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REXE & 8 78 |4k ¥ 5 4L B F0
Na* — K* — ATPase i& 14 I 2 M

Lre, ® ¥, GRE, E A

(EdmERFEMPEER, R M 510631)

RE-RABHISIESBEOFE CROUMRATREASB T H A AR FHE S LE(SOD) Fsd,
FFEHA Na* - K* - ATPase WM E W FERARTRESBABRV RS EARNARBEERER, &
RERA AR 14mg- L) RE L G EI R (6h) AT H AN SOD EFHRBEE(P<0.01), HEEHL
B EMEKARE THR(P<0.05); RAR0.27mg- L 'M0.45 mg-L ") REALE SOD FHHBZMH, H B
BRIAIE K TR, AR (0. 14mg-L- ") REAL IR, G 1) 8] (6h) I XT BB R Na* - K* - ATPase W IEH B B
ERBMEAER(P<0.05) BN FMFHA Na* - K* ~ ATPase [EH R A W ; & # & (0.27mg-L" '
0.45 mg-L- )M KB AI(72h) R E R B8 FMEHA Nat -K* - ATPase FEH W H B EHMH LA, LM
ERERARMaIEOERTTMHMBENEE . EHADP Na* -K* - ATPase 1 SOD M R E BB E HFR.
XA HA;RE HELYE L
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Effects of ozone on the activities of superoxide dismutase and
Na* - K* - ATPase in Ctenopharyngodon idellus fingerling

MA Guang-zhi, XU Jun, FANG Zhan-giang, TANG Mei
( College of Life Sciences, South China Normal University , Guangzhou 510631, China)

Abstract: The effects of ozone on the superoxide dismutase (SOD)activity of the gill and liver tissues, and the
effects of ozone exposure on the Na* — K* - ATPase activity of the gill, liver and kidney tissues in grass garp
( Ctenopharyngodon idellus) fingerling were investigated with the method of controlling the speed of ozone flow.
Effects of oxygen from the ozone decomposition on the homologous enzymes were studied too. The result
indicated that low concentrations (0.14mg-L~")of ozone exposure resulted in the face that the SOD activity of
liver and gill tissues was significantly improved( P < 0.01), and then the SOD activity of liver and gill tissues
was significantly decreased( P <0.05) as the time increased. However, at high ozone concentrations (0.27 mg-
L~ 'and 0.45 mg-L""') and long time ozone exposure, the SOD activity of gill and liver tissues was decreased
very significantly. The higher the concentration of ozone or the longer the exposure time was, the more the
enzymic activity was decreased. It also showed that low concentrations (0.14mg-L~')of ozone exposure resulted

in the fact that the Na* - K* ~ ATPase activity of gill tissue was very significantly decreased( P < 0.05), and
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that of the liver and kidney tissue was unaffected. The higher the concentration (0.27 mg-L~'and 0.45 mg-
L~ ")of ozone or the longer the exposure time(72h) was, the more the enzymic activity of Na* - K* — ATPase
was decreased. The Na* — K* — ATPase and SOD activity of the gill tissue was more susceptive to ozone.
Key wods: Ctenopharyngodon idellus ; ozone; superoxide dismutase(SOD)

54 (ozone) 11 4y — Fit BLAF (¥ 7K S ¥ 400 0 3 300, 267K 7 FR B o A8 BRIV i B HIY Y R A8 102 9 B
FIRTS MY K AP REME ~EREN AR EEA B ABER AV ALXNEEIIE, ¢
Bz REXMARBHR LM IRME. A STHT IR R B K R K 3 55 68 AT B 4H U S ML Ak
B3 (SOD) M Na* — K* — ATPase I ¥ (¥ 2 Wi, 4R 17 & S 0 6 1 8 E LM RBP4 B B i,

1 FR5 Tk

1.1 £ a kY

S5 LA BE 1 ( Crenopharyngodon idellus ) 8 Fp R A Bt RSP IR{@M , &4 7.1121.10 cm, (K E 7.30 +
1.50g, WHRBHANE. BEAAHMBE AL E /KK (5lcm x 38cm x 32cm) 1, i 5% 1 A )5 gt 47
LE L, HRHAK 1K, BkEK 23, KERNFTTBIRAXK,KBHI12£2C,pH=6.8, KFEE K 2.4
E(EEE),

1.2 LR Rt

HITRAUBUILERM R GG T4, 23 0 A ARAM S R A EY ; H TR E S
MEMEBAILSSH, T 1 ASEMBANAGESA 3P RECEA, SHILRYRET
H, REKEB[NFEERFRAYATF R P LB =8, TERME R B 200mA, KR 0. 1m*-h ™', K,
JE 0.041MPa, E=URENRE ., RELHELBWE 1 Fin.

