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Abstract: Effect of perchloroethylene (PCE) on superoxide dismutase systems (SOD) and peroxidase (POD) in grass
carp’s hepatopancreas, kidney and gill tissue was investigated. The result shows: the activity of SOD in hepatopancreas
represent ‘increase and then decrease’ [72h SOD was (6665.84+106.87)U/g'FW,168h SOD was (3021.26£16.96) U/g'FW]
under the stress of PCE at low concentration and ‘increase then decrease and increase again’ [24h SOD was
(2175.16+185.14)U/g'FW, 96h SOD was (5692.19+44.17)U/g:FW,168h SOD was (1297.70+11.52) U/g'FW] under the
stress of PCE at high concentration; the activity of SOD in kidney represent ‘decrease and then increase’ at any
concentration of PCE; the activity of SOD in gill tissue does not change much except at low concentration of PCE within
a short time, the activity always decreases under other circumstances. The activity of POD in hepatopancreas always
decreases under the stress of PCE at low and moderate concentration and ‘decreases then increases and decreases’ at the
stress of relatively low and high concentration of PCE. The activity of POD in kidney ‘increases, decreases, then increases
and decreases’ at low concentration of PCE and ‘decreases and increases then decreases’ at high concentration. The results
indicate that the activity of SOD and POD in grass carp's gill tissue is much lower than SOD and POD in hepatopancreas
and kidney.

Key words: perchloroethylene (PCE); grass carp; superoxide dismutase (SOD); peroxidase(POD)

VU ZA5(PCE)) 2 FAE T bR g JE@ i lg e i o0 1~ ARk 2577 A R el ) B i
FI.PCE I KFBAL T, LSO JEANBE 78 43 (e, B, 5 1R AR A ) S8 A b a, 3 S5 4 JBE i ot
BAEHS 7> PCE A8 F I R bR T8 Hh e IR ) S . 20131015
U RECESE 20 BN LR OERIRATIE e pime s s 1 103700205 5 2 7 U
IR E LTS G EE B R T 5 (TARC)  112008715);01 545 Ak G5 W12 -7 393 1 (20131016301 6)
W HLHI NN AT BEBURYI (B, SOV AN TG YY)+ SAEAE#, Hih, zhougx@nankai.edu.cn




1580 Hh 2N

BOR ¥

34 %

S, AR A A AR T RE 3R L A B AL I
(SOD) F1id S AL Wl (POD) A& A= W A4 A4 P i 4 Ak
7 10 R G 1 T LR A I, e AT T e AE — s Sk B3
B AR 1) e R, 4 R R e AR PR AL
XS 4 i PR 49 R R B A A B 1 2R 8 1 1)
AT DI S AT A4 52 20 48 A 3 1 L 3 T A= )
FREW A BT W RNETE i g
YR A FAE A T3 s N F AR B A AT R 0 E 7
ARG R A 22 SOD A1 POD F3E 1, 1] LA
AN T 38 735 5 Bt A= e s PR LR, ) 4%
I IR 55 AT B AT T AR AL O i, DA
(Ctenopharyngodon  idellus) 3 iR5: X %, 1158 PCE
PR R FIRAE . B IERIEEZHZR ) SOD Al POD
FRI 55 45595 LA SOD AT POD 35 481K A 4 PCE 5
G R bRI AT REME, P B H R G IR R B 2
WFRAR LT 2 AR TORL A KR b 54
V5 G SR (1) ST B v S A SR A AR

1 MR575E

1.1 ke
110 A3 BLfal Ak A6 . b
1 S /ANA R 5% 1 S AT R AT TR . R R
B KRR AN IE HAMA Y S g R £ A K
<Sem, i K5 & /MEKZ <1548 (4.10+
0.74)g.1a [ 5256 5 TR R K gL, B3R 7d
[HZET AR T 5%) G AT S0 52560 F /K A 78 4
R H koK.
1.1.2 &% PCEW [ R EEEEHEAL 2k,
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XAHIHE 3.0mL [ NAEIA B 50%4M i i 1) g
W 1 DL U/g FW 3875, POD 3 P 5 =R H
A A B (A AR SR ) vA U, s AR K
470nm AW G (AL 0.01 AREE 1 ANES S
R (U), BEEE LA U/(g- FW-min) % 7, 41 25t 5 )
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6 3] AR VUGS LA 00 S AR PR PE R 5 S L 1581

