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Effects of Cadmium on Metamorphism and Gonad
Differentiation in Rana chensinensis
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Abstract: 200 tadpoles of Rana chensinensis at stage 26 — 27 were exposed to 0.05, 0.1, 0.2 or 0.4 mg/L Cd*" in tap
water respectively until they’re fully metamorphic after which the heteromorphic young frogs in different treatments were
anatomized, females and males were identified through gonad observation, and the female ratio was calculated.
Localization of estrogen receptors (ER) in liver cells was investigated in different treatments using immunocytochemistry.
The results showed that Cd** might induce limb abnormality, however, there was little correlation between abnormality
rate and cadmium concentration in lower Cd*" levels except for a higher limb abnormality ratio in the 0.4 mg/L group. On
the other hand, Cd*" could affect gonad differentiation. Compared to the control group, the proportion of female
population increased in the 0.05 mg/L group and decreased in the 0.1, 0.2 and 0.4 mg/L ones. The sex rate in the 0.2 mg/L
group is significantly different from that in the control group. Hermaphrodite gonads appeared in the two treatments with
0.2 mg/L and 0.4 mg/L of Cd**. Additionally, ER expression was positive in both cytoplasm and nucleolus of liver cells in
Cd* treated groups. But, there was no linear relationship between ER expressions levels and the concentration of Cd*".
These results suggested that cadmium can influence tadpole metamorphosis and gonad development by affecting the
secretion of sex hormone.
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2= BT RMEERAE, S BPINIBh PR R
B (Bogietal, 2003; Carey & Bryant, 1995;
Hayes et al, 2003) . 5% T-PishPA etk
R AR H e A KR M (Gross et al,
2007; Sharma & Patifio, 2008) , it A5HIE S
BEBNIFTE D (Sharma & Patifio, 2009) .
[E bk (Rana chensinensis) & —Ff H AT £ BF A E )
WIS, )2 oA T R AT St R bR
Ut ) S B R DA A KR B R I RS
UESEZ, AR ) 22 AU M 1.22 mg/L Cd™' e fE %
PBELUT, A m R AR R sk ) A KR H
FELEARZS (Huang & Zhang, 2006). ASCHtHsx T
R sk A 2 o A v 04 P B A A RO P R A3 A R
R e PRGN A FEARE,  DAHER AR B BT
WY 448 7= A S R B B RO AR TR A 43 WA 1 B))
5T, A b [ bR AR T A S USRI S 2 Wk
IR IEL R RA B UL VPN 4R b o

1 #MR57F%

1.1 # #

BT AR &AL EE (CdCl,2.5H,0), AR T
5 228.35, AR, ZlJF 99% (U2 2R 7)) 72D
Hh AR 2R DR T RIS L v RE My, =
b, PR E R 2627 W, &N 2d )G, EHUAR
TR /N AR T S5
1.2 FEIWHEARLE

7 Cd*" #2245k ¥ T (Huang & Zhang, 2006),
A3 IV E A 0.05. 0.1, 0.2 F1 0.4 mg/L Cd* 4 4
AEEZAAT 1 ASXTHRAL. KR R ERAE 35 omx27
emx12 cm KR & CA¥ KR, 441 40 1], 3t
200 fiil. FH 4 LIES 3 d LA LM EKRK, Kild 15—
21°C. BRBWEM, 1k cd™, & 500 mL
KAy ARSI KGR — AN +, DUE S
e BE2d ¥ 1 K, [FEINZ, & 05d. Fin
TYHERE. CIERZEM, H AA-320 BRI
SN ETERI Y, ARIE cdTE R

S A A M T (R sl e B AT, AR
B SE AR AT, GEH AR IR, BRI AN AR
LA, H Leica 1440 B WL 42 WG T S A4 1) 15
Sony AL

FH AR St S B WL 52 58 AR A R 4k I VR, 46
THMEPE L2 o 0 AS 2 43 3% 1Rk AR R A 1)
s HE Jeth)a, 6 REE s 9.

1.3 REBHALLFEN

ML BEHLIEE 10 GIHEYEAMA, BRI
S, FEEOTAE. B S E SR Bouin’s
e, WA, F)ESpm. FEtEdtt.

KH SABC Uy (1D VI
U 2K (2) KU BN ZERKEER 3%
H,0,, ‘& FALPE 5—10 min LAKIE N5 TERE, 2%
TRIKIFVE 3 ¥ (3)H] 0.01 M/L Mz £ 22 i (pH
=6.0) P& 2—3 Ik, RIN#AE I (92—95°C),
lif& 10 min, PBS ¥t 1—2 K. (4) HiRIEEE
52 5—10 min, PBS ¥t 3 &X. (5) =M= T
01 30 min. (6) JHZMiE, W0 —PUAFRE,
N RPMER E 4K (ER) (1 : 100, Boster
e 4CHEE 24 h, PBS UE2 minx3 K. (7)
TNEDFH A A Hi % 1gG (Boster 77 4i), 20—37CHEHE
30 min, PBS ¥E 2 minx3 X, (8) il SABC &
#),20—37°CH¥E 30 min, 0.1 mol/L PBS ¥t 5 minx4
K. (9) DAB {4 5—30 min, H 0.1 mol/L PBS
MY LA N . (10D FRUBK, SEW, £ . (1D
Bekd, . FH PBS ARV —BUAE R X

