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The Effects of Lead(Il) Nitrate on the Embryo Development
in Native Amphibians

Hae-Bum Lee and Sun-Kun Ko'*

Graduate School of Biological Sciences and Biotechnology, Chonnam University,
Gwangju 61186, Republic of Korea
1Department of Physical Therapy, Honam University, Gwangju 62099, Republic of Korea

Abstract - An investigation of the effects of Pb for domestic anuran embryos were evaluated
with the Frog Embryo Teratogenesis Assay; Xenopus (FETAX). Depending on the species, the
difference between the embryo size and the embryonic development time was determined. As a
result, mortality and malformation rates were increased, malformation patterns were changed
and larval body length were decreased in a dose dependent manner of the Pb. The half maximal
lethal concentration (LCso) of the Bufo gargarizans, Hyla japonica, Rana nigromaculata and
Bombina orientalis were 0.58, 0.49, 0.52, 0.54 mg L_], respectively. The half maximal effective
concentration (ECso) of the Bufo gargarizans, Hyla japonica, Rana nigromaculata and Bombina
orientalis were 0.35, 0.74, 0.30, 0.29 mg L_], respectively. The teratogenic index (TI) were 1.66 in
the Bufo gargarizans, 1.81 in the Hyla japonica, 1.73 in the Rana nigromaculata and 1.86 in the
Bombina orientalis, respectively. Therefore, the Pb seems likely to have a teratogenic effect in all
four species’ embryonic development. The Bombina orientalis was the most sensitive to the Pb.
This means that the difference between the different species, even if they have all been exposed to
the same concentration of pollutants depending on the species. The result above show that the Pb
acts as a teratogenic agent in the development of the four domestic frog species.

Keywords : Pb, Bufo gargarizans, Hyla japonica, Rana nigromaculata, Bombina orientalis

(Nobotny et al. 1994; Kim and Lee 2005; Kim et al. 2005;

Lee et al. 2006). TheFe] Fo| 2% AL Q7oA BE,

AEAY ool e 28p] ol Al

AA Aol AR A 75 A3 So] FHEHE
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Aoz IHA Qlew (Karmarker et al. 1986; Fonia et al.
1995), FAFoll A= vijote] WA o4 & of7|u] 717, A5
719, 2713, A3 ol Fo] FEEHE AR dHA
Qlth (Perez-Coll et al. 1988; Perez-Coll and Herkovits 1990;
Sobotka and Rahwan 1995).
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FETAX (Frog embryo Teratogenesis Assay- Xenopus)+<
Nwggel B AR BA FAT WolE ol
o 5% setedel A2ERol q@ A71R4E B
= EFAFHoln (Dumont et al. 1983), 1991 American
Society for Testing and Materials (ASTM)ol| A |73 A% 7}
EZAPHOo 2 2095 0] (ASTM 1998) 0|5 FETAX HH

= 83 A7 EdstA AR EHIL ATk (Carr er al. 2003;
Vrskova and Modra 2012).

2 Aol Il A4 S TR 5 HAAI
o Fa AAAZE AR t=2y At Al FBAE 085t
= WEAQ WA FojkA R 722 (Hylidae) 78
N2 (Hyla japonica), 7§22+ (Ranidae) F7R2] (Rana
nigromaculata), 73712 3 (Bombinatoridae) FF 7l
2] (Bombina orientalis), 78] 2} (Bufonidae)2] F74H|
(Bufo gargarizans) BjoFe< B3t H A FETAX U< &
83101 Pbe] S=ol ofet AR, 7|9E, 71W P
& 5ol olAE 9L ZAL olo] et v

A
(half maximal lethal concentration; LCso)9} ¥h4=<3 3F

oX olo

3%
A=
o
3

H

(half maximal effective concentration; ECsp), 7| @4 A4
(tetatogenic index; TI) 5 AFE3}o] Pb7} o A4 &
A N7 wjopd o] nX= 7S vhefstalat g

Mz H U

LAYEED ot 2]

Ao A& FAR (B. gargarizans), /W2 (H.
japonica), F/NT2 (R. nigromaculata), N2 (B.
orientalis)= FTFFA oA 2 A HAES -
A ste] AR Aol AR ot AFAAA A
Higto] W2 +A4H ok F *ﬂ:ﬁ”"l FL5HA ol

Hjopgks Meste] Al o2 AeFE AAR & Ful7]7t
A v eFsto] Aadof AME-3HSTH

wjolS A HstAY vk Wi 6.6¢gL NaCl,0.15gL""
KCl, 0.15gL™" CaCly, 0.2 gL' NaHCO3, 0.05 gL' Strep-
tomycin, 0.03 gL_1 Penicillin GE &£3%3}%] Amphibian
Ringer (AR) &5 A 23 & pHE 742 G50f AHE5HY
t} (Johnson and Volpe 1973).

