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Abstract: To evaluate the reproductive toxicity of low-dose and long-term lead (Pb) exposure in male Rana nigromaculata, healthy adult male frogs were
exposed t0 0.1, 0.2, 0.4, 0.8 and 1.6 mg-L’l of lead solution for 30 d under experimental conditions. The activities of Ca®* -ATPase, Na*-K*-
ATPase, Ca’* -Mg’* -ATPase, B-DG, LDH and ACP were tested. The results showed that the activities of Ca’* -ATPase and Na* -K * -ATPase were
induced with the increasing lead level, while Ca’* -Mg?* -ATPase being inhibited. When the decrease of Ca’* -Mg?* -ATPase exceeded the increase of
Ca®* -ATPase and Na* -K * -ATPase, the quantity of sperm decreased and the male reproductive toxicity of the frog was induced by lead. In addition, the
activities of ACP were inhibited under 1.6 mg-L ™" Pb** , implying decrease of the quantity of sperm because of damage of sertoli cell. Also, the
activities of LDH were significantly inhibited under 0.4 mg-L~' Pb>* | implying decrease of the quality of sperm because of the damage of spermatogenic
cells.
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WRAGEPEBEAENESEITRZ —, JFH EWAEE, F2= & FRER A A7 A AT (Garcla-

JURZ O T H R AT A T A . FEXSEN ] Garcfa et al. , 2006). EIRGESYL R E SR AMTHIE

e, A 4 W R R BOR A, AR BN A4S R (Hong et al. , 2008 ) , fELAR 5 8 % (A7 AR “ IR 4T )
e HRR R IR . TR RA AN ATRERE, BTl BORIITS e RAG B e AL, (EAIRADESE.
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PRS2 Bl )0 A2 25 R G 10 Z AN . T AR
K, BT IEETG G, WA B W 7E A BRE H A
BT EMER, BRI T K4
(Alford et al. , 2001 ; Hayes et al. , 2010; Kiesecker
et al. , 2001 ; Rovito et al. , 2009). fENET RS
R R A LR A, A BRI S AR RO T R, X
HoAly A= 1 A BLAR 7= A R R (Allentoft et al.
2010; Becker et al. , 2008). £ %2 1\ N W #izh
Ydy T J Wk BAT w08 08 M K B R S5 R A, A
5 Y Wi ) 76 FLUR s SR RO, BRIV A 288 e 31
HRAENAERFHAZLEMEYEX DY
( Blaustein et al. , 2010; Jiti 3% 35 %, 2010). [H 1,
TCIE 72 DN AT Sl 40 b A SR AR 0 A HE 25 R, 2
R TS F I8, WAL
Xof AR ST 22 8 0 G 2 ) 0 P R AT OO

25 b, 2 SCHUTE T SO0 IR A 4 0 % s 0 A e
K R FIVE B KCE T IO S i Stk b, E— 20
PR 9 AV 50 A K 00 8 8 X DL B e R SR 40 Ca® " -
ATP fff \Na*-K"-ATP fff , Ca’* -Mg’ ' -ATP fiff , B-#
) BETE TR 1 1 (B-DG) |\ FLIR i % i (LDH ) AR 1
WEBR  ( ACP) 25K HLAR AR MEE PE RO 2 M, LU WY
AR ) S A % o o) R IRE e AR B A A RS e, TR
PRV AT Sl ) o 1 e 1R ) 2 B AL )

2 ##F A% (Materials and methods)

2.1 SRR A

Pb** YE R Pb(NO, ), Bl , 43# 26 (b it 4
ARy AR A ), B KB i s 300
mg- L7 REVR, S e A R T T 4% Uk B
2.2 iR

i B G 4 T M BB B ek ( Rana nigromaculata ) 1
AN RE, K (7.19 = 0.33)cm, {KHEH
(36.29 + 6.60)g. FEEMNIEA 2 ~3 cm RIERH
KoK (R 3 d DL b)) MRS /K R 6T (S2 50 /i A 10%
9 HNO, 230 ) 8 972 7 d o, Pk ok R Rs B 5%
1) FE B B AT S5
2.3 K&k
2.3.1 b Sim AR BERERE AL A 6 4,
Bl 20 H. O MRHE 96 h BB ELE, SN E
KT K ERA HEObR A, o G 75 41 R B ik 43 0l 7% o8 T
3 em HEAY PP, WREEARIK N 0.1.,0.2.0. 4,
0.8.1.6 mg-L™" (% Pb>* i, FJ Pb(NO,),H#l) ,
Xof MR SR B B B T 3 om RIS KR, %3

