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BTG B, ZRARE. 2R E R 7 HHE H HEGE 1 (P<0.05), X B EF(LZM)IE M
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T AR BRI FEXS B, AEAN R K AL o L 1 5 S M
VKB, FRUHFKIs SRR A . A E.
THAEACTEAR AT HE ST AL LRE 52, LAYy de v
Ul B S TR ORSE AR AR

1 #R5RZE

1.1 It
PR SR PR TR 31 e v A T R b ] — LR
etk fa 1, 1 IR SZEG TF AR T 7E = N IR K IR 5
RGEYFWE . FEKIREEHIEQR6£0.5)C, HHA
KFRKF6 mg/L, JeIE A N120L: 12D, # 77 1]
fRAEFKP T ERENTAR2K(9:00F
17:00) G /K B A TR, T AR B R A= Mt 92 0
RABRATD), FkE IR E A =45%. A
i =6% FA4E<5%. HIKD<18%. #5=2.5%.
BE=12%. KD <12%. WK =2.2%.
1.2 XWRE
KH BAT W IERKIE s 42 B (K 1),

W E SN ETHZ, RN G IIE I
X3, TEAsh X8 311 HEKERL, 123)
IR IX 3 A B P 25120 H R U1 5 X 38 e 1)
WK A, KR AT Bk BT KA i, = AR A e 2R
FEIKIAE, S0 w8 ok 1 28 7K I 4 1) 7K 35 HE K ke
il 2% B N K B, JiiE K/ N LS300-A R 45 5K
TIEACI 2 .
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K1 seieds BRI
Fig. 1 Schematic Diagram of the Experiment Set-up
L IZRIXIK; 2. HEKE; 3. UK, 4. 375 X3 5. 7K 185 6. #7K
;7. Bk

1. training area; 2. drainpipe; 3. water outlet; 4. power area; 5.

hydrovalve; 6. pump; 7. water inlet

1.3 XIWFE

P i e S R/ I 2 1) BRI 44:K(6.75+0.03) em,
PR (11.5620.15) g5l B T /K AL £ 90.04 1.0,
2.014.0 bl/s(fEK/Fp)aA SEE 2H B ZH3ANTAT,
BAPATI0 R A, FrA AT — T a6 9 JA2 8 1) s
5o N T IR AT NG, IER YIRS 5 Sk
5, B IR B0 1E U SR 7 Uk A% A, BRI
Z512h(8:00—20:00) . VIl 5 A [A] 5 K it B TR M 2 TR
(9:00. 17:00), il H7 5] 25 2H () 7K A B AR B /K
ARAS, MR S Thig B 45 X 3808 I AR AE 2808, SR 5
F N GRIL N 5 DX A5l K I 38 B P O 2 %0 B B2, Bk
TAREA BN, HoAth 26 ORFE— . Seaasgira), il
s B H K E L NI AAR 15%, Sk AR 7K IE
J9(26+0.5)°C, pHA8.32+0.02, 4 ¥(6.4+0.3) mg/L.
WAL A G, X ET A SLie 254 1d, A AT 4 EE
WLk H 4 R fa, HEAT AR K AN B0 &, AR5 HI2.5 mL
TOHETES 2R N R E kL . M FEE4CORFE P B B
2hJ5, PA4°C 3000 r/min {0 10min, WX 2 M3,
—80°CIRAE o i I f K # B T~ 0K okt e | B L
JUE, e rE A i AR B 2ROk b e o i, I P BB AR
T4y, B T80 CHK IR VKA R AT o
1.4 S£KMEEIERNE

BRMWEH Il g AT E . LRI A
S5 R I &S g 2H A &, ik R R
B4 #(Survival rate). $75E 42K #E(Specific growth
rate). 3% H % (Weight gain rate). £k (Hepato
somatic index) /&L (Viscero somatic index). At
i & (Conditlon factor):

