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W E LW AW A(Epinephelus septemfasciatus) e —MAKEE R RE T 24 B AARSEFIME
R KER, AN RFMHERERD, S HMAIREHFTKARAEEER. FFAULTARA
HE 6 R SE 38 A4 L AT B AR R FE, BT BRI ¥R (- 196 C)St -Gy A B A iR iR 9 B LA 1 s AL B
(superoxide dismutase, SOD). A/l B ¥ & (creatine kinase, CK). N, */K *- ATPase. %, & fii 2 & (lactate
dehydrogenase, LDH). /A — 8 (malondialdehyde, MDA) 1 48 it H ik i & {1k ¥ 88 (glutathione peroxidase,
GSH-Px)i& R, U BUPTEFITER AR 0 ERR IS0 . ARBR T4 AW E T 408 PM(24% 1,2-H
~E(PG)+ 16%F EE(MeOH)).PMG (15.75% 1,2-H — B2 +8.75% F BE(MeOH)+8.75% H #H(Gly)) A1 PMGT
(15.75% 1,2-78 - +8.75% F BE(MeOH) +8.75%H i(Gly) + 5% # ¥ (trehalose)) 3 P IBAL L3R AR
HifE L AR AEIA A 6 FHERE M . ZRRW, RIa 2 AAL UL L3 MEEENBLESE, 6 Ml
W RAE S EWNT, SRR, A% 5 IR P MDA BR /51 B & FHm(P<0.05): 52 KR, A%k E IR
4 A I SOD.CK.N,*/K*-ATPase. LDH 1 GSH-Px B§ 5% S AR AT ML, R E TR, BERBEEP<
0.05). Ti7E PM BEALR AL JE IR B EBE N YK -ATPase IR IE B S BA L B ER E R (P>
0.05). A %{E MDA BEG B2 A&, M H AR S BRI R B BEACEREK. PMBIEALEXT CK MIN, /K-
ATPase (TG HERZIA SN, LA ARRG B A — R MR ER . AN LA AR W IR R 1R
HEERRKIE .
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Abstract Seven-band grouper (Epinephelus septemfasciatus) is a seawater fish with high economic values
that grow fast and tolerate strong with low temperature. Population quantity is less in the natural environment,
and the germplasm resources for long- term preservation are imminent. Therefore, based on the
cryopreservation of seven-band grouper embryos, the effects of cryopreservation (—196 C) on the enzyme
activity (superoxide dismutase (SOD), creatine kinase (CK), N.*/K *- ATPase, lactate dehydrogenase (LDH),
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malondialdehyde (MDA), glutathione peroxidase (GSH-Px)) in Epinephelus septemfasciatus embryos were
studied. In the present study, the changes of enzyme activity in embryos were analyzed by Kits to clarify
damage mechanism of embryos. The results indicated that the MDA enzyme activity of embryos after
cryopreservation treated with the vitrifications solution of PM(24% 1,2 - propylene glycol(PG) + 16%
methanol(MeOH)). PMG(15.75% pylene glycol(PG) + 8.75% methanol(MeOH) + 8.75% glycerol(Gly))
PMGT(15.75% pylene glycol(PG) + 8.75% methanol(MeOH) + 8.75% glycerol(Gly) + 5% Trehalose)
significantly increased compared with no cryopreservation groups. However, the activity of some other
enzymes descended significantly before and after cryopreservation compared with control group (P<0.05),
and the latter was significantly lower than the former. However, there was no significant difference between
N, */K *- ATPase enzyme activity of no- frozen embryos treated with PM vitrification group and the control
group. From various enzymes activity change from seven-band grouper before and after cryopreservation,
cryopreservation and cryoprotectants have significant effect on the enzymes activity of seven-band grouper.
Therefore, through the detection and analysis of the concentration of enzymes activity change from frozen
embryos, freeze made MDA enzymes activity increase, other 5 enzymes activity decreased. PM vitrification
solution had less effect on CK and N, */K *- ATPase, which showed it had certain protective function.
Therefore, the research results provide a theoretical basis for cryopreservation of seven- band grouper
embryos.