2.AEEE A

Pb: 1,000 mg L™ Lead standard solution (Pb(NO3), in
HNO: 0.5mol L") (MERCK, Germany)< ARG o] 343}
o AHESHTE P BIbsEE RANSH| ) Pretest (&
% 0.001,001,0.1,1,5, 10mgL™", glo|g] EA|a}A] &

£ B3 9ol A% 3 713 2 AN} ekt gL 001
mg L2 BE dobrt A SmgL A9 $EE o
Moz weh 3 AE 913 BS ARHOR Bastol
0.01,0.025,0.05,0.075,0.1,0.25,0.5,0.75, 1, 2.5, SmgL_l
o = 70 ATk AFEA) HAHA e W
oo fxa APEP] FEUR BPE AYLS %
Fol Wa) dogd A AYsisLon. ool 4%
Haseb) 9o SYE FANA wBSAt. 242
P2 1049 vol HYshaA 24X Zbnket A2 o)
Foha APBAR WEstol 96417 FF HepsEon B
£ AFL 33 B

_\9 flo Y

3.28% 24

1) YSLYary AL

H2 wFg Aol Alzdo] #UstA el 30749
ots ZA O AYFE AAT T AFEH] H7tEA &
2 wjoFHo] wjokst A o) 24A 7otk A2 wjf oz
W 3Hsto] HjFsH A Gosner (1960)9] Hho] what gzt

Ag 2AYT,

s “HO]““ AAG 5 =& 96A17F & &S ARk Akt
Aok F2 WA= 540 FAY Alx 517 o

ofel 7)ol FA4H 7

AP o & FE AFLES 96AI7 5t =Ed Hf
of T F Hiol & =& viote] 2 U] A4ekel
TH&EZ vjote] /=55 Hijoke] =% 100). A%

2 57} o|Ato = AR5} Probit BAHS 3| WA ARs

= (half maximal lethal concentration; LCs0)E T-3}%.tHGoh

and Neff 2003).

ni
T o
H1
-
d

Qe AH2e ok 5 A AS Al 964

23 vote o sa, 23, 2y 0

Sof dojut 718& Zhzk Boy 2 2A}sgch(Bantle ef al.

1998). 718E&2 96AI7 ot kEH wjol F AHobd FF

NAE B4 HAZ vrol A4tstE e (Aot

Hro. wiol/A AL AE Hljo}x 100) = F7HS 571 ©]

A7sto] Probit #AM S 3l WP x (half

maximal effective concentration; ECso)E 3} t}(Goh and
Neftf 2003).

7189 SR A TAE MAE 71E2 2 st &7t
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AA & Bgs Y AY, Holx = A D FobA|
FAS IEste] 7] 7] (Tail Abnormality) S 2 &
9T A7 BHY HAolAAL FE 5o A9L A
(Spine Abnormality) 2.2 HA3I Tt £t BRI} 555
UAY WF Z719] a9 2317)38] FeEf Fo] FANA
o} 2po] & B 4 EH 7|4 (Abdominal Abnormality) 2.2
Bysgen Helel WY % GTo 77 wEol B4
Ao}t Aol 5 Hol= ASE FHF71% (Head Abnormality) >
= wshenh 3 T 7b ol TRl 7] Fol 4e 7
£ E317]% (Propound Abnormality) &2 4] 3} % Tt (Bantle
etal.1991).
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oX N N

713

2 ofh ok ol

sfote] Werm gl wAE G Lotwsl 3 A
HEZ ) 96417+ =& A7) HjolE AM-423x Dino-Eye2}t
Dinocapture 2.0 program (ANMO)= AHg-sto] Hfjole] 27
9 fAo HAS =43 & SPSS 20.0 programe ARE-3}¢
Independent t-test2 )23 A9 A4S EA43H4A

o

6) 7|&d X|4=(Teratogenic Index; TI)

7184 A4 (T Probit 24 HE F3 73 LCsE
ECs502.2 U0] (LCso/ECs0) L ko] 1.5 o] e = yrebtd
Aol AREE AR ol WE A X7 F4S YE
U= Ao 2 BAFETHASTM 1998).

