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B4 41 59 HSPT0 mRNA A3t A B3 48 . HbAm0.1% %8 0.2% K% E BRIy
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PESPOM A . B TR A AR A
VG K HF 4 BRI T B B 25, A IR K IR
EZFR JE T B R L IX, AR T £ 4% b
PROK SRIR AR I, Se ) 7 57 T W9 BRI L 56
YA — L8 (€ ZMI X, 1976 4F [ H A 5]
[, HATAE R E 10 244 (T X)) #E) 9878, LA
VIR IR A S de R, e H R BB R A R AR
(8 = REFRZ — o it Fek o 3% o K e T I i B
Pyt B TR MR o i LT T 4 AL RE T /Y R i
BEAIRIE . 4T, AR AE D IR IR H R A
AT AN TR e BE B R o TR 48 B, 028 )
Hox % iR R pT R AL L KB BB HT0
(HSP70 ) 3 R 32 35 (952 R , hy R0 801 2
FETK 7= B R T B S Bl 36 T T it B g
K5

L MRSIE

1.1 {EFTRBMR . FEHARER

% IR A H K 7 BB iR /K il i 5
DAt IR PR R AS | EE AR 3L
5 [RTRAR, WA E R (1. 07 £0.11) g, pIAK
(4.12 £0.13)cm, BEOLA K 5 41, P T 40 h 5%
B2, 10 VIV, VAU, A 3 M EER,
RN RS FCIRER 1000 B, 3515 4~k et
(BEA% A 8 mx2 mx1 m), KB EER 2
At BT S 24 i A B A ) A, 2B a o K
BR KW KBS, B2 THEBOR DR R
I 1,40 mg, K H RN E LA H AR,
A IERHN0.0.05% 0.1% 0.2% 5 0. 4% K4
PREEH (R 1) .

x1 EmBARSEFRKFE

Tab.1 Basic diet and nutrition levels

H #2405 ( % ) ingredients

B 77K nutrition levels

fa ¥y fish meal 24
K] soybean meal 20
AE4E K1 peanut meal 16
SEHFHI rapeseed meal 8
4k K & extruded soybean 3
Y H; wheat middings 17
fiy fish oil 2
GRS lecithin 1
fIH [ 5 cholesterin 0.2
SLNEH% (50% ) choline chloride 0.3
YA ZE YN vitamin additive 0.5
BB SIN7] mineral additive 1
WifR — 245 calcium dihydrogen phosphate2

41t total 100

T4 (% ) dry matter 89.13
y
JfE(KI/g) gross energy 17.73
HL & 1 (% ) crude protein 39.74
JE (% ) total phosphorus 1.62
45 (% ) calcium 1.48
AR + W& R (% ) methionine + cystine 1.10
#i 2 i2 (% ) lysine 2.09
IR (% ) threonine 1.34

1 B SRS R h B RE(GE) KI/g: 8 5 23. 64 kI/g g7 39. 54 kI/g Bl 17.15 kI/gs oA N SCiM B, 2. 4R RS0 Y5 sl

RS BT S TR AR

Notes: 1. Gross energy ( GE) kJ/g . protein 23. 64 kJ/g, fat 39. 54 kJ/g, carbohydrate 17. 15 kJ/g; And the others are measured in the nutrition

levels. 2. Vitamin additive and mineral additive were provided by Nanjing Huamu Animal Institute.

1.2 fAFK%

T AR IRAE H [ K P B2 58 B 1R /K il A
FEH S IR B IR = K UE M 1k 2 5] S 4Rk
B HR, DA 5. 0% ~10. 0% 02, B /A
JiiE A i . 8K 6:00 —6:30,12:00 —
12:30 % 18:00 —18:30 £5 B M — K ; & R 7K
M—UC, KPR oK, 7 d ok —Ik, Bk kK
1/3 3 B RM5— I, HBGESE 58 G 4A, 4 A —
POK BT, HEA S5 A [R] 7K AR S0 AN T < 48 75 1 78
HSPIA K (24.5 £4.32) C 154K >5 mg/L, &

A <0.05 mg/L,Fifb s <0.1 mg/L,pH 47.8 ~
8.2 4,10 J 534
1.3 [k

TSR 45 IS, 2 U AR AR — B i i
FERCRES . SR 35 C il 2 PERLE, X B4 AN
FRgAH I 5 A, BRI RS 3 AN EEH, B
AN 30 B, T RSN 50 em x50 cm x
40 cm [y 15 DM EETRUKIREL . fE 8 35 C R i%EL:
48 h NI, FREE TR A, PRUE R 8 1) S SR Y b
NR T ORFFE e, BT LRSI ) 3
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1.4 FHREERESNERER