P 3
aeee .@ i x
. b/ 4 IR
p-3
A 4 :
ot # i
i |
| T i
—y —Y— —Y-
FHSH oxygen 0. 14mg-L™! 0. 27mg+L™’ 0. 15mg-L™! A control
\_/

EH1 RA#SHIERIT
Fig.1 Schematic illustration of toxicity test of ozone
PESUH; 2. %R 3. RERES 4. SHEAER
1. Oxygen bottle; 2. Pinchcock; 3.0Ozone generators; 4. Air charge pump
B RERESLSE A TS, 8 R 88 A KRS 00408 88 K3 de sk ik R &K

E., REKAPEAMREATEREEERES, WEX BAPHEARBKRE N 7.0mg- L', A S4HH 3
MNEEHPBERRREN 2 4mg L' 3N REHMWRERBRE S HZ0.14, 0.27, 0.45 mg-
L', A KR i fh 25 B, 4 B SR 465 6h.12h.24h F1 72h N B AP R s BE&A A
', ] MS - 222(triaine methansulphorate, Sandoz)# 17 BKEE, BREE AT ' AH LR T - 40 CokAE LI &€
ALY B LA Na* — K* — ATPase 1t ., /K RERBWE N E LSO ERAMERDY BE
B Model 15775 % EAX(YSI 24 R E
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1.3 BB & R E

1.3.1 SODEAEHNEREHNE

I AAT A MAE BB SN, s IR BEKBRAETHTIEK, SRBHTE
830> (10000r- min~ ') 15min, EE W B HEEM . SR A BiH pH6.8, 0.02 mol-L~" Tris - HCl & b ¥ .
SOD {E MM E H S RAPE A% vk, B E 5 & 8 R A Folin-Phenol X7 1 £ 151, BEIE M A6 E X
K BEARNBED, BoAMHSE=/E A ERAS0NBERE XH 1 MEEEERNA,
1.3.2 Na* ,K* - ATPase B§ i #I & R iFHEUE

o3 S EREE AT AVE RS, R RS, SR MR R B 0 (3000r min ™' ) 15min, B b 7 WM E Na*
- K* - ATPase {4, )W &4 : FE 8 0.25mol - L~ \EDTA 1.25mmol:L ™', Tris 10mmol:L~!,pH=7.0,
Na* — K* — ATPase % ¥l i 2 8 Paxton %17 ik, MWt RAIE L0 - BEEEA RS/ WH=4E
GPEE R THLBE RN 1 MBS,

1.4 BEAAHESSH

AN TaL4b BB A B ] 69 25 R MR FH Student’s-t I LT AT, P<0.05 AN EEE EUER, P
<00l BiANHNTFERBEEWZR,

2 R

2.1 REXTHE A MNEBILHKE (LCy)

Hy 5 EUXT R Y 2t b B IS A SE 5 BUHR , SR P HE 8 3832 Bk (probit method ) A SR 45 B (X B £ R R
(9 B FE U B (LCs) N 24h LCy, =0.653mg-L~";48h LCy =0.173mg L™, 42 ¥ F (48h LC;,, x0.1) K
0.17mg L1,

2.2 R E X HE A FFER 4L SOD IE R R

RIAREMEAOMEEHL SOD EHE MM ERER, IR, AAA LA, HHERHARA
SOD WE LR B iR E  JFREENAMER — HRFEAKTF. KAERALE(0.14mg- L"), K H}E
P (6h) B 21 SOD VE PRI B B E (P <0.01) , AR FAIE 4, (5 E b 3 o 8] i) RE < FF 46 T 1%,
2h B E B EM T BA(P<0.05); KEMER AL (0.27 mg L' 0.45 mg-L~'SOD N &8
ETREFEENENERTE FTEEE, 0.27 mg L™ 'M0.45 mg- L~ "4t A A 72h )T LR AT,