78 At 3 5 4 e L3 P S 2 P (P<0.05);
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£ 1 PCE XE&RFEEAE SOD FEMHHIZIN(U/gFW)

Table 1 Effects of PCE on the SOD activity (U/g-FW) in the grass carp liver tissues
SRR () K (mglL)
0 2.17 4.34 8.69 17.28
24 5125.58+218.64b 5851.98+293.28a 3415.19+158.11d 4321.18+292.70¢ 2175.16+185.14e
48 5100.11+26.17b 6537.10+183.87a 3467.93+149.35d 4779.56+85.48¢ 2501.28+55.02e
72 4962.27+28.56d 6665.84+106.87a 5610.54+49.24¢ 5734.60+28.11b 3655.80+39.21e
96 4691.13+215.06e 4978.66+50.72d 5238.74+26.19¢ 8193.68+8.10a 5692.19+44.17b
120 4941.92+55.78a 3743.72+30.77d 2637.80+21.05e 4644.88+33.30b 4574.84+14.28¢
144 4928.88+62.24a 2083.20+29.29d 2278.45+14.35¢ 3859.77+34.27b 1570.78+13.76e
168 4896.71+103.17a 3021.26+16.96b 2843.67+29.73¢ 2358.48+13.98d 1297.70+11.52¢

VAT JE AN RS F REROR ZE R IR B B KT (P<0.05), FIA]

2.1.2 PCE X H.A 5L SOD i PEIsem MR
2 0 LU 75 PCE V5 Je 4511 1 B A 28 BRI FE 1)
Bn,24h WEAAEIE SOD 3 PEARLL 35 PR
(P<0.05);48h Iy #ifh B HEAE 2.17 Fil 4.34mg/L I,
2 B B FE P (P<0.05), 1 7E 8.69 F 17.28mg/L
) FC TG P SO 5 5, 2 J o TN IRL(P<0.05); 4E
iR 72h I ARIKEAL(2.17me/L) B I

15 53(P<0.05), M 1E 4.34mg/L LL_EIR 41 B IE
[¥) SOD i M4 B i & 4 l(P<0.01); /E 2 5 96h
DA, 25 AR B 411 £ B J)E SOD v 1 3409
AN (P<0.05). 7 22 53 M2 W, 2% 5 VR R 2 R
)6 B A B JIE SOD 3 P 5% 1 1 35 (P<0.05),IF
H PCE &5 % 55 I ) A7 75 2 35 1 A2 HAE
(P<0.01).

£ 2 PCE XE&'ZhE SOD A ERIEIN(U/gFW)

Table 2  Effects of PCE on the SOD activity (U/g-FW) in the grass carp kidney tissues

S h) Ame L)
0 2.17 4.34 8.69 17.28
24 4606.59+816.68a 2138.32+65.07¢c 2447.72+306.20b 2046.56+57.15¢ 541.13+43.52d
48 4309.10+72.04¢ 2566.10+26.73d 1959.13482.77¢ 5119.20+60.86b 5425.16+£57.51a
72 4164.42+25.36b 8962.60+7.04a 3631.13+31.51d 3776.71+64.22¢ 1898.60+88.29¢
96 4012.10+78.76a 2572.97+59.34b 2360.54+88.05¢ 1308.08+81.50d 930.51+73.34e
120 4208.37+28.12a 1532.97+28.10b 1152.07+74.87d 638.34+33.66¢ 1303.93+58.17¢
144 4157.70+23.94a 947.28+53.87¢ 1664.24+30.92b 825.56+25.22d 852.56+23.99d
168 4099.03+7.91a 863.14+21.03b 458.19+18.05¢ 403.54+18.98¢c 319.62+7.91¢

2.1.3 PCE XJHfafEzH4l SOD iHERIm M

4.29mg/L 32 21 (] SOD WM S & 34 5 %) B 441
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F3 0] LUG L E PCE VS 45 1 B R BRI 1)
B4m24h IR 2.17mg/L I, FEAn 2 21
SOD i AR 2.2 AR (P<0.05), iy =4k 1 Tn £