TENLIHT , LA RS 612,24 48 h 8R4~
AT 3 R MR R MR, B2 O R R, IR
-80 CIRAE, — 4y F THU AR bRl & , —
ST F AV IGE o HUEALFE PRI E AL
UK AR UR S I B RR 22 /1 (0. 064 mol/L,pH 2y
6.4) VK& 5,4 C 10 000 g Z.0» 20 min, B
LW 20 CHRAF# . T-AOC X 75 Kk 5
SEU fp e g gl B Fe' R SR Fe® 7
Yy 5 EMRSEY) BUE AR [ ) 4559, 78 520 nm 4k
eI 15 0 78 SCoR B 3 g 22 v IR IR 5 K¢
TR B A 2% 1) W O B LB 48 o 0. 01 1 o — A
BT AL RE 1 5407 5 SOD SR H 5 Ak i 451 4 4k
TN A 3 Aok M R ey A A T S N R
PR B R AR IOE BUOT RS IR £, 7E
WOFIVER T RIS, 7L 550 nm 4b L A&,
15 71 5E SRy 2 v IR IR 21 3% W rh SOD i i 3%
ik 50% I} it X 132 %) SOD 24 1 /4> SOD {if Jj H1
fir, CAT RJH Xie %™ Ho @ikl 5 , R CAT
53 H, 0, , it Z (1 H, 0, 5 AR B A F 7™ A — Fil
REAIESY), 1E 405 nm b L @I E 1% )€
SRyt B T TR R 50 S R Bl A i 1 wm 1Y
H,O, 8 g — /M J1 80, NO R Ik % fc 451
A2 He Ao 0 i , A NO 38 48 Sk AR JAiF R £6
LW AEIRER , i =35 18 s IRk ik € 7] P AR BUR 21
ARG, 78 550 nm 4b Fb A0 . MDA R
FFR A BS54 6 BE I & , F1FH MDA 55
REFZRAE G, T A @Y, 78 532 nm 4b L
EIE . DA RN B i & X B R st A
YWTREOTIERT o FFIBRNR 5 R 1 2 R AR AR
By 5, A 1 vE E AR B (BSA) AR b bn i R
H 0 T p A ) AR
1.5 HFBERE HSP70 mRNA l|E

He P& Genebank % [X JH #F HSP70 J¥ %)
(AY466445. 1) , % HSP70 B| ), F1.5'-TGAC
AAGGGTCGCCTCAGTA-3'; R1:5-CATTATCT
TGTTGCGATCCTC-3', #2 ## Genebank % [X i
W B-actin ( AY626840. 1) , ¥4 i1 B-actin 5|4 F2.
5'-TCCGTAAGGACCT GTATGCC-3'; R2: 5'-
TCGGGAGGTGCGATGATTTT-3". Jii 45 5| ¥
T B A W A RS WS R, RS ) B
100 ~ 150 bp,

BUAT B I 50 mg Z£ 45, 5 MR Trizol Reagent

(Invitrogen 73 ] ) Ut BH-FHEVE, 42 50 RNA | — ik
OD5 m20 nmﬂq 1.8 ~2.0, JfLA DNAase [ Jigik
PRI RNA LUK RT WBUWARAR , 1] B-actin 1) 7€ &
1953 33k T PCR i, 45 o, DL RT Wil
BEMA BT 724, 10 L RNA Ry B4R U JC 455, U0
WIS 1) RNA TG DNA {594 [z %6 55 SOV -
500 ng RNA; 2 pL 5 x Buffer; 0. 5 pL dNTP
Mixture (10 mmol/L) ;0. 25 pL RNase Inhibitor
(40 U/pnL) ;0.5 pL dT-AP Primer(50 mmol/L) ;
0.25 L ExScript™ RTase (200 U/ L) ; /il DEPC
H,0 %] 10 pL, JZJ¥ %/:42 € 40 min;90 T
2 min,4 TR FE XML,

