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WE: WIS M IE T RALIE IR K SR I F2 08 %5 B X K BB (Micropterus salmoides) Vi B ALK . THILEE . 41
LUEN & HSP70 . CulZn-SOD N 3E N R KXRIRE I, LIMIIRTRE (4.50+£0.23) g FR L BB G0 R i s vt 4, i E 3
DFIEBBEH, /9 H 0.2 kg/m® (SD1). 0.4 kg/m® (SD2)F1 0.6 kg/m® (SD3), PR EEHVE 3 ANEE, SN
120 d, Ay BIFESCRANEE 30 K. 60 K. 90 KAl 120 KREFAIFMHT . R BR, THEEHIT 1) 5 2% 505k
5.64 kg/m® (SD1).8.79 kg/m® (SD2)#l 11.21 kg/m® (SD3). F# 5 R} 90 d, JFIE#E S LB L Al (SOD) 13 & b AU i (CAT)
6 e 5 4 ) 22 R 3 (P>0.05), TMIAE 120 d I} SD1 2 W2 55 T SD3 £H(P<0.05); 30 d F1 60 d i fFE N — %
(MDA) & 2 K 32 B 35 58 % B Y52 (P>0.05), T 90~120 d I, SD1 4 B E LT SD3 41(P<0.05); 4 %% )i 41 6] [ 38 Ve
W 5T EEIS R B3 25 H(P>0.05); W ANTIE HSP70, Cu/Zn-SOD mRNA HXF 235 7K F7E 30 d F1 60 d
WA B3 25 (P>0.05), 90 d #1120 d i SD3 4HATIE HSP70 #3548 BE & T SD1 5 SD2 4{(P<0.05), SD1 4 iTFF
Cu/Zn-SOD mRNA Fik & 35 5T SD3 41(P<0.05); VIR 45 R Won, 3 &S i iz a5/ e W, K%z
FFEE M E, SD3 ALK AN 2 R £, HEARAAEAS /DN, B & LR, TEARLR AT, 3
FE G A, FRGE S 60 A BHOIR S 7 AR RO, R B N 2 B R BT AL DL R e e Th g sz B, ERE L M
TG R R AR A3, 0.2 kg/m?® 55 FE 41 K 11 BG5S 0 AR FRUR DL e B 28 B % 0, b T RMB AR R K R B R ok
5401 10 1 TR IR 9% B 2L 0.2~0.4 kg/m® 9 H .

KR R HAES FRAHE, wIE TG KSR, P l; 41414549; HSP70; Cu/Zn-SOD
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i3 T AL 4 7K 258 (in-pond raceway sys- PR BT . ARG T T T P, 51658

tem, TPRS) T 20 fH42 90 450 A 55 B B A K24 FF
KU B AR EE, BFHIFTAEE SHZ 3Rk k4T
TR, FH 2%~5% 1 it 3 K i LA SR
IR A HETS 2 £ 1 R DK AEVE M IR X, H
A 95%~98% 1 /K A Mk IX, S B0 SE 50 J5 491 9
TR FHK G A ), STl T SR (B4 | P S
o, mrr AL R A . BT, XX IRIE R
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A B TR e TR R A DR AL A o

H AT, WA 57 56 %5 R 1Y BF 90 4k 3 AR
%, Liu %P5 % DU 2 B 9200 T 3 4n i fek 4y £
(Brachymystax lenok)$§ & = KR TR, [RH &L
T BE SR IK 7 Bl W AR Y I P ARG N (ROS) Y = 2L
MR, X4 ROS Al fig S 240 M A e pifh, &%
SR B a2 TG R L AR e O R
AR B BN, AR R S TR
B (Acipenser gueldenstaedti) %R H H
R A, BeAh, IR Y
Wi #2205 N 3L RN (HHSP70 F1 SOD)RY ik, ks
(Acipenser sinensis)F=FH % L R0 B, =% 4
FFHE HSP70 $E[H F ik Bt % D), [FRE, fEti
e A 8 (Paralichthys olivaceus)SZ5 /1, 15 TR %
HIFAE SOD mRNA kK- T ARa e,

KO EAeS (Micropterus salmoides) X %4 Jil i
5, 25 A b SE WA R Y SRR K
HEAARKEED . FR R E . &N ER |
PR i S L LA A SR AR A, RS2 FRAE 5
WH W EZ, & EAT EEERIRK I A
—, 2017 EAEFRALE G 45.7 7 (1 JingH s
(Micropterus salmoides)ith YEAE IR 7K F5 58 % B 5L 55
FW), 10 AL 0 A A AR SR A 922 E
SR O T TR0 45 55 57 A %) T ] 5 A= B0 5 1 ) AL )
IR D, DR AR S 6 368 2ok 4 s 39 TR LA
IROR FRFE AT S50 5% B R 11 SR JH R 4 Ak
REJT . IHALERIG V. AL K HSP70. SOD
e RIR YL, 5 TE A5 57 58 5% 5 X R 11 PR
RN B A AL, o 1 R i I TR AR PR K
FRaARE R H R SR PR A L