B BHE SN = AR s RLTORT A% P e B
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B0 A T £
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JEAKF 53 0—256 ¢, R3R ER FRaAMAHX . FHME
N A (R, AR R o
1.5 HBIEFKIT S

S T Bl R A SPSS 10.0 e #E 4
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BRI AR 7 25007 (one-way ANOVA), 4[]
Z B\ ISR S5 08T (post-hoc, LSD) i o

2 &4 R
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Fig. 1 Malformed limbs of tadpole and young frog R. chensinensis treated with cadmium
L R (=) MBIt 2. XA IE R 4hik; 3-8: BUABTE (=) M40k,  #58=0.5 cm; 9-10: TEFSERAEHE: 11-15:

WAL A, TRITESCHT (=), #5R=1 mm,
1: Malformed in tadpole R. chensinensis, indicated tail flexure (—); 2: Natural young frog R. chensinensis; 3—8: Malformed young frog, indicated

abnormal limbs (—), Bar=5 mm; 9-10: Limb skeleton of natural young frog; 11—15: Malformed limb skeleton in young frog, indicated

malformed joint (—), Bar=1 mm.



278 3 W ¥

[ 31 %

EARZS ST, HXRALE E R Wghid (B 1 2) AFE,
Kb B2 S ek HH LR R , 75 0.05 mg/L Cd™*
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SR T A 1 i PR — A L, 5 — DU IE 3 (B 1: 4D,
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[51) JC 18 0T 2 M) T A e, b ST s (1
11, 12, 13D SRR MR Z 8] ) 51 B it (&
1: 14, 15).

2.2 EERAMERRNEHITA

g T AR L BRI R AZ B 215, AR AR VAR
Bl W BB AASUE B EZ BB, — R AEHK
L, TES IS A T BN, — RO 1 IR,

AESBRIR 1—3 K, MR . fEXTRAL, 15
(I4lE, Hl 1 IR IELEBRIR 5—7 K, TRk
P TR RS AR ELI A, FE B0 WK AT
JE ) RS B AE— M5 A S — ) L A
A, MG T LE R 5 R A i Bk Kz Bl 7R — MG
JREWE TR AN, AREE T3 — T e 55 )5 BBk R, 1230
B4 A 5 Al 1) W T 7 40—
2.3 XTI LR AR

FESE AR A5 P IE W 4, TRV FRORS B 5L Kb
W, ALat, RN, KA, BOvEN. 4
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KGR . MEPELDEEN S 2 T4k, FLEa, &
FE PR . OB FAEE, SRS A
[52 T 1) O RE 4

BT AR 25 ST 4 U (0 P L, ) 2 P A
57.5%. SR, 0.05 mg/L Cd* ZHMEN: L%
521K (P<0.05, one-way ANOVA); 0.1 mg/L Cd**
9 72 B AN B3 (P>0.05, one-way ANOVA ); 0.2 mg/L
CA* 2L M MEVE LR BMK (P<0.05); 0.4 mg/L Cd*" 41
ZSR AR (P>0.05, one-way ANOVA) (% 1),
7 0.2 1 0.4 mg/L CA* RbBRZH, HAFRAN 51 Ml A [ 44
B —MAAE L, 53—k O EL: S A 1 H BURS B 51
ns (E 2.

1 RECEERER R MM LR

Tab.1 Malformed rate and female rate of young frog R. chensinensis treated with cadmium

W IS 4y H DRCES WA WEVE L W ) EPE L 3
Concentration No. of No. of young Survival Malformed No. of No. of Female rate
(mg/L) tadpoles frogs rate (%) rate (%) females Hermaphroditic (%)

0 40 40 100 0 23 0 57.5
0.05 40 40 100 10" 25 0 62.5"
0.1 40 40 100 5 22 0 55.0
0.2 40 36 90 1 16 1 444
0.4 40 28 80 18 14 2 50.0

P<0.05, SxIEAMLL, %RE3E (one-way ANOVA), 'P<0.05, Significant difference (One-way ANOVA).

24 SRR TE ER R

X HEORT 4 Ak BE 2 1 ) 0k () Bt e e, ER
T M5 A% 4 B O, 3 R A A
o, PRI RN =) S RURDIR SR A, Bk RO R
SN o TE IS B S N = A A I, Ay b I IR A
SR, RARAEAR (AL R AL 40k i AT A0 A ER 35947
Tk, EIHLRENI5RTG 5 MBI E 2 (1) AR 2
MR (B3 o SxHE4IEE, 0.05 mg/L Cd*'

41 ER SL5mBHME ) W (P<0.05, one-way ANOVA) ;
0.1 F10.2 mg/L Cd** 4 ER I35 B 1 2 i ( P<0.05,
one-way ANOVA) ; 0.4 mg/L Cd*" 20 5 %) 20 TC W]
W25 (P>0.05, one-way ANOVA) .