L BRI =X

SR e A AREHE FHl7] (Gastrula)9] Hfob
= £ F i 3347 ool Y] ARG o 7]
3 /d (organogenesis) TA A= 1 27|17t thd F7}sto
20204 mmE YErY o TR =2 u| £3A]7] (Tailfin
circulation)7tA] = 127A17k0] 225tk A7 = £4 &
18A1ZF =7 A & Fuj7] & Uetdon mejxean|
23X 71 71A] EAY o] R E| 7| 7FR] 109A17F 7hFo] 48 %)
o el et R Y A dui7]9] viobrt &5t
7\7HA] 242} 35, 43A17F 7kl A8 E¢lon TR 2]
BN 7|7H A= 42 126, 135A12F Yo &8st AR
et (Fig. 1, Table 1).

2.Pbe] SE0 W2 AL 2A}

96A17F Hl%F & 0.075mg L' HENA TP TE <]
wot7} Z|ALE] 7] AJZbstol 0w o telet )] wiot
L 025mgL e BEo)A Z+2 6.67%7F XA Aoz 1}
ehgth EAH 9 H¢ 05mgL 9 FERE AAE A
7F A= e e, Aohte], R e B 4
7} 63.3%, 43.3%, 33.3%2] B] &2 ujo}e] XA} LRt}
0.75mg L9 =N E AT, IATe, AT

Fig. 1. Embryonic development of the Rana nigromaculata. A: fertilized, B: 4-cell, C: Blastula, D: Gastrula, E: Neural fold, F: Muscular re-
sponse, G: Gill circulation, H: Tailfin circulation. Scale bars =1 mm.
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Table 1. The change of the embryonic development time and body length according to stage in native amphibians.

Time (hr) Length (mm, mean + SD)
Gosner stage
Bu Hy Ra Bo Bu Hy Ra Bo
1 0 0 0 0 2.1+0.1 12£0.1 1.8+0.1 23+0.1
4 4 2 5 7 2.1+0.1 12+£0.1 1.9+0.1 23+0.1
9 21 14 20 22 2.1£0.1 12£0.1 1.9£0.1 2502
12 33 18 35 43 2.1%£0.1 12£0.1 2.1%0.1 2502
14 54 24 50 57 24%0.1 1240.1 23%0.1 29+04
18 81 44 71 80 4.8%0.1 24%0.1 6.1+1.0 5.1£1.1
20 103 68 82 90 7502 52403 70+04 6.8+03
22 127 109 126 135 8304 62+0.2 7.8+04 10713

1: fertilized, 4: 4-cell, 9: Blastula, 12: Gastrula, 14: Neural fold, 18: Muscular response, 20: Gill circulation, 22: Tailfin circulation, Bu: B. gargarizans, Hy: H.

Jjaponica, Ra: R. nigromaculata, Bo: B. orientalis.
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Fig. 2. Frequencies of mortality according to Pb treated concentrations. (A) H. japonica, (B) R. nigromaculata, (C) B. orientalis, (D) B. gar-
garizans. Bar height represents mortality, and error bars indicate the standard deviation.

o] % 100.0%, T8 9] 74 933%2] u]&= wjolr} X
AstE o, 1mgL™ o] FEAAE ZE ujopr}t X AbE gt
(Fig. 2).

3.PhyEo B 7Y & =4

71&&9 35 FAR AT, A2 A5 0.05
mg L™, BT E 0025 mg LS o)A 7|Fo] B
Ze)7] AFsg e, 025 mgL o FEoAL ZHzt 233,

35.7,17.9,21 4% HHO}OM 713 o] warE ok A,
A, BT e AL 05mgL™'e SEoA 100.0%
o] HIER 7]Y0] %@Q%P—Uﬂl,-‘%ﬂiﬁl% 0.75 mg L™ o] A4
BE o7t 7198-& Uebdlth(Fig. 3)

4.Pb sk ©E 717 F 24

SAu A Uehd 718 FAL 025 mgL AL A3
714 (28.6%), Z28] 7|8 (42.9%), BH 7|8 (14.3%), E37 9
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Fig. 3. Frequencies of malformation ratio according to the Pb treated concentration. (A) H. japonica, (B) R. nigromaculata, (C) B. orientalis,
(D) B. gargarizans. Bar height represents a malformation ratio, and the error bars indicate the standard deviation.

Fig. 4. External morpology of B. gargarizans (A, middle: abdominal, lower: propound), H. japonica (B, middle: abdominal, lower: pro-
pound), R. nigromaculata (C, middle: spine, lower: propound), B. orientalis (D, middle: head, lower: propound) tadpoles exposure to
Pb at the gastrula stage. Arrow indicate anomalies. Scale bars = 1 mm (upper: control, middle and lower: malfomation).