1 #MEEFE

1.1 X6 5Igit

S5 A R . B — 3, iR T
IR I PR A 2) 1, )46 14 (4.5040.23) g K5 HiFE
PLAFBCE] 9 A R B K AE 1 (22 mx5 mx2.5 m),
S 3 NI, 43k 0.2 kg/m’(SD1).,
0.4 kg/m’(SD2)#1 0.6 kg/m’(SD3), HFMHE4H 3
ANE, FRIER RS 120 do

1.2 FIEKIE

FRBH 52 55 7E H E K 7 B E 05 BE R Kl A
7% 0 4 i 3 TR IR OK AR B R R 4R
WIEAT o 1% R G0 AR K3 480X | F2515 X (22 mx
5 mx2.5 m) TG XA A, HH i K i 75 X 5
EAAHN 1320 m?, A uERRIA B AR 3.19%,
Tl 2% V10 9t 39 DX 35 VA X3 3 i) A S B /KA
Ji i B PR KIS A B AL A, R
TEREAN KA N BT o TR R XN IR = IR
W:(Hyriopsis cumingii). {61%%E(Hypophthalmichthys
molitrix) Lh Ko FivRE £0 JJ2 B A5 7K A AE W) X6 37 56 UK
PEAT VAL B o FRBE K IR R R TTIK, KBTI BT T
HYs, A AR N R el K 5 o )
(GB 11607-89).
1.3 AFEE

SCEG A, SR AR R, BR 6:00,
10:00., 14:00 F1 17:00 $ M 4 Yz A0 WORE fR]RHCHL
HHE 8 =47%, MR & & =5%, WiLRkR
R F= 1R R BN 7)) o AR i A 55 i 11 725 Ak
PR AR, IR RAE L. BRERA
KR A A R AR SRR, AR
{140 155 0 0 ST e Ak ) 3 R DA % BT £ 1 5
o FRFEMAE], SRR E 24 h A DARIEK
R RAE R T 5 me/L, KILHE RN 2~3 cm/s;
KK 22.6~30.5 'C, Z AN 0.06~0.62 mg/L, pH
H 7.5~8.22, WHSFRZ N 0.18~0.33 mg/L.
1.4 HARE

S FIRIE SR AR 30 K. 60 K. 90 KA
120 FRAEREA . AR KA AL B 20 2 fa
AT RAE o f T, KA 100 mg/L /) MS-222
HP RSP PR T o B 5 R IS, R A, B
HR I | 7 TR A VR R URE oy ] 5250 % T80 °C
UKASARAT, T )5 AR 3RS AR A0 I 5 LA B2 43 1K
53T
1.5 IEFRUE
1.5.1 JELIBRINE KRG L IR
() : B (mL) =1 : 9 A LLBIIIA 9 F5 AR A=
EhoK, EHANK, SRIET 4 °C, 3000 t/min, .l
10 min, M &R, FHFIE ALY LRE(SOD) |
MPTEALBEJ1(T-AOC) , AL &l (CAT) . Ak
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H Bk 3t 48 4k B W (GSH-PX) 3 1 5 TN .5 (MDA)
FEE BT o PUAE AL FE bR i D 2 34 2R FH P o At
AW TR AR = R, LA e i A
Z AR GV 5

1.5.2 HWEREMERMNE HH T i i i
VR A T 5 I L A A8 T s A
W] o R FH 25 I 30 i o 0 2 i 1 2H 2 rh 1 2 1 ik
BE o A3 R B UE A L 0725 R L €00 30 00 2 g
VE R 55 R T G 7 o AR R e AR N 344 HR A
& B s d A T AR DR E LR 45
1.5.3 HSP70 5 Cu/zn-SOD EEFRixZ Ml E
OB BY J1 % i >R JHE I 8 B /b e, BGE #2730 A
1.5 mL BYE.OE T, %8 MiniBEST Universal
RNA Extraction Kit (TaKaRa 2\ #))i6HH 35 HEHUR
T 2R A S RINA, 38 2 T iR AR F2 FL Uk R 45 411
A3 BE TR I L 5T B AN B, ODagojaso PRFFAE
1.8~2.0, f#i | TaKaRa PrimeScipt™ Ist Strand