HSP70 mRNA #H%f & % ] SYBR ExScript™
RT-PCR Kit ( Kk % TaKaRa 2\ 7 ), % il SYBR
Green I #3576 #3147 Real Time PCR 33 )
J ( Mini Option Real-Time 1Y %%, BIO-RAD,
USA) , 9 72 5 PCR JZ I g 241 1i: 12. 5 L
SYBR@ premix Ex Tag™ (2 x );0.5 uL PCR
Forward Primer ( 10 pmol/L); 0. 5 uL PCR
Reverse Primer(10 wmol/L) ;2.0 pL itk (cDNA
W) ;9.5 pL dH,O, 2 5514::95 C10 s, )5 44
AMEFR:95 T 5 5;60 T 15 5;72 € 10 ;80 C
1 s; EEARICSRPOEE, 72 C 3 ming Bl 1Y S 4%
k65 C 1092 C, 5 FFE 0.2 TR T s 21k
IERIOL I, PCR YR8 o 7 B — 2R 51 i A
fn cDNA F 37 R e il 2k, A0 R ECOR T 0. 99,
HSP70 mRNA 7K-F1155 LA [RIE AR B-actin 2k N
Z WS EIRAAE C(EIE T S — AL AL 2, DXy
HRZL VT (0 h) I} HSP70 mRNA Sy K&k, 1
2708 Oy AN TR i LN [E] ) HSPT0 mRNA
A X
1.6 HiEAE

¥ FH SPSS 11. 5 #ff Duncan [G £ & L&
R 4L 022 5, RS ¢ B 30 B WK I
A4k, P <0.05 FKon A 225 B 5. A g
REJLOPBIE = bruEiR (X £SE) K ERR .

2 AR50

2.1 KEERRERYNT KBHRFRRSTE
L RE ST HI RN

155 2 W], AT i ST S A RE ) & i B4R
FAF TCIR MR , 37 W U, 78 e R e AR
SEPU AR LS IRZEL 7, B 6 ~ 48 h )5, A% ZH AT
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SRS 5X B4 AH L, N AT 0. 2% |
0.4% RI2H, WIM)E 12 h 19 0.1% .0.2% .0.4%

BOA W 5 AT A B, X AR 4.0, 2% |
0. 4% I AENIRE 12 h 535 FRAR T AR &
I, WS 24 h 19 0. 2% KB REW I T UAAALRETI (P <0.05) , F4ILE NS 24 ~48 h
PR ST ALRE ) (P <0.05) , HAb R 414 R FRAR T PRI BT A ALRE I (P <0.05) ¢

R2 XRERRRERYN T RBRFRRSAENENHZIT

Tab.2 Effects of anthraquinones extracted from Rheum officinale Baill on total antioxidative

capacity of hepatopancreas of Macrobrachium rosenbergii U/mg prot
BRI &8 (%) RBP4 ALRE ) total antioxidative capacity
content of anthraquinones o7 VT N )5 after stress
extracts before stress 6 h 12 h 24 h 48 h
0 5.74 +0.43° 4.92 £0.58 2.99 +0.12%~ 2.59 +0.24%" /
0.05 7.69 +0.96% 5.81 £0.53 4.97 £0.17° 3.84 +£0.50%" 2.31+0.28*
0.1 6.94 +£0.90® 6.83 £1.03 6.90 +£0.98* 3.98 £0.17% 2.57£0.27*
0.2 8.93 +0.52*° 7.10+1.02 5.91 £0.88%" 4.81 £0.61%*F 2.64 £0.34"
0.4 8.04 £0.06* 6.57 £0.92 5.52 +0.63*" 3.39 +0.78%* 2.31 £0.22"

TE R PEAFE £ ARER (0 = 9) 5 AR FRFIR AN R Z [ 7E R — I A 2252 235 (P <0.05) , = 7R [ G NATS « e s
H,P<0.05 R EE . /7 FRN 48 h FIFEE3tT. T,

Notes: Data are expressed as the mean of nine fish + SEM. Significant differences( P <0.05) between values obtained before and after stress are
marked by asterisks in 7-tests. Diverse little letters show significant differences( P <0.05) in different dose of each sampling point in Duncan’ s

multiple range test. “/” show all the shrimp were death in 48 h stress time point. The same as below.

2.2 XHEEMRIWT KGEAREREITIEL
SR

1% 3 AT, I JB A 2ot 4T S it 0 1 L s
BHREP TR, SxF AR, sV
B, B B S , BR T 0. 05% 2175 W 8 RT .0, 1%
IR AEN UG 6 ~12 h o AL A I M e &

(P <0.05) $2& =51, HoAth £ 41 A A B 355 0,
55N A e, % BRAEAE WV S 12 h FiT 24 h
0.05% 15 L 7E W 5 6 ~48 h.0.2% TE N 35
12 h f148 h 0. 4% LB AE W )5 12 ~48 h g
F(P <0.05) REALT o S A0 UM 16 1, L A5 4
YT B E