Keywords Epinephelus sepiemfasciatus, Cryopreservation, Embryos, Enzyme activity
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#BEEEFEFRE THIBEASEREN
5 1% % (reactive oxygen species, ROS). H HE 2
B ROS K& HAth 41 i 38 4 ¥ BB, (B B AE M 3t B
HERNFRERRD MK ES, 2007). BT H
A AR R R, M ENVEA R K ER 2 R
71 W & FEH A AL IE(Sun et al., 2007)70 51 2
— R E AT, mAEMESS . DNA#H G EH
M BRI E P B, AT RBUEM B4
F PR AR (Li et al, 2001). $RT0, BEE B SR FF
B, A A X A R B A3E R R 2 B
AW, AR E T —EZEBHER
Btk &, BIPLEIL B R, DAHCREE BRI R R T
% [ ROS(5K 3 % 2%, 2007; Wai-sun et al., 2006).
By RPLEALTWE AT BB R — N, £
EHREAE A S ALY KK B (superoxide
dismutase, SOD). & Bt H ik i & 4k ¥ 5 (glutathione
peroxidase, GSH- Px) U\ K it % 1k & & (catalase,
CAT)%. MiXEHEMNFEEEZRIEHEET

% B & B§ (lactate dehydrogenase, LDH). N, */K *-
ATPase LA & JJL 2 1% B8 (creatine jubase, CK) i) 32 4k,
K LB Rl 8 S BR T U AR AR .

Bl WA A IR A A T3
R B, TE 4 (Bos tawrus) (5 1 B4, 1996)F1 /)
8, (Mus musculus)(Rall, Fahy, 1985)% i 9.3 #1 3
EIRBEI . A, AR I AEIRBKR,
FEOHEN R B, AT T HUEM RIS AR
KB HER(EREE, 2002); FH, 8 RKE
BRI, BRI T K. MEANRESHRA
TRV BB B B ST (BRIAHE, 2002). BL4h, 2K
SURNE R B4 R BURE, RIFE D R A B i A
TR A5 8 E B R [H 2 — (Wallace, Selman, 1990).
AR RIS BV R R R IR R AR N L B —
BB R, BN AR S B 83 A (Acipenser
gueldenstaedti) ( & & B %, 2009). K ¥ f
(Pseudosiaena crocea) ( 3% B2 % %, 2012). B &
(Ctenopharyngodon idellus)~ 41 #ll (Carassius auratus)
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A6 8 (Misgurus anguillicaudatus) (75 5 78, 1996).
K& T T (Siganus canaliculatus)(FE B KL, 2009)
LA # % (Monopterus albus)(E1 75 9, 3 /NE, 2011)
FZHATERRBA G EFEEEEZWNRR,
B R A G R EE R MNA L, 5 EH
i+ & 4 (Acanthogobius ommaturus) ( ¥ B % %,
2010a)%. HEl, £ A B AR R IEAHR
775 T, Koh %(2010) A1 Tian %(2013) %t L # A 3E
BRTFAT T AGRREER, b, X TF-LHaH
BMERHRENATEE B LHRET —2
FIBF AR . Tanaka (2003, 2004) M5 K S FI4H
ZUREY XL AR A SRR EAT T
#; Tokinori %£(2004) % F E HE 5 (reassortants) 77 V%
SNt ARARSRFERZTFREEL —HRE
R EHAT 7 % % 577 BT 7 Nilar 5(2004) % £
WARMAINEREMNRARIT THA, N EHA
BaEm A TEEEM® T HEIRER, HMAT L
AR AEREAGREMARHRERE. Fit, &
B0 LA A B R G Rk, T8 S U 5E VA R AT
J& b A BT A R iR N SOD. CK.\ N, */K *-ATPase.
LDH.MDA 1 GSH-Px 6 B i 1 i 2846, it
=R Y O o op KN Y] A e din)=A R
REBRBEAGTGENEAN LT ARERIGE
KRB AFHRAREE R