cDNA Synthesis Kit & 71 & 09 7 i [ % 5% B
cDNA, I HARAFE-20 CHREH. i/ Primer
Premier 5.0 A THE RS 1), 519H I
SMER AEYRHLA R A R AR, X514 T PCR
P, TR YRR 0.9~1.1 ZIA], K B
HSP70. Cu/Zn-SOD g 5| ) T H R e v
ELHIf) HSP70. SOD (GeneBank #{¥E R & 75
4 FJ751227.1; FJ030929.1) )% %) ifij % i, H
p-actint' 5 18S!ML N Z B, (fi ] TaKaRa 24
H] ¥ SYBR Prime Script™ RT-PCR Kit {71 & %}
K BASHFAE HSP70. SOD . p-actin, 18S JE[H f)
cDNA 7472 8 /37 . Real Time PCR [ W F2£F 4:
95 “C30's, #RJi 40 G 95°CS s, 58C10's, 14
7 14 B2 S5 h 65~95 °C, 524 30 siC 9 .
D) B-actin 5 18S NS X115 8| & FEA Y CAH K
PJ—fpab R, R 2499635 SD1. SD2. SD3
HHFHE HSP70. Cu/Zn-SOD ik,

Fz 1 SLERHEE PCR 5|49

Tab.1 Gene-specific real-time quantitative PCR primers
54 primer 519 751 (5'-3") primer sequence(5'—3") T BE bp length of products IR K JE/C annealing temperature
f-actin-F ATCGCCGCACTGGTTGTTGAC 187 58
f-actin-R CCTGTTGGCTTTGGGGTTC
18S-F GGACACGGAAAGGATTGACAG 182 58
18S-R GGACACGGAAAGGATTGACAG
HSP70-F CAGTGATGAAGACAAGCAGAAGA 163 57
HSP70-R GCCACCAGCACTCTGATACA
SOD-F ACCACAGAAACTTACGCGACA 131 60
SOD-R TTCACAGGGTCTGAATCGCC

1.54 PBFRE. BEVIFMHEESHE BELmMA
il . BFAEHZLT 10%A48 /8 SRR E 22 24 h, K
KZ3E 70% ., 80% . 90% . 95%IH A% Fl TG /K T A i
K, ZHIREH, AW, HU R HLEE,
Leica RM2235)¥1 /(5 um), SRJ5 IR Z FFLT
gen, rhPER IS R o SR Wi BE (Leica DM4B)
MR N3 55 A 20 23 (B R AR5 50k 100, R
TERAEEN 200), K LAS V4.7 5405 i 18 L
R WHiE K AR,
1.6 HIELIE

BRSO BCHE Yok - SPSS19.0 ARk {4k 47 8
A& 7 2247 M1 (one-way ANOVA), SR )5 X% 5 i

I BE(P<0.05)F LSD £ & b, Sk BR
VAP BHEAR R (X £SE) R o

2 HRESH

2.1 FHEBEXAOZESFFAEELEE NI
FRHE B B 11 SR B AT S A B 1 14 5
UL 1. E 1a F1E 1b 8o, 7£30d. 60d. 90 d A,
BIRTH S TE SOD 5 CAT i %A %2
5(P>0.05), 1fi#E 120 d i, SD1 4 SOD i /1 kit %
& T HAB W4 (P<0.05), SD1 1 SD2 41 CAT i /1
BT SD3 4H(P<0.05). & 1c A%, JFE
MDA & BAEFRFTT 60 d R 3Z 2 FE5H 5 1Y 520
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(P>0.05), £ 90 d K, SD3 A #ET SDI 44 2.2 FEFEWNKOBRLFEEAEEINZN

(P<0.05), 7£ 120 d i}, SD3 41 & T SD1 Hil K 2 25N, SR R K I R g 18 U
SD2 41 (P<0.05), &5 % BE X HFAE T-AOC 5 Ky (&l 2a) 5 5 B T6 J1 (] 2b) [ 52 i AS (g 3%
GSH-PX i 717G ik 2 P 5 1 (P>0.05) o (P>0.05),
g g 2 P =20; %£SE b2 ¢
8 Z8rmsp1 n20;%SE a = & 45) mSD1 =20 2a = o 06 mSD1 7=20; x:SE a
n—587 oSD2 <'§ 4.0 asD2 S
2% E 6l msps b O 8 35 mSD3 b &=
S 25 s 2 &=30 £
X4 we 22 S5
REE3 < 5 20 S B
o2g g0 s <
lﬁﬁg =l RS os M 8
30 60 90 120 LR 60 90 120 E 30 60 9 120

