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HAWKERGRABAAZFAIRA, GRRB AR TAdEMBERARZ 1R, BEEHKLE
& PCR & %5 2.4 .7 .11 .14 f1 21 K & fji o IgM IL-18 .C3 C-% & % DL X % T B ) mRNA % 3
B FAES 2 R#ATRRERERLFLH, FREF, LEFRAE 4 X IgM 70 IL-1B8 ¥ %
KERE REE, 255 28.3F0332.7; R AZE4E 11 X IgM fn IL-18 3k 2| & & 18, 2 7
H56.141791.8, LEEMAWAECIC-RERTURBEBNERAENLF T T LEH A
MEBA, ARkAFERE K, FEAFEREALVEZRANMEAS 2R R ETK80.0%,8F
BT RERANS56.0%, FREW, LEZREE KR ERE RiEREEEREEZRN, T U
WEEE P IgMIL-18 C3 . C-BEZURAHBAR KL R RAHT L ERPF,

KHEW: FERE; LEZH; RERE; RAEAK; ruR

HMESES. Q939.9; S 965

I K =S B ML # ( Aeromonas hydrophila , Ah) J&
— P FEBOREE Tz A T H AR & FOK R
AT O™ P e T R Hl R
7R LR R TR 2 B AR e o YR P
B S 0o 1) B 8 ORF , (E X LR LR L 55 5l
S RE R, AN A ROMASE N, R R T B R AR R
W0/ 1 R F AR S 0 2 v B ) R R
P, RUWBBERAE DT E 8 T/ A% L Fb 4o
T4 e SR B PR X B Y B B IR M AR
i AR B A R S R A 95 1B
TG BARSE R RE, 255w B IR O S P AL PR A
i35 BT, S 0 A RO B SRR DT 2 v A
P2 OR T 18 U0 AP 1Y) R R T 1) A

[ BE %5 % (anisodamine ) /& 3 [ & U M il B
a4 B R 1L B 25 (Anisodus tanguticus ) W42 B
HE R Y — ol AR B, S — b LT M B2 A, AT
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— Tl 20 A 5 R, BE 8 0K I 1 O 2R Y A 3L )
B, P2 R T o AR AR T Il R A B RE A
A SR SR

AR5 K LB 5 B I 7K AR A T T
BAE BRI E R T I M (Carassius auratus
gibelio, gibel carp) , i i 52 i %¢ It i€ # PCR A Il
IgM IL-1B3 kMMA C3  C-HE 4R 3 DL S B i 1 2 ]
P 3k 8 I HEAT S T Bk S B, A O 1L RTE K
196 928 T VR 90 A 94 v X AR ) 51 R e g R AR A
P PR 532 ) e S AR AP RICR
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% KB (S £1) g, KK (6.5 £0.5)cm, L5
HIE SR 2 J, S SRE 0 SoR A& Bl e Je T
SEEG ., SEE KR (26 £ 1) C . BRI E
YYKO090901 [tk A AWEFE % H 47 70 85 48 % I Ik
B P A T, Ay AR R S B0 1) 48 R A R RO TR
TR
1.2 FZEAFFNE

TSB K537 5L B T 28 B B3R W) B 50 BR
Z3 ) IR A e A T R A 25 A RS E T A
(& & 5 mg/f ) . PrimeScript RT Reagent Kit Fl
SYBR Premix Ex Taq I ) A REFE ALY T1EAE
FR/Zs W] | Trizol Reagent W [ o0& 68 50w, Hix
il i A EE D T IS

ABI 7500 2%t % & PCR {4 3¢ [ Applied
Biosystems 23 7 i, 5 2% R B0 L 56

Sigma 7y w77 fh . B B E P E X £ HE
BECKMAN COULTER 7 &] 7= ji & #5 $% K SPH-
2112F 2 H [ SHIPING 2\ ] 77 i, A= 4k 85 57 46
MIR-153 34 H 4 SANYO /A & 7= i o
1.3 FEKSEE KRS &

4 YYKO090901 [ #4425 Fh 3] TSB ¥ 1A 15 77
Hh 28 CHEPRIE AL 18 h, FE46 425 500 mL TSB £
FrH 28 CTH R EEFE 18 h, SR )5 I 3%t /K Hy bk
VW28 TR 72 h, TR TG4 48 )5, BRI R g /K
AR T KT S
1.4 RAeESHFEMmR