1 ¥ME5R=*E
11 TRAESRESHE

201346 H, LLAR & M TR A IR 2
B] FRFE I -4 BT B (Epinephelus septemfasciatus) N
L B REN T AT AR AN LRETIE
BTN, B¥510min 5, REER N2 EHRITE
JEES, PR [ K IR 2 SR 7E BER. B EEEEH
ZREIE TR Q2 C) NI N TR
H. B35 17 (BEEERE)ENFLENREEE
ERMONE T 22 CHRZEFEAHITER. AF
1 28 1 A (7 39 VR A B B AR R v TR D R
A [, AN TN HR FE FDAS [R) Fh 28 B 3B SR AL VR AR R O B2
WA . &% (Carassius avratus)(W1E 5, 1997)
F19% & 1 (Brachydanio rerio)(Zhang et al., 1993) it
FRAGRENREN BN OBRH, FH
(Paralichthys oliuaceus)( FB 7K B 55, 2005)7E AL 77 A
0 R ZF B R R X B AL VR O T 32 B R, K3

¥ (Scophthalmus maximus)( FH 7k #E2%, 2004) AL 57 1
00 22 5V B 550 At B 8 R Y X B3 A R O i 2
BEHE. Bk, AT AURBUERZNTHCE
¥ 30 h )G 1R sRaeph k. [EIRY, 45 BT EUIE R
GrR3G R A TR EACRAREMAGH.
R, A BARAS AL BB A, BEEH K
10%4 R I ; R4 R 4 1 B 50 R AL B T
PET AL, EEHIR 10%HR KK 45
HR S TR 5 I AT R AL B IR RG,
B R 10%H R KR .

xof B840 - BU 0.1 g L7 3 26 99 n A\ 900 pL
0.1xPBS(pH 7.4), 1 300 xg B.{» 10 min, B -3, B
PL B3 (PBS(1:9)0 A 0.1xPBS 1| i 10%H 4 51 %%
WEF-20 COkFPREER.

Y UREH : BRIV A 2 AR 00 A T R RG 38
A FERAE. B HPMQ4% 1,2-TH — B (1,2 -
propylene glycol, PG) + 16% H EZ (methanol,
MeOH)). PMG (15.75% 1,2-T5 — 8 +8.75% F B&
(methanol, MeOH) + 8.75% H 1 (glycerol, Gly))Fl
PMGT(15.75% 1,2- A — B + 8.75% 5 B2 (methanol,
MeOH) + 8.75% H i (glycerol, Gly) + 5% i % &
(Trehalose))fE o B B AL, FI-Ks B 43 A EC I B 1/4
1/3.1/2.2/3 F1 1 {5 1986 BEVE W, SR )G 4% 100~150 KL
JEAERIKE T 1/4.1/3.12.23 M L S BEAL BT
43 B P45 6 min, BT X S MKERELEE, KBS
BRIER BB ZE , B ERA 250 uL(£y
B S~10RZREON), REH D, EERAIBET,
A VR B A T 30 min. A 38 C/K I 1R E 47
%, FB 4 mL FEFE(0.25 mol/L)¥EBLE ¥E AR 10 min, 2
J& R AK /N O 3 R, REZ: R B USRI
FEFE VR LM, T /5 ARER 0.1 g BE AR H 48 AR 10% 19 42
HERW, BRI RA. B & IFH 10%E 5%
WEF-20 CHREEH.

RAVRAE : B A AT B2 R0 A A L B3
BRI o A AT AL B, BRI A R A, B2
B AR AL, RGBT, BEAZ T ¥
Ho FREVACIE S B ZHE0 0.1 g Hil & i 10%H 43K
W, HER L. RE, BH&TFHRSIKBET-
20 CHIRFF&H .