®1 REXELGHEALR SOD FHM R M
Tab.1 The effect of ozone on the SOD activity of grass carp fingerling gill tissues

RHAWE (mg L") B§1% /1(U-mg™') protein)enzymes activity
O, concentration 6h 12h 24h 72h
X3 BR 4 control 1.85+0.30 1.81+0.26 1.83+0.20 1.77£0.25
<41 oxygen 2.23+0.34° 2.22£0.40° 2.20£0.38" 2.24+0.36" "
0.14 2.74+0.39° "2 1.9320.17 1.46+0.18" "2 1.19+0.16" "2
0.27 1.29+0.24" 2 1.16x0.14" ! 1.03+0.17" " -
0.45 0.93+0.23" "2 0.53%0.08" "* 0.68+0.23" "¢ -

W.x SXMAMLLLE P<0.05; » x P<0.01; L. 5SESHAMELE P<0.05; 2. P<0.01; FHH + 7ML, n=10
Notes: * Compared with control group P <0.05; * * P <0.01; 1. Compared with oxygen group P < 0.05; 2. P <0.0l; values are

expressed as mean+ SD of 10 observations

2.3 RENHEMAMAMTHE SOD FHHEMER
R2IZAREMNHEABMATHL SOD FEUHEWHLBRER. NERHEREBL, 5 HAML, €<




578 b SR 27 %

Xt f R AT 44 SOD EM R MIF A B (P>0.05). ZREW, 5xtEAML, KK FE(0.14mg- L") B
SRBYUE oh AR AFUL SOD IE LR E R B % (5 FE A B 8] 50 £E < T 72 7 K& 1K, 24h 5 B BAK T34 B8
AMESH BBNBERLEAEA(0.27 mg L' 0.45 mg- L~ 1) FF4H 4 SOD & 4 ] B T3t BAME
HH,FERBAREIMERKI SOD EEHMBA R, 0.27 mg- L™ M 0.45mg- L~ "0 B4 7F 72h G LR
T, MR, HALAPH SOD FEHZREAH MM E AL XCTFEAR PR TGS, KR
8(0.14mg- L) RERFE A E TR (6h) NI BT FEE 4 44 SOD IEHRE , B/S 7 12 h LG Xl
T, WA R, EaFASAPANHRBNEAR SOD BFHHER TRALPHEEIE(P <0.05),

2 ARGELEGHMATHR SOD EENER
Tab. 2 The effect of ozone on the SOD activity of grass carp fingerling liver tissues

REEE(mg-L™") 8§15 /1(U-mg™") protein)enzymes activity

O, concentration 6h 12h 24h 72h

Xt B4 control 18.2+1.3 18.0+1.6 18.0+1.5 18.2%1.6

54 oxygen . 18.9x1.4 18.9x1.4 19.3x1.0 18.5%1.5
0.14 20.9%2.4" ! 17.52 0.9 16.5+1.3° 15.2+£1.4" 2
0.27 17.3x0.9°2 16.3+1.0"2 14.3x1.2" "2 -
0.45 16.3£1.0" "2 14.1£0.9" "2 11.8£1.1" "2 -

e CE B

Notes: the same as notes of Tab.1

2.4 REMNHEMNEAAFPEEHEAL Na* - K* - ATPase 1& 1 W

RINREMEAATEEAL Na* —-K* - ATPase FHH WAL RER, SREH, LB &
fAMPEHLIH Na* —~K* -~ ATPase FITEHEREHENEWM(P>0.05) , RAEK S B EMAKA Na*
-K* - ATPase JEME WA K. ME&MAFKEH(MEKAR 0. 14mg- L' EHE 0.45mg- L") RE
AEXTEAL H Na* - K* — ATPase WTEHENF +40 BT W, R3INWBIEE R, SEEAME
BIRER T Na* — K* — ATPase MIEMEZ WK (P <0.01) B R FEAL FEVE BE O BB A 4 P Na* -
K* — ATPase iEHE L B EH T (P <0.01), FAB/R 0.27mg L™ 'f 0.45 mg- L "0 B4H%E 72h T
TRAMET,

