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Influence of baicalin on immune enzymes and detoxification
metabolism of shrimp Fenneropenaeus chinensis
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ABSTRACT The aim of the study was to test the influence of baicalin on immune enzymes
and detoxification metabolism of shrimp Fenneropenaeus chinensis. Four treatments were de-
signed with different concentrations of baicalin (0, 50, 100, 150 mg/kg) mixed with the raw di-
et, and the diets were orally fed to healthy F. chinensis. The activities of acid phosphatase
(ACP), catalase (CAT), induced nitric oxide synthase (INOS), lysozyme (LLSZ) ., superoxide
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dismutase (SOD) in haemolymph, hepatopancreas, and muscle were assayed on days 1, 3, 5,
7, 9 and 11. The data indicated that activities of ACP, INOS, SOD in the 100mg/kg and 150
mg/ kg treatments increased significantly (P<C0. 05) compared to the control level after feeding,
and achieved the highest level in three days. All activities in the 50mg/kg treatment were not
significant higher than those in the control (P>>0. 05), while increase of activities of LLSZ in
heamolymph were highly significant (P<Z0. 01) in the 50, 100 and 150mg/kg treatments com-
pared to the control level at the same period. The activities of (ACP and CAT changed most
greatly in hepatopancreas, followed by muscle and hemolymph. The activities of INOS, 1L.SZ,
SOD changed most greatly in hemolymph, followed by muscle and hepatopancreas. The middle
level treatment and high level treatment reduced significantly (P<C0. 05) below the control lev-
el. Results of the infected test showed that the artificial infection with V. anguillarum caused
mortality in all groups, but the mortality of the control group was the highest and the mortality
of the medium dose was the lowest. The baicalin elevated the protective rate of F. chinensis in-
fected with V. anguillarum. The results showed that baicalin could regulate the immune sys-
tem of F. chinensis significantly, enhance non-specific immune function and disease resistance,
and depress the susceptivity of F. chinensis effectively. All these results would provide a theo-
retical basis for the preparation of compound Chinese herbal medicine.
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1 #HE5RFIE

1.1 SEIg#r#l

JIt P e v 1 o R BB 7 05 IO SR K R R A R W)L AR 7. 2840, 46 em R 3.540.2 g, B
Fe Yl 5d. K EREE 29 pH Sy 7. 200, 2 3 R S HEHFAE 6. 0 me/L L b L 28 25 78 JF AR R E A 4RDRE (Ol A
W5 eI B R A D .

1.2 st

ST I A T I TR A R A R A R S i =85 000 & 2RI FOR < BR AT H R A3 SR
F A 0.50,100,150 mg/kg 4 7K1 85 2545  RDRL B ELAE 0 1. 6 mm fRRHBURE . 70°C TR L 4°C Wi
TRAF. Al HRECTT W3 1,

1 EiAR
Table 1 The basic diet
2l i), Ingredients Zr1 Content( %) 21 i, Ingredients Content F (%)
fa ¥ Fish meal 45 FR#ENE Lecithin 1
13 Fish oil 4 B & Cholesterol 0.5
i ¥ Wheat middings 8 W B N5 Mineral additive(1) 1
KT Soybean meal 10 42k FYRNF) Vitamin additivel (1) 0.5
44 Peanut meal 25 A7t Total 100
FAEH Rapeseed meal 5

W (D EEHAER AV YHES T2 E(2005)
1.3 LW H*

TEAR B /N ST T B X ARBEML 4> % 4 AN BRA L REA 120 L 45 3 A FRAT . BT 40 B L IR T
200 L /)2 A B R 3% 22 43 | B M [R] v BE B B (0.50,100, 150 mg/kg) B4 1 (1 fa) kL, H 418 4 1k (6 ¢
00,11 : 00,16 :00.21 : 00), SZEIAMEIKIE R 24~26°C, £h 3 29, pH 7. 2+0. 2. R A e 5575 6. 0 mg/L LU
b SR B RIK Y 2/3,

1.4 HFREE

FESCH A 1.3.5.7.9. 11 RUUFE [ AR REHLIL 6 B . FHZ AW 1%t dF <k LM B i R v /K SR 05 75 24
TP RS A BR AR A, IR ok B AL PR T R AR
14,1 sk ah &

FH 1 ml — Y S i DK A B JUE 6 2 R 35 R0 50 25 Al B 0. 5~ 1 ] i abk B2, 342 A3 ¥ TG TR 002 1Y)
1.5 ml .08 H,5 000 r/min, 4°CE 0> 10 min, f7 L%, —20°CAEF .
14,2 WLPY BT MR £ % 0 ] &