FE Z (SR)=N,/Ny*100%

B2 A KR (SGRY=(InW ~1nWy)/tx100%

B E R (WG)=(W W) Wyx100%

JHF4A B (HSD=W,,/ Wy x 100%

WA L (VSDy=W,/ W, x100%

JE3H B (CF)=W,/Lx100%
o, NowwI a8 NoWAR R Wy (g) Wik
BIH; W, () AARAEYIE; ¢ (d) WINZREG Wy, ()
R AR, L (em) N REAREK; Wy, (o) N
REAKITIEE; W, (@ N RAKNFE,
1.5 Mi&=EHIEIRNE

I 17 B 7E-80 °C IR A7 I MG 7E4 °C 2644 T
Fiib, MM (GLU). & E[EEE(TCHO). H il =5
(TG). 1K ENEEALDL). SEA(TP). HEHA
(ALB). EREH(GLB). #HAKZM(GPT). B
HENE(GOT) B0 FRBE(ACP) B 1 1ol 1% il
(AKP)R F 4 H B A A (76008 5, HAH 37
2 E]))E -
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MPUEALBE 1(T-A0C) . 8% ALY AL
(SOD). HEAEABF(CAT). it 5 224 bk H ik
(GSH). A MEH KIS Pl (GSH-PX) . TN 1%
(MDA). HEEFHRIE. MH2E HEERTT HH
BE(LZM). A S (H,0,) R & e, ik
T bn i G0 R R AR TR AT
1.6 ATRRELIBFRNIE

HH 7E-80°C R A7 I T E 4 2 54°C H 2R fi
5, 1219 (g-mL) T EARFA L INN0.86% (1) Fil ¥4 A
FE LK, VKA 3 5 F4°C L3000 r/min 2 .C» 1 0min,
HY 35 T RSPt E AL RE J1(T-AOC) TR P 2 Iy
(ACP). Bl I B2 BF (AKP) . 38 J5 7 45 ok H ik
(GSH). i E LA BF(CAT). A (MDA)M
E o FIRAR AR A0 R AR ) AR AN ST
FIE I E o
1.7 SFitoh

SE6 4 FH SPSS 19.0 S pF AT AN 2 5 2 4
HT(One-way ANOVA), # 4 [AI£7 1 . 25 72 7 U -k
1TLSDZ i tLi, et -~V ¥ E £ b5 U 2 (meant
SE)K IR, i # K E N P<0.05,

2 #R

2.1 EKEEEEXNEBYE KR FEEENFN

W 1prR, BRI A H 9(11.56+0.15) g,
TE2 KIS EN I R EE R G, S IR A & . 4F
EEKF(SGRAE ER(WGR)H % KT H 4
3LH(P<0.05), M &I TR E M ZS . AR
()37 K 38 2 ot 5 5 B AR L (HST) A4 Ll (VS ATAE
WE(CP IR A RE M. IR, B4 bl/sil
SR AP H AR IR HBLRERFET- IR, 4 bl/sill Sk
2 ) RS AN 93.3%(P<0.05)

