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Effects of Cadmium pollution on oxidative stress and metallothionein content in

Pirata subpiraticus ( Araneae: Lycosidae) in different habitats
ZHANG Zhengtian' ,PANG Zhenling' ,XIA Min', LIANG Zian' ,DU Ruiging' ,PENG Yu®> "

1 Department of Life Sciences,Nanyang Normal University , Nanyang 473061 , China
2 Faculty of Life Sciences,Hubei University , Wuhan 430062 , China

Abstract; Heavy metals such as Cadmium (Cd) are one of the most fundamental causes of soil and water pollution in
industrialized and developing countries. Cadmium (Cd) is a heavy metal that accumulates in the environment and causes
pollution as well as intoxication of both vertebrates and invertebrates, although the mechanisms responsible for the toxicity of
Cd are not well understood. Organisms inhabiting chronically polluted environments require additional expenditure of energy
for supplementary detoxification. Superoxide dismutase, catalase and glutathione S-transferase ( GST), play key roles in
protecting organisms from endogenous reactive oxygen species, whose activities are enhanced by environmental
contaminants. The wolf spider Pirata subpiraticus ( Araneae, Lycosidae) is a common, surface-active wolf spider that
inhabits very wet places and can be used as a very important bio-indicator for heavy metals pollution. Here, we used the
wolf spider P. subpiraticus as an organism to evaluate the oxidative stress and metallothionein ( MT) content. The wolf
spider P. subpiraticus inhabiting at four meadow sites along a gradient of heavy metal pollution (the polluted sites; S1, S2
and S3; the control site; S4) were collected and fed with the fruit flies Drosophila melanogaster under free and 20 mg/kg

Cd* medium, respectively. The contents of MT and malondialdehyde ( MDA ), and the activities of antioxidases of
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P. subpiraticus were determined. There were no significant differences in Cd accumulation and MT content in P.
subpiraticus fed with Cd-free fruit flies. In contrast, Cd accumulation and MT content were significantly less compared with
that fed with 20 mg/kg Cd fruit flies. Feeding the fruit flies Drosophila melanogaster with 20 mg/kg Cd** medium
significantly increased Cd accumulation and MT contents of P. subpiraticus from polluted sites, which exhibited the typical
time-dependent pattern compared with the control (P<0.05). There were no significant differences in MDA and antioxidant
enzymes of P. subpiraticus fed with Cd-free. However, MDA of P. subpiraticus from the polluted sites successively increased
and positively correlated with time compared with the control. On the contrary, the activities of GST, SOD, and CAT of P.
subpiraticus from the polluted sites successively decreased and negatively correlated with time compared with the control. After
20 days, there were no significant differences in MDA, SOD, and CAT in P. subpiraticus from all sites, except GST.

This research indicates that MT production may be an important mechanism enabling P. subpiraticus populations to
persist in ecosystems polluted with heavy metals above a certain level and antioxidant enzymes play key roles in protecting

organisms from heavy metals polluted.

Key Words: Pirata subpiraticus; cadmium; metallothionein( MT) ; antioxidant enzyme

BT YL O A — 1 A BRI B IR (A R, N2 2E 7= 16 Bl R T e i R ZORUR Rl R 7 R R
R BIHERL T A B A AR R B PN T R R AR S e R (Cd) SRR LA T e B
U, R WS AR 22 23 90 Y i B B — Rl RO ARG TS e W, SRR rh AR AN RE B - SR UE W
fift, Sy tE TR R I i W B AL B Sh i DL AR R H SRR - A3 SR T 5 i L A e R
CA* I LS B S Hid (—SH) (94 B 5 1 ( Metallothionein , MT) 4774, 1.5 55 SOD ,GSH- Px i & LY
FHEALE A, PRI AGIERT . MT 5 Cd %4 T 5 48 B 745 6 LU KALR N 5T SRR 2R S0 B HhRA 1
FREND X LU0 E , BoA feas A MRS SR I BERITE R, R Cd FEtEfE R E N R 2 —1