43 90 T S B e [ X M AR UL PR T TR R B0 A R L A — 20°C ¥ URARAE . I B U2 ZURE B R L
A 10 A% 0. 1 mol/L BRI ER 22 vl (pH=7. 4) IRIR 5 2K 250 (4°C .5 000 r/min, 10 min) , 5351 B F & K
FH T B 3% D A

1.5 H&moW

HALPH MM P EASERE DA G-250 kT E A E R . 2 ] Bradford 55 (1976) J7 % f
et g HAF I E . 1 EE E (Bovine serum albumin, BSA, Il T+ AMRESCO A D) VE MirEEH .
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PR R IR il (ACP) L i Ak &l (CAD) A AL W E AL (SOD) . — LA G i (INOS) I g W 5 1 1 /e
5 AR W) TR 5 T 5 — 43 JIr B AR % ) AT I S O B

Vs TR it 1 (LSZ) 3 4 H Hultmark %5 (1980) ik i #F A7, LAV BESIOR BE VR T IR, 1 0. 1mol/L
(pH=7. 4) Iy Wl T 21 3 22 W IC ) 1l — 8 WA B2 ) IS ) B K (ODs0 = 0. 3) W I BRI TE P - (U/mD = (A, —A) /A,

1.6 INFRE

TR A 1.3, LI AR 3R 15d J5 . BEAL BT O B X BRSO B I A AE R 4 3 AN AT B TATRE
HLIRC 20 FEAF, B L G BB O 5 . 68 9N pE ok [ v K 7= B 2 A 53 B 85 1 2K 7= B 50 8 3 5, 0 3 T 00 1 e 6
9B 1) B VR S 10° cell/ml, PRI Ry 50 pl/ R IFCIRAE 200 L IR LA, F 0.12.24,48.72,96 h
Gt LT MG,

FET- 3R (Vo) =BUT MR/ 2 R MR 4 X 100
G R H (Vo) = RS T - — I A AE T %) = X BRI BB T3 X 100

1.7 HUIEAIE

JIA BORE Y g 5 A RE S B 3 8 4 SD L 25 5 1 SPSS #fF AT 4 ) 25 S LB, P>0.05 RRERAR
%, P<<0.05 RmERWBH, P<0.01 FmZEFWEE.

2 H#RE5H5Hm

2.1 EFZHFIHENIFREBERE(ACP)E RN

P 1 AT L 45 M R [ ik B B s A DR o e G O R W R C ACP) 305 P 77 1 A 0 2 9 kT JE R
i LA AR E R Z . T sk NLA ACP AT 7 d 353 & & f # TRue IR B & Wk 44
XFF 0 d 3T (P<0. 05) , [F B i R iR BEZH T 7 d s Be IR0 BRZH B 25 T s (P<Z0. 05) , H e YR 32 Ak 1
PRI 59T 5.7 d s B Ee A IF e 0 d W35 Th i (P<C0. 05) , [A] I He [) 399 %6 BE 41 7R 3 4 75 (P<<0. 05),
HYR AL M ACP 3T 3 d 5 2T HE I b TR R A, R A ng A g & R 22 F AR ¥ (P>
0.05), m ik LA v ACP % P& SRR 2 b Horp 5% 9011 3K Ho W] 4 0) R 2H 22 53 1 2 (P<<0. 05),

AT I Hepatopancreas

LA Muscle ! E[ Blank ) I3k E% Haemolymph
@ %5 [ Blank m L% & Low concentration 875 & Blank
g (¥ & Low concentration ’(‘g o iK% Medium concentration ] {1 i Low concentration
& 30 Di{i{% Medium concentration & 250 O High :oncentratlon & 25o t ¥k Z Medium concentration
2 oE e E nghconcentratlon* = o B x% 5 O = ¥ High concentration
j— L ~ *
Z 25 % = 200} z 20 M
I z
5 20 5 ° -
< < 150 < 1.5
o o 9
g : :
# 0 & 100 4 1.0
e i e
& & 5 2 05
® 9 = &
g o § o HLLLURY TR 1AL i : -
g 9 11 4:% o 1 3 5 7 9 11 g o 1 3 5 7 9 11
1A W2 J5 iF (8] Days after feeding (d) JA| W S5 i (5] Days after feeding (d) TR 5 i E] Days after feeding (d)

e x R 5= 1A 257 B (P<0.05)
Note: The single superscript means the difference is significant(P<Z0. 05)
B 1 &S v R AR UL PA L I bk B ACP IR P 9 AR 1k

Fig.1 Variation of ACP activities in muscle, hepatopancreas and haemolymph in different treatments of F. chinensis
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2.2 EEEHXWREINEENEE(CAT)EEN T

