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2. BRI EERE K= S5 a4, L 201306;
3. SN BB MR BE, SeM SRBH 550025

WE: NIRTTE S0z g 58 X B A B (Epinephelus coioides) 1 . MR A4S 5 Ve S ZE L RE A IR 4t & ML RE 1 /0
SR, AWK RN A B ETE 4 1B SR IR 0 bl/s. S2E64H 0.5 bl/s. SZIRZ 1.0 bl/s FISZEGZ 2.0 bl/s)
HHEAT 8 SR IR S5 25 R I, 1.0 bl/s 12 35 B X R A BE A YRR E AE 1K R (SGR) (B R (WGR) AT %4 (SR)
A B R EER (P<0.05), IS E(TP), BREM(GLB), #ME C3 & B MEHEHLYZ). B EF(AKP) .,
PR P 1l T2 it (A CP) T 1 B2 Bl B2 P35 I 58 IS R, i 1.0 bl/s 20 W 3 /& T LA 4H.(P<0.05), 1 ILI% A TR % 24
B (GPT) I HE 5 E B (GOT)iN M JE F %5 BT, o 1.0 bl/s 4H B 2 F HAB 4 (P<0.05), F&EH(ALB)FIAMA C4
EHRICBEMZER(P>0.05), L BHIEILEETI(T-AOC) . 1 AL & FH(CAT)FIHE S Ak ) 15 AL i (SOD) By 1 P it i 3
5 B () 1  SE B S NS BEAR A S, 1.0 bl/s A iE M B 3 T A 4 (P<0.05) .8 JiliE shilll Gt FAE HSP70
mRNA Fk KA 50, 1.0 bl/s 21 53555 T HABLL(P<0.05). S22, 1.0 bl/s iZ 558 5 A $2 i Rbs £1 K 840 110
AR | R R RS S R e B Th RE R IR ST A fLRE 1, LIH HSP70 mRNA kK-,

KR Bl R, BRI R IIRE; FrE A KR
Y EHS: 1005-8737—(2017)05-1055-10

FESES: S917; Q417 NHEFRERS: A
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R B P RR, PR A B E T
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sImENAI, wos H R FACEALAEY . D I sT R
W, 38 K B I 2k ne S 2 4 i i o £ A Y Y
ANMEIE R, KPGHEEE(Salmo salar)TE4 5t 8 BWA
2 I Z5R(0.8 bl/s, 16 h Fl 1.0 bl/s, 8 h)J5 HeyEfE
JIHERE, WO BT R T

H Aif LA 38 55 A4 A1 B £ ALK G0 5 FR 3 5
N RE T AT, FE AR TR e ARDRLEC 7 R A g s
F P, 38 It AR B AR KR I A 3
AR Z . AU LIRRE O B PN S, T
AR K it 5 B 175 e L i e Uk oz 31, R iE 3l ik
JEE R HAE B R it SE AL R 1 (T-AOC) (it A AL =
fili(CAT) . M4 AL E; {L i (SOD)FI A [ (MDA)
TR USRI R . IR R
(ISR, DL SR K™ Bl A 2 fa R 5 i AL A i
My 5% U B A B R AR

1 #MEEFE

11 LWERFES5EF

Rb A B TR R M 1 K E S R —
LR A — HAS B B A, SEER TR E T = N E R
KR RG SR 2 Ji. B E A KA 5 2
R(9:00 1 17:00) N\ T1HFCA BE LA 4RRE, Hril
G —AMk AR, BRI EE AR ER 2%,
A KA 26°C, JERFICA 121 ¢ 12D MRS
T M =46% ., MK <16%. M%<
4%, FH5<4.5%. BE<4.5%. #EMR=1.5%. K
<12%.,
12 XWERE

K HATER R I KIS Shll 2r e e . I %k
BE N ETFMEZ, LR ARIEAE I 4K
W, TIZE R Ik 3 7 s oK SR, E il
Y DX IR AT PR 2553 PRI U1 25 DX 381 2 1] W 7K
B, KEA SRR R, 7R R E B
TR, S5 3E I R 4 KR A i KR K R
il 2 B K, W /N LS300-A i1
A A E (K] 1)0
1.3 XWHE

KZBOW UK A B A W Rk AT, B
ATRE AR B8 K U I B T80 BE L 30 1] AS B 1) 18
B B Dk R Rz 2y 1), Al PR AR AR R e

450 mm

550 mm

K1 S o R
10 YNGR 2 HEAKAE; 3: WiKAE; 4 s IX3L; 50 /KA,
6: WKIE; 7. HEKE.
Fig. 1 Schematic diagram of experimental apparatus
1: training area; 2: drainpipe; 3: water outlet; 4: power area;
5: hydrovalve; 6: pump; 7: water inlet.