PUKIRER Pirata subpiraticus &) A F-1 i R FH A0 I 2R 58 (04— Fh e A P O ik 7 2 0 b o 5 DL TA)
B S, TGS A R B =R A TN S, A T 20 M LERCRRIR | A TE B 1 Tot s, ()R
SOAMAI P R ARRE S EZ A SR E TR . A A R AR 15 YR Wk A T S R
Wi 4 SCHRZ T3 % , S Cd,Zn, Cu,Pb, Hg  Ni Fl As SFE S EXEH SGHE B5#E B E BHEE fE
W H B RSB EAREE AR IR 0 (X O O R A PR Y MT A A AL R R e AR g
FLAEXT R BH TS A AR A5 75 et i 58 A9 JERE L, DAABKOR ik R SZI0 A RE 3 s A Cd ] M i ek
N MT & PrELEE(GST .SOD Al CAT) 16 P & 5 - (MDA) & 9284k, A R G Cd 3 KB
PEAERIALE] A Cd W B sk L LA T MT 7edt A ki3 H i /E R AL B Ak 3
1 MREAZE
1.1 FEACRE b

2010 4F 6 H A GPS B fE 4 NASEAESE (HA4H 5 TBTK,32°32'49"N, S1; j FHIl H NYYT,33°0'58”
N,112°27'10"E,S2 ; m BHZE T.)~ NYJG,33°1'24"N,112°29'52"E,S3 ; 5 K & BTM,33°2'17"N,111°56'22"E,$4)
FHPPATE B BRI T TR AR 200 Sk MEVER AR R SO 73 0 A a5 17 [T S 50 %8 1) I3 76 ISR E A TR I 40 1 B 3
T84 (12 emx4 em) 1, 230 - Cd™ Fil+ Cd™ K5 77 FE 05 77 10 PR R SRR HE AT 4RI M 7R Cd> By = SR 20k o 20
mg/kg, Cd*RIET CACL,-2. 5H,0, BRI 1 K, A R CE T RXZ B He N TR N, 15555140 T 28
°C.RH37% L:D = 12 h :12 h, PIHAFERS  ma BH i AR BHZE T REAS V5 Ye g, B BH 52 K8 5 H SRR
X MR R
1.2 Cd* & K4 mmsE A & s

2 M Templeton F1 Cherian 25" 55 I 21 2 1 FIE AR W S0 IR A akodk . X R 28 5 e 2l Tl e s
M55 K10 K20 KA FIFEHLIRE 30 3k, 485, 1% HNO, IS Mt 24 R T I E AR, BT KB,
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K03 0.1 mg, H3EIRAHLUM 4 mL Tris-HCl ZZ M (pH 8.60,0.01 mol/L) , IKIGAIIK . SJHJ5 T 12 000 g,
4°CEL 15 min, W EWEW 0.5 mL, AIA 0.5 mL 20 mg/L # CACLIEW , IR G5 ZEIKE 5 min, A 0.2 mL
B Y 2% 4 L2188 A FE43MR ), VK 5 min J5 T KR INAA 2 min, B HIJ5 T 10 000 g,4 °C#L> 10 min,
FAE ML A LU PR 2 R, ISR A 383 IO DR IR I i o i, B IR T MT 255 6
ANEBR T MT 1) 75 o
MT & & (nmol/g) = 1000xCd & & (pe/g)/112.4/6
Cd WY& (ng/g) = BT Cd ¥ (ng/mL) x5 (mL) A5 (g)

1.3 GST.SOD F1 CAT §if ¥ &

A BT A 2 SR FH 25 5 2 0 15 5 SOD 17 1 PRyl s SR JH 88 MR vy S 125 5 GSTT 1 M 191 52 R 1 DTNB &b 8,
55 CAT 15 (4 0 5 5% ST I o 4% R 40 48010 1 (0,06 s MDA 2 B (I8 R TRRAR I L 2Rk . 4% R 2 1Y B
A I AR B (W R s A W TR ST ) B E UL A T
1.4 FAEAHE 558