P P 2 A D A3 M A AN ) o 3 5 RIS s o G AR A S (CAT) I M A7 e e 25 B b i ik
JE LA A0 AR CAT 3% 1 28 Ak 2 5 oK RS 3 K 5 W 400 B 2H 22 55 i 2 (P<<0. 05)

o E B NN CAT (530 T4 5.7 Kb m ot ta T FREm a3 HEd kA ILA CAT
HE5 3 RIGAXT T 0d i 3 F+im (P<<0. 05) , [Al B oy (i v BE 2 T 565 3 K5 Lo [l 3 % B2 I 35 8 (P<<0. 05)
IR BEAL BRZA 5 3 K L R0 %r B m A TR 22 R 3 . vk B TR AR CAT (5 3 R 2 Tt
A 34 L R BB A B 2 T R (P<Z0. 05) , iy Wk B AR SR T FR R T 58 9 Rk 8 dm i 5 11 REEA N R (AR
Btk 0 d B3 TF i (P<C0. 05) , [A] i b ) 3 6 B 4 7R f 35 48 i (P<<0. 05) . IR vk EE 4L v CAT {46 3
K5 B[R] 0T 2 A e HL 25 AN 3 (P=>0. 05) AH (R Wk EE AL Iy CAT {E5E 5 RIGHXT T 0 d &7t
= (P<C0.05),

LA Muscle AT [l Hepatopancreas . R%@E*nl;ﬂem(ﬂymph
L n_ ik Bl = L] flié%ifm Low concentration
) m {ii# ¥ Low concentration g m i & Low concentration = o ‘:PY&F“% Medi fra
¥ 3 5 3 . . =

8 500 T(’K% Medium concentration & 3 or 0¥ #/E Medium concentration & 1.8 AIEW(U?*“ Hfgﬁ?;;?ﬁf;i?nwn
20 O ¥ ¥ High concentration 20 B High concentration o B entration
= 4.5 % * e ¥ a 1.6 « ¥ ”
Z 40 e z 23 T bL % L4 :
£ 35 Z T T Z
= = = 2.0} = 1.2
o Q Q
< 3.0f < : Lo
g 25} g 13 <
© &) o 0.8
S 20f g, g o
1 L5 s g O
E 1o} = 2 0.4
s 0 S o
P LA W0 LI AL W oo LILLIHLHULILL
1) o 1 3 5 7 9 11 B o 1 3 5 7 9 11 = 0 1 3 5 7 9 11

TRV 5 B TH) Days after feeding (d) 1AW it ) Dayss after feeding (d) R M JE B E] Days after feeding (d)

H: #oRE5EAA2ER RFEP<0.05
Note: The single superscript means the difference is significant( P<C0. 05)
& 2 A ST 4 v R AR O ULPA bk 2 CAT W i 22 4k

Fig. 2 Variation of CAT activities in muscle, hepatopancreas and haemolymph in different treatments of F. chinensis

2.3 ETHEXNHEMNTBERAYELE ( SOD) F 0T

i B 5 AT U L A5 AN TR U R SR A A AR R R AR BRI LIRS 3 KSR SOD I M 35 b [ 0 % HE 4 7%
P 8 2 T (P<<0. 05) , 7R Fb [R] 39 Hefth v B2 s A T v 1T 45 0 d AHEL .3 IR AL 3 d 53 18 3 T (P<C0. 05)
rf L e B A BELZE I BB AR BE 3 K 2 5 TR )Xo R 4 T v d S T (P<C0. 05) T AP e R 4 TR 0D i Mk R A A L
W& AT T . 3 MR AL BEAE MMk B SOD i #3410 d 23 75 (P<<0. 05) . 1 . i M 41 SOD {58 7 K5
53 L [R) 300 6 B 2 i 3 v (P<<0. 05)

2.4 EFZTHENHEWNF—AURSE(INOS)E SN

F TR 3 T L I AR [ ik B B A DR o T X v AR A A 3 K5 TR INOS i 1k 3 e [7]
T B 20 2 T (P<<0. 05) L AR A T 0 d 3 Th 5 (P<C0. 05) . i i B 2 T J iR INOS 52518 | T} s 3,
55 7.9 11 34 T X0 AL 35 T8 (P<<0. 05) AN T 0 d IR 3 T (P<0. 05) IR Wk S 241585 3 A XS T
Od 75 i # Fh i (P<C0. 05) .t Eg W BEE LA INOS 3 PR 5 9 11 K34 LU IR 905 I 4 48 35 i (P<<0. 05) . AR
T 0 d AR E TR (P<<0.05) . 5 [ %F BEALAA LE i 3K 1L INOS $7 4 A% vk J32 A B0 2 505 3 K o o ok J3E Aok 39 440
T4 3.7.9.11 K. muk AP T45 911 K2 L R XTI 4] B3 THis (P<<0.05),
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— 4 AL EA4 EHE P INOS Activity (U/g prot)