22 fFakEENRE X RS EE LR FRRY R0
L2 H S0 5, R 1 B (GLU) e JH [
(TCHO). H=H&(TG). ZEEEMA(LDL)Y
R AL R X, BR8N 2 Bh 3R
Hmse N e LS, 752 bl/sdH I B B /M,
20 R 2 AR B M (P<0.05). ANFHE S5
FEXT BB F(TP). FE H(ALB)FIEKE ((GLB)H
& BA BRI (P<0.05), 1 bl/sZLAI2 bl/s4L
BT IR, T4 bUs4L B 2K TR A, &
P 2 B (GPT) M4 B 2 B (GOT) Wiz 3l Il 2k i
RN A — B, B e B AR G T, A R K
B3 (P<0.05). 5GPTHIGOTAH Sz, &1 1 i i
(ACP) I s % i (A K P) U 56 T 31 5 PR, 2 bl/s
M, 4 bl/siA%, 5xF AR BFMERP<
0.05)(3% 2)-
23 FEKIEENEE N B ME R S IR
TPk z B 2R 2 6] 1 i A P S AL RE (T -
AOC)H B NI B M THEH, IZRAHT-AOCH
TXHHEA, 2.0 bl/sHEXRAHARFEEHZ R
(P<0.05, B 2A). AHELXTREZH, 3 UIIZRAH a4k
YIS AL EE(SOD) & M 1) U BUR [FIFR B 1 R B, o
1 bl/s#H i 35 FEAK(P<0.05), I 2R 0] % F B 1k 2
S (K 2B). Biz 39 R 3E N, o A AL A
(CAT)HE M Bl 2 TF, S5 Bl 2 B4 Tt 7
28.1%- 34.5%1145.2%, {H 2% 5 I 3% A L 3 B 3E K
(B 2C). AW H Ik AL Y s (GSH-PX) i 14 1
W JFE A E IR (GSH) & & ik 258 BT A N &
. GSH-PXHMEAE2.0F14.0 bl/s2H B & = T H AW
H(P<0.05, ¥ 2D), GSH& & 1E2.0 bl/sdH fix =1, %
7570 bl/sZHAN14.0 bl/s4L(P<0.05, & 2E). 7
(MDA) & #7E 2.0 bl/sd A%, %20 [/ I3 0 1%

®1MEAEREEX RE KR FERFNE

Tab. 1 The effect of swimming exercise intensity on growth and survival rate of Sparus macrocephalus

12358 £ Exercise intensity (bl/s)

FEFRItem 0 ) 5 1
YA ¥ Enitial body weigh (g) 11.56+0.15° 11.560.15° 11.56+0.15 11.56+0.15°
FAA 45 F Final body weigh (g) 17.410.46° 15.98+0.45" 15.2140.39 15.60+0.41°

FRIEZESR (%) 100+0.0° 100+0.0° 100+0.0° 93.3343.33

e 2 £ K ZESGR (%/d) 1.26+0.02° 1.0140.02° 0.84:0.09" 0.93+0.05"
T AR WGR (%) 50.49+0.88" 38.26+0.92° 31.4943.90" 35.2142.39°
JHFAA ELHST (%) 1.28+0.08" 1.20+0.05" 1.20£0.07" 1.10+0.06"
BEAR L VST (%) 6.80+0.14" 6.96+£0.27" 6.75+0.23" 6.79+0.25"
JEIHEECF (%) 3.64+0.04" 3.61+0.03" 3.71£0.03° 3.70+0.04"

VB P B EARR 1R (n=12), B —4T RS LA R R R 2 7 B35 (P<0.05), T [H]

Note: Values are means =+ SE (n=12), The different letters on the parameters in the same row mean significant differences (P<0.05), the

same applies below
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Z= 5 (K 2F).

i SE AL (H,0,) & EAE IR Y B BT, 7F
4.0 bl/s4H. i3 = T 4R ZH(P<0.05, B 3A). T4 T il

¥ H AR ) B3 S T IR (P<0.05, ¥ 3C). &

0 B3 & B AR SR KT 5 R 4
EEMZE 7K 3D).

, SAHBEAH

(LZM)FE R4 208 BTG TR, 7E1.0bls 2.4 FFKISThIRE X EGRRT i fe R e AR £20
SRR s, ISR LZMYE M3 T 0 R, H 2 PRI TS DTSR RE F1(T-AOC) 1 %% AL #EAL 7]

ERARAE REME 3B). 2B EERS
PR 100 A0 R B RE T, 3 YR Y 4

=2

TRENZE R, BIGHY & T RAE 4A). &
JRFUZS i H AR (GSH) & & 7E 4.0 bl/sZH ¢ 51 (P<0.05),

E KB By 58 BE Xt AR I 3 A (L HE AR RO R MR

Tab.2 The effect of swimming exercise intensity on serum biochemical indices of Sparus macrocephalus

12358 £ Exercise intensity (bl/s)