FIEA B g (x+1) Bt m R ] SPSS10. 0 41/ 1T One-way ANOVA ) Duncan [& 22 5 H A5 Lk v (8] )
RT3
2 ER551%
2.1 WOKARERA N E 4 m A & &

F e 1 AT HREIN Cd 1R UK R SRR Y Cd B 58 0 BB TR PR R B K TG (3 25 5 (AL BB TiR
T Cd AR IR, TN Cd WS, &l i Cd> RENSE i A A T AR T AE SRR R AR B R
SR B PR R I, PR MRS R AR S1,S2 A1 S3 KR S IR BRAR AR A R BE R T S4 RRAS
(P<0.05) ,%: Cd 17 5d .10d F120d J& , %5 F[R—HE & UK IR BRAAR 9 4 1 7 135 0 2 8 TR ( P<0..05)
X P AR S AE R — AR MR ] T, S1,S2 il S3 R 3 T S4 FERL (P<0.05) , f BLAH G AT B, R[]
A= SR KR AR P 4 11 SRRt 5 ] R A ] 2 3 LA OC (A R B r, =0. 876, P<0. 0557, =0. 954, P<0. 01 ;
ry=0.862,P<0.05;r,=0.886,P<0.05) , &K IR IRAA MR R & 55 Cd 1RIMRAT 35 1IN E] 800 K &R

x1 AEEEMKIRKENENSE
Table 1 Cd concentrations in Pirata subpiraticus from different habitats (pg/g)

BE -Cd** +Cd**

Site 20d 10d 5d 0d 5d 10d 20d

s1 30.75+1.51Aa  30.90+1.48Aa  30.67=1.40Aa  30.83x1.62Aa  34.23x1.82Ab  41.40+1.96Ac  50.46+2.38Ad
2 23.58+1.34 Ba  23.80%1.24 Ba  23.46+1.23 Ba  23.75+1.38 Ba  28.21+1.21 Bb  34.55%1.45 Bc  42.36+1.75 Bd
S3 21.72+1.12 Ba  21.24%1.02 Ba  21.30%1.06 Ba  21.42+1.10 Ba  26.84+1.03 Bb  32.46+1.21 Bc  40.28+1.14 Bd
S4 3.1220.69 Ca  3.10£0.64 Ca  3.08+0.65 Ca  3.16%0.78 Ca  7.68+1.08 Cb  14.52%0.95 Cc  21.35%0.91 Cd

I — 81149 KU AR 5 5 25 AR ) A3 AT ) G2 ML ) 2 52 8 T — 47 ¥ B BUR AR /15 7 B 5% ) — B A3 16 AR
Cd>* W i ] F 22 5 5.2 ( Duncan [R £ LA, P<0.05)