®3 XRERRRERYNZ RBRFRREEASENME

Tab.3 Effects of anthraquinones extracted from R. officinale Baill on the catalase of

hepatopancreas of M. rosenbergii U/mg prot
BRI &8 (% ) i AL A catalase
content of anthraquinones o7 VT N5 after stress
extracts before stress 6 h 12 h 24 h 48 h
0 5.84 £0.76° 3.65 +0.74° 2.78 £0.29°* 3.05+0.41% /
0.05 10.04 £0.53* 5.14 £0.48%* 3.94 £0.42%* 3.82+0.88" 2.04£0.38*
0.1 6.97 £2.11% 7.57£1.17° 4.91 +£0.94% 4.54 +0.73 1.31 £0.07
0.2 6.99 +1.02% 4.78 £0.62% 3.83 £0.48%* 4.56 £0.35 2.39£0.79*
0.4 6.88 £0.57% 6.29 +£1.31% 3.88 £0.65%* 3.84£0.91% 2.99+0.77"*

2.3 XEBEBRERYX T KZIFRRESRL
1152 X B B 2 M1

FIE 4 TR MR % v o S A 2y 8 T T 1
RS N S AR RS SRR

2 LA AE NG 6 ~48 h Xf B 7E NS 24 h
BF (P <0.05) FEAR T TR ALY BAL B S
P, HABTC B 25700

2.4 XEBEREBRYXT RBMFRER_E

AHEE , N CHT 0. 05% a5 4H f & 38 Jin (P < 0.05)
JHF R i v 8 4 £k 4 5 AR it % 5 I BEUS 24 ho
0.1% .0.2% 0. 4% R F 4 5.3 (P <0.05) 4 Hn
T R A A A R 1, A A% 4 e
SR 5N R AR EE S R B TR B

el

158 5 A, FPBRAR PN T A & F R AR R 3
JCVE L HE T e O 9, T e 2 R B AR B
AR HEXT BRI, WL 6 ~ 48 h i, A ZH AR 4
BT e, 50 BRALAE LG, BT 0. 05% |
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0. 2% B2 W RRAR T FBRAR N S (P < h;0. 2% IR AEN U 6 ~48 h;0.05% 0. 1% |

0.05) , Wi 24 h J5 0. 2% 560 20 0 2 2 R IR IBR

RN 4 (P <0.05) , FoAt 4% 41 24 016l 35 5
Wi o 5 LR AR BE , %o BRELZE R A 12 ho Al 24

0. 4% IXFHAENE 12 ~48 h BETHE T K
THEF R MDA /)& 55 (P <0.05) ; HATE 2
,-?/"ﬁ

F4 KEBMRRBRYX S KB ERATERIRE S5 BB R0

Tab.4 Effects of anthraquinones extracted from R. officinale Baill on superoxide dismutase of

hepatopancreas of M. rosenbergii U/mg prot
BRI S8 (%) ALY AL superoxide dismutase
content of anthraquinones I TR N )5 after stress
extracts before stress 6 h 12 h 24 h 48 h
0 24.58 +4.79° 11.21 £2.00 10.70 £1.62 7.47 £0.46°" /
0.05 49.45 +8.63° 15.68 £2.64 " 10.00 £0.72 8.60 £1.10%* 7.27+1.547
0.1 45.56 9. 89 12.96 £2.03 " 11.24 +1.59 12.10 £1.08*" 7.91£0.45"
0.2 42.33 £1.97% 11.18 £2.16 13.23 £1.93 11.99 +1.24** 10.03 £0.59 "
0.4 30.78 +4.83%® 11.43 £1.07 11.37 £1.35" 12.13 £2.05%" 10.01 £0.94."

RS AEERREDRYX T RIZLRERE BRI
Tab.5 Effects of anthraquinones extracted from R. officinale Baill on malondialdehyde of

hepatopancreas of M. rosenbergii

nmol/mg prot

BB &5 (%) N ¥ malondialdehyde
content of anthraquinones o TR i )5 after stress
extracts before stress 6 h 12 h 24 h 48 h
0 6.65 +£0.65" 8.91 £0.61 11.14 £0.49 " 12.31 £0.33%" /
0.05 3.64 £0.76° 7.74+£1.40 9.43+£1.29" 9.40 £0.47%* 14.71 £0.91 "
0.1 5.42 +0.83% 8.77+1.24 11.15+1.58"° 11.09 +1.28%* 15.94 +1.49"
0.2 3.71 £0.87" 7.69 £0.53 " 8.63+1.02" 9.17 +£0.71°* 11.60 +1.16*
0.4 4.63 £0.75% 7.48 £1.28 10.62 +1.18" 9.76 £1.22%* 13.95+2.33"