(R0 U IR S, R I AT AN Sy vl A K i o Al
£ YO [R] 50 B8 B VK98 Bl o BE PR R TE (42.54+
0.62) g fERERYRNEF A B, 358 T 4 DK
B XFHRZH 0.0 bl/s(RA/F2) iz 4H.(0.5 bls
1.0 bl/s F1 2.0 bl/s)ilt 4712 gl 5k, HASLIAA 3
AT, BATATH 35 Bta, Ry 1 U0 A B
A, ARG 0.5 bl/s WEEKE EE, TA R 525
T Bk 2, SRIGHEAT 8 FARIIRSEE, AR
Yk 12 h, BEEMAEAER, RERELEKS 2
JPREE 1R WL R G, X ki T 24 h
DURALBE, REA-EAT4IRENLER 4 FEfa, 1k
TR, 0 1 mL IG5 A2 ik
i, MEEAE 4°C 3000 r/min £ F 250> 10 min,
BRI, & T-80°CIRAF . il f5 s B T ok &
PR R SR G T, S 7 T8 A B R K rh v v
M, FFFHIE AR oK 43, PR A A R R,
e B F-80°C AL IR VKA -7 -
14 HRKIBWRNE

S R A A A 2 R, BRSO
ARIB TR 2%, T RS 1] 45 2 K O PR 1 i LR
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A, WM hJE S BDVE BRI ZEME, AR
UKL BORN 5% 1 BURE B 2 22, P 3T LUDRL ) - S48
&, ARG H AR R, SCIR TR Al AR A
SCRG A A PR, 43l T 2R RS R (survival
rate, SR). $FE 4 K K (specific growth rate, SGR) .
1 E % (weight gain rate, WGR) | %K (feed ration,
FR). 1Akl 2 i (feed coefficient, FC):

HLIE R (SR, %)=N/Nox100% )
P8 R KR (SGR, %-d Y=(InW,— 1nWy)/tx
100% (2)

HAF R (WGR, %)= (W—W,)/Wyx100% (3)

B (FR, %)= FVH(W+W,)/2x100% 4)

TRt 2 BUFC, %)=F1/(W~W)*x100% (%)
K, No A5 0 RIUNGRET a8/ N, e ¢ R
YR i/ e, ¢ RINZRITT/R; Wy NEE 0
TGt £ 1 BB gy W) AR ¢ RYIZRAT i) &
i /g; F1 RS 8 & ik B /g (T ),
1.5 Mm&EELIEFRNE

W72 WK 7E—80 C IR A I LI 7E 4°C 4514 T il
fbo BEF(TP)RAHE SH i kiie, A&
(ALB)R HHVR B By 30 5 ; BRI (GLB) . #MAE
C3 FlIRMA C4 R FH A LI 0 5 s W B BR(LY Z)
R P I 5 s A D9 5% i (GPT) A4 R 3 2
fifi(GOT) R 42 4h bb (i a2 5 il Wl 1R 1l (AKCP)
K FHAT DL L vk R 1 1 R 1l (ACP) R H]
SPEEERIE . bR bR £ [ R
AW TRERRSERT .
1.6 BFAEEE{LISPRATNE

B 7E-80 C LR A7 Y AL 83, 4°CHR R, %
1:9(m : VBTEAARFLLIA 0.86% 1) Tl ve A=
oK, VKIBAIHIE T 4°C 3000 r/min 250> 10 min,
R T BBt A AL RE J1(T-AOC) . i Ak &
(CAT)., #BAY B ALE(SOD)MITN [ (MDA) &
FIE . R TR AR R s U E Y TR
FE PRI E
1.7 BFRE HSP70 mRNA Fix 7k ERE

F 45 GenBank Hh by A KEfL HSP70 51 9 ¢ 51|
(F1600726), . HSP70-RT-S: 5'-TTGAGGAGGC-