2.2 HUKIREE MT & 828k

A% 2 a L R ER I Cd AR A 4B K AR IR AR Y MT 63k it B T MR Ao [ B K T (8 38 25 5 (AL (8 35K
T Cd T AR AR R . WS Cd FRIMR S, R TR Cd AR PR (R B 75 AR AR R R N MT AS[R] B 23k , ek w1
L Ao [ 0B 177 T vy RIS [R) 2R 858 S, S2 A1 S3 AE AT UK AR kAR P MT 19 5 3 B 3% = T S4 RS (P<
0.05) , RUTEAF A T KRR P Cd © 25 RKRIRAR N MT #9385, £ Cd 1M 5d,10d F120d
Jei , X F TR — A A5 KR SR PN MT 14 7 235 B 3 v T IR AT (P<0. 05) o X6 FAS R4 A 7 [] — ] R ]
T,S1,92 Fl S3 FER L E T S4 FERL(P<0.05) , (AT FRAH DG BT R WY, AR A SR UK AR IR AR N MT 1 % 1
5 Cd Fa M ) R S IR AR SE S R (MRS r, =0. 924, P<0.01;r,=0.985,P<0.01;r,=0.852,P<0.05;r, =
0.864,P<0.05) , XHLIARERIA N MT &5 Cd 1A 825 1R -30% K £
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Table 2 MT concentrations in Pirata subpiraticus from different habitats
PERS -Cd* +Cd?
Site 20d 10d 5d 0d 5d 10d 20d
S1 3.44+0.18Aa 3.62+0.24Aa 3.42+0.22Aa 3.53+0.24Aa 6.88+0.75Ab 9.85+0.70Ac 13.45+0.92Ad
S2 2.66+0.24 Ba 2.91+0.27 Ba 2.74+0.30 Ba 2.86+0.32Ba 5.75+0.75 Bb 7.34+0.54 Be 10.43+0.82 Bd
S3 2.84+0.21 Ba 2.53+0.18 Ba 2.65+0.19Ba 2.78+0.22 Ba 5.78+0.54 Bb 7.50+0.46 Be 10.30+0.76 Bd
4 1.30+0. 16 Ca 1.48+0.22Ca 1.36+0.23 Ca 1.48+0.26Ca 3.50+0.52 Cb 5.20=+0.58 Cc 8.23+0.65 Cd

2.3 Cd A PRXHU AR BT A A 2 5 PR A S R
2.3.1  Cd XJHUKARYR GST 36 M 5200

FH % 3 ml L R ER I Cd AR A 4BL K AR kA4S Y GST 378 P I 1 I ] i 4K TG 2 22 5 (R 3 i T Il
Jn Cd R 4K AR R . W Cd ARIME S AN TR] Cd ) M B[] BB 0 40 ] GST 16, GST 16 PRl Cd 47 M Fsf [1] 422
KIMPEAR, MERTAS R AESE S1,92 Fi S3 A R UK ARIRIA Y GST 1G P X ER T S4 HE 88 (P<0.05) , RUITE
AFAESE T KRR R Cd EZLMHI KRR GST 161, £ Cd [ 5d.10d #120d J&5 , % F [7l—F¢
F UK ARERIAR Y GST 15 1 2R TR MR Al ( P<0. 05) o XF T [R)RE 5 A8 [7) — ] M A] R, S1,S2 Al S3
SR ERT S4 FEA(P<0.05) o fRTERAR DG/ BT 2 W, AN R AR B K AR KA P GST 37 M 5 ) MR s ] 22 dd
FAAAIFE(FIKE R B r, =-0.984,P<0.01;r,=-0.876,P<0.05;r, =-0.852,P<0.05;r,=-0.932,P<0.01) ,
WL AR KRR Y GST 1515 Cd fRIMEA 528 A I35 56 &

£3  Cd{ERIFHBIKIRE GST iEMEAIRME/ (wmol - min~' mg™ & 4 )
Table 3 The activity of GST in Pirata subpiraticus under Cd feeding

RS —Cd* +Cd>

Site 20d 10d 5d 0d 5d 10d 20d

s1 5.74%0.21Aa 5.70%0.20Aa 5.68+0.20Aa 5.45+0.18Aa 4.3420.62Ab 2.58+0.42Ac 1.64x0.21Ad
S2 6.34+0.20Ba 6.30+0.20Ba 6.22+0.18Ba 6.10£0. 15Ba 5.31£0.32Bb 3.10+0.36Bc 2.12£0.16Bd
S3 6.80+0.26Ba 6.76+0.24Ba 6.65+0.22Ba 6.32+0.24Ba 5.54+0.46Bb 3.32+0.45Bc 2.42+0.18Bd
s4 9.85+0.24Ca 9.55+0.24Ca 9.42+0.25Ca 9.32+0.24Ca 7.45+0.50Ch 5.38+0.50Cc 3.23£0.54Cd