2.5 XREERRRYN S KBEFRR—SW
RHIR I

I 6 FIHI, AT R — A AL Uk B B AR
TCVE AT , I JE WU , AR s R S U 4
AR LCXS AL, S, S AR R B S 5

0.05) 35 hn 1 JH e At — SR A Uk B, At i 5 2
HRBAT W FE R . 5 NS B, X BRIV
J5 19 24 hy 0.05% 0. 20% X536 41 76 Vi 1 6 ~ 48
h;0. 1% I A FEN TG 6.24 .48 h;0. 4% X554
TENW UG 12 .24 48 h #f i 2 (P <0.05) REARH %

XFHRE AR L, WA AL 0. 2% Il H B & (P < R—%LEWKIE,
®6 AXEBMREIYXZS RBIFAZER—SLENZIT
Tab.6 Effects of anthraquinones extracted from R. officinale Baill on nitrogen oxide of
hepatopancreas of M. rosenbergii mmol/L
BRI & (% ) —%fL A nitrogen oxide
content of anthraquinones o7 VT N5 after stress
extracts before stress 6 h 12 h 24 h 48 h
0 14.27 +4.23° 3.19+0.38 2.60 +0.36 2.31+0.13" /
0.05 19.53 £0.56™ 3.86+0.84" 2.47+£0.24 " 2.00 +£0.37 " 1.67£0.47"
0.1 17.07 £3.91° 5.78+0.97" 5.36 £1.61 2.36 £0.58 " 1.85+0.21°
0.2 28.38 £3.57° 3.95+1.12" 3.91+1.01" 1.63 £0.17" 1.81+£0.30"
0.4 20.00 +2.88* 3.40 £0.67 2.81 £0.40 " 3.33+0.91" 2.32+0.46 "

2.6 KREEMBEIRYMX F KIEEERRT
HSP70 £ [F FRiERI 00

HIZ% 7 AlAL JIFBRIR HSPT0 mRNA [RAR X &
R B < T, A5 IR 2 U IR 5 MU

Xt B2 G W0 e A, i a5 20 B A I K R

SR IRAUAH L, REFLRT,0.10% 0. 2% 1850 4] 8.3
i HSP70 mRNA AR & 5 (P <0.05) 5 B
6 h J5,0.10% 0. 2% IXFZHATS IR .35 15 hin HSP70
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e, A R BB E I 0 2 EC IR I il B PR AL RE )5 HSPTO0 JE R K ) 21 797

mRNA (A% & (P <0.05) 30.05% 0. 40% it
ISLHAEN IS 24 h i 25 BEAIK HSP70 mRNA (14
X (P <0.05) . 5 0 CATAH Eb , % BE A1

W5 12,24 h §2FTHE T HSPT0 mRNA X
B (P <0.05) AT &R

®7T XKEBMRRERYT KB HSP70 H18 3 & R0

Tab.7 Effects of anthraquinones extracted from R. officinale Baill on the relative level of

HSP70 mRNA in hepatopancreas of M. rosenbergii

AR S (% )

HSP70 mRNA level ( arbitrary units) )

content of anthraquinones o7 VT NS after stress
extracts before stress 6 h 12 h 24 h 48 h
0 1.10 £0.04° 1.34 +0.09° 1.99 +0. 22~ 2.64 £0.04*" /
0.05 1.30 +£0.30% 1.57 £0.18° 1.75 +£0.25% 1.57 £0.26° 0.85 £0.05°
0.1 2.14 +0. 32° 2.53 £0.21° 2.95 +0.43° 2.63 £0.29° 2.04 £0.24°
0.2 2.20 +0.34% 2.40 +0.34% 2.84 +0.57% 2.16 £0.35% 1.63 +0.30°
0.4 1.30 £0.29* 1.35+0.20° 1.47 +0.23° 1.46 £0.27° 1.00 +£0.12°

3 g

G I IR RN BR B S P AR R Y 3 N E N R,
VER RS IERS , S e RGDAR AR, T2
PLAIE 47 5 % # 9% ( non-specific immunity ) Jy 3,
PR R G RRTHBRIR N Z R TE A R A &
oz A AL 03, B Ak & Fhops B A8 b, T-AOC,
MDA [CAT SOD ¥ 2 i Ffif it gl Py HLAA PN 41 %
TEIIRE R b4 4R, T-AOC  SOD CAT
BERSIRR [ 2, w0 g o A5 o
S PN 3 B 287 AR 3G 2 A8 PR Y
THERAEST , WR TR B B3 A ST BR Z [ /Y
BN, A 2 R RS PR A R R
(A A, BB T30 I 5 AN R B I R 1) LB, i
S it Sk, 3 P A o R B S Ak . AR
¥ th M, BRIV UG 44 T-AOC ,SOD \CAT
T RO TR B R R S b X B A
WG 12 ~24 h BEERRAG T AR ST L e
I AL A RS T H AN 24 h BEEREART
JHF Fo it R 4R Ak A it T

R BTk Ak — 28 43 i, 7T 7 AR R T
KBRS, Hod, MDA 2 B 1R iR A4 ) 1%
PERIWIITT , 2 XA S A3 58, o e 240 2 460 47
Ji DL B g Bt S A R B Y L AR I R W, B 3
i, P8 AL TR NS, & A3 2 BT
PO XTI AE NP 12.24 h JF B ETHE T X
[CVRERIFRAR MDA 155 .