ANATH. SLEAREE N 60 ecm x 40 em x 35 em (K
X U5 x ) B BERE K RAR , 250 FIK B SCA kK,
LHHE K 18 ~22 C, pH{E N 6.5~7.0, AN
6 ~8 mg-L " SR MM E M, HREHRIKE
W, B 23K, BRI 30 4. BRI
S SR o B v R BE B AT A AR T AL IR
SRR R F ALK, H(35.88 £6.94) ¢
2.3.2 HEAE PRRLSHRIE, FBURHEE AT
FADEE, PO RSB, RERKEY, WUk, MR T,
FREE. 4 CTHHZ 1 g K EIN 9 mL Fve A= BLER K Y L
B AA BLER K, TE UK bR B0 5 K A AT 2
. F4°C 4000 r-min ' F B 10 min, B EIE R
RAFT -20 CoukAdh, &0,
2.4 EEMENE

A B AR E R SR e s L6k,
Ca’"-ATP fiff Na"-K*-ATP fifi fl Ca®* -Mg’ " -ATP [if}
K H o L BE IR O AT W 8, W TR BE R BE ( Acid
phosphatases, ACP) 5k ] 4-2 J& 2 B mp kil 7 , 5
1% it % fif# ( Lactate dehydrogenase, LDH) X 2, 4-
TR R R F L D, B AW E TR H M (-
glucoronidase, B-DG ) >R FI 7 25 My Bk % 0 %€ . 1057 &
Y0 A e R ) AT BR A W TR AN AR S
SCHk (B 75 96 45,2007 ) . 45 B A7 LA Usmg ™" (L
prot i) FoR.
2.5 HAEAHE

S P A U LA S (E £ ROk R, Kl
I3tk OSPSS 11,5 58 iF B4 4 v /Y 7 22 43
(ANOVA) }% Pearson }g434#F. p < 0.05 RnER
BF, p < 0.0 RRERMEH.

3 # R (Results)

3.1 AEXTHEE ATP B & o %l

1R 7R 1Y S A ] 9 5 00 S i e 3 2H 21
ATP & PERYSZ 0. I 1a A1 1b W R0, B & B G
AR AR N, Ca’ -ATP [ fl Na*-K "' -ATP fiff 7%
PEHEREEFE FREMGESE, HAE 0.2 ~0.8
mg-L™' Pb’" b FEF, Ca’" -ATP [ f1 Na’-K ' -ATP
G P A S 2 T R4 (p <0.01) ;{HAE 1.6
mg-L~" Pb** AbEER, Ca®' -ATP i i ¥ 5] ¥ %5 4 A8
HIKF(p>0.05). HIE Te AT, BEE Ge a1 & 1
Hahn, Ca® -Mg’"-ATP i o & B4k F s, H
£0.1~1.6 mg-L™" Pb>" b3 F Ca’ " -Mg’ " -ATP fif§
I VRN 2 I T X B2 (p <0.01) . sk, hE 1c i
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Fig. 1  The effects of lead on ATPase activities in testes of male Rana nigromaculata ( a. Ca>* -ATPase, b. Na*-K " -ATPase, c¢. Ca>* -Mg>" -

ATPase; n=10; * p<0.05, * * p<0.01, compared to the control group, the same below)

3.2 HNEENEBmEHENDWH PERSZ . & 2 AT 0L, B-DG G 7E 0.2 ~0. 8
2 A I B 0 S B A LA RO I e L e LI B 18 (X4 R (p <0.01)
0025 a. 15000 b, .
T;" 0.020 4;) 12000 |- .
2 E
& 0015 2 9000 |
id Eal
% 0.010 § 6000 |-
a =
0.005 = 3000
0
0 0.1 02 0.4 08 1.6 0 0.1 0.2 0.4 0.8 1.6
Pb** kB /(mg-LY) Pb** kB /(mg-L™Y)
240 - ©
<200
g
3; 160
#H
w120
&
&5 80
<
40
0