(14.3%)°] YePdth A9 29 0.1 mgL ' oxE & 5.Pb o @2 ARAE =A}

718 (20.0%), M 21713 (80.0%)°] UEtgew, 4=

0.05 mg L™ ol AE #2713 (50.0%), M2]718 (25.0%), = AEE 24 SA ) AHSE 2L A 307HAIE 53
A71% (25.0%)°] vergdeh. FEATNME 0.1 mg L] stgon, AF7] AL A E ARE AT 2HE A
AE BR713(50.0%), W78 (500%)°] Uebgen, = ASAT = (HA ). 741 001 (30), 0.025 (30), 0.05
€ Hiotell A 71§ o] aE 05,075 mg L A& B3] (30),0.075 (30), 0.1 (30), 0.25 (30), 0.5 (21), 0.75 (2), B NF
(100.0%)°] LFERT} (Figs. 4, 5). 2] 0.01 (30, 0.025 (30), 0.05 (30), 0.075 (30), 0.1 (30), 0.25
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Fig. 5. Frequency of malformation patterns according to the Pb treated concentration. (A) H. japonica, (B) R. nigromaculata, (C) B. orienta-
lis, (D) B. gargarizans. Bar height represents the malformation ratio, and the error bars indicate the standard deviation.

(28),0.5(11), Z71-+2]: 0.01 (30), 0.025 (30), 0.05 (30), 0.075
(30),0.1(30),0.25(28),0.5(17), +E71+2]: 0.01 (30), 0.025
(30), 0.05 (30), 0.075 (30), 0.1 (30), 0.25 (28), 0.5 (20)). =7
v 279 S AFo] 11.3+£0.7 mm, 7N 6.2+0.5
mm, 2708 674203 mm, FZ7/+E 11.5+1.0mm=Z Y
Ehton] 025mgL” 05t FEoME tRT 74—4 ¢
ol& YEtHA §steut FARY B9 0.75 mgL ' 3+
1.5 mm), AT, AT, FEAT H$ 05mgL”
(42+0.6mm, 2.7+1.0mm, 7.5+0.8 mm)2] FEo| A Z}o]
£ et Independent t-test2 T2 A2 F-24
= BA% A4 AT, AT, R 3=
BE 0.5mgL™'e] FEolA p<0019] IS Yehhge
o, EAH Y] AL 075mgL 'Y FEo|A 2to]S et
(Fig. 6).

6.Pboll S8 7184 A% 24

48], AT, BT, RYATE Leswe 22 0,58,
049,0.52,0.54mg L' 2 Webgth ECse 22} 035,0.27,

030,029 mgL™'& Yepton], 7|34 245 YehiE TI
L 747} 1.66,1.81,1.73,1.862 UERY QITh(Table 2).

kK
Lk

okl FAu], ZAFE, A, T
iLLHC’ﬂ A Aok Fu|FA RO Hlopl gy S Eelsta
iR S e o e 2 Ao AHERE AT
F.9] djo} WAL R. pipiens (Johnson and Volpe 1973;
Mathews 1986) 2 Xenopus laevis (Deuchar, 1972)} 5-A}3H
B WehdS & & ok
FAR], A, AT, FRATE Y wjolE ofrtm
=8 9 mHA =gt dAZA] wigFsHA Pbe At
ZARRE A3 Pbo w7t Sl whet vijobe] XAk
! 713&0] F7hte S e 718 2 0025
mgL "9} 005 mg LY EEoME 22 BEr|y, HF7)
3, 558719, 2271 ol yeten FATe, AT

=) mlm r
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Fig. 6. Measured tadpole body length of exposure for each Pb level. H. japonica (A), R. nigromaculata (B), B. orientalis (C), B. gargarizans
(D) embryos were cultured for 96 hours in a petri dish which contained 10 mL. Bar height represents the mean, and the error bars in-
dicate the standard deviation. The asterisk indicates a significant difference (**p <0.01, independent sample t-test).