i 1E)/d time AifIA)/d time Aif1A]/d time

2040 @SDl ,_s0 2o d = SD1 o

O 50.35 ospy 20 %S B2 a9 ;SDZ n=20; x+SE

o) WMed8

<= §030 mSD3 N SS9 7. mSD3

£ B 2025 FESG

2 25020 2083

= £ 5015 254

%5 E o010 HEE3

£7 5005 HEE

BOE €8 ™o

Q <
= 30 60 90 120 30 60 9 120
it fE]/d time FfjEj/d time

BT I TREARIRER K IR GRS T FR B BT R ik B S TR RE 0 452 )
SD1: 0.2 kg/m’; SD2: 0.4 kg/m’; SD3: 0.6 kg/m’; b 75 A [F] /NG Bk e 7 [ — i A) AR ] 45 B =2 [ 22 57 2. 35 (P<0.05).
Fig. 1 Effects of stocking density on antioxidant capacity in the liver of Micropterus salmoides reared in IPRS
SDI1: 0.2 kg/m’; SD2: 0.4 kg/m®; SD3: 0.6 kg/m’. Different small letters indicate significant
differences between different groups at the same time (P<0.05).

2 0.30r @mSDI []SD2 MSD3 n=20;x+SE a lg [ @SD1 [OSD2 MSD3 n=20; x+SE b
_ 2025} - % sl
R I R=Tt
2 5 020 =6l
#7015t &est
R 5 5S4t
" %o 0.10+ 9 231

RS | 521

5 0.05 29

0 0
30 60 90 120 30 60 90 120
B[] /d time i} [E]/d time
B 2 ith I TREARIE IR K 5 B AR 2T o 5 28 8 %o O 1 B A i T 8 - VS A T V7 g 1 2 i

SD1: 0.2 kg/m’; SD2: 0.4 kg/m’; SD3: 0.6 kg/m’; 75 A 7] (1 /NG - FE e 7 [ — I [ AN i) 455 = i) 24 57k . 3 (P<0.05).
Fig. 2 Effects of different stocking density on partial intestinal digestive enzyme activities of Micropterus salmoides reared in IPRS
SD1: 0.2 kg/m’; SD2: 0.4 kg/m*; SD3: 0.6 kg/m’. Different small letters indicate significant
differences between different groups at the same time (P<0.05).

23 FEZEXKOELRFE HSP70. Cu/zn-  SD3 HikflE kM, B& T HAMM L (P<0.05);
SOD EE &k 120 d B, HSP70 ik Fifi 57 5 %5 B 034 I &2

el 3 45 R, KT RTAE HSP7O(K 3a),  #THE(P<0.05). FIFE, CulZn-SOD FikH1E
Cu/Zn-SOD mRNA(& 3b)MXf kK FR2ISETE 90 d Fl 120 d 5 B3, 90 d i SD1 2 1B & = T H:
A TR, HAE 30 d 7160 diF, RZFFE  fb41(P<0.05), 7E 120 d Bf, &A% R B
Bl 9 FE IS (P>0.05); 90 d I, HSP70 Fik#A1E  (P<0.05).
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ﬁ§ & 30rmsp1 #=20;%:SE . XS 20rmspi n20;msE 2

ZE p25tOsm . ﬂE?’sgle_Dsm

E S=,0[EsD3 Z g5 14 BSD3

<98 2512

%g.sl. %%.51.0

EEs, £xo038

5 % Qs % 0.6

S eEo S £Eo4

oK 2 %%

== 30 60 90 120 = 30 60 90 120
fifE]/d time B}1E]/d time

P 3 bl TRARAE R K 35 R AR T A ] 5% 5 25 B XK PR IE HSP70 (). SOD () KA X 2 35 55 (14 5 1)

SD1: 0.2 kg/m’; SD2: 0.4 kg/m’; SD3: 0.6 kg/m*; 41 L5 AR IF) ) /NG T B [l — i ] AN ) 2 i 22 ] 2% 57 B 3 (P<0..05).
Fig. 3  Effects of stocking density on relative expression of HSP70 (a) and SOD genes (b) in liver
of Micropterus salmoides reared in IPRS
SDI: 0.2 kg/m*; SD2: 0.4 kg/m®; SD3: 0.6 kg/m’. Different small letters indicate significant
differences between different groups at the same time (P<0.05).

