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Abstract; The toxic effect of strontium (Sr) on tadpole of B. gargarizans was investigated at three concentrations
of SrCl,, i.e., 0.2, 2 and 20 mmol - L™, respectively. Results show that low concentration of Sr**(0.2 mmol-L™")
does not produce significant effect on activities of glutathione S-transferase (GST) and catalase (CAT) enzymes and
content of metallothionein (MT). The highest content of MT in hepatocytes was found in 2 mmol-L™" Sr*" treat-
ment, while the content of MT in 20 mmol-L™" Sr’" treatment group was lower than that in the control. These re-
sults suggest that Sr’* treatment could induce the synthesis of MT in vivo, but the synthesis of MT of tadpoles
could be damaged by prolonged and high concentration of St** treatment. The increasing activities of GST and
CAT enzymes with Sr** concentration suggest that high concentration of Sr’" in the environment could induce oxi-
dative stress in tadpoles. Low Sr’" concentration did not cause obvious genotoxicity to tadpoles. However, the
growth and development of tadpoles increase under low Sr’* concentration. The DNA damage of tadpoles increased

and the growth and development of tadpoles were significantly inhibited under high Sr** concentration.
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fE1~5 mg- L7 E N, FZ DU e X7
TE, SRR S R SN b R K 85
1) 7.5 i, B FIRAKCTF I ERE B 47 459, T4
B AR T S Ml 9 2 dbe X b Ty 28 % Al BTk, {HL ] s
o 0 PRI 28 4 1 VAR BN, T SRl By Sk Kt
AEIETGIK AN TR KA FEL R e v B 1) BT 3R s 2]
HRIFR R X SEY AR A —E 5, P 3
Py R ZR 7K A T A A B AR RR AR W ol | HC 4 (AR 6l R
FE R B B R, 6K 5 A AR o U R K AR
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K B, BRI, AL WS i (4 IR 16 Fn &l 440t
KRR AR SRR A 4 TS Yt A R
R, T4 Ry A7 A 25 75 P 24 0 98 K AR IR B 174
FEEAEL R, X e R i R ISL £ AS [R) MR B S Ak
PR HAs e FAE AL AR SCH8 bR S A K R B 12211
BHEAT THFSE, BAEERTT Sr™* Xif o A8 e i i is] )
FEMERINE , A PPAR R S T e X6 7K A sl 53 mie) BeoK AR
IREE W P Bt 22 440

1 ##l57 % (Materials and methods)
1.1 M

S FH AR WS iR IR ST 2019 4E 4 H TR AR
ST S PH T R % MR P8 Gosner™ ™ (1 iR B} % 75 4310
PRI, REEALF & R 36 JHIMUREL | PRk B B
SERh 36 IR B AME B TF IR, A BAVAE 1)
HELE A AR B A 37 W1, B, XN EE
B K AR A= ) 1) Bl A= 26 ) 7 720 1Y) 22 B B
SRAERYIRELYE B T2 20 L /KA R SR | B SRk AR
RS AKAK IR IR AR, TR 18 C,
3 R — kK, XY B T 8Oh T A
Fro AR 2 d e BRI ANTE 3 ) i E T
R, R B IR A 3 AR BV RS 5K
PR 43 3E N 0.0.2 .2 F120 mmol- L™ ) SrCl, , &
W5 APAT, BAEATH R E 30 HRsE, 23 30
d J& , RHERHISEY A K R B AR A | st A% RN AR A A A
T .

1.2 ARKEFER

HRAE Veronez %5 7 1 I W AMUA5 g 1t 47 0 o
IG5 0T o AR I~ RO S R} iy R R K
FUSAC R JEFR MR} A I ER 5 1 SRR 1) & A RN S
T, dheha , RS Gosner" $ 43 1) fi £k ¢, XA 56
H R sL & B B BT ITA
1.3 EHEE

FEARIRIEE R T, 1 ml- L™ A9 H] 225 R R B
WRRISE P 2R AR 3 S i 2 o v B OR 2 A,
TEHREIRXE, MEFEATE RPMI 1640 355 HE i
BE1: 1200V/V), - BdE iR AR Veronez
SRR T R AT HE 100 562 W AUEE T BEDLA BT
FAEE TR 100 4000, LU &S B R K,
HRAE DNA M 20 A% 3278 0 R 3, SR A6 o0 25 7
X100 SAUHEAT oA o KL PR S RIS 5 A
BESH 0 NI, 1 ARG (B KN T#),2
SR KAE 1 A58 2 A ERZ )3 ™
IR K KR TR ER 2 /)M 4 g =",
R LI 235 SR ) DNA #1459 20 (DI), Bl
BN 2 I L 1) 110 4 A 5 i e L) L A% 1 4615
0 ~ 4)BYAE Z A1, 45 5 DLAE A SE 0 41 A SF 1
DNA i fifa45R
1.4 ZFPEHBK S H B (GST) i & 1k S (CAT)
TGP 48 A L (MT) & =