2.5

HT T 4 R DL A0 IR 55 A () e 38 25 A A X R 3 R R (LLSZ0 305 1 A 1 3 2 21

AT/ I Hepatopancreas
B% 4 Blank
m{&% & Low concentration

Ik B2 Haemolymph
%5 H Blank

LA Muscle
B %5 [ Blank

B {fVE Low concentration 2 o Medium concentration o m L% & Low concentration
3.5 DT(KE Medium concentration & 2.0/ M E High concentration g oH % Medium concentration
o= & High conccntianon 20 - . * . o & O ¥ High concentration

% 2 B B 40 S
* > ~ . *g
L T £ 16 [ }— 2 sy #
p £ 14 jiﬁiﬁ £ 77 &= ] 1{ bl s
{ 0, T S 3.0mm |
& i 1 & 25
Z 1.0 g :
S 08 5 20
gﬁn 0.6 g 13
g 0.4 & 10
£ 02 ® o5
= <
0 & oL LRy o UBLLER L P 1.0 1, P 1, P T
o 1 3 5 7 9 11 | o 1 3 5 7 9 11 | o 1 3 5 7 9 11

R S5 I A] Days after feeding (d) 1M J5 B 1] Days after feeding (d) AW J 15 A] Day's after feeding (d)

TE: " RoR 5 (A 2% 5 3% (P<C0. 05)
Note: The single superscript means the difference is significant(P<C0. 05)
P03 2% S o 20 v X B I A VLA o o L2 v INOS 7% 14 19 A2 4k
Fig. 3 Variation of INOS activities in muscle, hepatopancreas and haemolymph

in different treatments of F. chinensis

B2 b o B 3 MR B (LSZ) T MR B0

G AL BRAE M ELER 5 RS LSZ 1 M35 b R 409 6 B2 A 8 3 T R (P<<0. 01, iR EAL LA LSZ
FESS 7.9 K3 L TR 0 BEA B 3 T 85 (P<<0. 05) , N Le [R) B LA L W A Fh i o oy s Wk 32 4L JIF IR IR LSZ I M AE
57,9 K H R B4 i 3% T (P<<0. 05) L R F Od & 3 T (P<<0. 05) . Horp, Ay BEALSR 9 K L vk
21 3 FH i (P<<0. 05)

VS BT P LSZ Activity (U/ml)

Ik &5 Haemolymph
8% [ Blank
m {3 £ Low concentration
09 £ Medium concentration
O =4 ¥ High concentration
*

WL Muscle
B% [ Blank
m (L& Low concentration
o 9 ¥ Ff Medium concentration

AT Hepatopancreas
B 75 [ Blank
B {i&¥ f Low concentration

0 ¢ if Medium concentration 0.040

LR : . 0.0130,8"T" ; .
0.0045 ,ﬁ‘mgmghcsncsntrauon g O & ¥ J#¥ High concentration = Lo K E
0.0040 b % 5, DoLE : £ 0.035 poew T R
E = e 4 -}
0.0035 . *F . z 00128 = 0.030 { - .
z x 5 il !}
0.0030 r 2 0.0127 [ £ 0.025 ] h
i < g
0.0025 N 0.0126 = 0.020
0.0020 2 o1z <
0.0015 = # 0013
= 0.0124 5
0.0010 & & 0.010
0.0005 L% 0:Q1Z3 = 0.005
0 IRLIIALIF LA 00122 %
01357 911 01357911 0 .
0 1 3 5 7 9 11

1| W J5 B} 1] Dayss after feeding (d) 1| W J5 B} (] Days after feeding (d) A WL J5 B} 1] Days after feeding (d)

W R EEAAES BE(P<0.05); * * FR 52 (4 2 5 B3 (P<<0.01)
Note: The double superscript mean the differences are highly significant, while the single
superscript means the difference is significant
4 2% 5250 2 rp XTI B R LY L 9k B2 H LSZ 3 M i A Ak
Fig. 4 Variation of LLSZ activities in muscle,hepatopancreas and haemolymph

in different treatments of F. chinensis
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1L}k B2 Haemolymph

MLIA Muscle Aﬂﬂ'@[ﬁﬂ% Hepatopancreas = 875 (4 Blank
e @25 [ Blank . B2 [ Blank S i R :
§ ¥ F Low concentration s B4 £ Low concentration :“5 . M{&E Low.concentratlon .