KB EBRAEH T & R B R R By KRR
& W R AE AL s Y rh R R A A PR
i HUAEAG B R AR 1 E S AR R AR RS i 3

WG A T Xie A AR X A A F 5
Hh, R OR B R B R i vy A S PRk
DA R 5 2 B R RE T o R B R
SEPUAE IR NS e R C 4k K E &
RESG SRAILATT N S B A AL RE ), Bl b g o o 4R
it ARG WL BT 5% B AR LG, 0. 2% i
W SIS 12,24 h #R R RN TR R ST
AAbfE 1. 0.1% XA AE N G 6 ~12 h i 3
P S ARG, 0.1% .0.2% 5 24 h
I R b A Y B A RS M.
EXBREHAR EE, 0. 2% 12050 2H 76 W AT, LA R 8
J& 24 h R TR N S . B, T
P B QNS = - DA @ =R = I - L
0.1% ~0.2% K BRI RESR = 27 [Q IR MR
JR R S PUR AL RE i AT U TG, B B e Ak
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AOC .CAT ,SOD ,NO, MDA  HSP70 )3 [A 3235
KAV A5 S B — 5 I A Sk, ELAARYE F LB IR £ i
— S HARPIR0.1% ~0.2% KB E
PR EZ Y AR 12 20 2 EC R R I R iR T-AOC  CAT |
SOD LJ J NO ¥, B T MDA & i, — & fe ¥
AR T ML YRR A A, R
HSP70 mRNA [ A% 55 8, % 85 0 A — o 1
T ER

SE k-
[1] BRIR,JAIE. AlREEFEMREIEMIM]. L A
B Ak Y At , 2004 :10 —20.

[10]

[11]

[12]

Collazos M E, Barriga C, Ortega E. Effect of high
summer temperatures upon granulocyte phagocytic
function of the tench ( Tinca tinca L.) [J].
Comparative
Infectious Diseases,1995,18(2) :115 —121.

Mikkelsen H, Killie J A.

Immunocompetence and duration of immunity against

Immunology, Microbiology  and

Eggset G,

Vibrio salmonicidaand , Aeromonas salmonicida after
vaccination of Atlantic salmon ( Salmo salar L. ) at
low and high temperatures [ J ]. Fish & Shellfish
Immunology,1997,7(4) :247 —260.

Monari M, Matozzo V, Foschi J, et al. Effects of
high temperatures on functional responses of
haemocytes in the clam Chamelea gallina[ J]. Fish &
Shellfish Immunology,2007,22(1/2) :98 —114.
Burkhardt-Holm P,Schmidt H, Meier W. Heat shock
protein( hsp70) in brown trout epidermis after sudden
temperature rise [ J ]. Comparative Biochemistry and
Physiology-Part A,1998,120(1) ;35 —41

Deane E E,Woo N Y S. Cloning and characterization
of the hsp70 multigene family from silver sea bream:
Modulated gene expression between warm and cold
temperature  acclimation [ J ]. Biochemical and
Biophysical Research Communications, 2005, 330
(3):776 - 783

Ojolick E J, Cusack R, Benfey T J, et al. Survival
and growth of all-female diploid and triploid rainbow
trout ( Oncorhynchus mykiss ) reared at chronic high
temperature [ J ]. Aquaculture, 1995, 131 (3/4):
177 -187

Rahman M M, Escobedo-Bonilla C M, Corteel M,
et al. Effect of high water temperature (33 C) on the
clinical and virological outcome of experimental
infections with white spot syndrome virus( WSSV) in
specific pathogen-free ( SPF) Litopenaeus vannamei
[J]. Aquaculture 2006 ,261(3) :842 —849.
PR, B IR, #h SRR, P B 25 A RO X s )
GBE N RERI R SR [T ). sy Blae 5 sy =
2£,2002,19(1) .1 -3.

Huang S S, Yeh S F, Hong C Y. Effect of
anthraquinone derivatives on lipid peroxidation in rat
heart mitochondria: Structure activity relationship
[J].J Nat Prod,1995,58(9) :1365 —1371.