FEER N 2R 3 41, B4 50 S, 430 oA 1L R
A TCAEFVAFXS B Bk 7 d G Rk T
JnsE G RE (1) . RS A 2.4.7 11 14 il
21 ROy AR EENNE , B BRI R4E 3 Bt

®1 ZTBRFARRABARE
Tab.1 The summary of immersion immunization

451 AR RSB

groups fish number programs of immersion immunization
== il so 1.5% #h /KB 5 min J5, 78 15 we/mL 11 B = i 5.2 x 10° cfu/mL ¥
anisodamine-adjuvant vaccine group 70 T I 30 min, BV S 7 T i A e
b E so 1.5% b /K590 5 min J5 , 76 5.2 x 10% cfu/mL $£ 1  % 13 0 30 min, 75
adjuvant-free vaccine group WARYE T d )5 R 347 o s
XJ HE 21 control group 50 1.5% 57K S min, 1 A 7 d J5 [R)E SR 47 05 i

TE < LR B Ve B S 1S wg/mL, bl TSR I0 T A4, e R o 0 AR R A AR R, A AR B AT T

Notes : the concentration of anisodamine is 15 wg/mL, high concentration could cause big damage,and even death from the pre-test

1.5 & RNA iR RER

JH Trizol {4 HUER PG AE ) RNA i@ 1% 1Y
BrONE B R e R TOR AG: T RNA (1) 52 38 M Il F A%
PR 2 10 2 {3 7 RNA {4 BE Al OD g,/ OD g0,
P, K2 SR 847 1) RNA 14T cDNA 194 A .

1.6 ZMKEKXEE PCRIIMEHEEHK

TE GenBank A 25 % 4R ] 18S rRNA  IgM | IL-
18 AMA C3 C-#E 5 = Fns Wl 9 4% 1 1R )7 51, )
JH Primer Premier 5.0 ¥ 4%t 54, 3F B 5 4% 4
PR BR A WA B 51T a4k 2 s .

%2 18S rRNA.IgM %MK C3.IL-1B.C-REXMBABEESI ¥
Tab.2 The quantitative PCR primers of gibel carp genes of 18S rRNA ,IgM, C3,IL-18,C-lectin and lysozyme

EIE KX

primer name

FIMFESI(5-3")

primer sequences(5'-3")

519K & /bp

primer length

Forward 5'-GGACACGGAAAGGATTGACAG-3’

18S rRNA 99
Reverse 5'-CGGAGTCTCGTTCGTTATCGG-3’
Forward 5'-GTCAATCTTCGGCTTGTCTCA-3’
M Reverse 5'-GGGTATAATCTCCATCGGGTC-3’ 179
Forward 5'-GTGTAAGGGAGACCTGTGCCA-3’
e Reverse 5'-ATAGATGTCCGAGTCCTGTTT-3’ 166
Forward 5'-ACCAATGCGACATACAAGAGG-3’
1L-1g Reverse 5'-ATCAAACCACCAGAAGCCAGT-3’ 28
C-HHE X Forward 5'-CTCCCGCCTTTGCTCTGAATA-3’ 14
C-lectin Reverse 5'-AAGTGCGTGATGTTGTTGGTG-3’
5 T il Forward 5'-GGATTCTCACTTGGCAACTAT-3’ 249
lysozyme Reverse 5'-TGATTTCAGTCCTTCGGTTTT-3’
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1.7 EEZEEE PCR R ERIHE

DLTE 5 B 80 80 1) cDNA 1R Oy 5 i i 47
PCR 4" ,PCR =¥ & 1% 1) 35 g B 358 i Fi Ik 43
B a0 H B ST 2R AT I AR R A TT
i 128 BH 2 v B, 3% BV AR TR R A R 2 |
¥ o B HCRA PR v R BTk, A I BT ORL (Y vk FE R
OD 4,/ OD g, 1EL , LA 10 A% 46 B H B 11 B 401 o At
F MR, AT 9Ot E 5 PCR, 43 il 1 1t N 2 3k A
A H Y EE R A ol 4k
1.8 SEATREEE PCR & IgM, C3,IL-1B,
C-REZ.FEBHNKRIZE

P4 B SR 1) cDNA AR S SR R A7 S I 951 78
i PCR, BANFE Ml 3 A P47, RBLFEIF:95 C,
30 5;95 C,5 s;60 C,34 5,40 MEIH;95 C,
15 5;60 C,60 s;95 T ,15s(F%3).,
1.9 FERELE

hs Ay 21 d Jg, 90058 56 0 45 1 2 BBt
1 LD,, (8.7 x10° cfu/mL,0. 1 mL) f#] YYK090901
RUAR I s 0 2 B & AR S 3 £, B RO E SR At
T8, 3 22 L% 14 do oF BOHE X A e AR A R
(RPS/% ) :

RPS = (1 — Sy AL T %/ X A JET- %) x
100% .