N ) . 2 S . . R o H ¥ Medium concentration
£ 3. 5oy Medium concentration & o ¢ F Medium concentration 5 0 % B High concentration
2 o5 ¢ EE High concentration 5’3 4,508 ¥ ¥ High concentration < iRy R H1g
? . * Z 4.0 L Foow * E *
3 h £ 35 b i 2

2 a
(=) < 3.0 O
o
% 8 25 "
Eul 7 xal
fz #H 2.0 42
& 215 2
~ & =
o X
i ~ 1.0 =
ey = =
| = o5
< K =
ﬁ Ll Ll Ll an Q_J 0 1 | I I |l 1l M - L
b 01 3 5 7 9 11 P 0 1 3 5 7 9 11 P 0o 1 3 5 7 9 1
1R 2 JE i E] Days after feeding (d) B j@WejE A Days after feeding (d) IV J5 B ] Days after feeding (d)

TE: " RN GEAHES RE(P<0.05)
Note: The single superscript means the difference is significant(P<C0. 05)
P 5 2% 52 o 28 v I 00 SR T A L LI i bk 2 v SOD 3% 1 9 22 4k

Fig. 5 Variation of SOD activities in muscle,hepatopancreas and haemolymph in different treatments of F. chinensis

2.6 EXWER

SRR 0 TR J P L R B A A FE TR AE 48,72 h 3 B[R] X R 4 3 AR (P <C0. 05) IR MR B Ab HL 4] T
48 h 7R Fe Xt R 2 G 35 PR AR (P<C0. 05) o it BE AL b (B X IR FE T 7 48 h I ik F] 100 %6 , Ik vk B Ab BE A1 7 96h 3K
2 10020 17 H vk B 20 R Wk L 7E 96h Z R A SE BT,

IRV BE ZHAE 24.36,48.72 h (W f e R AP R B v | e Vi B b B A 25 S W 3 (P<T0. 05) , I 2 [ Y i (] ) 4 42
H 72 h 5, B2 G U A G B AR AR A X R R B, & 96 h IR AL B S e AR P R R O,

—— 2% [ Blank
——fI#E Low concentration e

- ¥ . - <

& 120r  —— H ¥ Medium concentration = 120 —O—E%g ov(v1 concentration

< ke BE T . = roo—.— £ Medium concentration

B wo —— 5 ¥ High concentration 5 o 5 0 High concentration

= g 100}

5 80 k3]

g 2 sof

= 2

s 60 & ool

= g

M40 g 10}

H E

20 - 20t

= z

B ol = )
0 24 36 48 72 96 % 0 24 36 48 72 96

T EEHTA] Challenging time (h) ‘ A 1A] Time (h)

P06 8 I U S i X R Y R PR T AR S AR e

Fig. 6 Accumulative mortalities and rate of immune protection of F. chinensis after challenge with Vibrio anguillarum
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FTRE I H G 8 T 1 — SRR A T L A TS T i AR A A, Hep — SR A A (INOS) & — F F]
I NO B AZVE R RGAFHAEHLH . 22 EH# 2 (2000 BT % B, 1 BELE A AF % 85 76 T8 e v [ X6 35 4 45
AE1S S FL M 20 i v INOS 3k . Ptk INOS B84 Sz il Xof R fat BRER 0 B A 20H8 7 . BRIl Yin 45 (2004) 1y
AR B, — 2 B 2 6 NO 7 Az BT 98 1 TR AL i A5 5 S v e e TR W 1 PR . A8
VN N K v R e e Ak K IR R LA L I b B INOS 7 P 2 2 AR R A R A Ak
HA X ER AR E, X 5REN(2009) H 4 226k 28 B0 LG0T X 1R 5 LR I AR L i bk EL INOS il 75
TR B R P B 0 25 S — 0, B A A AT BRI S LR S A NO, DT 58 M 1Y 22 I o (8 AR R AL 1 8
AR FIRAB .

VS T il (LSZ) 2 7 Wk 4 M A% T 1) 0 o B il 6 FR 7 3l 0 ) S i B A v e T AR D . S 0 2 RO B AR
SR T eI AR PR AR — . B H RS (1997) B M e [ Xt R 5 v 2 0 390 B0 AR L b R R AR P iR
BB TS S Fh 8 AR R A v B 2 W — b 2 — 4 X LSZ A5 55 i AR HR I . 5535 2545 (2005) MR 0.5%.1% .
2% 3 VRS B ADRE  PL AN IR G A i bk B LSZ T M 35 A AS [ R B O v 100 2 A A — B4R SR R )
PR ¥RAE (2009 TR 58 K B, R B F A =Pt R IR il & T 0 T8 S 3R G0 0 77 A S N A i B T AR
PRIV TR 2R 1A A 0 B AT 2 v T ML (9 B G 7 . AR SIE IR R 5 2% 30, vl 60 0 MR 7 43 MR 8 5 1Y I 16
2L AL 9 T 95 T T P A R T I U T T T e 47 L [0 00 ) I 2 v A o O U T R 3 AR BRALES 5 RS
T P AP 359 L TR) 30 6 B e 2 T 8 (P<0. 01) IR v L e VR BE 20 M bk L LSZ 55 9 K 3k 3] W (i 3 Fb x4 43 3
2B 329 06,355 06,306 06, JHF I ARV BRBG VA M b R RS 9011 RA LR X IR WS . E S
HEXF LPS 5 S i 208 B A — & WBHLIMEF (g 1555 % 2009) , JI 38 7 ob [ 6 R 09 5 9% 22 45 . 15 3 1ML 36k 25 19 3%
1 W BE I T B T AL I R Ry b e e