TGCGCACAGCTTGTG-3', HSP70-RT-A: 5'-GGC-
TGTGATCTCCTTCTGCA-3'. T HI&VH A Bt

BRI p-actin JEHI(AYS510710)/E R NZ, &1t
p-actin 5|4%), pactin-S: 5'-TACGAGCTGCCTG-
ACGGACA-3', factin-A: 5'-GGCTGTGATCTCC-
TTCTGCA-3'. B s M L AEY R
A BRAF AR, BURAT A BEfAFAE 100 me, 4218
RNAiso Reagent (TaKaRa 2 ] ) 15d BH 45 A/ E F2 B
RNA, Jf #% B3 5 & (Fermentas 72\ #), Rever-
tAid™ First strand cDNA synthesiskit)iF17 5z 4% 5%
VR, ODyo/ODago J9 1.90 A5, #Md SYBR®
PrimeScript'™ RT-PCR Kit (TaKaRa 2 #])fli Fii
B3E4T RT B, $RJ5 R SYBR Green I i 579¢
S AT S E i PCR Y IRV, LA B-actin N N
SRS RS CAESEATY) —fLAb 3, DIt g
1 HSP70 mRNA [ 1548 Ay i, ] 27444 1Y
Tt 25 A B A AR XT3 55 5 RT-PCR W 1A &
4 12.5 uL: PCR IEJIA 51 ¥4 0.5 uL, RT iR
A4 2.0 uL(cDNA %), dH,0 9.5 nL. HZ W 4%
4::95°C 105s,60°C 255,72°C 20s, 45 EIR,
1.8 SZitah

SCERKHE ] SPSS 17.0 B4 BN &Ry 22
43 M7 (one-way ANOVA), 5 41 0] 4716 25 5 ] -t
17 LSD Z 8 [h# . Gei HE PP BIEAREZE (X £ SD)
ik, G4 g P<0.05 I REME R

2 HRE5HMH

21 EBEHEEXNNEAMEE KNI

4 ASORIR) KU o A B 2 A AR A7 BRE £ A )
REE ., RIRE . R WEER HEE,
TR R BTG R WL 1, XA [F)z s ab B
241 SGR Fl WGR SEit45i KM, 7E 0.5~1.0 bl/s
IR BE PN, B K R B T R, R A B
) SGR HI WGR e384, {H i 2 7K i 5 B i iff—
A THER, 7E 2.0 bl/s B SGR F1 WGR S i H 0.0 bl/s
fik. 1.0 bl/s 41 SGR H 215 T 0.0 bl/s ZH 1 2.0 bl/s
2 (P<0.05), 5 0.5 bl/s 21T 2 & 124 7 (P>0.05).
IR BE XTSRRI SGR 2Bl AN [AlHE sl
JEXT FR JC R E W0, FC B 12 Zhom i il 3 fin
PR REG TR, 1.0 bl/s 4ffk, X}
WA T 8.4%, £ UIZRdl 5 R4 ) 22 S AN I
F(P>0.05).
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Tab. 1 The effect of exercise intensity on growth of Epinephelus coioides n=12; X #SD
BN /(bl-s ") exercise intensity
AR 45 variable
0 0.5 1.0 2.0
W11 /g initial body weigh 42.62+0.53" 42.81+0.74° 42.59+0.86" 42.14+0.36"
KA /g final body weigh 83.27+4.42° 88.53+6.09" 94.78+5.67" 80.64+7.91°
FEEERKE/(% d') SGR 1.14£0.05° 1.24£0.07%° 1.29+0.03* 1.12£0.06"
14 #/% WGR 95.38+8.67° 106.78+10.55" 122.54+6.97" 91.29+11.23°
B /% FR 2.56+0.02° 2.57+0.05° 2.54+0.03* 2.51£0.04°
Tk 2 %0/% FC 1.31+0.04% 1.24+0.06" 1.20+0.08° 1.33+0.05°
I 2R /% SR 93.27+2.41° 96.53+4.15% 98.78+1.56° 91.64+3.62°

T [ —F7 AR PR AUR 22 5 B35 (P<0.05).

Note: Different letters on in the same row represent significant differences (P<0.05).