2.3.2  Cd XHPUKARYR SOD %M %) 52 1

% 4 A AT AN Cd 1AM BBl K AR RAAR Y SOD 35 8 B ] WL A [ 2 KT Wk 2 22 57 (HE B 3 TR
i Cd M E LK AR R . ERIN Cd BV S ASTR] Cd FRIPELAS (R 6 2 & ] SOD 15 1, SOD % 44 B 47 N Fisf i) ZE
MRS, RIMERTAS [ A 45 S1,92 Fil S3 A S AU/ IRIRAKR Y SOD T M3 W R T S4 45 (P<0.05) , 3RUITEAR
[l AR BT T UK R BRFL B Cd B2 HI BRI BR A Y SOD 36, 28 Cd 7 5d.10d 1 20d J& , XF F [A]—#
A PUKIRIR IR N SOD I 14 B 2K TR AT ( P<0. 05) ,fHZ: Cd 1AM 10d 1 20d J&5,SOD 1% 7 T FE#a iR
A2, 220 SOD {5 ME3Z 0 48 — %2 A ARI LA 1) B, %o AN )RR 5 7 [] — TR A ), S1,S2 il S3 #4518
FART S4 FERL(P<0.05) , TSR SC T I, ZE AR 0—10d P, AS[RIZEBEHRUK IR IR Y SOD {5 1 i

F4  Cd FAEIHUKIRSK SOD &SN/ (U /mg & 1)
Table 4 The activity of SOD in Pirata subpiraticus under Cd feeding

BE -Cd* +Cd*

Site 20d 10d 5d 0d 5d 10d 20d

s1 45.10+5.70Aa  44.1025.62Aa  44.68+5.20Aa  44.45+5.54Aa  38.63%4.52Ab  33.40£3.25Ac  32.23#3.21Ac
S2 50.80+6.86Ba  50.35%6.52Ba  50.35%6.35Ba  50.24+6.70Ba  42.15+4.34Bb  35.46+3.40Bc  33.45+3.62Ac
S3 53.10+6.90Ba  52.58+6.78Ba  52.28+6.45Ba  52.54+6.63Ba  45.64%5.04Bb  36.78+3.64Bc  34.42+3.34Ac
s4 61.85+7.54Ca  61.46+7.32Ca  60.92+7.05Ca  60.86+7.10Ca  50.28%5.20Ch  38.56+4.26Cc  35.45+4.12Ad
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) 2 A S R (MRS r, =-0. 784, P<0.05;r, =—-0. 876, P<0. 05 ;r, =—0. 852, P<0.05;r, =768,
P<0.05) , KRR SOD 1615 Cd 1WA & 2 it B I) -8R 56 3=
2.3.3  Cd XHUUKIRIE CAT 16 MY 5200

126 5 T2, RSN Cd 4RI B SDUAK SRR AR 9 CATT 375 1 i ) o [ S K TG i 35 25 S (H Y B 35 o TR
i Cd ARV ALK AR R, A0 Cd GRS R TR Cd GRS DB S ) CAT 6, CAT T i ] VR s ] B <
TR . PR [R) A= 5% S1,S2 1 S3 FF sl UK ARWRAK N CAT 1GPEH B E IR T S4 HE A1 (P<0.05) , RIFEAR
AR N RUKRIRFL R 1% Cd B2l UK IR BRI N CAT 36, 28 Cd 1A 5d.10d A1 20d J& , %+ [F—#¢
A AUKIRERAR A CAT 75 PEE R TR AT (P<0.05) o XF T A [FIRE A 7[Rl — (R RIS ] T, S1,S2 71 S3 4%
MR ERT S4 FERL(P<0.05) o T ERAHIC AT R B R IR AR SR B AR SRR Y CAT 3364 5 1] PR i) 22 8 2
R (M R BT r, =—0. 968, P<0. 0157, =—0. 924, P<0.01 ;r, =-0. 980, P<0. 01 ;r, =—0. 896, P<0. 05 ) , %]
UK P CAT 1S Cd (RIMEAT 35 A I 1] 0% K 2R