24 FEFEWNKOBGHTE., BEARALEHN &G TR g, 2R/ E 4a, & 4b),
A1 1M SD3 AT MEIEAZE M A BE S, 48 W AH X AR
TR BT RS AE R E S5 se ) KRBl 4e). AN[FIFRAE % 4R 1 R i g B K
mEl 4, B/ s Fin. mE 4B, RLBTRFREN  EMYEIEE TR 2R P>0.05), HLZEE
5 AR G T 2 B P O 3 S R BB IR, S BEFRAHEE ARSI, 5 SD1 1 SD2 AL, SD3
é*ﬁﬂa‘ SD1. SD2 e fiF e N IFANIZE e ANUZIEE &/INP<0.05, £ 2). & 5 F£W, 5%
W,OCHEFIRN, M VEM, FARIESERIE, 4 EAMMGIEHL SR, SR XK

i »:;.-'%‘f S
»1'- -,d“oé.rza

;:h %,{ﬁf;

35

Kl 4 Ytﬁt"éiﬁwﬁﬂméﬁﬁﬁfT%ﬁﬁmJ#Xﬂ‘jt Dﬁﬁﬂ?ﬂb‘?ﬁﬁ AL Y 5 FJ
a. SD1 41: JFANMZEF %, /M5 (BV) . FFAIM(LC) . NI (N) . Z5H1(VS); b. SD2 4H: JIF4H A 25 #4785 b,
BN ZS L . SD3 A TR 25 2 . R, (EAR R IUITAINE Hh M IRsE . =24
Fig. 4 Effects of stocking density on histological structure of liver in Micropterus salmoides reared in IPRS
a. Structure of normal liver cell of SD1 group (0.2 kg/m3), showing blood vessel (BV), liver cells (LC), nucleus (N), and
vacuole structure (VS); b. Structure of liver exposed to SD2 (0.4 kg/m®), showing the hepatocytes cellular structure
was clear, and a small amount of small vacuoles were observed; c. Structure of liver of SD3 group (0.6 kg/m),
showing the size and number of vacuoles were increased, and the structure of liver cell was not damaged.

*2 ETRUERKFERN T 7 EE E XM 8578 A R IR AR 20T

Tab. 2 The effect of stocking density on the indexes of intestinal tissue in Micropterus salmoides

n=20; x +SE
TiH item RFERSTEL/d A5 group
sampling time SD1 SD2 SD3
WLZJE & /um musculus layer thickness 120 203.88+14.79° 197.40+14.11° 139.53+6.29"
B K JE /um villi length 120 419.67+69.60 429.86+60.46 423.92499.05
2B JEJ¥ /um villi thickness 120 122.87+6.44 116.38+6.80 108.53+8.25

W [l — AT 8 5 AN R TR 2R R 45 41 25 5 B 3 (P<0.05).

Note: Different letters in the same line mean significant difference among different groups (P<0.05).
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a. SD1 41: WiE4UEH, AIUZEEMS), HEKEVL), WERENVT), HRAH(GC, B OHERZ HEK;
b. SD2 41: HUZEEMS). HBKE(VL). HEBEEVTIER, PRI k)AL B AR E D
c. SD3 ZH: JUZJREREE(MS)I/], PP A0 R T Sk ) i R/ NI e
Fig. 5 Effects of stocking density on histological structure of intestine in Micropterus salmoides reared in IPRS
a. Structure of normal intestine of SD1 group (0.2 kg/m®), showing musculosa layer (MS), villi length (VL),

villi thickness (VT), and goblet cells (GC, bold arrows) were numerous and relatively large; b. Structure of intestine of
SD2 group (0.4 kg/m3), showing normal musculosa layer (MS), villi length (VL), villi thickness (VT), and relative
decrease of the number and size of goblet cells (GC, bold arrows); ¢. Structure of intestine of SD2 group (0.6 kg/m®),
showing the declined thickness of musculosa layer, and a marked decrease of the number and size of GC (bold arrows).

T BB 6 i A LR 200 ) 5 i R R/ N TR R,
SD1 ZHAH Lk, SD3 4 Rtk 4 fif o) %5 g sk 2D sl {4
Raa/N &L 5),

3 itig

3.1 FEFEXAKOBEHFFERENLE NN

0 RTEIEH MR TG S 27 A8 0 B L,
B RN ] TR R, BB S 8 LA PR
A BRI AE AL AT TG o, HGd R [ 3RS ik
DA . 24U 3 HAB T Py B i 0, A
YAy SOD., CAT. GSH-PX ZEi 48 AL LAk
B4R R S 5 — B W B 2, WOR FRAE S AL
Z B E AL p R AR,

