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ME:RABFISESENTE, CEMARTREREX & A F 8 A R4 5P L% (soD) Mg,
FF.BHS Na* -K* ~ ATPase TEHMER AR RARNIBEBRWEAST EAHEAAREENER. &
REW,KAIR0. 14mg-L- ") REALH, GBI (6 EHFFAR YW SODIFHIRREEF (P <0.01) ,BREF &L
e EKH B FTRE(P<0.05) ;MR (0.27mg L' 0.45 mg-L~ ") RE 4B SOD EHEA B W, I FE
AR MM, AR 14mg-L- ") REALHE, Eof A (6h) A3 MMAH M Na* - K* - ATPase M IEHF B
EHRERER(P<0.05) , BXAFMEAHSLA Na* - K" - ATPase FH R A X W ; & A & (0.27mg-L~'Hl
0.45 mg:- L") MK E(720) REEBYE FFHNFHS Na* -K' - ATPase EHHHF B EH MW EM . BFE
ERENFARAEEMELMPFMNBNEE ., AR Na* - K* - ATPase # SOD X R R B8 B H R,
XMiREa, RE BELYBILE
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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) P 2y — b BL 4T 6 7K 5 o4 b 0 FE M) , £ K 7= 3% 5 o 2 18 B L Th (g U AT MR
TR, ANk REREABL - ERENAEEFERAY BN AEREREMAXENTEFINE, &
REZAANBEEBENE2TMIrE. A XHRARKENRFK EHE N T ASB LD L
B (SOD) Ml Na* - K* — ATPase & 89 W, HiITRAM AR FEVENR AFHNMESFIRME,

1 MEE5TE

1.1 SLE&E EYIF

SEU DA 35 48 ( Crenopharyngodon idellus ) R 44 B, RSP EH: , 24K 7.1121.10 cm, A& 7.30 ¢
1.50g, MEEETANYG., HEAAMBALE ZH/KEMA(51cm x 38cm x 32cm) F, 335 1 AR #HT
W, EREEK 1K, BREK 23, KERIASTBRWERK,KRK 1222TC,pH=6.8, KEE RN 2.4
E(EEE).

1.2 ELRoHAERLHE

HOTAEERELTRWEaEMY 7 A, 25 AN BH EAMS N RELALHA; HITHELE
MEHTRAELSSH, I IATAMNBA I AMTAERAINTRELHA, SHIRYBFA
H, REREBRIFEERERALEARF P LA, THERM R BHE 200mA, KHE 0. 1’0", R
E0.041MPa, ESHIEISE. RELAHEEB WA 1 iR,

2 3
L X2 X ] .@ i ?
! f,; ' 1 ESEAR

E: 4 |r
g *® |
i

H H

HSH oxygen 0. 14mg-L! 0. 27mg-L"! 0. 45mg-L"! X4 control

A1 KRE#EXBEIF
Fig.1 Schematic illustration of toxicity test of ozone
LR 2.0 %k 3. RERESR 4. ZERARE
1.Oxygen bottle; 2.Pinchcock; 3.Ozone generators; 4. Air charge pump

HREREDBHSESHETHE B ALEAKEANHAETRERMEIREH KP REAK
B, S8 KETESNAERBRERER MEM BATMERAREBRERN 7.0mg- L™, E<HM 3
MREAATHEAFRBREN 2.4 mg- L' 3T RAHAWRERBKE TR 0.14, 0.27, 0.45 mg-
L, M8 KkEAREaaM2s B, 2N ELKR ARG 6h.12h.24h I 2h NEHFRIE SEESR
A, Fil MS — 222(triaine methansulphorate, Sandoz)#F 17T BREE , BUSE AT A SR BT - 40C KB LI B E
MEILYE LR Na* - K* — ATPase 75 1. KPP REBRBWEMNE F ERITERAREED Y B E
B A Model 15775 BEE X (YSI 2 5l %€ .
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1.3 FelH & Rt E

1.3.1 SODM#EHEREHERE

STHBEMMFAR  MAGERBRSEAR, AR IRB[EKBR G T HTIR, SRBEHITE
R 830> (10000r-min ~ ') 15min, L& W BN IR . 213 A Ak pH6.8, 0.02 mol-L~! Tris — HCl 2§ Mk .
SOD HH M E H S BAEASS ik, WESD & 8 R A Folin-Phenol X7 W £, BIEMERMIE X
K BEARMNBD, B HBE=ZEEERES0PMMEREE XN 1 EEHERA,
1.3.2 Na‘',K' -ATPase A H FRLFENE

SRR A RFASR, AR LRSI, SRS R B0 (3000r- min~ ') 15min, B L B %€ Na*
- K* - ATPase 3Gt , )M &4 : FE¥E 0.25mol- L~! (EDTA 1.25mmol-L~ ', Tris 10mmol-L~',pH = 7.0,
Na* - K* — ATPase i& tE W& 2 ¥ Paxton %7 ik, MG RME X N - BEREA RS/ I YRZ4
BHMERNEIBHERN 1 MEERN.