EICR, RFR, B, S KRR 2R B
20 73 WA R AP AN PR ) T [T ] op [ e o g
,1995,11(6) :370 —372.

Chang C H,Lin C C, Yang J J. Anti-inflammatory

effects of emodin from ventilago leiocarpal J]. Am J



6 1 X, A RIS B IR A i N BUAR AL RE 71 5 HSPT0 KL [H 3k 1 2R 799
Chin Med,1996,24(2) :139 —142. TR SR RE T s [ 1], 7K A= A= 2 4k, 2003, 27

[13] XieJ, Liu B, Zhou Q L, etal Effects of (1):110 —112.
anthraquinone extract from rhubarb Rheum officinale (247 Jgu, ROCHEy, BB . 44 K C BB XD
Baill on the crowding stress response and growth of AT R IR PT EA L B L R e s sz [ T ). shi o
common carp Cyprinus carpio var. Jian [ J]. 1% ,2006,52(6) :1107 —1112
Aquaculture ,2008,281 (1/4) :5 —11. [25] Tafalla C,Figueras A,Nonoa B. Role of nitric oxide

[14]  F5kms, X0k, e, 45, K EmRIE U X & 1R on the replication of viral haemorthagic septicemia
VE IR A8 N B 98 [T ]. K= 243k , 2008 , 32 virus ( VHSV ) [ J]. Veterinary Immunology and
(3) :455 —463. Immunopathology,1999,72(3/4) :249 —256.

[15]  RZEK,E] %, REG, 55 KR BRFE S FLY XS [(26] KB —S LA A TER S h 5 [T ]. b
R ML A NO NOS 7K B X @i %5 i K i 1y ek B ZR,2000,19(2) 135 - 38.

[J]. KIEK P22 B2 4) ,2006,21 (1) 146 —50. [27] Morinmto R 1. Cell in stress; transcriptional

[16] Livak K J, Schmittgen D. Schmittgen. Analysis of activation of heat shock genes[J]. Science,1993,259
relative gene expression data using real-time (5100) ;1409 —1410.
quantitative PCR and the 27**°" method [ J ]. [28] Wang Y, Knowhon A A, Christensen T G, et al.
Methods ,2001,25(4) :402 —408. Prior heat stress in hibits apoptosis in adenosine

[17] Lewis SEM, Young I S, Boyle P M. Total triphosphate depleted renal tubular cells[ J]. Kidney
antioxidant capacity of seminal plasma is different in International , 1999 ,55(6) :2224 —2235.
fertile and infertile men [ J]. Fertil Steril, 1995, 64 [29] Polla B S. Heat shock proteins in host-parasite
(4) :868 —870. interactions [ J ]. Immunol Today, 1991, 12 (3):

(18]  JrJesi, 4 K. xRk 28 e fa Sl A2 2840 A38 — A4l.

SAALRE I Z AL RIAEBTE I LT ). 5250 3 5 M A s [30] A0 PIRTUEM 70 FFsTt e[ T]. EA =2
2#,2005,25(3) :136 —139. 2R 2 AR A E, 1999 ,26 (2) 57 —59.

[19] Munoz M, Cedenq R. Measurement of reactive [31] [, G E, R, 2 577 dh B 255 R B
oxygen intermediate production in haemocytes of the ] 70 mRNA 363k m [ J]. b ikEaciE KaF
penaeid shrimp , Penaeus vannamei[ J]. Aquaculture , 2R (L RFFERR ) ,2006,24.(1) 161 —64.
2000,191(1/3) :89 —107. [32]  Ihfgag, Bgil). UM rh B2y HT B BN e T o

[20]  JA 55, JRuk5e. JE0ME T /N BUFBAR AR BT 4 T BRI B W5 [T ]. 38 IR 4 41, 2007, 19
& =BT EAL Y BEE Y S [ T]). sh¥) BT (3):283 —288.
7t,2003,24(3) :238 —240 [33] &A%, WM. 527 b B2 X PLAN TR AR AN 38

(21]  IR4Esr, &/, ks IRIR BN A T F 4 ZC-7901 70 BERFIKRYFE [T ] AL, 2008,
AN ZR TN R A R R A [T ]l R R 22 39(6) :830 —833.

) (B RBI ) ,2003,29(4) 188 —90. [34] SuC Y,Chong K Y,Chen J, et al. A physiologically

[22] JHEF,FHE, IMEK 4i4EE C M ERA WK relevant hyperthermia selectively activates constitutive

[23]

Xt F AR ) Y TR LIRE T RS [T ] Sh
5¢,2004,25(1) :37 —42.
JABE BRI, IME UK. BT AR G e R

HSP70 in H902 cardiac myoblasts and confers
oxidative protection [ J]. Mol Cell Cardiol, 1999, 31

(4) :845 —855.