’ £3 MEMEEEHBALR Na* - K* - ATPase QKW

Tab.3 The effect of ozone on the Na* — K* — ATPase activity of grass carp fingerling gill tissues

REWE (mg-L™ 1) B1% 1(U-mg™') protein)enzymes activity

O; concentration 6h 12h 24h 72h

%1 B8 41 control 0.45+0.08 0.44£0.09 0.45:0.10 0.44x0.11

H 54 oxygen 0.46+0.13 0.48+0.09 0.47£0.09 0.46+0.11
0.14 0.33£0.10°° 0.23£0.092° ! 0.21£0.08" ** 0.10£0.03" "2
0.27 0.25+0.07" *? 0.15+0.08" "2 0.10£0.05" "? -
0.45 0.17£0.04" "2 0.11x0.04" "2 0.07£0.02" "¢ -

H:E%k1

. Notes: the same as notes of Tab.1

2.5 BEMHIMEGERFALS Na* - K* — ATPase 15 1 K&

KA NREEABFITHL Na* -K* - ATPase EHE MKW LTRER, ESEBMFHRAR $
B Na* —K* — ATPas {EHERE AR E B REWAHB (P> 0.05), KA & (0.14mg- L") R H AL BB,
FFME Na* — K* — ATPase 35 HE7E 6h U #E R E (P> 0.05), /M7 24h TR (P <0.01), BEH#
(0.27mg L~ '#0.45mg- L") R E 4L BB}, FFE Na* - K* - ATPase WEtEBEBT M E K B E T (P
<0.01),{80.27 mg-L™'f10.45 mg L' Ab B4 TE 72h BELBHAIET,
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Fd4 RAUXEEHGFHATHESA Na* - K* - ATPase FEHE W
Tab.4 The effect of ozone on the Na* — K* — ATPase activity of grass carp fingerling liver tissues

BLEE (mg LY 8% J1(U-mg~' protein) enzymes activity

O, concentration 6h 12h 924h 72h

%t B4l control 0.35£0.08 0.35+0.10 0.36+0,08 0.36+0.10

HA 4 oxygen 0.400.13 0.4120.10 0.41£0.09 0.410.10
0.14 0.36+0.09 0.33 £ 0.06' 0.24+0.11"2 0.11£0.03" "?
0.27 0.23%0.10" "2 0.1920.06" "2 0.12£0.05" *? -
0.45 0.1920.06" "2 0.15+0.05" 2 0.11x0.05" "? -

%

Notes: the same as notes of Tab.1

2.6 RELHMEGAHAEMPEMHL Na* - K* — ATPase & H A W

HSHREMEABMEHL Na* - K* - ATPase EHE MM TRER ., SREH, N FHA
' Na* - K* - ATPase iIF A B (P>0.05), RERBAMME(0.14mg- L") & & (8] (6h) A X
HHLF Na* - K* ~ ATPase EHER AW B A ZAL (P >0.05) HAEEH LA A AMEKR, Na* -K* -
ATPase ITEEB FETMH(P<0.01), LTRBIERW, FAHL P Na* - K* - ATPase [EHEEER AR B
BT B K (P<0.01), {H0.27 mg-L™ "M 0.45 mg- L "4 B4 72h LKA, 0.27 mg-
L™ 'H10.45 mg- L™ b B 720 F LR AT,

£5 AEMEEEHEHA N2 ~K* - ATPase iFHHEWE
Tab.5 The effect of ozone on the Na* — K* — ATPase activity of grass carp fingerling kidney tissues

REEE (mg-LH) B35 f1(U-mg™' protein) enzymes activity
O, concentration 6h 12h 24h 72h
%t B8 41 control 0.991+0.14 0.99£0.13 0.99%0.09 0.99:0.09
F 4 oxygen 1.05+0.13 1.05£0.10 1.04£0.16 1.04£0.10
0.14 0.91x0.11" 0.62+0.09" °? 0.33£0.10""? 0.17£0.06" **
0.27 0.56+0.13" "2 0.31£0.08" "% 0.21:0.04" "2 -
0.45 0.31:0.11" "¢ 0.21+0.08" "2 0.18£0.06" "2 -
HiFEl
Notes: the same as the notes of Tab.1
3 g