3% ik
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Fig. 2 Hermaphrodite gonads in R. chensinensis
ar WERERMARIPERR: —: PEBR, AR 25 pm; be MEMERMAPEARI RS O: UNEL; T: Fifl; M: KSOREE, B3R5 mm.

a: Hermaphrodite gonad; —: gonad, bar=25 pum; b: Hermaphrodite gonad of the microstructure; O: ovarian; T: testes; M: mosaic gonad, bar=5

mm.

ERF2ILHHAHE Relative intensity of ER

0.05 0.10 0.20 0.40
#lE i Conecentration (mg/L)

Bl 3 BEPE)UE A ER Rk AR G
PREZD
Fig. 3 Relative value of ER in liver cells of male
young frog R. chensinensis (Mean+SD)
*P<0.05, HALIIA XA LA, ¥ (one-way ANOVA).
* P<0.05: Indicates that there was a significant difference between cadmium

treated group and control group (one-way ANOVA).

(H, WHEKRE . FEEWRIKER TG, Rk oe o
I EERRAR, BRPTH RN ZK (Huang &
Zhang, 2006) o ASZIGZFHATI, MR K H AR
DAY SRS, RIRERALEG, Sk
HE IR T, AR T 26 5 R R R 5 B — e 1 A
Y. HUTCZHE, MlshymsR a2 A
VR AR, VP2 IRBE N AR T BT HBAR I R B R
¥, PEAE AR (Ankley et al, 2004), ASgi
LU I AR T A HE AR AL BRZ, W A A,

WA S R 7 3 R 1) 2 B AR T, (H
JREAAR (IR S 356 3 e L vk P SR B — B e &R, X
M RES MR N EAE S BRE E %. —CkEN
WS P ESERMEAIEERE, SEMEAYS
WO IR R SR RS ST L BR R ARk
(Klaassen et al, 2009). 147544 EME
PN R, ASFAMATR SN RE ] BEA7AE
FEFt, WO I R AR ZR AN — 5 5 RN PR I 1 Ab A
JERWIE, VAL R AR 7R o

PR S0 1 A8 A ATk ) IR IR 22 1R KT
R IR AL BT R M AR R E
HATEEMEN, Bk FR IR R B 58
WP s S - EE H Ax (Gray et al,
2002) . B nl I 52 e R IR TS B, 5 ke
1178 A& (Sharma & Patifio, 2008). ASZH &5 Hn]
WL, FERps AR AR AR A, BT S B S R IR 2%,
AL AR, BAARE . XS
TR T RIS SIS, A7 S50 R 5K
3.2 RXTTAREERREL R 4 LR R I

PR 50 40 K 22 B P 1R P R o A AN 2 5 TR ke
ST, IRBE PN o P T T Bk v S R
WA TR 46 (Hayes, 1998) . Sharma &
Patifio (2009) JHIKE5 525 1. 8 Al 85 pg/L Cd™
ACFEAES TS IR IE H R AR, 25 RERW, g
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W AT, BT, w] WA TR
T A I HE o BRSO, AHAZ BT e 46
RAFEBR B T R Bh ) BAT 59 R RN . T
MRIEE PR 73 AN 31 346G, 37 58 R 5734k,
KB IMAE R R G5E 8, PRI S SRS iU
(Li et al, 2001). ANSHG 50 % e Ab BEAERR L 26
—27 MR e AR, A RR IS NERR AL
SIS AW, RS T AR R s R S A AT S
BA - RN, AR N I A5 58 1) 7 =
SEINAANEAR I o XA G F 5 50 AR YT 1 iR 234k
P MIAEEZE S, 2 T YR I 22 il o T Ak B
WL PR TT XA, SR EAIANT T .

Carey & Bryant (1995) i, WAL EIY:
W) 5 AT A R B A 1 A AR S, I [] A R
%, Hayes et al (2003) 75SE50 % A H PR LS
FIEYNF L A BMERE [R) 4, DX M R 5 A]
R T8 o 32 1wy 05 A R 5 s A8 A A H B A [
o EAT R A B AT MEEGR TR P K A AT 3 2
A YT FN R PR 25 7 AR BRI AL R PR R (Bogi et
al, 2003) . ASZIGE 0.2 M10.4 mg/L CA* ALRIZ
o A IMERE R AR . — Ak, IREEA AT Be)
X R 53 A 1R 5 i b 2K [ i 3R 5 T O B
I StAR 731 ul— LB IR 5o, - B [ I
FEAWSZH, A EERE [F] 48 (Walsh et al,
2000) .
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