1.2 EEiEMRE

3 E ALY 5 Ak B (superoxide dismutase, SOD)-
WLER % B (creatine jubase, CK).N,"/K"-ATPase- #L.E&
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i & B (lactate dehydrogenase, LDH). A — E&
((malondialdehyde, MDA) R4 Bt H Ak it A ¥ B8
(glutathione peroxidase, GSH-Px) ¥l =& & 71| & 1%
O EERANERANEN W TEEEREN T
FEF AT,

SOD ¥ Fl #'Ems € {LBgIE, 1 1 SOD ¥ /1841
(U NEERHALEALE 1 mL KRB, SOD 1
# R 1k 50%0 Bt R SOD & (FRIL, 2010).

CK ¥ B, ISR IEn vt o H R
BEBERSE, 2009).

N, */K *-ATPase & I tb 9%, 1 A N, /K *-
ATPase & 1 AU B AS /M B ER AL EA T
ATP B 53 #% ATP 724 1 pmol THLBEHI B (RIEZE,
2006).

LDH ¥ At &3, 1 4~ LDH % /1 8461 (U)EP Ay
FERAREAIT C5EREM 15 min, RN
ERFFER 1 umol HRRERHIE (BRI, 2010).

MDA K F 58 B bt Z BB (TBA) %, MR 45 #H B2
ARHE : H A MDA & & (U/mg protein)=(lll &
BRI 2 A E R /(B RO -
HE T BB TR B )X AR 7 TR P R A B R R £
B(FEBERSE, 2010a),

GSH-PX ¥ H b i, 1 A GSH-Px i& /1 41
OB AREREAR, B8k IR M KE
F, A% & Rk % GSH ¥R & B 1 pmol/L B 1 2 (&
B, 2009).

1.3 B

K H SSPS13.0 Gi itk Xt B i AT LA R 77
=54, HF) A Student-newman-keuls XF ¥4 % 8l 5
RFRER A BeiE 2 Rt T BB T .

2 BRE5SH
2.1 BREAEX SOD FEHAIF I

L A B AU BRI AR+ SOD Ry SF 435 A
(5.34+0.26) U/mg protein; | F§ PM.PMG Hl PMGT
3 F B B AL AL B R 2 ¥ TR IR G H SOD #°F 35
352 5125(0.71£0.04) (1.44+0.03) F1(3.29+0.42)
U/mg protein, ¥ ¥ J& ] SOD B F 35 3& M 4 A h
(0.34 + 0.01) (0.65 + 0.01) 1 (0.38  0.22) U/mg
protein. 5 Xt ALY, 3 M BB R A FA
¥ B E T X B A P<0.05), 3F H 3 MR A

A SODEM 5 R A RAM AL AREE T
Bt . BRPMARAGSAGELEERER
(P>0.05)41 , o Ath 9 48 35 B AL T B o 1A R AL AN 1R
4 A7 TE B E M 2 7(P<0.05), HA R G SOD i
B ZE T HEP<0.05)(F 1). 3P BB LE
PMGT %t SOD HIFZHIE N o

2.2 BIREAFX CKiFEHIR M

B BT fa o IR RE AR CK I SE 3503E A
(6.19+1.19) U/mg protein; F| F PM.PMG #1 PMGT
3P BB AL B SR S R IR IR CK 1°F 3
5 M 2 7 5 (4.49+0.28) (2.56£0.48) F1(5.08+0.77)
U/mg protein, ¥ % 4 CK B F 75 2 5108(0.31+
0.01)~ (0.69+0.43) 1(0.89+0.07) U/mg protein. 4
BER, GXBAML, 3B BEAB N RAGH
A 40 1 B R T 5T B 4.(P<0.05); 5 R A A
M, BURE S CK BRE S B E K T RA K
H(P<0.05) (B 2). 3 Mg B A L8, PM M
PMGT %} CK F1ZR 1A 13N T PMG.