SRAE MBI, F W s} 28 0 I LR I O 0 A 7 il 37
PRI & i A AT, T AR B 1R R % vh I W (pH
7.0)H UK IS 5K 5, 76 18 000 remin™ | &0
30 min, R4S B VBRI P RN R VR B AT
GST(EC 2.5.1.18) G M H &4 1 mmol - L™ [ 1-
H-24-"W4KEFE(CDNB) A 1 mmol - L™ B4 e H K
(GSH) B IR ER 22 Wi W (pH 7.0)WE Ry Rz 1A Hr
JE,FE 412 nm FE OD fH LAt 5 MG . CAT
(ECL.11.1.6) 7% 38 32 1 28 H,0, BT BRI
TR RN 2% s % A 10 mmol - L' 1Y H,0, . 1
mmol-L™" Tris-HCl 1 5 mmol-L™' EDTA, ¥ 405 nm
A OD (ER AL LT B M, MT & 20
KR LLAE AL T MT 454 6
ANEE(CA)JF T H A MT Y&, MT & EA
A K :MT(umol-g™')=Cd(pg-g ' )/1124/6,
1.5 Bl

JH Excel i1 SPSS 15.0(IBM, Chicago, USA)#f4:
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B Sr* A FRMR LY LT AL T DNA #4554 )
2 455 (Results)

2.1 Sr*ALFEXT R AR R ME R R A R S I F1 FERE Sr* 1 30 d 5 rh 4k iEhA iR by
2 1 Al g, &0t 30 d A BEJE, X IR A HEERR(%)
77.6% PIRHIL & B $] 42 ~46 BB, TMi7E 0.2 mmol- Table 1 Frequency of developmental stages in
L™ S A B HEA 42 ~ 46 By B RE S B. gargarizans tadpoles under different
88.7% ,IF HA 41.6% MR &L E A 2 & F 1 46 By concentrations of Sr** treatments for 30 d (%)
B R IR OS2 KB AR i, Bl AR R Lk F i S 4ba
FESEALE R, 2 mmol-L™' 120 mmol-L™" Sr*" Zb ¥4 z’:'a *E; S treatment
BRI SRR, B 2R B 43 ) 0 02 mmolL 2 mmol-L’ 20 mmol-L”
A 59.9% F148.5% (HIFHIELIE A S 42 ~ 46 BirEL, 38 0 0 0 47
23430 d AbBRJR  REARIRAL 5 ASPAT4 BEHLE N o " o
s FUIRHISL A AR bR S5 R R (R 2),0.2 i " ss 5o ol
mmol - L™" S Zb B ZH F1XF HR 41 il B A B 5 15 ) 0 3.2 96 1138
HIHBRX 9, {H2,2 mmol-L ™" F1 20 mmol-L™' 43 15.1 79 11.0 156
Sr** A B2 iy R Ik i A K 2 B T I AR 44 18.2 173 0 1035
AT A A T IR AL, FLAL B Pty | MR K B ! °
%?ﬂ]fﬁu H@Iﬂ%@fﬁﬁo 46 358 416 27.2 10.6

F2 FERE Sr™ M 30 d J5HRERIERIE LA £ KIBIR
Table 2 Biometrical data of B. gargarizans tadpoles under different concentrations of Sr*" treatments for 30 d

£ & /mm Length/mm

Qb3 ,
Treatment Bk (ZSS 2N fif i /g
reatmen
Total Body Tail Wet weight/g
0 26.2+03° 10.1+04* 16.1+0.6% 0.21+0.03%®
0.2 mmol-L™! 25.7+0.3% 93+0.2° 164+0.2% 0.24+0.02°
2 mmol-L™! 22.6+0.5° 8.1+0.2¢ 145+0.5% 0.19+0.02%
20 mmol-L™! 193+0.8°¢ 65+0.59 12.8+0.7° 0.12+0.03°

TE : DARASIR NG R B0 22 ] — 0 A ) A () b B2 (7] 22 55 68 25 (P<0.05) , AR [ o
Note: The values of different lowercase letters in the superscript indicate that the differences between the groups are significant at the same test time (P

<0.05); the same below.