3.2 EZHFHHEXGESKSEN 2N

TR 1 Tl TR Tt b 4 A 0 A5 T AR o 4 A S Ay T R 0 v e i A I o FG b TR M Wl R Tl CACP) 2 — o
T TR PTG Tl L 2 AT DA A A5 P 3 WAL 5 WK i 0BRSS NI RE AL B IR PR TR K i L 18 L3S 5 IR BL AT W 55 %5
SE BN YR N A R AR R (Lackie ez al. 1980), {45 (2004) #8 ACP 1 Ry w5 I 1P 52 2h ) 5 9% D) RE 1) 4
PR, sk WIS 2008) B 5T K B o A S A 28 A0 SR AT dub 25 398 it o [ 5% R R M Wl R G MLV e A AR . BB RS
(2004) F W5 A7 57 2 434 2. 55X 10 ° BRERWE B A1 o B 5 1000 W I o R 1k 4 1R i 0% ) 3 TR T Ak ep
JOR SR ] 1) 5 ko v % X MR R S A 8 ) B9V E I RCRIE AN . XA AT BB A (6] 09 S I8 4 Joa A T[] — SR 58 b
Kl [A Y PR A Rl A 28 X LR B ACP J& i 2N [/l (X 55 2002) . AR 9T & B, 4% M3 O[] e
B A ARDRL IS o T v VA B 2L TR R R UL PR TR M Wl 1R Tl ( ACP) 355 M R IR 388 i , O A8 2218 b e L T 1P 5 e T
(8 b AT LA A SO 4 A ) V5 il A il L K 9 A R R TR VR L X AT BE R A T 0 B AL B ) e 8 4
ACP ol iR 1 A ) % B FAC G L 42 2F 0 2 5 HLOR 40 i b 9 9 AR S ADP B 2 Ak 32 L T8 2 Fir 75 19 JC AL W 1R
PRk A=, DT $2 fm He A g 77

it A S (CAT) FUE A AL E AL (SOD) XF ALK N 7™ A 16 M4 B i SRR 0 B BA 2/ IS R 2B
YA P B ak AR A S 20 P AR A R B S AR T B R G 0 T BR e 0 i 2 S BUIR B 4R 4K (LPOD |
DNA $i 5 8RN M= 58 2006)  Hi A ARG 7 09748 16 S e 1 HLAK i) i 2 AR ok A2 Fn g g, o SOD
AR O F %Akt H, O, . CAT fig i — 6 H, O, 554k 7K (Thomas er al.  1990) . ASZEG v, JFFBEAR LA | Il
W TE D R EE AL FE T SODCAT {if Iy 7 52 56 I [8] N R 2 O IR A L 31X 5 277 3 09 0 98 45 AR G
A5 1999 %) AHEE 2000;%] [HZE  1998;Campa-Cordova et al. 2002) 33X 158 B 7F v By 1k B Ab P20 A 5
B i Y SOD i Iy v 38 5 I8 BR 6 PR 48 Bl BRRE T T B CAT 36 1 A8 A — Btk . CAT 15 J By 42 5 a) LA
TR T = A B HL O, i A WK S S22 R I S8R 5 . 3k s T o A W) IR Bt 480 AL T 2R 40 19 38 i [ B e e
S B XU B G g ) R BE ) 25 S (RR R JBLAE . 2009) .,