#3 IHERAXESE PCRFBHEER
Tab.3 The amplification system of quantitative PCR

T iy vane
reagent volume
SYBR premix Ex Tag II( Tli RNaseH plus) (2 x ) 5
ROX reference dye II(50 x ) 0.2
PCR forward primer(10 pmol/L) 0.2
PCR reverse primer(10 pwmol/L) 0.2
ddH,0 3.4
cDNA 1
BARFR total volume 10
1.10 HIEH

SCEEHE L3 (E + AR 25 (mean = SD) 3
7~ , FH SPSS 17.0 G i 5 44 #E 47 0 IR R 7 22 40 #r
(One-Way ANOVA), Dl LSD J ik it 47 £ &
K 56

2 LR

2.1 tREHKLHNE

JH 10 A% 46k B2 A 88 i 1) JSORE A AR AR o A v i
Ay 2 45 S5 AT A9 o A i 2, 0 i AR 1Y 0 0 X
BRI CEMER 58— K BL IR AR
MIpRAERI R (1 1) o

40 y=-3.730 8x+34.783 =—3.887 9x+36.622 40 ==3.103 6x+32.862
. . y="3. x+32.
R’=0.998 8 g R*=0.998 4 R’=0.996 4
o 30 ° o 30
= = =
st st S
S S © 10
2 4 6 8 2 6 8 0 2 4 6 3
NGRS LIES PR IR BE U fE i i A BE T B
log value of standard sample concentration  log value of standard sample concentration  log value of standard sample concentration
(a) (©
y==3,462 1x+33.960 40 3040 3x+31.947 y==3,624 Tx+31.982
R>=0.996 6 30 Y RE0.995 6 R=0.997 8
2 2
S o &)
2 4 6 8 0 2 6 8 2 4 6 8
A i 4 B 0 B A i A R0 B A i A B0 B
log value of standard sample concentration  log value of standard sample concentration log value of standard sample concentration
(d) )

B 1 18S rRNA IgM . C3.IL-1B.C- X MBHEEFE LA R EE PCR 47 i 2%
(a)18S rRNA frifEf£k; (b)IgM frifEflizk; (¢) C3 FRufEMiZe; (d)IL-1B FRifEMiZe; (e) C-BEAE RARMEM LR ; () VA Bol B b o ity 2k
Fig.1 Standard curves of quantitative PCR of 18S rRNA,IgM, C3,IL-1B, C-lectin and lysozyme
(a)standard curve of 18S rRNA; (b)standard curve of IgM; (c)standard curve of C3; (d)standard curve of IL-18; (e)standard curve

of C-lectin; (f)standard curve of lysozyme
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2.2 1gM.C3.IL-1, C- £ % Fl A B BG 5 B 19
REETU
2L G 2L 1M R 36 36 B 5 i
BELL(P <0.05), Ko [l 25 B4 £E 45 4 KI5k
B 7 i {E (28.3 4% ,P <0.05) 55 7 KT &%)
WK (P >0.05), 7645 11 K X H B [l FF (5. 3
o XA