SOD I CAT J& Wi Fh s B2 (W br S (L lE, PR A
FH 3 A 5 — 45 SOD B 41 it P 420 [ 32 (0,5 1k
it S AL S (Ha00) M4 F4(02), LIS CAT ¥
H,0, SM S T-48.(02) FIZK (HL0) ARSI L 3522,
ASzgyh, 78 90 d B, JHFNE SOD. CAT I PEAE4S
A EEA 2SS, MAE 120 d i, SD3 44 1%
ELT SD1 41, ZEH NN & K 1 BB ) SR 5H %
JE 5 R B2 N 3 % N, Bl 3 A A fR) ) SE K
o (R PR IR O BTG K, 7 37 5 %% B 5 | 1) 1
EINE T AR BT ARACRE T, W, Al
SUR LB ™ B, XM g T T P A
(Oreochromis niloticus)™ . % % i 65 (Acipenser

gueldenstaedti)" T RZEE(Scophthalmus maximus)™
(R FRA 9 P SR A5 e — 8. MR, RS
5T K B, % 5H % B X} L A (Ctenopharyngodon
idellus)IFIE SOD 5 CAT B iGEVER A W,

MDA 2 Jiig Bt it Ak J5 19 70 i 7=, Bl a2 4
it 4 Ak A5 473 R IR I 4 R R ) T AR R —,
SR % B O s T AR R R R S B G R
i R RR, 51 %08 B Ak o7

AT, FRIEHET 60 d, FR5H %R XT R L R A
HIE MDA 548 JC 2. 35 RS2, TifE 90 d A1 120 d
B, SD3 Z oI MDA 7 & 2% = T SD1 41, H.
Bl & 77 5H I [A] B S, 25 S PR ORI i, SR
o B O30 A fr M P AR R RS 22, R B A AL I
N MR, % 45 B 548 K 8F (Paralichthys oliva-
ceus)?¥ | rpAREFISIR ISR A4S 5, MR, TEE
% % HE £ (Oreochromis nitopenaeus)™ F1 JL 44 5%
SR (Litopenaeus vannamei) PO 5¢ v R B, MDA
{1 Bt 5 TS % B 14 T REEAIG, T R 3R 4 R
RPN HEWNGG (Clarias gariepinus) MDA £ &%
A B EC T ARSI AR SR, T GSH-PX
5 T-AOC (& PEAEA R FRAE 5 4 2 8] B Ay 2 5%,
X R MR 1 RS Y A [R] (9 e S f T R 77 9 2
FRO T L AN —FE o 821 B 2502 XA BE (Pampus
argenteus)%] 5T HBAS B TR . BT
AACTRAR A 45 R 10 22 R AT &t TR R A (2
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HARNF WP R ) ML, S 800 3754
BN R RN o fH R, SRR ZE kR, o
JEE B TN IR B 2% B AT BRSSP R F ORGSR Py Bl AR
TSP, 15 A .
32 FEERENKOZRLHLEENNWZID

a8 2 8 SR AR EEE S B, FEiE AT
T ARG JE B VR o ARG AT 43 A 3 A T T
AT T AN ARE . AR E R ER,
K R i fizp T8 vy o i I M LU R T TS 1 /DR 22,
X TR E R R N PR, BRI
HALERAKAL G YR RE T, M 2 T AR 7 i 32
BEIBAL, BT LARR V5 T v 0 PR AR LA o AN [R5
FELH B VEN BE . BRI RS JI7E 120 d WIRA 2
S, FRUH SR B AR K 1 SR il SE A .
U5 1 3% s A . T Liu 25200 e B B A iy
WEFE A B, JHWE v 3E A it 5 1 I it 3 P Bt B 7 5E
WP TEE T AR, 2, ISP 3
W, TEIEE R RN, R B R
e RTRE, T = A 5 8 5% S R A (L g
W, M, TEAEBSE(Anguilla marmorata)SZ 56
T A T RS I S AU T A P
AN TR 38 DG T 5% 5 9% B %) £ 25 T A T 7 1 52
e 25 SRAFAE 22 S Al e S R R A A KB B . 4
AL AN W S C PN IR E S
3.3 FEFEXNKXOEREAE HSP70. Cu/Zn-
SOD EREFRIZM M

BUARTESZ B2 W . RO RN 45 4 22 Tl
AT ® NN a Sl S A ) R Rala o Y Nl = 'S
AR B LA AEHE V- fir . HSP70 J& HSPs Kkl
i R sF I EE N, BA SRRy i
8. PrEAR R EEVEH, PR aT LLVE 30 85 0 5%
f A b s B0 AR g v, SD3 4K 1 SR Bt T
JIE HSP70 mRNA 1k /K-F-7E 90 d A1 120 d i i
T, 1 BH R R A 5 ) S A A T e AR,
BN PRA T T HSP70 78 K 1 S8 iU v () 3Rk,
X 5 W55 & X L9 i X A (Litopenaeus  van-
namei)>" | WLEE(Oncorhynchus mykiss)> FIRZE GE
FRISZEG 25 25, Basu ZEPOME Y, Bl I a]
(38, AR Py K I Y R BT B K T 23 BE IR