3.3 WEERSH
IR 28 7 R Y% 05 T2 W0 i B B sk I 4 B R0 20 20 B %) 4% i Al o = 1 S 8 TR B9 0 0 R & o A RS [R] P



110 wwolk B 3 R %328

23 R LT A AL AR ISR A W 0 1 R o I G TR R I TR] 9 S T D el 0 T R 2R 9 A R 3
B L JH X i 240 i ) e AR T O A K 8 G DR 1 B 9 O B i T T R CFR B OCAE 20015 A E AR 20045
Hukmark ez al.  1980) . KM AT LA Y o il 5 68 91T 78 v [ 00 35 A A A6 DA 494 B K% X ot b B2 25 4 02 3R 48
AR IR+ SR B 415 b IO K DR T o SR T A BF 57 3 MR 55 B0 5 T A I o e 200 B SRR e S 36 W LA R BRAE 36 b JiE B
A5 B U 2% W EE ZENS b R g BT T A U B T ER P R BEALSE TR P 72,48 h N A 4218 BT
i H . U TR 25 4 3 R IR (P<<0. 05) 5 Y R) I oy | o 9 B 4 A 2 AR 47 R 7 48 h (35 LT} I e TR] B3Rk
JE R 3 T (P<C0. 05) . 48h Jig S e (R 47 AP R [ . DRI UE S 17 56 MR35 3 2 A ARDRE I o (AR 4 5 4 SR
RGUAR G R T b E R B S gL 5803 U B RE S 4R v b E X RS Ty . SRR AE R AT LUR B R
e R LA 5 Dy W A (E: 24 4 i R 2 2 X IR I AR S B 4 (/N EZ A8 20100 DRI A IS0 25 A D DR S
IR He BE R 100 mg/ ke

£ % X WM

A 1E A AR LD R TR DR DL BRI 2009, 5 Fif i 24 0 56 [ AT £ 2R KRN G i AL AR I R e VAR L 33(12):96~102

EECH PR L, 2RO A. 2002, A A g5 245 Wk v TR B i 94 2 4 fh Tl RIS AR TG D R L T R R 2 R R, 20(3) 179~ 83

o2 F XD LE BE 2007, 5 B bR 2G0T FLA X BF A R AR R S M G T RE Y R L BRI R, 35(26) .8 236~8 239

EXGRL T M HOBUPK. 2005, 5 BEFIER 1 50K VX PLAH I X R AR AR R AR I R e i S . P DA R A 4. 35 (1) 133 ~37

FEF R B . 2004, JR RO 500 %3 1 56 1160 SRR I G0 58 IR s i e K SRR, 11(1) :26~30

LA T APSFEE. 2008, B 25 SR A ST L D BH 2R A R, 25(2) 1 158~ 162

AEI 2z 5T 8 . 2006, 2RI (O BE AR T Qo 58 BUR G W0 # 7L 0022 202 48 A5 152 M. BRI AR 22 240, 26 (7) . 1 180~1 186

VLIGE B XA 55 L SR A L A AR T, 1999, Z2 Bl of i [ of R A 2 S RE s . o LK ™ 4,6 (1) :66~68

XL, 3K B FE , 5 T ik . 2004, 5 F e B0 254 S A o 500 o8 6 A P 4 T R AR AR R L KB K A B A R L 19(1) 1 16~20

X fE 2SR 1998, G s 2 M % A8 e 25 N ERAVE P R B9 M S IR L 29(2) 1 113~118

XUB T L VLIS AR ¥, 0 A AR T, 1999, G yie 20 Wi oF o [ 0 A ML ¥ 9 I 9 R R 5 S AL A i P A T TR S 0N L 30(3): 278~283

XA LTLEH L B ARRE. 2000, TR EEE R X v X HR G 95 AR G P VA RIS IS R R L K AR, 24(6) 1549 ~553

A R GERAR T R IR ER T, ESE. 2002, 5277 25 B0 50 Xk B IR R G 28 e B 1 B AR . BB Tl . 23(7) 145 ~47

BNEL A RETT IR B 2010, B A o R A 00 A R B B BRI T v IV K 2 24 4, 40(9) 1 32~36

skoOBL ERE B E R EEALN ML 55, 2008, G I SRR X rh X Y S e AR BT ol AR AL . 35(4) 158 ~61

KETLE A FRIUE. 2003, BT Y 25 BAE AT IR, S E AT AR 191D 11 212~1 215

TRHS. 2009, T WUMLFI 4 22 Bk 5208 FLA I X R AR K7 55 M G2 98 35 LA Bt WSSV BB A B 72 . DL« vl 1 K ™ B 27 W01 9 e 80 10 A 7= BF 90 9 1l )
uli e

TR MR TG 2R SO, S EEAE. 2008, B 75 i 2 7000 B IR VR R AR A RN AR S M e v T R 9 S R YR KL . 38(6) 1 42~45

B f, EVEED, A a2 LX) . 2000, VA IR X =0 AR 0 VA T RN TR S R R i A R, 30(2):78~82

TEBRZE, O B R 22 R IA] L 9241 . 25 55 B 2005, A1 X ConA BUIF 45/ RUIF L4 MDA & e iy 5.t FLAe AT L2445, 13(9) .1 153
~1 155

