05). PCBE] F=7} Eobgldl ma} o
Z7d B8] A 2o] & Uellio] AFEY 43

(A) R. dybowskii embryo of control approximately 130 hours after fertilization.

(B) R. dybowskii embryo after 96 hours exposure to 0.1ppb PCB displaying severe edema.

(C) R. dybowskii embryo after 96 hours exposure to 0.1ppb PCB displaying flexure of the tail.
(D) R. dybowskii embryo after 96 hours exposure to 1ppb PCB displaying spine abnormality.

(E) R. dybowskii embryo after 96 hours exposure to 1ppb PCB displaying abdominalabnormality.
(F) R. dybowskii embryo after 96 hours exposure to 5 ppb PCB displaying profound.

Figure 2. Morphology of R. dybowskii exposure to PCB
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A% AABHE JehickFigure 3).

o g

AAH 2 FNFEY A Fe Zasorte 4
F& Bolu §lon, 1 Ao 2E M)A 53, A9
4 o) 271 2e B AP ohizt PCB)
Ze G R718FE 5o HLHELE $8
3 Ao 2 AESH 1 9rhBlaustein, 1994; Pechman
and Wilbur,1994).

MIEE % 5] PAFE T F5E NYE
7R a e vigE dRle] ¢ dzk(egg capsule)
2 71 525 WAk B 7o WA ¥
FAJo] & Al Z(elly coat)ell <Js %o Ut
olg| g A2 F qollA 27N S AA Zolrtvl
7t 2@H A= Al7]9) F-3Hhatching) & AA
23o] NG BEAM AUe FFste] AT
WH el (metamorphosis) S| o] 2] & EAE 7R HA4E
o] BAdE 4E4S F2 AT AT
A Fole FHHOE WeE SEF YT} 2o
PCB} 2& a4 LAEA =557 4t}

FETAX 716l AH85012)= Xenopuse] Mok 4
854 & human chorionic gonadotropin(HCG)E 4
A S S50l 22 Yo e % 24 E et
o vjolg AASHE o2 LelA YthGutleb eral.
1999; Fischer and Dietrich, 2000). £ A&} Al-8-¥
WA vohe AT oA $EEE F
Apetel 5879 RS FEANCH thx e Ho}

length(mm)

control 0.01 0.1 0.5

E2 A4AEQ I24H S e th(Figure 2, A). ¥
2 AT @& QRS el dEHA
EZ=2 ¢4 PCBE AT 9 Hjol detuye
22A7 2 Ay ARERE FFEN Fg
%7 & (unpublished data)¢t= TH2A vf§ 2
FEQ Fppb B FFAA HjolE XA A
(Figure 1) A3 718& &8} (Figure 2) Biole] 4
Z& A szt (Figure 3) PCBE 47 7] oz
Aol XA A1 R, A 5o 533 FEHA
HalE sl AW BEHE et e A S
ot 4= )9 thFigure 1, 2). =3 PCBE &3} 0.1ppb
FRAMREHE F& wlolEo] vy AlFEgn
RET NAE F 45 MAEANA 718 o] Yehtr]
AZste] LCqpe 1485 YEMAU L ECs2 0.26%
Yerigl e Tie 5.7& vEyo] PCBE 47 TE
o] wjopddte] WA 4 vA & e FYT
H7184 244 S #898 F AR

o2 gt Hjole] AT oA Hlote] AL A}
A 7188 432 AH PCBY B2& AWlTe ¥A
A4 84 2 progesterone(P4) EH|AAS oA @A
5ppbe] =9} Al 21251 THKo and Lee, 2003).
olg1g dA-E PCB7L A Tele] A xS g
2 &y, wlole] Ry, e A T Ankd
A Ho BAQ] Y& Vel Aoz F5HY
£ A¥9 A3 2= PCBY A Q] 28732 ghet
g7l o}F] ¢ FFoltt. o2 g PCBY| Z47]3HE
gebsly] M 2o B2 d7vt o] 3ag Ao
2 AZtdrt.

1 2 3 4 5(ppb)

Figure 3. Mean embryo lengths as an indicator of growth inhibition following exposure to PCB.
Embryos were cultured for 96 hours in wells contained 10m¢ AR in the different concentrations
of PCB. Result depicted in the bar graphs represents embryo length of 75 embryos(3 animals)
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