H W EZETF(P>0.05), 24U & AR S 18 i), #8820 2L )
SOD iH 1 N 2B B MHI(P<0.05); 225 48h LA
b B A R 2R AE S Yl R R A R ) LI
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% 3 PCE WEf#12H21 SOD &R NE(U/g-FW)
Table 3 Effects of PCE on the SOD activity (U/g:FW) in the grass carp gill tissues

M) ¥ (mg/L)
0 2.17 434 8.69 17.28
24 410.01+24.48a 166.08+10.79¢ 406.08+51.87a 122.49+13.53d 210.85+32.70b
48 378.90+18.84a 331.31£18.84b 283.98+35.27¢ 100.57+11.83¢ 211.84+15.58d
72 484.04+58.20a 336.19+30.81¢ 455.714£55.35b 101.70+14.38¢ 235.86+30.78d
96 434.43+30.75a 181.28+11.58¢ 196.76£22.54b 98.62+11.88d 63.68+11.88¢
120 444.64+20.48a 108.40+12.27¢ 145.9949.75b 76.67+6.79d 48.46+10.90e
144 528.09+42.01a 150.59+14.62b 62.59+6.41¢ 54.1743.67¢ 29.72+6.41d
168 407.27+28.12a 97.52+8.96b 71.5246.22¢ 33.84+3.22d 9.60+1.73¢

2.2 PCE X} %At POD 354 [ 520

2.2.1  PCE Xt N POD SR m A
A nTLUE H,E PCE V5 Y411 B 2 BB I
(P36 n,24h N B RAT POD V& AR 1k 3%
(P<0.05).5 Omg/L AHLL, 54 AL POD 75 M 7E
T R 1)U B [ P 34 352 3] 3 2 461 (P<0.05); 78
SR % 48h I LE 2.17. 4.34 F11 8.69mg/L ¥ i 403
P BT T 6 IR (P<0.05), T 7 # i Wk B 41
(17.28mg/L), M POD {i X4 i, 8 3 i T4
(P<0.05); %% 72h I, 7E 4.34mg/L W5 20 AT B
POD % 14175 5, S AL 6 325 v 10 H((P<0.05); 78
Fk i 96h LA b, Bt IF BT 1Y) POD 3 4 {2 25 4l 41
il (P<0.05). 77 22 53 AT 22 W, 2% i3 INF [R) o) e 421 JH Jike
JIE POD §% 7 52 M i {5 3 (P<0.01),Jf H PCE K&
b5 2 R I () 4715 5 25 1R A8 LA FH (P<0.01).

2.2.2 PCEXJ¥#ifa ik POD G PEMI M K
5 i LUF 75 PCE V5 Q45111 T Bl 2% B W FE 1)
B4 m,24h N HEL AT POD 3 R AR AL B 2
(P<0.05),{KIK EE4H.(2.17Tmg/L) A4 ¥ fIF POD &
F T IR AL(P<0.05), 1T ik FE 2L ) POD BB
AL T 0 R ZH (P<0.05);48h I w8 15 A0 4041
WREE(2.17 1 4.34mg/L)4H, 52 1) . & 171 (P<0.05),
T4 e R P (8.69 A1 17.28myg/L) I e itk S
3 34 83 T IR (P<0.05);/E 52 % 72h A
WL (2.17Tmg/L) A IE POD i M4 2 25 5
S(P<0.05);£E % 75 120h LA 3N RE 20 1)
f B POD 3 MESS 4 8 & HI(P<0.05). 77 224>
73 B,PCE % 8% I [0] ) FE 40 B JE POD v 1 52 1
W53 (P<0.01),9F H. PCE ¥R S5 15 5% F2 1 () 4745
W A HAEH (P<0.01).