22 EFRENHTANAanETEAREER
e A

2t 8 MG, R Bt a8 F1(TP)
TEEIEHINE TR, £ 1.0bls 4 & E
&, R TR 2.0 bl/s 4H(P<0.05), {H
505 b/s HESARE, WK 2a Pix, HEH
(ALB) & & 7E 1.0 bl/s 4 Hf, 2.0 bl/s ik, {H
To i EHSE (] 2b), kS TP 25, Bk
(GLB) 75 F: i F& 8 i i 2 BR S HE n 5 T B A R 2,
1E 1.0 bl/s 417 2 5 F(P<0.05)%F BEZH A 2.0 bl/s 41,
ifi 1.0 bl/s 2111 0.5 bl/s 257K W& (E 2¢), #b
K C3 &EAE 1.0 bl/s AR EFERER T HM=4H
(P<0.05), [AITE 0.5 bl/s £H -t i 3 7 T X B 26 Al
2.0 bl/s 41(P<0.05), Tixf 25 2.0 bl/s 4R 255
F Ik B A (B 2d) o 1 AMA C4 B & R4S
Ab AL T o M 25 R (B 2e). IFTHBR(LYZ)
TWEHEAE 1.0 bl/s 415 2 & T H A AL B2 (P<0.05),
1 2.0 bl/s H LY Z 75 14 W) i 25K %0 BRZH 1 0.5 bl/s
2 (P<0.05, ¥ 2f),

A5 TN 2 G (GPT) 1 P 7 45 Ak R4 [B) 34 A7 A
i 2 M 2% 5 (P<0.05), 1.0 bl/s ZH TG PEELAR, 2.0 bl/s
HiGtEds, WK 3a iR . A5 E(GOT)IE
PETE 0.5 bl/s ZHAI 1.0 bl/s 4] 25 5 6 B35, A
10 3K T X I 4H (P<0.05), 2.0 bl/s ZHBS R T
XTHRAH, {H 25 50 3% (K] 3b). Bl PR i (AKP)
T PETE 0.5 bl/s ZHAT 1.0 bl/s 4135 8 35 2 T4 FR4H
(P<0.05), 2.0 bl/s 2 W] 5 %} HE 41 UG . 3 1 25 7 (]

3¢). MRIEBEIREG(ACP)IE AL N o 1 THE
TRE, 1.0 bl/s 43w T XA 2.0 bl/s 4
(P<0.05), 5 0.5 b/ 25 AHA W EPEA 3d).
23 EBEIEEMNMFANANFERELIEER
A

YRI5, Bht A LEE T (T-AOC) H 3 B
ARk, 7E 0.5 bl/s ZHH1 1.0 bl/s 413 8 35 Tx)
HEZH (P<0.05), T 2.0 bl/s ZHAH HeXF BB 4H ) & 2
F%(P<0.05, &l 4a). i %8 fb SR (CAT) I 14 bifi i
W BTG T, 1.0 bl/s 4 5 35 5 T0 R4
2.0 bl/s 41(P<0.05), 0.5 bl/s A T, (B 5%} A
4[] 22 SR IR B B 35 KO- (B 4b), ALl
AL BE(SOD) TG PETE 0.5 bl/s ZH A1 1.0 bl/s 2H B 5 T
Hifth = £H(P<0.05), 0.5 bl/s 4 SOD & MEmE i3 T
1.0 bl/s 4, {HJC 8 31 25 5 (1 4¢) . TN [ (MDA)
o A 32 B0 B R 2 B T RS BT
1.0 bl/s 41 18 E K F X IR (P<0.05), 5 0.5 bl/s
HEFAEE, 2.0 bl/s HEFH ETF, SR [
25 B (P<0.05, & 4d),
24 EBEIEEXNREAWEAE HSP70 mRNA
FiEKFERZMm

8 JAIZE)n, BEE W MIEIN, HSP70 mRNA
P FRIs a2 LA TR, Hri, 1.0 bls
H 5 FEE T HAL 3 41(P<0.05), HKE 0.5 bl/s 4,
2.0 bl/s AHFARE 5), X R E )58 B X &
WO BEATE HSP70 mRNA 26357K 4 B B 1Y

LA
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€ 50, ¢ #=12;x+SD i
o2 b @b b ~ 30rd izmsp
’_610 S 40t .é 25+ 1
' g =
02 30} ®E20 b
g 20f oE 3 c ©
I Logof L
#®g 10r )
g g st
0 ! 1 L ) < 0 )
AR bl oxonsise fateas 0 05 10 20
= (bl-s™) exercise intensity E SR/ (bls) exercise intensity
n=12; x+SD
~ 20re n=12;5%+8D . 1oop f ab 2
T a a a 7 b
gb,_. 15+ 'é :g 80+ c
28 278 60
i g 10 #H o
g i E 40
6 Q 51 % 8
2 5207
= r
e 0 L L 0
0 0.5 1.0 2.0 1.0 2.0