2.3 BIKBAEIN, /K -ATP iEF KM

L AT A IR IR AR P N/K T -ATP H)°F
H17E M 4(19.2244.26) U/mg protein; I PM.PMG
FPMGT 3 F gL IR AL B2 ) R ¥4 R A ARG P N/

6r oY% Al Before cryopreservation 2
2 5[ =AY JE After cryopreservation
#HE o4t b
55
o) g 3r
30 2
s
1 -
0 PM PMG PMGT Control
BEREAL YR Vitrification solutions
E1 RBEEZS 5 SODEMEMEM

Figure 1 Effects of cryopreservation on SOD activity
PM:24% 1,2- Z—FE(PG)+ 16% FF BE(MeOH); PMG: 15.75%
1,2-F B +-8.75% F B (MeOH) +-8.75% H i# (Gly); PMGT:
15.75% 1,2- 3 — B8 + 8.75% F B (MeOH) + 8.75% H i
(Gly)+5%3 % #¥(trehalose). NFE/NEFRERRIFERE
1 % F(P<0.05), N

PM: 24% 1,2 - propylene glycol(PG) + 16% methanol
(MeOH); PMG: 15.75% pylene glycol(PG) + 8.75%methanol
(MeOH)+ 8.75%glycerol(Gly); PMGT: 15.75% pylene glycol
(PG)+ 8.75% methanol(MeOH) + 8.75%glycerol, (Gly)+ 5%
Trehalose. Different small letters stand for significant differ-

ence (P<0.05), the same below
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8 o¥%Hl Before cryopreservation 30r o ¥V B Before ¢ i
% ryopreservation
| e A% Af Z a
oz g % J5 After cryopreservatlon % 2 s} ® /4% 5 After cryopreservation a
- e Q
g st &g
M5 4t Ea 15t
¥ s} <5
ol Rl
<
0 2
PMGT _ Control “ 0

ﬁ%%ﬂﬁ Vltrlﬁcatlon solutions

B2 BEEAHF CKEHRRm
Figure 2 Effects of cryopreservation on CK activity

K *-ATP ) F 335 14 43 51 79(19.76 £5.75)+ (10.16+
0.64) #1(3.46+0.73) U/mg protein, ¥ % 41 N, */K *-
ATP F 3535 # 4% 51 9 (5.31£3.22)+ (7.96 £0.57) F
(3.41+0.19) U/mg protein, 4 %R, 5t A
t, B T AR AE A PM A, HAth 2 M BB ALIBUR TR
SHAARE RS T N, /K H-ATPase & 1 15 B 3E K F
it BB 4. (P<0.05); Fil F 3 Fh % 38 4L ¥ VR OR A7 O JE
B8, BRAN KT -ATPiE 5 R A HAMELE T
R s, MAEPMAF, RAHREN,/K*-ATP &t
SEBETAIRHEP<0.05), HMPRHAK AN, /K-
ATPase EMRAGHER G AR LEEHER
(P>0.05) (B13),

2.4 HBIKBRLEN LDH EEA RN

5 A B £ ] BB 40 R iR P LDH HF 29 N
(2297.85 + 140.01) U/g protein; #| A PM. PMG #
PMGT 3 FB AL AL 28 () R AR 4L AR iR v LDH Y
S 347 5 M 43 510 25(697.65+153.78) (672.92:£186.68)
#1(403.21£206.54) U/g protein, ¥ % 4 41 LDH i) ~F
3] ¥E 4 A (240.09 £ 152.11), (302.59 = 128.77) M
(88.32+24.28) U/g protein. 4R Bon, 53RN

3000r o ¥47AT Before cryopreservation

L w) . a
wB 2500F ™ VRS After cryopreservation 1
g 2000
£z
91 A 1500

~ 1000} b b
be
c
0 L L ")