®3 AREIRE S 42 30 d /5P AR IERIREH L A8 DNA 5 ER( %)
Table 3 Classes of DNA damage in erythrocytes of B. gargarizans tadpoles under different
concentrations of St** treatments for 30 d (%)

QbR DNA $i5554 DNA damage class
Treatment 0 1 2 3 4
0 85.3¢ 76° 7.1° 0° 0°
0.2 mmol-L™! 84.8° 59¢ 93° 0° 0°
2 mmol-L™! 75.1%® 18.2° 6.5° 0° 0.2°

20 mmol-L™! 47 6° 277° 17.8° 48 2.1
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ZLANMI%CE FTE 76 20 mmol-L™" Sr** b B ZH iyt i}
S 4.8% LT 40 DNA G556 3 iS4, A
2.1% MYLZLAN N DNA SESI5E 4 1% 9% i fe HoAth 3
AL LT B A IR 21 20 g DNA X555 3 FI5E 4
B, mIE 1 % ,0.2 mmol- L™ S ZbHH L Al
X B 2 R sl 2T 20 Y B9 DNA 4 38 50 A B % 22
5o HJZ .2 mmol-L™ 120 mmol-L™" Sr* &b JH4H fiY
sk ) 55 RRZH AR LG DI F8 80l 3 -, HAL Rk B
i, DI ARG

2.3 SR AR R ME IR L GST  CAT 1 MEF1
MT & i 1Y 52 1)

RLISLFFFAE Y B9 GST Ml CAT W& PETE S AL B R
O AR LA AR fE B (A 2), B 0.2 mmol - L™ Sr**
AEBRALFIT R AUV A B 22 5, (H /2 FE 2 mmol - L™
120 mmol - L™ Sr™" 4L FLL () GST Al CAT 135 Pk
Y% I, £ 0.2 mmol- L™ 434 | GST F1 CAT
A3 T 0 1 S X BB ZH K 0.98 %5 Al 1.01 £%; £ 2
mmol- L™ AL FEZH | GST HI CAT AY S 43 91l 2 ot 1R
ZH1Y 149 f5F11.13 £% ;7€ 20 mmol - L™ Zb P4, GST
H1 CAT (35 43 X BRZH 1Y) 3.90 £i%5 70 1.74 £,

WK 3 frs, A B 30 d J5, XF B8 20 08 i MT
TE N 4.26 ng-g™',0.2 mmol-L™" S AL BRA /Y
MT &N % ALY 1.03 45, S0 AR A B E
25532 mmol-L™" Sr*" Ab A 1) MT F & g X IR 41
() 1.55 4%, B0 B4 @ 2% - F+;520 mmol - L™ Sr**
AEHRZH A MT & B X BR A 0.74 4%, 3 %) IR 4]
BT,

0.10r (a)
22 008F
oo oo
EE
E= 0.06F
g E
&0
%’Dé 0.04]
Rz 7 b
4 -2
2 = a a =
a5 002r —
(CRG)
1 1 1 1
0.00 0 0.2 2 20
S i /(mmol- L")
Sr** concentration/(mmol- L")
&2

3 138 ( Discussion)
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Fig. 1
B. gargarizans tadpoles under different concentrations

of Sr*" treatments for 30 d
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Fig. 2 The glutathione S-transferase (GST) and catalase (CAT) activity in liver of B. gargarizans

tadpoles under different concentrations of Sr** treatments for 30 d
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Fig. 3 The metallothionein (MT) content in liver of
B. gargarizans tadpoles under different concentrations

of S** treatments for 30 d

DNA#i 5
DNA damage

RS D RN BRI S EERE,
e g A Ay A AT T R A=
AR ZE L 2> S BN g ) A S AR A AR Y, IR
WRERY Sr*" B AT, AR RS BRI (Y GST
W MT 2 i A CAT % PR B B IF A i 72
b, X RV B Sr* 2 8 I 1A 5 i R L AL A 11
BEVESON . TEIMG SR AF T, IRHISL 2040 i DNA 1945 45
TS50 BRZHAH L B & 22 5. o5 —Jr T, i
U K BRI AE AR AR W, IR BE 1 Se™" Ak 38 % Ut
WY R B A —E A SR, 3 AT BE S PO ARk
(4 Se** W] LI i S A i i) A R A 4P L, XA
U S VR 9 e B, AR BE Y ST AR E T b xR
(Fenneropenaeus chinensisyRfE 3R 14 B IG5 28 2%