ZBENEEE/(bls™) exercise intensity

& 2

32 By X R B £ I B B B G T ) S TR
[5)— 75 i HOR [A] AR 22 7 .35 (P<0.05).

Fig. 2 The effect of exercise intensity on the serum protein and lysozyme activity of Epinephelus coioides
Different letters on in the same parameters represent significant differences (P<0.05).
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#E8 a 8538
%%830- Esest
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&2 210| ®E 251
}E“’E i e £
Kat 0 . . ) , & 0

ifjﬁbyﬁﬁ(bl:s“) exercise intensity

N
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W
(=]

—
[=]

S

Hﬂﬂﬂ

n=12; x+SD

szE'ﬁ)’{"/(bl s‘l) exercise intensity

2.0

N

n=12; xxSD rd

w

N

—

FRMERERRREIA /(UL )
acid phosphatase activity

DRIERRR G #4/(U-L )
alkaline-phosphatase activity
)

S

LdJ G E/(bl s*‘) exermse 1nten51ty

& 3

(=]

W

:Lzsiﬁﬁﬁ/(bl s7) exercise mtensuy
n=12; xxSD

Al

[fi] — 728 b v A ] - BEA 25 53 .35 (P<0.05).
Fig. 3 The effect of exercise intensity on activity of serum immune related enzymes of Epinephelus coioides
Different letters on in the same parameters represent significant differences (P<0.05).
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n=12; xxSD = n=12; xSD
T:D.g‘z's e a Lcao 25 bb ab 8
g 220} o 220¢ P
a S b ¥E
SE1st =815
g £ 2
NEL0L ¢ #3ol
2 e
o= d N8
i\’% '§ 051} ’—v—‘ ]l}ﬂ: 5t
i)
N 8 0 1 1 L ' m 0 L L L )
0 0.5 1.0 2.0 0 0.5 1.0 2.0
B EE B /(bl's ™) exercise intensity B ENTEEE/(bls™) exercise intensity
NS n=12; %£SD n=12; %£SD
2100 ¢ a a ~x157d c
28 sof 22 b
H#H 2 3 3 a
g s eof O b E3 ol 2
g 8 =2
N5 40 WS 6|
o g
RE 207 BE 3t
& £ Ea
a, L L L E 0 L L ' y
g 2 0 0 0.5 1.0 2.0 0 0.5 1.0 2.0
12 338 FE/(bl's™) exercise intensity S BREE/(bl-s™) exercise intensity

& 4

12 B3 X R A7 BT S AR B 1 R T

[fi] — 728 b v A ] - BEA 2 25 57 .35 (P<0.05).
Fig. 4 The effect of exercise intensity on the hepatic antioxidant indices of Epinephelus coioides
Different letters on in the same parameters represent significant differences (P<0.05).

~ g _
22 200 =12, 58D 2
<8
Iulmﬂ‘g:}l.G- b
K8 i
w22k ¢ d
® g ]
Zp
%ng 0.8
g 045
NS
Q.‘l\
r/)a-j 0 1 | !
T3 0 0.5 1.0 2.0

BENRE/(bls ) exercise intensity
Bl 5 3z ol B bl £ B IE HSP70 mRNA
BT IR R
[fi] — 728 b v A ] - BEA 2 25 57 .35 (P<0.05).
Fig. 5 The effect of exercise intensity on the hepatic HSP70
mRNA expression of Epinephelus coioides

The different letters on in the same parameters represent sig-
nificant differences (P<0.05).
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31 EFEEMNFTEAHEE KT
2R Z R HA BRI R, e
AR 7 8 B0 T A 1o ] 1 B )90 K e Az 2
Jriay, DAOR AR 1 B X [ p iz 2
HTggal DL, 2R A IE S50 | TF Pk AT o A RE R TH
FE2 A 1 52 BK R BE Y2 . 75 N T IRFH A
BT, KRN AIE g i FEINR, #iiis