3.1 HEfaAafxRENPEER

REMEAEHAIMPTENLREREY BEREKENSMABRNEER AR L
FEsHE . MWHEEO0.1 mg L 'LITA,24h~96h SREREBBHAPAMMOETEHEM YKER
F0.218mg- L6t , S RARBEH 24h~o6h WL REERET ., LRAVREMNLESEEN 0.17mg-
L' b, B E (0. 14mg L") REBBA MEHREAAAR T ME, BN BIREKRENRE
REHO0.27mg- L 'M0.45 mg-L™") LBAMMERR, R MELE 24h~ 20 F BB BHFER,
IMEWRAELH (0.45 mg- L") IR H R AL, HUFIK B0 F 4R/ TR, B K PR RITH %, R A
Bl B A, 5B eh ST A LR BB KRB, WEMIREER T, XhEAak
RRERHERERN, SR ANEEE T EH ERARTEZH, REESEKEAANNAE, 4
SRR b A bR AR, R BUM R BB R, R R RSB ENMMIE T ERRE
Z—. B, EBWAEFEIBP, FERAREFERIKENHERN, - EEBRMERTELKENE
BN, BUWENEENERSEEEZHEERBET,

3.2 REXNAXWEBVHEE
—MAAREMESHBREMEAE L, BEAMRETRENEEERAE BHEE, REMLEK
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FABBERFEMES AEBEAEFIERAFETENEA MASEKEREN, B¥HA TR
EHM. ALBRMEREH G LN E AL AL PR SOD.Na* K* - ATPase BTG A — E K1
MYER, MREMHEAREKEIEKEEMM, BKEFEPREFEMNBHBEIERARTEIWRSH
Y R ARBREN TR, 5 Mustafa BT RERH—B. SRER . BBTHRTLLRENRE
W 0.144mg- L' 6h, A FPEE FF4H 20 SOD MEH B E R & (HEEE BB H M E K, SOD MG
NEHRBREHBE, BN REXEAE FHAAD SOD FHEMNEMAMNIUEL KB ERERTER
B FEEMRBESEABRTENBE FEEENHA G SOD A KM, REMEAE FHR
' SOD WERAI TANES MM SR, SREKER 0. 4mg- LB (R FHREEWKE), kK
FHAEKEAR, DM T SODMAMR, RUHBAUFHAL AN SOD FHNBEAR, XHARS
Beaumont %5110 F7 022 () 4% S AH 2L, Stebbing! 'R X P B QBN BN E B o BIHRLS R R
RE X SOD Y i T i 8] 4E 15 55 46, 24h SR AT AR 41N SOD EHEE B &M T BEA . MR 4w B
KGEB THE LW E) ik 85 a) 2 K i, 4k SOD E R BEERF AR BB AL ST &,
SOD % /1 T /&, Lk 2 BBt o

REX AEARRHR SOD FHHEMIERMILEENNT., EKBRPREIBREKLHLETF
#, BFEFEMARNEBEAHECO, )MBZEAHE(-OH) . BAEAKNHIRRETUSIELRL
B f 7t E ALK B, {265 DNA RNA %745 , S BUE 14 R 30 6, A T 55 40 F % AR o g2, ks, R
ERBESTHENEEE AR FBE THERES . — BRI, FAEABHEATENRELRS
PR RN RAEBR MM E AERZAFERTNAASTE, HEMEREREMHRIMNERK, kN
iR BB E ¥ KF,SOD SEMAHYME TRYEEABTHES, EEWA RS, B A
P SOD ML, NIk TS EER, EEIETEEEN T ZHBRE, AW THEESEL, #PT
BERGERMEBRE, HLRBHAIERSFREAKEEBETLLKE (ST 0.27 mg-L~ ')A, SOD
FEHMNEBETER XEANERENREME T, AX@ENTFASARFEHERRBT —ERE, Xt
HEMMEBABRST £ THER, BUHA SOD B TH. XUEFREHENNRELERIET
[ % SBOLEREEEERERB, AR RBEE MBI EELEAER, R XBREERSE, S50
ATPase FIIH LA 5 — LR IE MO PRI AR A ar B SR R, '

