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Table 1 Effects of chitosan on the vaccinated survival rate of aquatic animals
s U oL vR U&= BURE G PRk IR
. 5L 77 1% . . .
Experimental Method Experimental Vaccinated Vaccinated References
ethods
animals period (d) methods survival rate source
) Fefilh B A+ T ) 2% B A T .
AL 8% Rainbow trout e 7 e 40% A Siwicki 452!
0.5% 76 bk (1X10" CFU/B)
I 1 5 e SR 5 R B R R K 609% A
B (100 pg/f2) ¥ 1 min ’ i
Jt3& & i Brook trout . fg ‘ s i Anderson 2571
RIE5T R 5 2 A% fe PR TR K 509% A
(100 pg/mL) %11 min °
JIEE B T S O
F14F White shrimp A 1 kit 35% A Wang 20

4 pg/g R TE5E R

(2X106 CFU/ )

A SR 1 L 00T R A TR I R ] Y 25

trol group and experimental group.

A indicated the difference of vaccinated survival rate between the con-

F2 ZREBEXNKEDVEEBEREERNZIN
Table 2 Effects of chitosan on the phagocytic rate of leukocytes in aquatic animals

[ OESIEY) SRS P20 i 7 BRI
Experimental animals Methods The phagocytic rate of leukocyte References source
S H M Hybridized Prussian carp  ZEAl H K + 1. 0% % B0 17.2% A = T e els
it Crucian Fa HRR + 1. 0% RHE 18.1% A * ] 25 2 L)

AE 6 JTaponese sea bass JERH M+ 1. 0% e BBk 8.4% A * 7 o]
WAl Ctenopharyngodon idellus A H AR+ 0.5% 5¢ B bE 13.4% 4 - 1T g 0
[44F White shrimp VESE 4 ng/g (R TESE TR 50% A Wang 4"

NFORTEXT IR A B E B A B R, RR B ASHIRAZ R P E." (P<L0.05),"" (P<C0.01)," " (P

0.001), F .

4 indicated the raised proportion compared with the control group, *

means significantly difference be-

tween the control group and experimental group: * (P<C0.05), “** (P<C0.01), *** (P<C0.001), the same as below.

2.1.2 BEIHEH

A Wi 40 B A7 A B T B A I AR 5 X g D 1
HEAT % I 228 A8 AT 43 Shy S A o A I S0 0 7 b
2 ARy X 32 A 5 A I A0 R A S R
JFORBE R F . k. AR O Y R A
1R s A A AR 7 R 5 3 D Y ik RS (NBTO 19 fig
TSR BN A 40 M O (e, RS R L. R
AT LA S 3 A S R R K A sh W A R R
NBT fRE S (F& 3451w, 44 &b 40 il 15 35 3
575 B AH 0L 09 25 S . James 250000 P VR B 1Y

S VAN A O 25 ug/mL Y 5 R OB I 0
I K BK W E AR IR NBT RE ) b & .

1% Wt 240 3% X DA 1) A AR5 5O A 2
FHAMS Y, FBAREER A0 5 W5 00 7 TR il A o
P (MPO) | R 194 TR il R0 55 7 ik i R il 458 3%
KA BRI ) AR T K A S Y
R0 IV R L W A B T W R B ST RO T
DA, 5 B S R K A 2l A DAY 1 RO
(F P10 MPO W] b d L2 i & A 0 IR
R R R O RN TER RIS 5 T A
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K o I v P kL 4l i h MPO 36 M B R e T
27.8% . Cha S 2 7F (6 ] W o 58 W A0 9 ) HM

Ja Sk B R MR I b MPO TR R ERE T
83.9% . LA_b 25 53 B 50 OB T LA o {2 2F 11 40
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Table 3 Effects of chitosan on the NBT reducing power of leukocytes in aquatic animals