SR R AN, X 2R R A K R E
B A AR AR, AR SRR, 2 8 AR
A1z g BE 125, 1.0 bls 4LANHE & BEta 4 fa iy
FioE A A8 B E ARG R AR, 0.5 bl/s ZHIK
Z, T 2.0 bl/s MM T X IR KEHFFREY,
0.75~2.0 bl/s KULHREE N BYFFEal 2 ) T2k
KRR, 2.0 bl/s DL E AR 5 EE I 4
2t 2 A K A R U, S AR
FEG B MAT . 1 N AR aL iz sl
SR LU i 22 BB R R I AR G, 0 R T T
(Salmo salar)[m] . W6 Salmo gairdneri)m] . g
BRI (Spinibarbus sinensis)!"® . 4580 fi (Morone
saxatilis)' V5 PR 18 26 7E B B TKAE B 4 A
T, iz shid B bR K BE B AL B UKL P AR
pEta R, H A A R R 0 i
FH R, TEIEH K G T SRR s T
K, JF BRI A n Rl 2 vz shit o, A AT
Wl /b el T A RIS B B AR I RE R TH AR, T
2yl FERACIRERE S BeAh, KSR
AR/ (B ) o3 O S X ), i 0 A5 4 ) B 1T
oA AR i) 1 A R 3y — 2, SR T R IS
B A AR KRy R A
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BN Bl R B R O BE A AR S S AT B AL BE T 1R TR 1061

B I = TR 1Y) Gr) B -3 11 I 12
R ey W NG E R 2 S RSV € S R ) N
FHEHGIRIHFER AR, P ERM, &AS
A 55, X AR PR A i R P, X AT A S
ABEFE 2.0 bl/s AERK et . TG AR R
WG, ISR 5256 a0 A R R v 38 1 Bl
AR (SO HRCR IR R Y AR IR
20 45 I 2 2 =2 ) ) B8 1 R O I AT S M 2
{HJ2 1.0 bl/s F1 0.5 bl/s YIZRZH B HARL R B0 Xt
WL A3 AR T 8.4%F11 5.3%, HIERISCR 5 5
LT 8.4%F1 5.3%. D 1.0 bl/s 411 0.5 bl/s
ZH b A B £ A ORI 4R = T RE S U R AL A
ol P O R It P R M W R VS M T G, AKP
ACP XFHUAY B A EEAEH, KGR
PETHA AT AR B A, A A4 o
32 EHREMATANENEEARREE
XA MR RN

£ 243 0038 2 1R 32 RIRE G I T3 1 X AL AR £ 928

AEEA T EEAYE X, G oA i mT
AR AR AR BRI AT, 7E 1.0 bl/s
SN SR S B R IV FAMA C3 Fr i s T T
Pk, MG SR LR e ZEHLRE o AMA C3 J& a2l v
MR L L5, KRR PR A S IR
REA EEAEH, fadiEshilgk, 1.0 bls Y%A
#MA C3 S AR, TR AR e
71, X5 FuiE PR T A AR, Bas s 4
RETE S AMA C3 Frid . MAMA C4 S EIF LR EZE
5, BB NG XTAME C4 152 I AN R EcrMA
C4 iz 2l e 1, B (3 s, AR 9L Y38 3l BE AN
D GRS EA A, R AR R e
PER G G EE ML, A a0 RE S R 55 1
riz 3 SR S S HLAE I S 2T A
FEHT 1.0 bl/s 32 35 B (VDA O 1 S e, R
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Effects of exercise intensity on growth, blood innate immunity, hepatic
antioxidant capacity, and HSPs70 mRNA expression of Epinephelus
coioides
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Abstract: The present study was conducted to investigate the effects of exercise training on the growth, serum
innate immunity, and hepatic antioxidant capacity of orange-spotted grouper (Epinephelus coioides). The fish were
exercised at an intensity of 0, 0.5, 1, and 2 body lengths per second (bl/s) for 8 weeks. Specific growth, weight
gain, and survival increased significantly in the 1 bl/s group (P<0.05). The plasma concentrations of total protein,
globulin protein, complement 3, lysozyme, alkaline-phosphatase, and acid phosphatase increased as exercise in-
tensity increased up to 1 bl/s and then decreased at the higher intensity of 2 bl/s (P<0.05). The plasma contents of
glutamic-pyruvic transaminase and glutamic-oxaloacetic transaminase decreased as the exercise intensity in-
creased up to 1 bl/s, and then increased at the higher intensity of 2 bl/s (P<0.05). The albumin and complement 4
contents of plasma did not significantly differ among treatments. Hepatic total antioxidant capacity, catalase, and
superoxide dismutase activity increased with exercise intensity up to 1 bl/s and then decreased at 2 bl/s (P<0.05).
The exercise treatments significantly affected the mRNA e

xpression of HSPs70, and that of the 1 bl/s group was the highest. The results indicated that an exercise intensity
of 1 bl/s effectively enhanced the growth, serum innate immunity, hepatic antioxidant capacity, and HSPs70
mRNA expression of Epinephelus coioides.
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