EhRIt
Hpsltem 0 1 2 4
I #HEGLU (mmol/L) 6.53+0.18" 5.55+0.07° 4.16+0.05° 7.05+0.03"
JJEFERETCHO (mmol/L) 15.44+0.10° 14.07+0.06° 9.980.08" 16.5240.13°
B =HETG (mmol/L) 5.36+0.06" 4.26+0.05° 3.25+0.04" 6.66+0.13"
fI% % B 5 25 FILDL (mmol/L) 6.350.06" 5.69+0.07° 5.02+0.02° 7.97+0.04"
BEHATP (g/L) 19.1620.20° 23.3620.02° 27.1840.29° 17.92+0.05°
17 [1ALB (g/L) 17.00+0.08° 17.47+0.03° 18.00+0.02° 16.35+0.04°
BREEGLB (g/L) 33.98+0.35° 36.92+0.05° 38.63+0.02° 31.05+0.04°
BHEEBGPT (U/L) 50.67+0.38" 34.05+0.74° 26.0120.78° 58.60+0.40"
A R EEEGOT (U/L) 62.35£0.37" 46.35+0.23° 34.30.55" 70.01%0.08"
TR P BEREACP (U/L) 2.64+0.35° 3.08+0.02" 3.52+0.02° 2.3940.02"
TRl B FR B AKP (U/L) 16.08+0.11° 21.04+0.11° 29.73+0.15" 13.50+0.06°
—~ =12, 74SE
220 ¢ n=12, 7+SE 75 ¢ n=12, T+SE 7 e
£ A . B, o L€ . .
~ L a = L —~
ER ab @b =2 M b P w #HE 5| ‘l‘ +
99 8 'ﬁ 5 it 5 a
Egnp? S BT a4t
= e &E I 2
ES 5| B 30t 2537
=2 oS =2
m 3 &2 mE 2t
£ 4 w3 st =5
= ®a 1k
<
e 0 - 0 0 s s s
0 1 2 4 0 1 2 4 0 1 2 4
BRI B El) R S Bl
Exercise intensity (bl/s) Exercise intensity (bl/s) Exercise intensity (bl/s)
500 ¢ n=12,x+SE 150 . n=12,¥+SE 20 n=12,x+SE
R D E a . F—I— a a a
B2E 400 | b o B 120 | + 2 16 | ealE N2
i é c = 16 S ab 2
SZ 30 28 g9 | b TEnl
e == b B
23 g 12
A2 200 ¢ 2E 60 £ 8t
ﬁ & &z e :C%
L5100 | 7z 30 | a 4t
A\
0 0 0

0 1 2 4
B A5

Exercise intensity (bl/s)

K2

0 1 2 4
IBE R
Exercise intensity (bl/s)

TEPKAZ B 5 FE X R ILE B AL FaAm i R
Fig. 2 The effect of swimming exercise intensity on the serum antioxidant indices of Sparus macrocephalus
[l — A & R Al - B R 22 7 .35 (P<0.05), TR

The different letters on in the same parameters represented significant differences (P<0.05), the same applies below

0 1 2 4

BH5EJE

Exercise intensity (bl/s)
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1.0 bl/sZAF12.0 bl/sZH 155 F XHHE A, (H 2= 7 R I8 3|
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HEAA S =
H,O, content (mmol/L)

150

—
o
(=]

O
(=)

(=)
(=)

W
(=)

(=3

3000
2500
2000
1500
1000

500

-~ n=12,x+SE
A ab a
L _} ab +
b
0 1 2 4
G
Exercise intensity (bl/s)
_ n=12,x+SE
C
' RalE T2
b
0 1 2 4
B

Exercise intensity (bl/s)

207 ¢ n=12,x+SE
=) A a a
Z 0.6 a
Sost e b
N
i‘?g 04
W03
5 E I
53 2
g0l
=
=0
g 0 1 2 4
BRI
Exercise intensity (bl/s)
300 D n=12,x+SE a
g 250 a
g & b B
41 20 200 b
22
& 2150
g2
% 2 100
e
¥~
&}
=< 50
0
0 1 2 4
FEri L