0 0.1 0.2 0.4 0.8 1.6
Pb>* ¥k /(mg-L ™Y

B2 $BxERBEAEDITEEEEMNZE(a g-DCH, b. LDH [, c. ACP i)

Fig.2 The effects of lead on marked enzymes in testes of male Rana nigromaculata(a. B-DG, b. LDH, c¢. ACP)
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FE 1.6 mg-L~" Y 3 41 [l T+ 5 %) BG40 K F (p >
0.05). LDH B{fMEAE 0.4 mg- L' Jep 414K 3%
TXHIEZ (p <0.01) 5 BEH HY e B (938 I, LDH fify
TEHEFF AR [0, JRTE 1.6 mg- L~ Yeae 20 [ ¥ % % i
KT (p>0.05). ACP i #E HAE 1.6 mg- L~
HHBEMRT UL (p <0.05), HARFRETHE
xR HE AL S AN B (p > 0.05) . X FE 4% 4 i
PRI, SR B-DG MBS 142 10 i B o 5 /N T
F1E LDH Bl P A2 4L i By i B, TS &/ T 51k
ACP i A2 A o S R

4 1} (Discussion)

R RAKS A G5, 20 i 820 R 1k A 40 i
P, A0 R A A SR N A O Y B —
TR ATP il 2 40 M i F — 2850/ /Y 28 18 AL
B, EREIERE S Filad, X 4ERrEaE K Y
pH 2 E B AL A N AME S5 S R A TR
S WP, TERT AL, ATP b XK 7 &
A K TIE T E A BEE R (Acevedo et al. , 2006).
Ca”" -ATP [ 4 3% P9 Ca® " %2 HH 410 0 41 55 ALY
FRF, MK Ca" P A E @ . Na®-K " -ATP
Fit G K 210 B P8 7 Na ™ 28 HE A M A0, [] s o0 240 M b
KT AN, e A0 M8 2S. Yiicebilgig (2003)
ML Y Ca® " -ATP BRIl Na ™ -K ™ -ATP i i
PR AT EY BT A0 5 Satyavathi 55 (2000 ) AF 58 %
B, B R B RE RS I 4l AN Na® -K " -ATP i
Tk ; MacDonald 5 (1986) #F 5 W & B, 7E AR Y 2
BEH, Ca’"-ATP S MG B E AR k. ARBFIE 45 R A&
P, FEHT YL R RS S Ca™ -ATP Al Na™-K ' -ATP
kT 1R 4 BE A A U R T R B B TR R RERY
Fad, H Pb*" KT 0.2 mg- L7 b BAL T (¥ il 1
Y50 2 o B2, B AT A S B A L Ca’ 't -ATP
Mg Al Na* -K " -ATP B 5 P BAT S AE A, A LUK 40
P g R A Ca® " A T, DA A R A P R
A ARABESE [ B R B, Ph” " Rl 0 il 2 BE e kG L
Ca’* -Mg* " -ATP i 1% P&, X 5 Abam %5 (2008) i
Quintanar-Escorza %5 (2007 ) #fF 5% 45 % & A — F.
Ph* "] Ca’*-Mg® " -ATP [ I £, il Py Ca®" e
BEFFEr, Mg R BEREAK. #i% Alavi Fil Cosson (2006 )
W3l , Ca" 3 i W] LAE BT K™ EKE 7 & 2E P i B
fEM s Masui % (2005 ) I Hy Mg®* S A= i i 7 o 7R
L1 T T Y 4 R B T UL B P 3 g 4
Ca’"-Mg""-ATP % ¥, 55 40 M2 3 4 4% 85 7 F