HSP70 mRNA FRik/KF-, ASLgh, 590 d #H I,
120 d B SD3 2 K H & &5 IIE HSP70 mRNA ik
KT R, 30T ff Rk X W R B R L R
T4 B, AR P ) 200 B TR B P 254 K A S
FE HSP70 Ao A K HE ARk, BEAR HSP70
mRNA KV 55 1 G BE 1, X AT BB B
B PR PR A 56, R4t e Je B % £a 40
e 28 B8 BF g b WL K B L AR X SR RE AR
(Penaeus monodon)WE5H Z B, KEEAL ST
EATEENE HSP70 Fik BT MY, MRS,
T FE K W HE A It 2 B4k XA v A A B A5 K
T AR5 1 RE A% T AR 10 BB 05 1F 8 TR A K-
SOD & Bl fH Py A 4 i A7 76 1) 4 TR I, R
HeF5ER N O sh I M i EZA/EM . Bt WA T
4% SOD, 43544/ SOD(Cu/Zn SOD) 4% SOD
(Mn SOD) .2 SOD(Fe SOD)F1% SOD (Ni SOD)**,
WFov kM, Mkl ZeEE, BE. E8E. &
RSN AN, RN SOD FEPH ik &k A
fb. Kim WIS L, 16 48 B 1 F s JR 0l
AR ILFE AT, #EMl(Haliotis discus discus) 3
W Cu/Zn-SOD FZ R AT ) mMSOD HEH ik
EiM; Wang SEURF S, AR AR S AU A
{6 B 4k 8L (Nibea albiflora) iFHE . SEAISL B Mn
SOD Ry FRIE T LI, A CH B Mia xf 2
SOD H&[H 385 (I WF 5% A WLARIE . ARWEFE T,
KT A FFAE Cu/Zn-SOD R F ik B B T8 q
TR R, Cu/Zn-SOD FER ik & 3G finJe N
T T s B vh 7 5 R T 7 A AR
1M1 90 d A1 120 d AT B2 K R Bl 25 f0 0 i AN 7 A
o, 99 7 0 B R R B A, A5 I TG Ik 4
S B EEAYEA, i SD3 4L AR BT e, BT
Z W N iR, PR AR SC B 25 R SD3 41 Ik
CuZn-SOD F:H ik W0 HAWA, X
S HFAE SOD g i% i 245 AR & o 7E R oF 6F
(Paralichthys olivaceus)30 d BY%5 B id SC g,
i % B B ZH I SOD mRNA 6357k T A%
R, PG R 22 T R T TR A
S [R] DL R f A R TR B RS Y, A D&y T Y
WF5E e sehi b, BRI RIR 5 i — SR



Fooll  fiaatE IRIHE R XIE TR PR K IR R N R HU A ST . ZHEUVES R B R R R 1 R TR 667

34 FEEENKOZSRTE. HEAREHL
A1)

JH R f0 S R AT 25 AP AR iR AR 1) £ 2SR
W 552 BT NAFREE RS, XN HAgU
5T, YIS IE 2 B A AT A i), K
I ASPE | TR M . Ak AR
B 547 I 0y e R AR A O ARG T I T A5 2 i AR 1k
A APPAS L BT 2 (B0 R o 9F 5 2 A o e g4 7)
FIDUSE L8k (Eleutheronema tetradactylum)“** [{JBF
GER ORI, IR A RO, HEE A SR BE |
JE D5 ASPE R AR PEFR B N E G Ol . R
A 0 I R DR 1 B DR 2R A o A R,
20 M A 5 ] 2 RN TR AR, LR B o 2 Y Ak
A SEUF AR AT SR, RS R
A SR 2 OO 0 S SR 5 e () iR . AR
i, SEERES T, 3 N A R O R RS
SERE, FANMIHES ) S5, oK AR ST | 40 i s
WIS, (N A& PR SD3 2H 4 ffd | 25 i e Ko

Ji & 2R A AR T I, i A 5
BoOEHATHIH LR I AT, PRIGEIESET
fiff £ S TE AR B R F R B AR, HAT R
THRIE X MR GIEESEmiRERZ . A
Scaer b, B IR G R RN, Wil L2 R R
b, %5 Abdalqadir®'BF 5T 45 5 — 2, A Tk
FEEAREEE . RERKELEEZER, Uni
25 UL S % 7 5 35 A 348 fin o mT i 7 R 2 K Y
WIS, S B TH AL RE T S Af . ARSI g5 IR R
W BT 1Y 5% 50 % B AR i 0 2R I i 2454, X 5AC
SCgehyE R . BRI ) JC S AV G . Ah,
P EE7R, 5 SD1 #1 SD2 AL, SD3 ARtk 4l
J B /0, Refaey 25075 % B b X RRAN (Ietalurus
punctatus) LI L R I T AR S5 R . AR
HH TR 28 T R I R B iz A bR 4 L ) 5 R )
FARAG ST, (R TR 5 i 2 8 T 1k I i
Uit