Exercise intensity (bl/s)

U= A gV oAy

WA TR

160

120

80

40

T D A
LZM activity (U/mL)

o
o0

b

o
=N

glﬂ\-s

HA B

Protein carbonyl content (nmol/mg prot)

<
o

(=3

—_
(=3

N
~
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PR EE  AKPIHETELE4.0 bl/stH B Em T HAe =4

a

) . n=12,x+SE
B
+ i
L a
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G
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h a
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R
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S
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g 80| be u
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Fig.3 The effect of swimming exercise intensity on the serum antioxidant indices and lysozyme activity of Sparus macrocephalus
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F n=12,Xx+SE
a
a a
a

0 1 2 4
15 )
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Fig. 4 The effect of swimming exercise intensity on the hepatic antioxidant indices of Sparus macrocephalus
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(P<0.05, &1 4C), ACPEE1E2.0 bl/sZ1F14.0 bl/s4H
BEE T HAMAP<0.05, K 4D). CATIHH G
ZnE LN ETHE S, 1E4.0 bl/s4L 2 35 & T X
4(P<0.05, &l 4E). IZR4IMDA & & 25510 i
H, 125 AL B B ZE MK (E 4F).
3 iTig
3.1 AREEEXNEFE KR FERNZI
1 VUK IS By 8 AR I S 00 E A G Ay, R
B 73R B O B vk s Bl Rt s R AR K R
A RRIVE R, WBkes f.(Brycon cephalus)™ . 43k
W4(Sparus aurata)'™. #REWi(Seriola lalandi)'™ .
PEAR R Y 63 (Acipenser baeri) 515 1& B 9 P I 45
TAKEA THER. HE, IREHRRHIZEE)
IR 2 ) S e fa SR A K i BB (Pagrosomus
major)!'™. & B (Xiphophorus montezumae)''®
LM T f0(Siganus rivulatus) 2, A5 45 A
KHIBENINZIFEA R BB ) A, mi =4 T
P o HED AR B Sk ae 0 5 TR0 A K
SR VIROC, . R ajE Th N EA
K, B B A KGRI 376 BRI Zhia i Hok K
HREEIHFEAENTKE s T, T A K BEE 7 B jak
b N A KR T XA, B B =S
TR Y08 JEC o S Y A 7, A 7 45 SR S R W e s
BT BN SRR FE I 5, A PRI I 008 B2 BT 2 )
THAK, AN, IRt 2577 A 2RI ]
GG RERKABEVIRER, DA HIRE G20 H
VE e AR, DR B BR DR A fRr i — 2B 98 . WF
FLAR W, 1 vE I R B 2 S Ui Uk B AN R R AN
NI S), SEUA N REE I B FE, T AENE T
MR oIk ST B, oof A A 4, i S EUR
BT, Bengtso2s!" VR B R F 6 (Paralichthys
dentatus)TE30—40 cm/s/K L 5E R FIAFTE R 2%
T %; Bagatto25 R BLAES bl/sTREE TSI BT T
A (Danio rerio) 735 %5 i 2 AR, A1 714.0 bl/s
Heh 5 —3, K IH4.0 bl/sI R D48 ) 2 6
) A 52 30 o
3.2 A[ENEHNEE X R EE LR R0
M7 A AR bR e S 2 2 A4 FRAR IR, GLU.
TCHO. TGHILDL & &%} s Il £ 24 A= 24 FReR 1
BAAEEZEE Y. CHREY, E&EE A3 RER
FGLUK T, F#KTCHO. TGRILDL &™), &
TS5 RABUESE 138 FE M2 3 1 ZR(2.0 bl/s) B AT 1
IR 7K PR B L B VE A o SR AT g 2 AR
H Sl SRR, se e kLA i