800 Ko ¥R 34 4

Effects of anthraquinones extract from Rheum officinale Baill on the
hepatopancreas antioxidative capacity and HSP70 gene expresssion
under high temperature of Macrobrachium rosenbergii

LIU Bo'?, MING Jun-chao®, XIE Jun'** | GE Xian-ping'”*, XU Pao'?,
HE Yi-jing®, ZHOU Qun-lan®, PAN Liang-kun®, ZHOU Chuan-peng'
(1. Wuxi Fishery College ,Nanjing Agriculture University, Wuxi 214081, China;
2. Key Laboratory of Genetic Breeding and Aquaculture Biology of Freshwater Fishes ,Ministry of Agriculture,
Freshwater Fisheries Research Center ,Chinese Academy of Fishery Sciences,Wuxi 214081 ,China)

Abstract; Macrobrachium rosenbergii ,also known as the giant river prawn,the giant freshwater prawn or the
Malaysian prawn,is the most important cultivated species of freshwater shrimp in the world. This species ( as
well as other Macrobrachium ) is commercially important for its value as a food source. In China, the
production of M. rosenbergii has been increasing in recent year. However, cultured M. rosenbergii in China as
well as in other parts of the world have suffered from various stress factors such as ambient temperature,
stocking density, physicochemical parameters, transport, and storage. Stress means the sum of nonspecific
responses of organisms to various acute stimuli inside and outside. It is a physiological response of any
organisms in the long evolution process to extend its adaptation,but excess response , which inhibits immunity ,
improves the free radical contents,destroys the homeostasis between producing and cleaning-up of free radical ,
and attacks the double bond of polyunsaturated fatty acid in plasma membrane,the last leading to increase the
lipid peroxidation contents and lipid peroxidation injury. So these are many disadvantageous impacts on
organisms and it causes fish to infect diseases even to die. Therefore, how to alleviate stress response is the
research focus in this field. The present research falls on substances, which can strengthen immunity of
organisms and alleviate stress,e. g. vitamin C,vitamin E,lipid acid,metal ion, fructose, astacin. Chinese herbal
medicines have many merits; natural, highly effective, low toxicity, low side effects, and rich in resources.
Chinese herbal medicines have many effective components,such as organic acids,alkaloid, saccharide, volatile
oil, wax, glycoside, tannic acid substance and some unknown factors that can elevate fish immunity and
enhance the growth. However,few reports have been found in studying the effects of Chinese herbal medicines
on the hepatopancreas antioxidative capacity and the level of HSP70 mRNA under high temperature of M.
rosenbergii. In view of this, M. rosenbergii were divided into 5 groups randomly. The control were fed with
basal diet,the others the treated groups were fed with basal diet supplemented with 0.05% ,0.10% ,0.20% ,
0.40% anthraquinone extracts for 10 weeks,respectively. After that,shrimp were stressed by high temperature
at 35 C for 48 h continuously. The changes of total antioxidative capacity ( T-AOC ), catalase ( CAT) ,
superoxide dismutase ( SOD ) , nitrogen oxide ( NO) , malondialdehyde ( MDA ) and the mRNA level of heat
shock protein 70 (HSP70) in hepatopancreas before and after the stress were investigated. The results showed
that compared with the control,0. 05% dose of anthraquinone extract could elevate CAT,SOD activities and
reduce MDA concentration, 0. 20% dose group improved T-AOC and NO content and reduced MDA
concentration ,and 0. 10% ,0.20% doses groups improved also the relative content of HSP70 mRNA before the
stress. After 35 ‘C high temperature stress, T-AOC, CAT activities, SOD activities,and NO concentrations in
hepatopancreas were decreasing in all groups of which the control relatively lower and 0. 10% —0.20% doses
groups were relatively higher,while MDA contents were increasing trend in all groups of which the control was
relatively higher and 0.10% —0.20% doses groups were relatively lower. The relative content of HSP70 in
hepatopancreas 6 h after the stress in 0. 10% and 0.20% doses groups were higher than those of the control. It
is concluded that ingestion of 0. 10% — 0. 20% doses of anthraquinones extracts could improve the
antioxidative capacity ,elevate the relative content of HSP70 mRNA and help prevent negative effects of high
temperature stress to a certain degree.

Key words: Macrobrachium rosenbergii; anthraquinone extract from Rheum officinale Baill; stress
prevention; antioxidative capacity; heat stress protein 70
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