% 4 PCE MHE & RFREBE POD SEMERIFNE[U/(g FW-min)]
Table 4 Eftects of PCE on the POD activity [U/(g-FW-min)] in the grass carp liver tissues

RERI (b A (mg/L)
0 2.17 4.34 8.69 17.28
24 294.22+5.19a 98.48+2.16¢e 131.10+£2.38d 176.91+2.16¢ 249.57+4.90b
48 288.55+6.04b 233.38+3.37d 227.11+£3.67¢ 235.38+4.49¢ 512.35+3.31a
72 344.38+5.12b 105.75+3.67¢ 396.73+6.49a 121.2442.66d 248.96+3.52¢
96 335.47+5.18a 246.33+5.18b 180.36+2.65d 104.94+1.53e 201.05+£3.07¢
120 379.98+5.70a 122.874+2.96¢ 192.38+3.31b 52.76+1.06e 61.45+1.48d
144 334.73+£5.61a 100.54+2.88b 71.64+2.70c 65.68+1.78d 46.37+1.89¢
168 273.59+4.11a 88.92+4.11b 56.13+£3.72d 75.35+1.62¢ 49.47+1.29¢

2.2.3 PCE XJHAAafizlZl POD yEPERIEm M 3R 6 W F % PCE 229k L 135 i, 24h N 2%
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TR B N FE A A 20 POD & TEAR A 35
(P<0.05); Fiti 5 Y353 I [R] 114 4B A LG AR 158 2 M8 441 21
(1) POD ¥ P4 155 5, 4 35 15 T4 HR(P<0.05), 1T 43k
FEBAINE] 17.28mg/L i, BEZH 2R ) POD v M Xk &

B 56 TG i 25 25 5 (P>0.05); 24 Y3 15 7] ZE K- 5]
144h DL F Iy, 25 2 5 IR FE 2 N BZH 2R POD 7%
M I I (P<0.05). 5 2543 M e WH, B 55
R T) X6 FE A0 8 ZH 28 POD 35 MERE IR 2 3% (P<0.05).

#5 PCEXWE&EHE POD FEMHEHIEIN[U/(g-FW-min)]
Table 5 Effects of PCE on the POD activity [U/(g-FW-min)] in the grass carp kidney tissues

SR W% (mg/L)
0 2.17 4.34 8.69 17.28
24 206.21+3.53b 263.88+5.83a 163.90+3.67¢ 124.38+2.90e 149.64+3.20d
48 209.65+5.56¢ 147.79+2.82¢ 154.74+3.84d 333.86+6.16a 239.56+6.22b
72 204.82+2.79¢ 358.51+2.79a 204.80+3.62¢ 255.48+3.34b 207.46+4.22¢
96 207.53+3.34¢c 285.95+3.09a 274.14+3.34b 167.46+4.90e 188.76+2.96d
120 200.50+5.87a 161.39+5.12¢ 193.34+2.66b 98.43+1.59% 116.70+2.90d
144 202.35+5.61a 105.56+3.31b 99.46+2.88¢ 50.94+29.28d 100.67+1.31¢
168 210.66+2.96a 105.43+2.97¢ 114.53+2.79b 90.65+5.70d 88.16+5.77d

% 6 PCE ME&HE2HL POD FEEHHNE[U/(g FW-min)]
Table 6 Effects of PCE on the POD activity [U/(g-FW-min)] in the grass carp gill tissues
EHEM (b Ll
0 2.17 4.34 8.69 17.28
24 12.44+0.71e 14.89+0.35d 21.04+0.77¢ 25.46+2.77a 22.56+0.46b
48 11.76+0.93¢ 17.15+1.18b 18.56+1.10a 17.11+£0.68b 12.16+0.74¢
72 11.24+0.35¢ 25.55+1.29a 15.58+0.88¢c 19.43+0.60b 11.96+0.38d
96 12.18+1.48d 13.95+0.66¢ 24.19+0.90a 17.12+1.34b 9.53+0.34e
120 9.81+0.63¢ 9.90+0.51c 16.34+1.29a 9.95+0.88c 11.32+0.56b
144 11.37+0.33a 10.66+0.58b 8.49+0.29¢ 8.26+0.46¢ 9.99+0.34b
168 9.15+1.18a 8.84+1.23a 7.72+1.48b 7.51+0.85b 6.06+0.22¢
3 Wit PR R BT AU BT A 2R 0T 75 el JE A 4 UK e