1.4 HELHSE ST

ATl hb PR BB A9 25 SR A Student’s-t B AT OHW, P<0. 05 BIAANTFEEBEEER. P
<00l A RAFERBEEESR

2 R

2.1 BREXEAERMNKEBICHKE (LCs)

R E AR S v E RS A SC R R, R B3 847 B2 (probit method) A R 18 R & Xf & 4 4 fh
B LR B (LCy ) 0 24h LCy, = 0.653mg L 1;48h LCq, =0.173mg L', &2 ¥ K (48h LC;u x 0.1)K
0.17mg-L" !,

2.2 REXEMmEFIBAHLN SOD IEHEME W

HIHREMNEGAAMEHN SODFEE LMW RE R, AT, pAE A, S A
SOD WHEMHEIES FMENANER —HRFREKTE. KRR ELTE0.14mg- L"), EHFH
P (6h)SEHLIAY SOD FEHIRFERBE(P<0.01) B R THAE YA, BREE L BN BKERITHT &,
72h HE B ERTXMHEEA(P <0.05); WEHNBE R AL (0.27 mg-L™ "1 0.45 mg-L~'SOD & M &
ETH,FHEENEANERT 2 FHREE, 0.27 mg-L™'M0.45 mg-L™ "2 BAHAE 72h FXEHEIET,

%21 AEHESEHMBER SOD FEHEN
Tab.1 The effect of ozone on the SOD activity of grass carp fingerling gill tissues

REWHE (mg-LY) K% S7(U-mg™"!) protein)enzymes activity
O, concentration 6h 12h 24h 72h
*t B 4H control 1.85+0.30 1.81+0.26 1.83+0.20 1.77+0.25
H S A oxygen 2.23+0.347 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£6.16" "
0.27 1.20+0.24" "2 1.16£0.14" "} 1.03£0.17" " -
0.45 0.93+0.23" "2 0.53+0.08" "2 0.68+0.23" " -

W~ SRRAHEE P<0.05; » x P<0.01; 1. SESAMLE P<0.05; 2. P<0.01; FHP £ i5EE, n=10
Notes: * Compared with control group P < 0.05; * * P < 0.01; 1. Compared with oxygen group P < 0.05; 2. P < 0.01; values are

expressed as mean + SD of 10 observations
2.3 REXEMAMAMFHL SOD &I
R2AREMEAGMMFHLA SOD EHE MM EREGE R, NLXREREN, SHRAMAL, £X
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R ER SOD FEHEEMIIFAPAR(P>0.05). EREH, S3TBAME, MWK E(0.14mg- L) &
HARBEAHL oh AFFHL SOD HHR Bk B ¥ (B H#H 6t M 89 K & # K, 240 EHBEFHE
HMESH KPR EAEA(0.27 mg-L~'10.45 mg-L 1) FFAHL SOD % # B B % F 5t B4 4
SA,HERBFFRMERKIL SOD HEHRHBMEK. 0.27 mg- L' 0.45mg- L™ AL B4 7E 72h J5 SC K
BT, BT, FHASEK SOD EHEZRARWMWEABEELRUFRAR TS, BIKN
B(0.14mg-L~") RE R 7E K 6T E (6h) Py R AT FIAELH L4 b SOD % ¥E4R & B/ 76 12 h D5 LR
TR, WA EafFAATRNFBNEAR SOD EHHSE TRASAPHBEIETE(P <0.05).
%2 AENEAGMFESA SOD EHHKRE
Tab. 2 The effect of ozone on the SOD activity of grass carp fingerling liver tissues
REWEHE (mg L") 8% J1(U-mg~') protein) enzymes activity

O, concentration 6h 12h 24h 72h
%t B4 control 18.2+1.3 18.0x1.6 18.0+1.5 18.2x1.6
£ <4 oxygen 18.9x 1.4 18.9x 1.4 19.3x£1.0 18.5x1.5
0.14 20.9:x2.4" "} 17.5+ 0.9 16.5x 1.3 15.2x1.4" "2
0.27 17.320.97? 16.321.072 14.3x1.2" "¢ -
0.45 16.321.0" "¢ 14.1x0.9" "¢ 11.8x1.1" "¢ -
H:FE1