Table 2. LCso, ECso and TI value on each species (H. japonica, R. nigromaculata, B. orientalis and B. gargarizans) embryos exposed to Pb

LCso(mgL™) ECso(mgL™)
Species 95% confidence limit 95% confidence limit TI
Exposure conc. Exposure conc.
Lower Upper Lower Upper

B. gargarizans 0.58 0.52 0.65 0.35 0.30 043 1.66
H. japonica 0.49 043 0.55 0.27 0.22 0.34 1.81
R. nigromaculata 0.52 0.47 0.59 0.30 0.22 0.53 1.73
B. orientalis 0.54 048 0.61 0.29 0.25 0.36 1.86
2], #3704 El= 0.5 mgL o] =woA 100%2 E37¥ ERiTh (Park 2007). =3, Pb(NOs)oll k=& A1 B. arenarum
o] Yehgow EAuE 075 mg LY FEA 100.0%2)] o] wjobe] 79 1.0mgL™ o149 -anow BE oz} X
Hl &2 Be7]F ol Y Pbe s=7F Sl wat et At om 0.5mgL™ o] FEANE A& LE Hjolr}
2l 718 Fdol vehgS & = AT 718& HEtlol 100.0%9 718&& L}E}‘iit}. TS B

4, Pbo| ko wE HH°H HARES AR 23 3 N®, =E2RZE7E, A58, A da S0l HuFNG
Ma], e, BgATee] ¢ SmgL’e HEoA, (Pérez-Coll er al. 1988, 1990). E3+ Pb7} B2 (R.
FAY - 075mg L B E tl2go] v AAsA A dybowskii)©] Z7]%Ao] H]A]Ee FF& HW ImgL™ oA
ol A= o] bt o2’ F4 %—% AEEEY F= o sEAAEs G2 AAFYoIY Azgy @Al UE
7t 7kl weh 718 9 vlEo] SrtshEA A9 ARl Wi 0.1 mgL7'e FEo|AE Feo] AT (Ko and

GFe nz Aoz Fohwu, BEANILE] (R, dybowskii) Lee 1999). X. leavis®] &3olo] =238 A7} 100 mgL™'<]
9 wjotE ol =E3AHS WY Aot fARE FE U B A& 24417t Fof AbtE E1EH9 2 50,30, 10 mg
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Lo =29 Ae% 77} 48,72, 96417k gholl A AF8L7] A
Yk ImgL ™o 2EF X. leavisS] EYol= FAF g2
I v Wt EE o 277 o FopA il {GF Al FAgH0]A|

3= Bt (Mouchet et al. 2007). ©] &gt
AAFsE 9 7188, 718 F AR AL 5
S el g & 4 Adth B3 2 APS 53
H 71F4A¢(TH7F 5 1.5 o4& UER o] Pbell =
49| FAF Hjotel et 71 P& (Teratogen) >
83 7134 Uetle 222 Azted

oo ATEE T & uf =L 459 Fu|FAF
wjolE2 Pbel F=7t ke wek AALE, 7188, 718
it E AGE 5ol FFE Wot HuA B2 FEoA 1l
WA Bhgete A7 EAAS & 4 o, Fate
w4 (2874pgg ', 2660pgg ", 18205 ugg " 5, B Shale
o g T 20puge ) d =2 B (S Al Total Pb B#
27~56.1pgL™) 5ol 2t FES0l §E2 L A5 5
< 53l FAF WAX & Ao )= o] (Kim and
Lee 2005; Kim et al. 2005; Lee et al. 2006) F0] A 2S5
A =Ed 7S o] Wyt 4] A & A A

A 5ol of7]E Ao R ARET o]Hg Pbe FAIHQ
e xAlet A7t da

hu

it

o DL el
fo
(o]
o
o
o
=4
of.
ofr
ol
N,
4o
:(I)L_"
>
rir
-,

¥ 2

Yol AAalst= RAHY Fu|SAF F FAH] (Bufo
gargarizans), AN+ (Hyla japonica), &N+ (Rana
nigromaculata) ¥ FZ7NT2] (Bombina orientalis)S WA
o7 7} F9| ujo} Whof nj2|= Pbo| AI}E FETAXS &
&sto] EA4% 21 459 wjol 2F Pbo =7t SVl
et ANGE, 713 &0] Skt ot 713 ol e
o JFES HAasn. FAY], ZAFE, AT, 7
N+ 9] ¥k X AR5 (half maximal lethal concentration;
LCs0)= 22} 0.58,0.49,0.52,0.54 mg L' S Yehf gl &t
49385 & (half maximal effective concentration; ECso)<
77} 0.35,0.27,0.30, 029 mg L™ & Yebfth 713 4= 4
(teratogenic index; TI=LCso/ECso)= F74], Z7/4+2], &
AE 2 FGAFeel A 242 1.66, 1.81,1.73, 1.862 1
it Bl 7P A 93 UEiien oo
2 A, AT, FAY «L2 YERHT ol A=
o2 ol 22 =9 LH4EH =EH U stefE F
of wet Zo|7t vehd = AUSS Yugttt. o)t AiE

3l Pb7t FUlFARF 459 Hiol wEo] 7|8 =22 &
= &+ AsT
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