control group

o Tt

adjuvant-free vaccine group

R

anisodamine-adjuvant vaccine group
ac

[, P <0.05); TAEFAE 11 X8l i & E

(56. 11 ,P <0.05) , 8K J5 55 14 RE T Bl H

(27.8 f%,P <0.05) , fE45 21 RuF X+ M 7t

(48.0 f%,P <0.05) (& 2-a) , W4H e 411y IL-

1B Rk ALY TeM MBI 2-b) o 2 4

e P AMA C3 7255 4 R - eSS 7 Kt
o XA

control group

o eI

adjuvant-free vaccine group

R

anisodamine-adjuvant vaccine group

560 51000 f
TS0 2 500
g & 40 B )
xe BS 600
Egsor &) & =
200! e =E 400
zE el z =
EZ 0t el T 2< 200
~ 0 e! 2 s '// Z ;;. o
=) e g 0
2 4 7 11 14 21
IfIA) / d
time
(@
o A o XL
- control group - control group
g 000 be g LHERIAL £ 100t @ AL ,
IH 2 500 adjuvant-free vaccine group B3 be adjuvant-free vaccine group
o S 80t e oz
HE 00l B AL HE WAL '
®E anisodamine-adjuvant vaccine group "8 60 | anisodamine-adjuvant vaccine group
<3 = 40 F
<7 200 r <3
z = ac L
%2 100 P A %< 20 ¢
% 0 i | aghe e % 0 ]
2 4 7 11 14 21 2 4 7 11 14 21
A/ d il / d
time time
© (d)
=15 F bc O bapicil
RS} control group
1 2 o ot
Ha adjuvant-free vaccine grou
S0l j group
RE B AR
g_z anisodamine-adjuvant vaccine group
=
<o S5t
b
%z :
Qé 0 A [ [leid (AR [P
2 4 7 11 14 2
I/ d
time
(®

B2 AREIHHRHBEFRREEERNENRIZE
(a)IgM FIXf K ik ; (b)IL-1@ MRk &, (c)C3 MiXfRKikE; (d)C-BEERMN KK R (o) WM RILE, “a” RIRX}
RASTAERAMMTREEAABEET(P<0.05) ,“b" FRFHMASILESHARLAG REFEETF (P<0.05),“c” Fn Tk
A5 ISR A BE 257 (P<0.05)
Fig.2 The relative expression level of genes in the gibel carp spleen in different experimental groups

(a) the relative expression level of IgM; (b) the relative expression level of IL-18; (¢) the relative expression level of C3; (d) the relative

“,»

expression level of C-lectin; (e)the relative expression level of lysozyme. “a” indicates that the relative expression level is significantly

”y

different between control group and adjuvant-free vaccine group( P <0.05),”b” indicates that it is significantly different between control

“ »

group and anisodamine-adjuvant vaccine group (P <0.05),“c” indicates that it is significantly different between adjuvant-free vaccine

group and anisodamine-adjuvant vaccine group( P <0.05)
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¥R

39 %

LR 5 0 A 3k 3 o S (516, 6 f%, P <0.05) 1
TAEFNAAES T REBTFEBE(80.4 15,P <
0.05) , WA g2 1) C3 MR Rk EAR B FH = T
XTHEZH (P <0.05) (& 2-¢) o IR %5 Gk 2 1y C-FE
ERAES 2 RAK ETH(58.1 f%,P <0.05) 55 4
KB e mfE (75.0 f%,P <0.05) ,JF HAES 11
KI5 To A% 770 20 A8 B AT O 4 8¢ i 3R 58 KR
(12.6 % ,P <0.05) ; T R 1) C-EEE RIS 2
KB FN BB (16.4 £5,P <0.05) A5 2T
Reash (B 2-d) o LB 5 A i B 56 4 R JT
HETH(6.0 £5,P <0.05) 55 7 Ko ik 3 &

(13.8 f,P <0.05) ,7£45 11 KA (2.2 f%) 5%t
MRAAR LG R AR AE 0 3 ME 25 5 5 14 KR [ 3%
HEKSFE-(P >0.05) s oA R A P s A 2 R i
AR TS, IR B TR (12.9 f5,P <

0.05) %5 4 Rk &2 2% BOK (P >0.05) (A
2-e) o SLHRHE R, G 4145 G e SE A Y AR X
RRERESTXEA (P <0.05) I HILESE
Bl + Ah 3 i 20 R DL TgMAE S g S R Rk,
— B4 8 T AMA C3 | C-E4E DL A T il 7T LU
FE A ) N RR SRR R AR
2.3 FHHRGTIHER