R5  Cd EAMRITBIAKIRGE CAT iEFEHIEN/ (mmol - min™'-mg™" H F1J57)
Table 5 The activity of CAT in Pirata subpiraticus under Cd feeding

pay -Cd* +Cd*

Site 20d 10d 5d 0d 5d 10d 20d

s1 43.06+3.84Aa  42.94%3.64Aa  42.8023.48Aa  42.35%3.25Aa  36.383.32Ab  31.45%3.10Ac  30.5222.54Ac
2 47.1244.80Ba  47.06+4.64Ba  46.92+4.54Ba  46.62+4.72Ba  40.56+3.35Bb  35.63+3.20Bc  31.65+3.44Ad
S3 49.14+6.82Ba  49.10+4.88Ba  48.46+4.66Ba  48.28+4.56Ba  41.28+4.12Bb  35.3323.42Bc  32.42+3.28Ad
sS4 55.08+8.48Ca  54.85+5.32Ca  54.48+5.44Ca  54.25+5.24Ca  46.15+4.22Ch  37.42#4.12Cc  33.45+3.85Ad

£ 6 CdEAEXIUKIRE MDA & E/Z L/ (nmol/mg & 5
Table 6 The content of MDA in Pirata subpiraticus under Cd feeding

BE -Cd* +Cd*

Site 20d 10d 5d 0d 5d 10d 20d

S 3.70+0. 18 Aa 3.6420.16Aa 3.56+0. 18 Aa 3.48+0.15Aa  4.2220.14Ab 5.06+0. 16Ac 5.26+0. 10Ac
2 2.91+0. 18Ba 2.8420.16Ba 2.80%0.17Ba 2.65+0. 14Ba 3.42+0.18Bb 4.63+0. 15Bc¢ 5.20+0. 14Ac
3 2.72+0. 12Ba 2.68+0. 14Ba 2.65+0.12Ba 2.46+0.10Ba 3.23+0.12Bb 4.35+0. 14Bc 5.20+0. 13Ac
S4 1.18+0.08Ca 1.16+0.05Ca 1.16+0.06Ca 1.12+0.06Ca 2.2420.08Ch 3.8520.10Cc 5.05+0. 12Ac

2.4 fIZKIREE MDA &5 A2k

M 6 AT UL, ARG I Cd 4l ML 4R K IR A R MDA 3 2k i ] DEL Bk ) 2B K TG 0 35 2% S (B IR TR
T Cd A BIK IR, TN Cd RS UK AR R MDA 5t [ 4 Ao [0 SiE K 38 o, AR RIS TR A= 5% ST,
S2 A1 S3 FERKIRBRIA N MDA ¥ 5255 S4 R (P<0.05) , BEBARIMR T, AN W] A 358 B BUK IR R 2 52 21 2R
e Cd LR Ak B, WM Sd AT 10d S5 R F R RS UK R BRR P MDA 5 2 34 5 25 5 4R M
(P<0.05) , X} FAS[AIRE i A8 [ — (Rl E) R, S1,S2 A S3 B M3 i 5 5 F S4 FE 4 (P<0.05) , 1HME 20d J5
MDA & & T E B H A &, 5 10d i, 2255 A RE (P>0.05) . RIS R U] TEH IR 0—10d 4,
ANA A SRR AR R AR P MDA % £ 5 1] MBS ) 52 Wb 25 TE AR OC (MG &R 4K r, = 0. 824, P<0. 0557, =0. 788, P<
0.05;r,=0.802,P<0.05;r,=0.886,P<0.05) , & UK MRERIA N MDA & & 5 Cd 15 MEAT 1 2 ) s i) 2007
3 iFig