B ()R FH R L TR 302 T 408 358 5 (4.0 bl/s)iR
Tk e A ) AR AR, U] AT AAR S R A, 5 B AR
JiE B A T RE 2L, AT A A I i e b BT, 52
Wi f8 SR R o IV B IR B LR S L RE S +
53y L BAE FH, AT R LA B AR KSR
2 R R WITE2.0 bU/s/K IR F I Ak 5 %
P v A 03 AR R, M B SR AL S L AE
GPTHIGOT = EAFAE T AE A, KA 24 JH Ik 52 21 4
A 2= K ERERCE R, PR AE 3 H v P
THE AT R IR 2 2 T S0 CEM R
B, wh R S R TT LA S8 AR TR 2 s 7 P
K EBFMIMIEGPTMGOT & &, 1# H Kk & 1E 4 /K
SEP R, 2.0 bl/sZLGPTRIGOT I P45
NI, RUPLEIZSRE T s s ZRae Ay JFIE, 1%
SRS F IHLEE . AKPATACP HE 1 m AR HLAR AR
RN G2 A EE BRI, R B O PN v M T R
RUFHLERE N 5E, A 73K BH2.0 bl/siz 558 FE BE 2 &
PR AKPRIACPYE T, 4 BT 48 sm HLAARAC W A 5 %
NG
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EFFECTS OF DIFFERENT EXERCISE INTENSITY ON GROWTH AND SERUM
AND LIVER ANTIOXIDANT INDICES OF SPARUS MACROCEPHALUS

YU Shun-Nian"’, WEI Xiao-Lan"”>, WEI Fang-San', XIAO Ya-Yuan' and LI Chun-Hou'

(1. Key Lab. of South China Sea Fishery Resources Exploitation &Utilization, Ministry of Agriculture, Guangdong Provincial Key
Lab. of Fishery Ecology Environment, South China Sea Fisheries Research Institute, Chinese Academy of Fishery Science,
Guangzhou 510300, China; 2. College of Fisheries and Life science, Shanghai Ocean University, Shanghai
201306, China; 3. Fishery Research Institute of Guizhou Province, Guiyang 550025, China)

Abstract: To investigate the effects of swimming exercise on growth performance and serum and liver antioxidant in-
dices, the Sparus macrocephalus [length of (6.75+£0.03) cm, weight of (11.56%0.15) g] were training under four swim-
ming exercise intensities (control group 0, training group 1.0, 2.0 and 4.0 bl/s (body length/s)) for 2 weeks. The exer-
cise fish had significantly lower specific growth rate (SGR) and weight gain rate (WGR) than that of unexercise fish,
and the survival rate (SR) of 4.0 bl/s group was the lowest. The blood glucose (GLU), total cholesterol (TCHO), triacy-
glycerol (TG), low density lipoprotein (LDL) content, glutamic-pyruvic transaminase (GPT) and glutamic-oxalacetic
transaminase (GOT) activity decreased significantly in the group of 2.0 bl/s, while tatol protein (TP), albumin protein
(ALB), globulin protein (GLB) content, alkaline-phosphatase (AKP) and acid phosphatase (ACP) activity, total antio-
xidant capacity (T-AOC) and glutathione(GSH) content increased significantly. H,O, content, catalase (CAT) and
glutathione peroxidase (GSH-PX) activity increased with the increasing swimming exercise intensity, while the activity
of superoxide dismutase (SOD) dropped in varying degrees. There were no significant differences in the content of
malondialdehyde (MDA) and protein carbonyl, and the activity of lysozyme (LZM) was observed among the treatment
with various swimming intensity. 2 week swimming exercise significantly enhanced serum inhibit hydroxyl free radi-
cal capacity. Hepatic T-AOC and MDA had no significant changed by various swimming intensity, but GSH content,
AKP, ACP and CAT activity increased with the increase of swimming intensity. The result suggested that swimming
exercise training under 2.0 bl/s could effectively enhance antioxidant capacity of Sparus macrocephalus.

Key words: Exercise training; Growth; Survival rate; Antioxidant capacity; Sparus macrocephalus