9 DA ifE. 2002, w0 0F 5% 58 SR B £k e 7 5P 96 B S . CJB e« 9 I A L 36~ 41

W35 57 » da BRI 2008, BEEHT A AR K 25 BT TR DF. P AR P R 2524 1), 26(7) : 1 443~1 445

fo B 1. 2004, XF MR 95 Dy RE 5 A 19 1 57 B O L BT TR 22224 CH AR B3 00 43 (3) : 385~388

R E B 4. 1996, Hh [ X R L 26 G 2 3 bR 1 T B S S TR 00 AL AT 5. BRI L 5:324~327

ARV 1) T /N AR U, XL 2007, Ak il ff £0 AP A ORIV AR R S S R AR A SR LV R 16(4) :329~333

T HAE. 1997, v & 24 1 78 F o [ o R 6 08 3% 1k 10375 S A T M S5 09 L 28(6) . 573~ 578

MR X ¥ EDE. 2009, SALE X HEE 157 o [ X IR S5 AR G 2 Y 2 0m. fflk B HE L 30(1) 134 ~40

4 fd. 2005, 2 )X L 28 6 R AR R B L ik B r S 5 AT A S L DL Tl L 26(6) :6~10

LA, T, £l 80 KA. 2004, X1 HF 40— S AL R G U4 2 5 BT 7 iR BT, k72 R4, 1103) 177~ 184

ZEE, T, E i 2004, o [ BT HE i 48 i — S A G R 04 58 08 TR B SE G E e 2 i g i R P iy AR AL MR VE S IE L35 (4) 342~
350

TRESC,# 8.4 UKL ATTFHE. 2001 R 1 BELE A 1 95 2 (WSSV) X MR M6 5088 R T A9 BF 52 H K 77 Bk 2% .8 (4) 146 ~51

Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of protein-dye binding. Anal. Biochem. 72.248~
254



5 43 ARk 082 032 455 5 R v ] X A 21 U 8 A ik AR R 111

Campa-Cordova, A. 1., Hermdndez-Saavedra, N. Y..,and Ascencio, F.2002. Superoxide dismutase as modulator of immune function in American
white shrimp (Litopenaeus vannamei). Comparative Biochemistry and Physiology Part C,133:557~565

Hukmark, D., Steiner, H., and Rasmusn, T. 1980. Purification an d properties of three inducible bacterial protein from hemolyph of immuniazed
pupae of Hyalaphora cecropia. Eur. ]J. Biocchem. 106(1) ;7~16

Hultmark, D., and Steiner, H. 1980. Studies on the method of lysozyme measurement in serum. Eur. Biochem. 106:7~16

Immanue,G., Vincybai, C.,Sivaram, V. et al. 2004. Effect of butanolic extracts from terrestrial herbs and seaweeds on the survival, growth and
pathogen (Vibrio parahaemolyticus) load On shrimp Penaeus indicusjuveniles. Aquaculture,236(1-4) ;53~65

Lackie, A. M. 1980. Invertebrate immunity. Parasitology,80:393~412

Sivaram, M., Babu, M., Immanuel, G. et al. 2004. Growth and immune response of juvenile greasy groupers (Epinephelustauvina)fed with herbal
antibacterial active principle supplemented diets against Vibrio parahaemolyticus infections. Aquaculture,237(1-4) :9~20

Sritunyalucksana, K., Sithisarn, P., and Withayachumnarnkul, B. 1999. Activation of prophenoloxidase, agglutinin and antibacterial activity in
haemolymph of the black tiger prawn, Penaeus monodon , by immunostimulants, Fish&.Shellfish Immunology,9:21~30

Yin,G. J., Wiegertjes,G., Li,Y. M., Schrama,]., Verreth,J., Xu,P.,and Zhou, H. Q. 2004. Effect of Astragalus radix on proliferation and nitric
oxide production of head kidney macrophages in Cyprinus carpio :an in vitro study. J. Fisheries of China, 28(6):628~632

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(PEEVRESHREVEITESE

(PEELFEEFAE)ZGRLFEE FEARKPHERARAR I AN EEBFR
Tl 4 .

AR F G HAR BB LA IR F LA Ao AF R F o @0 BUR R BRI R AT
RABRR BEELRESFEIEABLAG TS BRI B LR ERAFERF LB
PTHELA ., TZRKEIRTRRZLLMA AR ETRLF 5 @6 LA QTR
MR AL FZEF, AEEZBLERELAL ﬁi%\féﬂkﬁ;ﬁﬂc#ﬂ%i&#ﬁ@?
R 5 R IAE B A 4E B B SNFE L

AFIIAEF, K16 FF, 4% 3.6.9.12 A i, 8 X7 FHEZN 18 T, 250
72 7T, AR gy A 2 A 2R3t 80 T FEITRAARFE . TAES BB ARILIT,

AR kT ES Eﬁaiﬁé@%% 150 5 P B &k i & 5 47 A ) 4 4 3%

%% ;100141

%35 .010— 68690728

KEABEAR HFEH

AMoR ) RiEFIEITRA L, @RS  REAPLREG T KELE LB AEZS

(F BiE ki F 5 A7 E ) % 435