4 it

i F QU S RS AU PNIBE
9 RS, JUHORAETRAE IR W], e IR aE A
ARG AEAL L S e D RE 2 BN, R A i i

BEMI L3P A R AR, 0.2 kg/m® 5 R 4H K 11 B g
() FLR B A 0 J3 40, FET ARSI AE R, WA=
SEBR AR R, U IE T ARG FR K FRA K O
SL A 4 7 4 P PRI AE 0.2~0.4 kg/m’
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Effects of stocking density on the antioxidant status, tissue structure,
and HSP70 and Cu/Zn-SOD expression in largemouth bass (Microp-
terus salmoides) in an in-pond raceway culture system

NI Jinjin', WANG Yuyu®, XU Gangchun'*?, NIE Zhijuan®, LI Quanjie’, XU Pao'*?

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural
Affairs; Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: The in-pond raceway system (IPRS) combines the sustainable development of environmental protection
and high yields. Compared with traditional pond culture, the IPRS can improve the survival rate, muscle nutrition,
liver biological function, and antioxidant capacity of largemouth bass (Micropterus salmoides). Stocking density is
an important environmental factor in the in-pond raceway system, but the high densitie can cause stress responses
in fish, which have negative impacts on growth, behavior, and physiology. Therefore, a suitable stocking density
for largemouth bass (Micropterus salmoides) in a recirculating aquaculture system needs to be identified. A
120-day feeding experiment was performed to study the effects of stocking densities on the antioxidant state, di-
gestive enzymes, tissue structure, and the gene expressions of HSP70 and Cu/Zn-SOD in largemouth bass (average
initial body weight 4.50+0.23 g) reared in in-pond raceway culture systems. The fish were divided into three den-
sity groups (SD1, 0.2 kg/m?; SD2, 0.4 kg/m?; and SD3, 0.6 kg /m®). Each density was tested in triplicate. The rela-
tive indicators in the liver and intestine were measured, and the histological structures of the liver and intestine
were observed at days 30, 60, 90, and 120. The results showed that the final densities at the end of the experiment
were 5.64 kg/m® (SD1), 8.79 kg/m® (SD2), and 11.21 kg/m® (SD3). There were no significant difference in liver
SOD and CAT activity among the treatments on days 30, 60, and 90 (P>0.05). However, the fish reared in the SD1
group had significantly higher values than those reared in the SD3 group on day 120 (P>0.05). There were no sig-
nificant differences in the MDA contents of the livers before 60 d (P>0.05), but fish reared in the SD3 group had
significantly higher values than those reared in the SD1 group on days 90 and 120 (P>0.05). The amylase and
lipase activities in the intestines of the fish reared at the three groups were not significantly different (P>0.05).
Furthermore, there were no significant differences in HSP70 and Cu/Zn-SOD expression in the livers among the
three groups at 30—60 d (P>0.05).The expression of HSP70 in the livers of the fish from SD3 was significantly
higher than those from the SD1 and SD2 groups at 90 d and 120 d (P>0.05). However, the expression of
Cu/Zn-SOD mRNA in the livers of the fish in SD1 was significantly higher than that in SD3 at 90-120 d (P>0.05).
The tissue section observations showed that the liver and intestinal tissues of the three density groups were normal
and not seriously damaged, whereas the stress caused by the high stocking density led to a slight increase in vacu-
oles among the liver tissues and a decrease in the size and number of intestinal goblet cells at the end of the ex-
periment. The results showed that the stress caused by the high stocking density inhibited the antioxidant capacity
of largemouth bass and affected the expression of the HSP70 and Cu/Zn-SOD genes in the liver. It also had a slight
effect on liver and intestinal structure. In conclusion, the stocking density affected the physiological status of
largemouth bass and inhibited the antioxidant and immune functions of the fish. Moreover, the high-density stress
caused slight damage to the liver and intestinal tissues under the conditions of this experiment. In summary, the
largemouth bass reared in the 0.2 kg/m’ density group had the best physiological status. Overall, the results sug-
gest that largemouth bass can be reared at stocking densities of 0.2—0.4 kg/m® in an IPRS.

Key words: Micropterus salmoides; stocking density; in-pond raceway system (IPRS); antioxidant status; tissue
structure; HSP70; Cu/Zn-SOD
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