HEAEIR L Sr* B R AT IRHBHAC Y GST 1644
FIMT it 2% BT, XKW 2 mmol - L™ Sr*" 57
REAS S IR ISL AL IAC B 2 A9 B 2 L, Van der Oost
SEUOTSE A0 2 A A ST A Veronez 251Vt 2 e R 8] 1 A

GST-Sr

IRk A HNE S

Development
retardation

Tadpole liver Exogenous Sr*

MT-Sr

B4 SME S EBEBMERHERRE
7 :ROS FRTEHEA.

Fig. 4 The action pathway of exogenous Sr** in B. gargarizans tadpole

Note: ROS stands for reactive oxygen species.

FABA R, EYIFIEN , GST BB XT 4%
T oI5 27 ) ke ) e 5 A ANVE L B )
VTR o I HE AR A1, J2 3h W Ak P B 21 B 1E 4
U, MT FEshi) 52 5 4 @ Wy i 78 A v A 6
It H 54 @ W38 A2 AE — 8 A B[] 500 2000 G R
MT YERHLAR o8 J5 75 5 ™ A 1 A 28 21 11, AT DAAE
NS &REs G, BRINEE 4R 5 H A 20 i gl 21
FISEFIRE T, DR 2 22 9 AE . s iR g MT
i CVBVE Ry K RS W I B 4 S o3 1) B AR S
BEFL2EAEAR T A WRHRLA Y CAT 16 M A 85
JER ETE X E B GST il MT MO1E I A RESE

IHBR AU Sr*T R ER S AE R F AR, Ak
JE St BB IR N 5 T S Ak N 3O R, 7R
TS A (ROS), TAHMIRFEM, 48N
55 A0 R Ak P aE 25 VTR 56, AT S B0R HLIA NS B
FALKE BT CAT RS 5H AP RS
(1% B, AR O 25 BRI aa i B2 v =2k 19 H,0,,
B AR O, A1 H,0%, CAT %51 1 015 BRI
PERTHE N, BE AR S A By 20 I 7E 396 355 P 200 Ji R 33
EYITNZ ROS MR, Aid B R #2553
A 7E P SRR BE ) S R ER AR, R sl AT 4 i
DNA [ iR AT 8, (RS2, IRk & & FiE
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Kb 222 8 T W W E, X aT 685 Sr*' e il
PR Z R A T B G, AIFFEERM, ST RE
WAESI YR NS Ca & AR5 4 VR, 30 6 45 1) Wit
AP FRVE R AER P 3 ) D T RS 1 B
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R SrPT B ER AR IE T, AR R A Y
GST G B E W, 78 Sr™" Zb PR | CAT L B i
5 GST AL R BRAE . SR MT 75 2 £L 2 2LAIK
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SRS SEARAAR I AL AR T [, TR MT & BB
855, GST.CAT Al MT Zefb i 22 5%, th &0 sh# 1k
IoE X} 4 S B PR, B R R AR 8 A R I
BEARRMIE, NERKBWERE, mikE
[ Sr*" k5 55 AR R WE IR IR It 21 241 ifs DNA #5147
NN . Zocche S5 AR DXOGT 5 25 Hir vt ek (Hyps-
iboas faber) SIS} 2T 21 s DNA 454473 B W 5%t A AH L)
MIZER, X, 4 X Rl 20 i DNA 9 4 473 1
FHRT e —Fh i NG . I HL Bl S A PRk
AT £LAM A DNA 14503 K P B ax i,
FEAPUATCR & 4 S M3, X+ 4 s DNA /91
Tk, XL, GST CAT 1 MT %% 4 J& 7%
FIOAPVERA — 2 MBREE . TEIARAE T AR s
SIS A R Az 3 T SR A

25 FRTIR R SO REAE — E R FAE
TR IR L R, (R R VR B 1Y) Se*' R i
X AR ME R HISE 1 A 4 R B AR IR VR A R A
Jitl DNA 7= A= 350 F AR J, 56 4 it 7= A= 4204k i 2
AFREEE . BTLL BB R O s R OT R A AT REXT K
ARSI R K R T A e E IR
Som MR BIFST A R AT S PR IR SR T & X K
A= SIS A S SR 7 M R T 1) A A5 AU PPN $ At
SHRIE
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