Notes: the same as notes of Tab.1

2.4 RENHEXTEHAAFMHEBHL Na* — K* — ATPase EHERN R H

FHIAREWNEAATFIEMHAL Na* - K* — ATPase FH WML RER., SREWH difamtE
HAEMPHL P Nat —K* - ATPase IEHBREHBHER(P>0.05) LA SEXN EAKNAN Na*
-K* — ATPase FEHE WA K. MAMARKEHA(AMKMNE 0.14mg- L' HARE 0.45mg- L R E
ALFRXT S A P Na* — K* — ATPase MITEHENA 4B EwW, R 3 WBIBE B R, &WKE HEEE 6T H
BOZEK T Na* — K* — ATPase UIEEZRHEIK (P <0.01), H B RBEATHEKENYE MEHA P Na* -
K* — ATPase TG B E# T (P <0.01), RBB/7R 0.27mg-L™'fM 0.45 mg- L~ "2t A7 72h J§
LRMEIET

£33 AEHNESHEHFIPHEL Na* - K* - ATPase FERIEM
Tab.3 The effect of ozone on the Na* — K* — ATPase activity of grass carp fingerling gill tissues

REHE (mg-L™") B¥i% /7(U-mg~') protein)enzymes activity

O, concentration 6h 12h 24h 72h

33 B4 control 0.45+0.08 0.44+0.09 0.45x0.10 0.44x0.11

HS 4 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" "2 0.10+0.03" "2
0.27 0.252£0.07" "2 0.15:20.08" "2 0.10+0.05" " -
0.45 0.17£0.04™ "2 0.11:x0.04" "2 0.07£0.02" "2 -

H:RFE1

. Notes: the same as notes of Tab.1
2.5 REMAHEIEAEFMITHS Na*t — K* — ATPase 15 19 & i

FHARRENEAAMIFHS Na* - K* — ATPase FHEMNLRER. ESESENFHEHAS+
B Na* —K* ~ ATPas [ HEB AR, BEHXEHAHB (P> 0.05), A& (0.14mg- L") R E 4L HET,
FFBE Na* — K* — ATPase 3% #E7E 6h (U BRI B (P> 0.05),Mi7E 24h FTRENBI B(P <0.01), HEF &
(0.27mg-L™'f10.45mg- L") R AL B 6f, fFF B Na* — K* — ATPase i EREAT R E K B EF TR (P
<0.01),{H0.27 mg-L'#0.45 mg-L~'"AbBR4HFE 72h |G SL R FET- .
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%4 AQMNEFEEEWMFAL Na* -K* ~ ATPase FHAHX N
Tab.4 The effect of ozone on the Na* — K* —~ ATPase activity of grass carp fingerling liver tissues

BRE WP (mg-L~ 1) N#iE /1(U-mg~" protein) enzymes activity

O, concentration 6h 12h 24h 72h

X B4 control 0.35+0.08 0.35%£0.10 0.36+0.08 0.36+0.10

£ 5.4 oxygen 0.40+0.13 0.41£0.10 0.41+0.09 0.41+0.10
0.14 0.36+0.09 0.33 +0.06 0.2420.11°° 0.11+£0.03" "2
0.27 0.23+0.10" *2 0.19+0.06* "2 0.12+0.05" "2 -
0.45 0.19+0.06" *?2 0.15+£0.05* "2 0.11+0.05" "? -

H:AEE]

Notes: the same as notes of Tab.1
2.6 RELAHENEAEMFHL Na* — K* — ATPase 1§ B 21

FSHREWNEABMNFFHLA Na* —K* — ATPase FHE WML RE R, FREWH, A0 FAR
1 Na* - K* — ATPase iEHERH W ABHE(P>0.05), RERBAMKN R (0.14mg- L") &1t 8] (6h) A XF
'HHMAP Na* - K* — ATPase [FHE AW EWEHL(P>0.05) , B ELEHNEHER, Na* - K* -
ATPase BIEH BE TR (P <0.01), LRI LR, FHHA+H Na* —K* - ATPase EHHEE R AR R
T BEMK(P<0.01), 80.27 mg L™ '#1 0.45 mg- L' A0 BELAZE 72h JFL R MFET ., 0.27 mg-
L™'f10.45 mg-L-"4bBAHE 72h EX R HBIET,