YYKO090901 T A% T 35 45 21 55 06 A, 3 2 WL 5%
14 d 855 B R , %5 L4 b 8 T i [R) 76 16 B 08 IS
12 ~48 h,2 d JE RAET-1H 00 K& Ao X BR AL oAk
FGL B 4l R AE TS #4383, 33%
36.67% F1 16. 67% . 1L B %5 5% 41 AH % 5 28 F7 37
FH80.0% , B F = T IALFN AL 56.0% (P <
0.05)(F4),

x4 BLEAHBANRERPE

Tab.4 The relative percent survival in the different experimental groups

151 Yo e/ Fe SET R R TETH/ % HIR S (R %
groups challenged fish number dead fish number mortality RPS

11 K 756§ 4 anisodamine-adjuvant vaccine group 30 5 16.67 80.0

T F 4 adjuvant-free vaccine group 30 11 36.67 56.0

Xt #4441 control group 30 25 83.33

3 3k

AR FE R LR 5 -5 8 7 PR T A R
WK, 4200 A 5 S A, O 3 e S Ok R
PCR M %E T 4§ 57 P G 52 N 1 1gM il o R 4 4 3
7 H A 3% IL-1B AMA C3 | C-BESE R L
PR D IR 1 A8 b o SR s, LR 5 Bl 4 A
TeAR RN AL S i G 58 DR 5 4 32 1k R I 3 v T 0
HR4L(P <0.05) ¢

H A0 SN R A R S AR IB R RIE R A
Bt 14 A R, RS [ N AN 2 o B R I R S
PR BEAT A I, SR T T ARG I A e ki Ty ik, il
HAE g — A B % b, Diao % FE DA i 24
B-H R Wi F A fh W xb F 8F ( Paralichthys
olivaceus) 1) I I, XF 4 35 A1 5% 2 [H IgM | IL-
18 .IL-6 , TFN-a | ¥ B Fif % #£ 47 T 45 I, Huising
A4 U A B B ML TR (AL salmonicida ) KT 9
W BB ( Cyprinus carpio) Kl T 8 IL-
1B Hl TFN-a [f9FE P RIR WO . AHF 58 A 1
B IgM (IL-1B C3 | C-HEAE 2 M 12 i Y S
Fibw AL, 45 R BN, IR A R R AME C3

C-BEAE 22 0V T Bl 1 ik R AR VS ek B Y W 3 o T
TeAR R BE W4 (P <0.05) FX A4 (P <0.05),
I H AR RFEE I (] 4, 3 2 WY 1R 55 el A v UK <
IR R I 2 v ] B R 1 A B AR A, T L R R
o BB S R S e N TRk

IL-1B8 AYAHXT kAR L [R) 1gM Ry 20k & 728
OBHARFARL, FE2E 2 K 1l B i 4l 5 0 IR 21
AREL, oA Y BLE % 2% 57, Selvaraj 451 {1 ] B 2
BRI Z2 A Ay e 50 5 i L 3 -l IR Sl T L
(glyceraldehyde-3-phosphate dehydrogenase , GAPDH )
¢ S e ), 3 IR A 9% I Rl 24 Fn 48 ho iy IL-1B
RN Feak i, 2500 A B 5 0 A AH FEOF R A 22
5o IL-1B AT DA A4 B 4l i 7 [ 38 56 [ 7 ( pre-
B-cell colony enhancing factor, PBEF) 3 ik i 3
Z ALflifik B 4iMi B 4iM k. IL-18 i
LR RS CD,, 9% ik, 76 B 40 L % 1 47 7E CD,,
(5204 e AT B 23 0 3 B A0 = R TR B
O 2 1 L T P IL-1 2 4R AR R ] IL-
1B Al fAE S IgM By KK A MKk, TR 4l iy
IgM B3 B TFR B P [ 0T 8 5, 0 5 s 2 0
P AL A0 TG AR R B A T G e O B S 1gM SRk
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B Ak S L. R 2% % 1 A
( Edwardsiella tarda) ) B2 FimA ( EZEFH BT B
fidE H) E b 4k ) 5 A 4E IR 9R 1w ( Vibrio
harveyi) V. 5 A7 5 ¥ Bk I VR S e e o B £ gz
1 df5 75 JBUIE th TgM ) AR 3 3k & 5 %5 BE 20 A
Posh 7= A T i 2 35 9 4 v (P < 0.01) 1 AR
e, IR A AL 5 JCAE R0 1) 1gM 3Rk 5 A D
F TR IR AL RS 4 RuF i © ik 3
e A (28.3 £%,P <0.05)  HEM AT RE & 1 T 1
5 AR ET TP A