PM PMG PMGT Control
PEE4L Vitrification solutions

B4 BKERAF LDH EHEHIRM
Figure 4 Effects of cryopreservation on LDH activity

PM PMG PMGT Control
PIEALIR Vitrification solutions

B3 BEEAEMN /K -ATPE R
Figure 3 Effects of cryopreservation on N, /K’ -ATP activity

EL, 3 Fh kAL VR B R A R A FTA VR 48 IR G o LDH
BgvE 1 B K T 4 R (P<0.05); VR A IR A
HAME, BT PMGT AR AGHMAHAR L E
E P ZE B(P>0.05)5h, HAh 2 R BALBER A AT
i) LDH {& 114 B 2 | TR A(P<0.05)(E 4).

2.5 BIRBSHEX MDA &R FI

LW B £ 0t BB 4 R B o MDA [P35
(209.10 + 36.54) U/mg protein; F| A PM. PMG Al
PMGT 3 Fh 35 55 10 9 40 2 1) R ¥4 5 41 R i MDA )
SE 29 E 4y B 2R (77.82+8.94). (259.75+£158.48) F
(44.32+2.12) U/mg protein, ¥ ¥% 41 LDH K] F 3%
P 4> Bl A (120.85 £ 56.84). (268.60 = 106.46)
(432.71£59.18) U/mg protein. &R T, SXHEA
ML, R RAH MDABREHE SN BRATEEZE
F(P>0.05), ¥ R 4 B PM 4, PMG A1 PMGT A
h MDA B§i% tE 353 T 0 BB 4 ZE PMGT A+, %
BB MDA EHEEE T RA KA (P<0.05), [
B, B2 & T 5 B4 (P<0.05); HAh & H WG4
i MDA JEM BB T RAGH, BEZRAEE P>
0.05) (B 5).

600_ o /AVERHT Before cryopreservation

sool » AURJE After cryopreservation

A4 (LLIH

PMG PMGT Control
ﬁ%%ﬂﬁ Vitrification solutions

s BIRRAEI MDA FHEHRM
Figure 5 Effects of cryopreservation on MDA activity
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- oA 7KET Before cryopreservation

(¥8)
4

L mAPRJE After cryopreservation

N N W
o b O
T y

GSH-Px iE
Y

GSH-Px activity

—_
S O
T T

PM PMG

PMGT Control
BRI Vitrification solutions

@6 8BRS KR GSH-PxEMEHIR M
Figure 6 Effects of cryopreservation on GSH-Px activity

2.6 KRS EN GSH-Px BTG

5 A 51 of BB 40 B BG H GSH-Px 9P 97
# 59(21.65+8.57) U/mg protein; F| F§ PM,PMG
PMGT 3 Fh 35 35 A0 R b 38 (1 % 74 1 48 R JiG ) GSH-
Px i) 3% t 43 5l A (4.05£0.26)+ (6.22+ 1.51) A1
(9.68+1.30) U/mg protein, ¥ %4+ GSH-Px “F34i%
£ 4% 1) 9(1.26+0.18)- (0.64+0.30) F1(5.66+2.41) U/
mg protein, 45 R E IR, 55X AL, 3 PR
TR IR AR AN A VR 4 P GSH-Px BB vEE I B &
& T3+ R (P<0.05); IR A SRR RAR L, 3 5
BB A R4 GSH-Px B TSI T 1%, (B
HAREZEP>0.05)E 6).