%5 AMVEHEHFALE Na* - K* - ATPase BHK KR
Tab.5 The effect of ozone on the Na* - K* —~ ATPase activity of grass carp fingerling kidney tissues

REWE (mg- L") Bii% 1 (U-mg~' protein) enzymes activity
O; concentration 6h 12h 24h 72h
Xt ¥4 control 0.99+0.14 0.99+0.13 0.99+0.09 0.99+0.09
H 54 oxygen 1.05+0.13 1.05+0.10 1.04+£0.16 1,04+£0.10
0.14 0.91+0.11 0.62+0.090" "? 0.33+£0.10" 2 0.17+£0.06" "2
0.27 0.56+0.13" " 0.31£0.08" "? 0.21£0.047 "2 -
0.45 0.31£0.11" 2 0.21£0.08" "2 0.1820.06" "2 -
. REEL
Notes: the same as the notes of Tab.1
3 it

3.1 EafafxREMPEER

REANEatfatPFSNLREREY HEASKENBNREHAZER  ARMIETRYE +
Fr#ass, YIKEA 0.1 mg-L '"LATH,24h~06h HFRFARLARBHAPERMHIETRYRM; HERER
Fo.218mg-L At , S REABRFBH 24h-~96h AT ERER B, TRAMNAEANWLLEEN0.17mg-
L', B EREE(0.14mg- L)) REABRBE RhEMARRABETINME, AENBILLEFHRE
REHAO0.27 mg L 'M0.45 mg-L™") LREHMERIA, BHANEKE 24h~ 72h F BB BPEFER,
WMEHEHA0.45 mg- L )L R H KRB, Rk P HRRES TR, FREKPRFERITES, PR
R.BEEHAFREE FEB 20 G LREEN R RSB, WEMUEAZER T, ¥hEFHEK
HREEHEREER, RN EWEELE N EW ERAR™EZR . EEEETRBEOAKER. A
e B E ARG, SRR EERAREER, BT RIERESHPENMILTHEERE
22—, Bt , WA IRP , EFEAREENKENHEEN, —CEERMERTELSERENT
BA,EMEEmENEETE 'L ZEFBET.

3.2 REXMNELXMBEIHEEIT
— AN REN S S HREE R X, BRAL MR ETRANHSEEA R G, ﬂﬁ&ﬂc
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FABRAETEAMEAR, RERAAHEIERAETFANER MESKRLEREN EEHATE
XHEN. FLBHSEREN, AT R AZ AL P SOD.Na* K* - ATPase 3%t — 5 114
MR, MRALBAREKEFEAISREM, BAKEPRETFEIBOBEFERRTFRAINRSE
R RAHAFRBRENTRE, 5 Mustafa® IR RERH—H. SREBR . BETRETFELRENREA
WL 0.144mg-L~" 6h, A FPEE IFLAL S SOD MG B EIRE B ER B HE ML K, SOD WE A
X EREMAEE BN R AN E A 45 P SOD & i & RAGE 3 4 = A E iR
FEA  FEREM BT HERN SR TREEXNHA T SOD AR . REAX K a6 AR
F SOD MERALH T AERZI MBI R, SREEKEN 0. 14mg L 'Bf (R FHELW|E), falk N
FAMBEREARS, FWT SODWAR, RAHUEHAAAN SODEHNEBEEAT. XBFARY
Beaumont %5 10) B 58 19 45 AR S A0L , Stebbing " 4 X R R AR N B NARA” . HMIRAERBLERY
REXT SOD Wi of (6] 4E R 5050 , 24h SEFAF AR A SOD EHE BEMFXHA ., YR AR
KOEE THELWE) AL BET A K BT, KA SOD ERELEFRF IR BB REN S T4,
SOD & h T ke, HLixZ B | iith.

REXM BEAFHR SOD EHH MMM BHRMINT . EKBEBRPRETBRAMPLET
B, RERTEMKRMEEBAAHECO, YMEAHE(-OH), AHEEAANIBBRRTLISIREE
Big BR #93f $AL IR B, 2 4 DNA RNA 287, S B &1 R 35 6, WA T 88 R 240 MO IE % FR gt o B2, e sh, 82
FRBEFTHEABERAR FBE THERESD . —ABORR, AR EAEERS~EMREALES
BRI R IEFMR M EHAFRZAIFERFNHSTIE HEMERARBMEINER, Ak
BEHARBETERKTY,SODZEHAMYME TEYKEABTHES, MEAW AR, B HR
PN SOD ¥ L , AT MNE TEEEFR,  ABCHEIE T EEGRASI SRR, HN T BRELEL. RPT
BAGERMEXMESL. BURBNRAZEKIREARECTBELTLELEE (W& T 0.27 mg-L~')AF, SOD
FEHEXBETHE XRENEKENMRAMAT , AKEMFHAARPEHARRE T - ERE, X
HEMINERMBERE ™A T BN, B AR SOD BT R, XLEFEREEEANHRELMREIRET
REH 2 BOPL A PO 05 1R SR e R B, A T4 K0 B s b B AR AR o B R R KSR R 58, R B
ATPase 1 1L 8§ 55 — SE B IE ¥ RO RE (K, 66 & 1R A= i 1E S AU R AL