5, SO0 ARG R op O A S . oAb, BB
(2009) 4%3# 24 Pb*" y 1.6 mg-L™ "B, K T B4
LT X4l W2 P b 0.1 ~0.8 mg-L7' i,
KT B0 AT B e 2 5. 3] Ca™ -Mg™ " -
ATP Jif§ %F 575 e 82 09 R, Ca® " -ATP i Al Na” -
K" -ATP i B A — A5 R fE 1, 24 Ca®” -
ATP i 1 Na™-K*-ATP g f9 1X £2 75 1 55 T 8% %t
Ca®" -Mg® " -ATP [ (19 $0 0 if, D) 400 7 5 7 199 % 28
SO A i R

BT R RS AR E Ze i B, SH S
SIS A EE BB LR, B-DC WS 5% F
BRI RR MK, BT 5 KA L R 2 S a0 g%
() [ % 55 52 B ( Varnagy et al. , 2002) ; LDH Jiff 2/
40 i BE AR O8) 7= A BB Y 32 22 ( Boussouar et al.
2004 ; Butts et al. , 2010) ; ACP [ M == B 45 45 F 45
SRR AN P T A A AR T AR R T 1 4
R (IR FHEE, 2000; Pesch et al. , 2006). ZRHf5%
iR B, A£0.2 mg L7 PO AEFER, B-DG i I
W23 T X B 4L, B 0.2 mg- L™ 4 I B2 88
BT SR S5 2 4 PR ) 20 R 7 A S AR S
Pedi R SIS, RIEERG Srh LDH B, BlE 5 g
BRI, HOE s AT, X TRE RN N
AR AT R R D, S OB A A B B
HERT BB, VAR TF 0.4 mg- L™ BV K W1 2 57
T T A K A0 M F B e I, 3 T 0 A R 40
KE. B, 76 1.6 mg-L~' Pb>* 4b3 R, ACP fif 5
P A, I B e B R A, A K
T 5 IR TT X S H 0 R B X El A% bR A G
WAk, Bl B-DG B i v A8 4k i 4% Wk B (0. 2
mg-L™") < 5| LDH i i 48 1k i 4 4 i (0. 4
mg-L™") < Bl ACP F i MEAE (L i B U (1. 6
mge L) B RO S ZH 4 M A 20 i T S 0 SR
TG SR T AN BbAh, B 75 44 (2009)
I Ph* K 1.6 mg L', KT MR EIKTF
XA 5 T2 Ph” T KF 0.4 mg- L', R T IIE R
BT XA W] ACP FEIE ML T M T 3%
RO S PR SESS 51, AR RS T BT M
BAGAE s LDH 35 1 7k v L 4 K5 40 e B X i 52
55 K5 T WY 0 T B R

L F R, TE 4 R AT XK L4 4 A 4
I 200 0 S 0 B AR S [T DT
240 6 JE 95 A L g T T O T, R 4 P b
1 B P, T RO T R R, S M A Al
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T 5% D145 « AR H 4 3 4 % i )

A
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TR e A R 4 0 O B il 9 Y 195 ) 755

L G AT I DOl RS R  ER A I S B o)
20 B N8 b R 1 T Y 5 T s A R B 4 A R
SHEEME R IR 2 —.

5 &2 (Conclusions)

1) B B e 76 ARG 77 J BT W (0. 1 ~ 1.6 mg-L™")
s 30 d, Ca’' -ATP i fl Na*-K*-ATP i i ¥
Wik S, Ca’'-Mg™" -ATP W% PER 0], 24 Ca®" -
Mg’ -ATP i f 400 ) 72 B B3 Ca® " -ATP i #1 Na™ -
K " -ATP fif 11 £ B2 HL 0 B, 20 6 I 40 85 57 i ok
I, G T & AR ], B0l 5 B A 58 7 4

2) BB fE AR R B AA (0.1 ~1.6 mg-L™")
e 30 d, 515 B-DG BEE M AL I BT B (0.2
mg-L™") < 52 LDH [ i ¥ 25 1k i 55 vk B2 (0. 4
mg-L™") < 5 ACP [ iF A8 (L YR E (1. 6
mg- L"), 4R A S 2 A 40 i X A A SR o
T ARG A IS T SR A, BIDRS T R A 4 i
TR T B F W sz 2
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