A HUARSZ 2375 G s i, AR P Bré A R
GG PE AR, R A A A 3 P A AL
VERI T HUAA B G2y T vk F5 R 25 g I
Tt AR [ 1 AN [ A I 385 7 2 A A i
S (ROS) R BT 181 58 S8 2 ) AN P-4l (1) 45
R ROS SR T R, A5 LY
S g A U ROS RIS P AR AT L3
R TR IR O 1 4, 56 DR 2 08 1) e L B 4
SR AR A 2 A M BB AL 5 48 2R G A R v
PR LR RS, £S5 IR BR U EALA
(YR P 905 A0 8 R ERAE L, 2 A A
ZRL(SOD.POD %) 45—/ N1 Hisa ). A4

& SOD X} 2 s e ir) I AR UK. SOD
YN SR IRPUIE SE B N ( il 2 — [ A
A P E— LGB 480 0 15 1R A & — R A (R P
1Ll AE PCE e B KR (2.17mg/L) ] PCE i
T LI ] (96h) PN F B A IR ZH 2L SOD
T T S T v, 0 B AP S R R fR AR A P
R T REAWEMHA A HILSOD NG RIX LT
W s S AR, Y% B2 I
Bihae s, SOD i& MEAEAE Tl oL sk 22 w5 4E He™'
I AAE R, 2 He WAL 8.000~9.241uL/L
JLHE I ,SOD W& 1k 3 BT R T 0.5mg/L
BaP 1 7d B, KR A HEH SOD 15 4% 42 75
UL B 7RI E (0.0 lmg/L Al 0.20mg/L) |
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PSR RN R BRI LAl I AT E SOD %%
B R RE 15 U 3 4 5 AR rp 75 3 1) 45
FIEAR — 5. 54,4 PCE Wi F RIKE
(2.17mg/L) () PCE Wpe 55 I8 1] (96h) A 3 B
05 AL SURNBR 2L 20 POD % 1t 7. POD A2
LR ) B B AL B A R 4, T Ak A AL
A5 A 2 Th) B4 AR SN, AT 3 A )
T HoOn. Y E WA 2 BI85 5 10 55 W38 BF, POD ¥i5 1
AT, LA B A P IR R4 B R R AR T LA
A BE B H B B8 ) R Ta AT R A KT I 4 AL
JORIE T AR A A7 i LA G, 338 1 3 AL A4 40 P
AR P HOG A — LRI AR R B AR A
(RIAZ 4K 15 ¥ e 3 JBE LA R e PO e i
BELRE PN, Bt 5 L)k B2 (1) 38 Jn,POD A1 SOD 3
38 AE R Tk T LR o (L, A0 P 2 8 7 A
FECALNV I RIEE 1 T B, P POD A1 SOD i P
SCAN P E G b B AT, R S — R o0 7 A i
i 35 POD. SOD R N ZUAHT ST, KB
B e B e % T S R P ¥ SOD AT POD i
T PR A2 ) B A IX — D T AT A A R T LA
I EEIR, Bl SOD AR AME AL S fE
775 BIREIR s AP, 55— T R] B A
P LA R 4 1) LAt R B NS R T
P WA 5 A AT i e 22 TR K i 3 35
Jop JEER S AR PR BT AL BT A R S 1 7 AR B8 T N
Al POD i FEA A 2E M ik PO B R (13
S TG 2Bk PCE it 5 A 2B A E A
1117 A HL B 8 ), AT e 28 L e RO AR AR
%5 48h A1 76h I FLAR I POD W22 Ak H LK
), SR R R T3 AR BT 7. A 21
HLE TP A5 41 (4.34mg/L){E 24h N SOD Bt itk
50 AL AT B AR (P>0.05), HL 8 R 4 AE A
NIEFRIN TR N SOD Wi 2152 3] . 2 1H)(P<0.05).
HEZH 21 POD BYSTELE 24h 93323 Tty B )
WU A R . BT AIERZL 2 SOD viE
FRURAE AN ), ] B 5 e AT T AS [R] A2 B D) g

O AR N = I R A, R A A
BRI IR RE ), SRR IR P9 AEAL L 3 SR Bk A it
RS R KR 1) Oy AT 2L SOD V& 15
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