REBBEXMBHLAN Na* - K* - ATPase HESIH A B ., (KKE R B K (K TELEK
B R R A SELH 2 h Na*® — K* — ATPase 1% YE7E 50 B3 6] N A B 3 VE O B AR 4E A, R X AF fn ' AL R
B Na* —K* — ATPase IEHHBRAHABKHME; HERERE(BTEL2EREINMREARZNSFHAR
BI Na* - K* — ATPase {5 A B E MR, FHERBEH EIHERKTME . Na* - K* - ATPase
REVBE LN —FHEAN, EEYHEZH ERER GFEABSETEHREEENAEMN. BRICHAEHF
ZHEETHWHIME BHAM Na* - K* - ATPase 151, 1 pH. % B4R BERENREM HEg
B Na* — K* — ATPase {EHERIH B R NFRE ER L AAFXR AT BRHALAF Na* - K* - ATPase
FEHEEMAHRE. A TRAKWERAAKE, B RASNARMBER S CEER BT E - S4FEAX
RERHRY BHUKRARBEI ECEEHARBEOABENEROBELRIBIRSHRMNERRE.
Na* - K" — ATPase RAHMBAEFHIE LW RENBRRES, HARNERKBR TR EAOBEIE. #H
RBEEARKER AT ARAL Na* - K* — ATPase WIEHEHAAFBENEEMWITREEELR. O4%
FEMARNBEEEREANRAAEMFEW A BB AT BETR; QRELEAMN - DREREA R
A 22 SOHABK AR A S5 M R A B s QESTE MR i) SH B Z DI EAL, BUE BB R 16 OB T L/ i
HE—#SRaZR K. Bk, KR Nav - K* — ATPase FEAHLHIRE, U EOMOAFBEA
EREETHIBRTRMARAEHAERE, A EREH TRENE FRENIEE; QMO N E5
EAAEBREFMBE Na* - K G5 ANMEEEERETHREHNNE, SERRAREST Na* - K" -
ATPase MM EEFE ,H N SH EAEA S ZRAR AR A A BN FH D,

B, SR E(ELE W) KER R EMIAT SOD Ml Na* — K* — ATPase & ¥ B BE 1K, & B
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AN ASARARI T EFNtAaEIRERENEAAMERSEENEEREZ —,
3.3 AFHERANEE MK

LR REY, RAHALH SOD fl Na* - K* - ATPase FHXM R E BB B BRHUE R L —F W
EH., BENANLRER HBARX . WH R = (M BAMENE - TRABFE) /X BABEE x
100% , 7+ E B REXEAHS S SOD fil Na* — K* — ATPase IEHER MM EIE, LE R, EagA s
Na* — K* —~ ATPase 7% ¥ 4F 5 B 80K, 45 91 2 7E A XK A 8 (0. 14mg L~ ') AL Bl o, 55 Bf [8] (6h ) Xf Na*
-K* — ATPase i HMIMIHI R E X 26.7%  SEF M BAF S EXES VR ALNELTFME E LT
FRANEHERA, REFAGKANTIERFZESE, S3@/N N EEFAMBKES BN REES
KPR RS, XEEREATIREANYL, MRAELOBHEA AR EHNE, X—FBRK
FRREANEMEZRNIENEER SRS (I SOD.CAT 5) MAEMUE R E/L R4 (0 GSH. 44 &
EZ) " HERGHFRER AMBHEES, XSHE-EEYXAEEME Na* - K* ~ ATPase 115
HESERAR, REX SOD EHMEwmAMMHEHAASHERENESRMEOLSE, BASA
MR BmEK. ANXWHBEENTARE FaRAARRAAESZTINREANLGEF., Xk
AL MRERAURSZNREEKP IRV AFRFENBGER X, Bk, AR PEEERE
HEBREAFHN - HEHEENRER, REAKT=HRAPHELSBENHEMNE T FIE#’ -2
3.

XN
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