W5 22 B (i ¥B 20 TS A R0 R AR A L A
AR I [) 1 IR 9 e R A T I RE AR =
B e ROR - A (saponin ) B8 4 5 F B 8 5
WK (V. anguillarum inactivated vaccine) |
BHE RS K S B B (AL punctata
inactivated vaccine) & ¥ 90 7 SR, AH X S0 7 AR B
AN T2% F1 T8 5% 1 T A 4 B 4 B
27% F154.1% "7 4 FRE ORI A 7 VE 22 0K
%95 B ( vrial nervous necrosis virus, VNNV ) | £&
B AN KR, 2 f % R A A7 BE # ( Epinephelus
coioides) %) th , FIXf G AP R 0] DL 58. 6% 42
EH 85% 'Y, MK K M B-hemA-ISCOMs
2 Vi IR T S 9% B8, AR O 4 i Ak R R BT AR
B @R T IMS1312 R 5 Al . &
A BRI B R s 7 (iridovirus ) KTG 1 2 Ik
13 W 958 K22 6] ( Scophthalmus maximus) , #H %
FEGAP T LLK E] 90.5% Y IMSI312 gk
SRR T T B S TR T 5 AR £ 7R 2H AH
XF G S R AP 3k 67% , T A R 4L
56% 0, Il B %% ) 5 i fa ( Crenopharyngodon
idella) H 1fil 75 % 15 ( vaccine against haemorrhagic
disease in grass carp) & ¥l 9o 58 B A, iIE R H ik
85% , Lt i T X B 41 30% ~ 50% o 1L HE A
B T = R I R Y S 9 B SR i
(Ictalurus punctatus) 5P, B R N 92% |, 1 A1
PEALBUE S AUAT3T.5% 0 B i 1L EE 7 0
ZH B AN g AR AP 385K 80. 0% , Jo Ak ¥ 240 1Y) 35 2|
56.0% , A L 111 BE 75 B RE 2 25 £ 1w I /K R I T
YT P R U B g R O ) AR R — R i R 4
TR v R S A R, B A ARG B 1 F
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Anisodamine increases efficacy of Aeromonas hydrophila
inactivated vaccine in gibel carp Carassius auratus gibelio
by immersion immunization

SHI Yunduo'?, REN Yan', ZHANG Defeng', FU Xiaozhe',
LIN Qiang', LI Ninggiu', SHI Cunbin', WU Shuqin'"
(1. Pearl River Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Key Lab of Aquatic Animal Immune Technology of
Guangdong Province ,Key Lab of Fishery Drug Development of Ministry of Agriculture ,Guangzhou 510380, China;
2. College of Fishery and Life Science ,Shanghai Ocean University ,Shanghai 201306 , China )

Abstract; In order to study the role of anisodamine as an adjuvant in the immersion administration together
with inactivated whole cell vaccines, gibel carps were administrated by immersion with inactivated
Aeromonas hydrophila vaccine ( inactivated Ah vaccine ) with anisodamine on days 1 and 7. Spleens were
sampled on days 2,4,7,11,14 and 21 after the second immersion immunization, and the expression levels of
IgM,IL-1B3,C3, C-lectin and lysozyme mRNAs in spleen were detected through the real-time fluorescence
quantitative PCR ( RT-PCR ). The gibel carps from the control and immunization groups were challenged
intraperitoneally with A. hydrophila YYKO090901 at the dose of LD, concentration on day 21 and then
mortality was determined and relative percent survival ( RPS) was calculated. The results showed that the
expression levels of IgM and IL-13 mRNAs of anisodamine-adjuvant vaccine group reached the peak on day
4,i.e. 28.3 and 332.7 respectively, but the adjuvant-free vaccine group reached the peak on day 11. The
expression levels of C3, C-lectin and lysozyme mRNAs of the anisodamine-adjuvant vaccine group were
significantly higher than those of the adjuvant-free group and the control, and those of the anisodamine-
adjuvant group had longer expression duration than the others. The efficacy of inactivated Ah vaccine could
be significantly improved by anisodamine through immersion administration,and RPS rate was 80.0% . The
results showed that anisodamine immersion administrated gibel carps together with inactivated whole cell
vaccines can significantly promote the expresstion of IgM, IL-1g, C3, C-lectin and lysozyme mRNAs in
spleen,and protect gibel carps better against A. hydrophila infection.

Key words: Carassius auratus gibelio; anisodamine; inactivated vaccine; immersion immunization;
immune efficacy
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