3 itig
31 BIEEAHY R SEEEH RN

LDH.N,*/K *-ATPase il CK #f )& T Bt & X it
B. H+,LDHES 54 MEHREMRTEN—
MEENGENNE, AEEYIVESARRNEE
TR (B BR R E, 2010b); N, */K *- ATPase( X #R N *-
K ) HaMp 2 MR H R, REE L KI5 EE
TR, £ EIhAG R 4 5 40 B AR R A B Tl R
P, GRRRAE M I FR BT R &P B IR BE AR X A2 R LA
T S0 0 P 3R 3% 5 4k A1 IR BE 98 1 TR E A (B 45,
2006); 24 N,*/K*-ATPase i& tE R 1L K4 7 HH, U
HR N, */K - ATPase 4 11 75 1 T BB, 2 #F8
A 0 ek K S P 28 A R SR AR AE TR IS NLT/K-
ATPase B HERIE 2 R P AEH FANE-H B2
(5 R, TR, 2004). CKERAE TN L
FE LR DA R i 5 4 AR D Al B R R 2R R A o, 1
—RMEEHE, TESS5HARARERIE A
45 L K& ATP H 4 % ) M (Seraydarian, Abbot,

1976). W& 7% (007)7E A R R A7 X BEF AR K T
i 1 M 1 B WA B AT R R B, ¥ R B BF 48 4 (Bos
mutus)¥§ ¥ P9 LDH B 5 1 BRI . ¥R H K 55(2004)
TE T 50 VR AR A7 3 5K Z (Bombyx mori) ¥ TR FL R A
SRENNEET RN, AR5 XER T+ LDH
EHETH. BREZQIB)RAZFERELHRE
BT His3 A% TN LDH A CK MyE B &K T
B 35(P<0.05); 5% NP F) A BE AR L, RIS
PO 7 LB IE M B E R AR (P<0.05). THZE ESE
(2013) K I & B 4T (Exopalaemon carinicauda)f& T
ZABIEEBREE N /K -ATPase iEHE B ZE T B,
N.*/K*-ATPase /& ATP B§ i) —F, & 5 £ WA K A2
BRI WREH UL SR SEERENIRE
(HZE B %, 2013). Babiak %5(2001)7E B 71 KR
A TR 3 T 48 Oncorhynchus mykiss) ¥& ¥ 5 ¥ £ N1 g
EEEEB R, AT R ATPERER EERT
s, EFHAMKANEQOINERR PRI, HE
B TFERGRGEE, RHERE TP ATPEREHEET
B, HBRZQI)MALREH, LW IERF
FAREAKTHCKREEEZKTEHRHEP<
0.05). EFA D KBS (Macrobrachium rosenbergi)
B B IR A R R IR, ¥ G + LDH.
ATPEEFI CK =M e B EE B E TR (R
B4 2010b). AR A, B BIKEAGRE
J& » R H A A F LDH.N, ' /K*-ATP #1 CK
3P s B A B E T 1 B K T 3T R 4.(P<0.05);
FRE, 5SRAGRHEMLL, A% 4+ LDH.N.* /K-
ATP FI CK 3 FEHEHHH BT R FE. 4R IE 7] BE
RERIRET, IS A M EEEH 2 U RIE R RG
RIER KB, LA %G, AR HLK R A 3454 10
20 MR A 4 B AR, — B R B R, IR P AL
&2 B AR E MBS AR, AR L1
HR{G S BRI BEE 1 TR, R, AESXER
ARG, R A V54 LDH.N, /K T-ATP 1 CK 3 F &
EHME LA RA T RMEESD, RERE: 5
Ao IRAG AR L, BUER TR IR RS 3R E AR B,
AN RGBT K THiEH. AR+
A 3 PR BB RS P 6 P BB BRI AN R], K
B PMGT Xf SOD (5 W 8 /)y, PM Al PMGT % CK
IR IEEM /N PMG. PM XN, /K *-ATPase 15
BN F H AR PR IR AL, 476 RE PM Y ERG
BRI B B L H AR B PR BRI AL R
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i S ALY 5 AL B SOD. 24 Bt H ik it & 4k
A% GSH-Px EH BB H R BB R, BEHE
HE B EAL SR I — FR R DL, RS TR s 4
FERE T8 71705286 % (Aiitken, Baker, 2004; Alvarez,
Storey, 1989; Sikka, 2004; Bilofeau et al., 2001).