REABFEX LN Na* - K* - ATPase WIESI AW B E MW, MREREALHEK(KFLE®
FEU N B AR B 4 P Na* — K* — ATPase T ¥4 76 45 B 8] N A B 2 VR A BRAE 7 B, T X BE 1 4 41
B Na* — K* — ATPase JEHHI B A ABHEW; BRERE(BTELSERE) N R EARB N £ FHAH
) Na* — K* - ATPase WA B EF MR MEAER HEERBEMNEIMZEKTME . Na* - K* - ATPase
BREYELN-MEAR, CEYRZH EERR GEERASTEREHEENIEM. BWCHANF
ZHEEALEEE FHLH Na* ~K* — ATPase {51, pH. 20 HS R BERANBEEM Ky
M Na* — K* — ATPase [EHEHHL I BN FRE ER PRI FRXREXT AL AL D Na* - K* - ATPase
EHEWAHRE., B TREANBELYE, AKHENABRMEESGREER BRAEE - SB0EEAN
RERHRY BHAERFI ECREARBEEQAREMERNRELR SRS MINEMBE,
Na* - K* — ATPase 240 REAS A XUZ LI DU R A B B H , KR R KH T L ABEIE, #W
BEEAFAKREREPARAA Na* —-K* - ATPase HIEHERARBENREMNTERERERZE.O%
FEAROBREEREIREEMTENERETEAAmMBEIR QAT AN = REREA X
AR OB A M S R A SR OB ®/ 0 SH EASZ B &b, BRI ; OB FLEMN
HE—8Ra2R 8k, HIL, BEE Na* - K* - ATPase I/EFIBLEIRE, U EORQABBEH
EHZEFHIBPHMEEAEHERR, FBRAEEEETIENB FREANIIE;ONON # 8
BEAAREBEHE Na* -K' G4 Nt EEZRB FHEZHIEE, ILRREREX Na* -K* -
ATPase MM F EHHE AN SHER TR S ZFAREARK A1),

H, Bk GE T E2WE) KetE REMET SOD M Na* - K* - ATPase % th BRI, & i &
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AEMMHSARAREE T EFNAEMESIREREN EAaMEREENEERRZ —,
3.3 AEAHLXT R E B BUSHE

LA R Z, ARSI SOD fl Na* - K* — ATPase iE MM R E S B M BBHEERE —E W
EF. RIBEMTEALRE R, KBAR WH R = (X BARTE M - SCI0 BT M )/% 88 4 85 x
100% , 01 3HB R EXT B4 41 SOD # Na* — K* — ATPase 15 R 2, 45 REH, M amym
Na* — K* — ATPase it X} R & B HUZ, 15 5 B M XHEH & (0. 1amg- L") &b B o, 5 4 /8] (6h) A Na*
—-K* - ATPase [tk MBI R X3 26.7% , SEF M BHAE B ELER, RHBARE T HE EES
FIREMFEHER. REFAAKNNEESHRES, S8/ EREANBT, I8N REES
K REMEMY, XHERBEAZINREMIX, MALLMRBERAERLAFNE, X—FE®
#H15 RE M F T Z RPN BEFEHT B R 5 (I SOD . CAT %) FMdEBE 4L B 1 R4 (10 GSH. 4= %
ES) M MERBAEE, BMENHRE. XS5HE—LEYX AREFE Na* - K* - ATPase I #
PR SR T AR . SLEXT SOD &t m AE S8 A AT AE AR 4L P MR R B B SR M po L 72, (H AR 6B e
S X BE K. ANXFMEBEENEARE E6alASERESBRSZIARENGE, X6
HEALAMRRE A OES ZRREEKPABYEFEFENREG A X, B, BHR PR E T 1E
AR REAFEEN D IRBEMIER, R ALK PR 2 HEN S WA ST e 0
Ko

B X H .
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