CAH V2R R, R R RS 8 o B s TG I ZE Sh i oy SRR, BRI U AR 2 JC B HESh W1
WEEHR R A L A FE R AR A B K AR I £ S 1 56 X6 42, 388 4ot 1] MR A 55 5% 114) ST SR g R A L 7K R
WRAR YR Y ERUE I AL38 IUE Se A FRA AR BT AL . 45 I | A ) A= BBl K AR kA P B8 i 2 FURA] | 75
T i RO 1 2SS | O 1 T O e S =i [T 18 S N7 [ O R L 2 =3 o N (B
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WM TR Cd ML, — 4 BDE T 385 ol B0 Cd™ RE 06 i & W B kA7 4% 336 1 16 40U TR ik 1k Y AR
R B Cd RIS ] RE A IS N, A7 A B A RN G R X 5 X AR IR A - B R
240 HP R AE AR R AR P 11 BRI AR — B, S Al = 2 s x4 0 R BAF AR R AR AL

BRI LSRR & 4 — RS A = A R A i B R 2R E M, F 2 E
GJEICRUWEE A R AEREEEA S MT BRI AR . SR AR L K 43 S LA Cd-MT RS AELER,
BRI REIE 5 50T LORWT g3k 1 MT, 315 Cd S E LB B A S BME LSRN
TERARIARTR AT AR P A s — (R B AL , 2 2R B ALH A MLl A . Cd il RLE S MT LA
FAUE AL GST SOD 1 GST %55 75 (1 -SH 454, i Jsi 42 sl 74 BR 8 4 i (0 AL 5 /E ) L ARBifgE 4 R 3%
B, 7E 20 mg/kg Cd ¥R BEREF7 04 SENE R AR IR | SO AR MR AR P B 1 5 o MIT 55 2 22 i o ] R (1] 1) 22 4 7
Fhi, 3 035 5 TR Cd ML, — 3 e R — s ] o5 AR A 3 AR— B, TR I, Cd 7EUK R
IR P A 5 MIT A9 75 85 5 ) A T AR G, JU/KOIR Itk S5 R 3 28 B R U [R) ™2 R R S AL o) = B2 b Gl
YR AR AN RE 1 Mk SR R MT G B AE (R P A4 A7 T 4 8 0k, PR el L MT e — 5
FEEE L UE T Cd ZEAUAR T AR R 2 Cd ZEMUAR T R E R EE R, MDA 2 SR ™ 4, 5 i
ARARH BT SBRHLAARR YRR e AR RO RE R | TR B2 S e Hh A B s 40 A AR B Y Cd RS i i g I i SRk
J I B VIRAE , PUE AL GST . SOD I GST Z57h Mk M BEAI , B4 5 BOLR AR oot Ak 4 A ) AR S e
SR FEAREMEET, B TR AR, 155441 MDA 7 & 3 5 T X IR, UK R kbt A 4L B GST . SOD il CAT
SETE MRS e I R 0 IR i R] 32 RS v T A TR A LR T R TR AR S T RE L I I —
BB A B ABL , UL AE F AR BERE LR TS T A AT S | DT SRR LA 0 4% ol
o) IFEE T 7E 20 mg/kg Cd MR 57 1 AR IR DR 0—10d, 75 41 MDA 5 5 1 3 5 T-XH IR 4
YA fLEE GST . SOD Fll CAT &3 PR 5 Ju 2 W 25K T X B4, i BHAE — o W B . — e I [H] A AR T, Cd e 417 41
PUAALREG TS, B S BRI IR T S Ak 0 A= i, B A AL 0] 68 5 4075 K L8V I ) eR SR 00 7 AR A O
{HAETE ML 20d J5 , MDA 5 & T+ = Fa 3 R4 A LB SOD Al CAT 165 ME T B AN I i, V5 Ye 4 Fnxd R4 22 5 A8
Y2 GST J X R ZH o 35 i s e, Uk A X R BT S AL g GST XM fUsk , 5 e L WLAR ] i 7 A= 5
Yy p3en i R PR SZ WL, P RE SR — 5 T T e e K IR 2 A R i S 4 R 5 e, AR R B — 2 1 b B
i, 4% R B A B AL AR AR 7 S — s e R I Z E A R Yt R, A B R LA T
—EBYARSE IT A H O REE N AR A IERE . [R5 | RS sh 45 3 4 J 1 Yl I 1 R 2 R R DR 2 — 28
WFFE T A,
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