SOD E N E N R P EEMHEIE, =
EERRERADERT 2 HEE X, Rk
TG FEEE, SOD B i 1 7K - /2 3 bt &b 57 37 18 i 2
AL IR A5 1 E B 2 #(Lynch et al., 2011; Sun et
al, 1988). GSH-Px & —Ff T EIMET BN E
BRI T ENE, SR SR FE kT
&, B E ST EY R RG, ERRP K
JREMMIN AL T BN EER; AN, R ERE
U E ALY BE 11 (R RS, 2009, 2010b). MDA
Ve R AL TE A, AR T 40 B B s it S AL 72
P, [, [8) 48 1 S BR 7 40 B 3% 3 E(ROS) B T
HIIRSI(ABEESE, 2010a),

MREH, EE AR TR G RER RS,
BT ERGFNRBR SRS, 2 FBHEIEK T
fik (Bilodeau et al., 2000; Ball et al., 2000). 7£3& &
MR RE T » KR (Rattus norvegicus)H 2R o GSH-
Px BEVE M B E 1R & ; FIRE, ¥ BF B (Microtus agrestis)
M 22 CHEE R CHKE, GSH-Px B§ 75 ¥ |7t
43%, X — R EEFKHERKE T ROS KB4
B R4 T, (23 T ROS KIERR, SHGERE —
5E 18 3% £ (Selman et al., 2000). Zhang %5(2013)HF
TR, K B A BURL4H i & SOD B v 1% & Z K
T B BRI 40 B, [R] B 1 TR R U, U 40 AR A
UG RBAEFFEITEN . A% EARE
YRR S TLEN R A — B . KB R
FRREOREFETBREAGHRES BB TR
SOD #5175 1 38 & 2 1K T 8E R (BB R %, 2012,
2009). E#A(Pagrus major)’ T4 A HIRE 484
A G, #F SOD Bt B3 TR, Bk fRA7 261
HIEMDAMEMHEEA R, ARKREBANAR
MDA F§ 7% 141X 2 B = (Chen et al., 2010). =R P
FQONHARBAGERTHEFERFHH
GSH-Px EHEEHBEFTHNEE TR, FREE
(2013)HF 50 K BRAE 1 J5 % (Sus scrofa) ¥ T H MDA
R REZER TE5. Patyka ZQ01) A K
W, BRIEIRIFS IR KA T MDA BE 13

BEBAR. B4, Thuwanut £ 2010)7E Rk 714
HIRFEH A R I, 4k 4h %078 SOD. GSH-Px % #i
EAEBE— ERRE LR RERE TS ) R R
A DNA 58, Z B LN R EB T 4% S B0
T A BUE AL BT M AR

EEFAF, ZBREAGHRESE, RAOGH
A 2R 4H # SOD #1 GSH-Px B i5 1 14 B Z € T Xt
B (P<0.05), JE FI 7] R R 7E A T 12 b, B vk 0t
JR 16 40 LA 23 38 BRI 1345, B3R T BB R34k
6 2, LB A BETE T PR A T A B8 K ¥ R AR A
R £ 1 ROS, 5 BB B AL IR 45 T A BE
WEIEEK KGR RS, A% H+ MDA
BEIE 39 B T X BR4H (P<0.05), JR K AT BE R A 18
BHUEACEE R, NRE R ERR RIS i i
SEMEBE, SERREEMRN, 88 MDA
[AE e hIR

4 it

AR FET N 3 ARG 6 P e 2B EEAI T
SEACEEEYE ORI, A B AL B A T AR AT
U X R RA B4 45, BBV MR I 5 BT LU
B IKER AR TIE A MBI R, F5E
FRAIAR A BFIRE BB . — e E AL B R LA R S
BRI, SBERARKE EERE. &
W 50K B, BB 4L PM Xt CK FIN,*/K *-ATPase i%
YRR, A RS B — e FIR R .
LSRR AR RE S, E 41 F R — M EN
7, R I B ARG I B AL, & XA R

BB A PR
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