3 IR NBT & Ji ) PRk IR
Experimental animals Methods NBT reducing power References source
UT i Rainbow trout FLR H L+ 0. 5% 55 B 32.6% A * Siwicki 7]
fifl . Cyprinus carpio JEREH B +1.0% 50 4 175.0% A * - Ayyaru %
U White shrimp WA 4 pg/g R E 5T A 23.8% A * Wang %M
F & Olive flounder 1. 0% 7 B P A ¢ H R 23.9% A Cha %04
x4 EEREXMKEDIVBEBEENZW
Table 4 Effects of chitosan on the lysozyme activity in aquatic animals
I3 WF5E 7 ¥ PR T A A T T BRI
Experimental animals Methods Detected position Lysozyme activity References
2 I3 130% 4 *~
5B , ey € : - st (8]
L ) FETE H AR+ 1. 0% e b kE 93.8% A *” F A
Hybridized Prussian carp
it 121% 4 *~
A8 Japonese sea bass A HME 1. 0% B 1ML 37 25% A B 0]
fifi £ Cyprinus carpio Ll H O+ 1. 0% 56 Rk 1L 7 417% A Ayyaru %5
7 Olive flounder 1. 0% 58 B {0 g% H AR Wi 57% A * Cha 20
3k 26.7% A"
WAl Ctenopharyngodon idella R H AR +0.5% 5¢ B bE ’ ﬁ (et A
LS 52% * -
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LR R AEFE SR R A R G R FEE R E
BRI P T R R K AR B e S e i R
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XA 5T & B e BE AT DL G0 A0 e I 1 1 32 1A
S5 VR A i) — S AL A (NO) RT3 — 2
(PGE) & - i 53X 2 Ff 25 90 308 4 40 05 5% i ML AR 1)
GREIRE . H FT 170 R B fe 41 i ok NO A
PGE, /=i fm & 7, B4 A L EA NI
it BEFRATT AT LA W7 K A= S0 T R AE A 25400 8 4T AL
il . X EEHLH E B LR LA .
3.1 NeEmMEF NO &R0

NO EH—F 8 Z 1 SR AE 5 40 T FEHLIR Y
RN B RGN RELES R RENIEN. AW
() NO ] DI FE LT G 3% iy 248 3 A - D R 5 ik A
RIS PN Bz 40 B L W 40 2 1 286 B 4 T i A
5 0 5 I3 440 i 3T B8 R I 45 9 e AR5 2)NO R )
e NO A 3. I 5 FF W 40 i 7= A4 () K O° 45
HE Mt A AL TS R £k C(ONOO ™ ) . 1] X 95 Ji 40 ity
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R DI 11 I B e UM o N A7 = A el
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BRI 11151 0 2111062 - R N v B P { S el O Ra s
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7o M AR TG A e AN R NO A i iF 5% 3=
BAERLE R E AN L OF HAFAE 2 AR TR A .
—iBarE N s B R AR TP % — r (IFN-1)
— it R E 40 P A9 NO A= . Hyun-Ja
U E, HOM 5t B B 8 IFN-r 3 W8 7R W
RAW264. 7 F g 40 §fg i5F, NO = & 43 % i 5 F
17 pmol/L. XY =& — & 1 = 40 BT, NO (1) 7= &
ZEH =R 51,7 pmol/L., Won-Gil 42028 1 F 5% 8%
Wik IFN-r %5 55 757 BUIE I 5 40 i i, NO 7= i
{0 5 pmol/L, 2 — 3% — i 55 = 41 M i, NO 1 7=
WO 32 pmol/L, 1 55— 42 # Wk . R 52
R AT DL 4R E R 4R NO =i, Carina
S B 5T M BRI IS L I 4 i ) NO = i i
FRE T 46.7%. Yu PO 5 RO R R
RAW264. 7 B g4I . NO /)= & W E M T 4 £,
LT 45 A — B0 IR B AT REAT - 1) o K5
WA < 153 R 50 SROH 5 % 40 1 ) 10 45 e 1 I
HREFRI RN AT 0 4~8 5. 4l 52 i 3 8 A B
R 5 IR 2 38 mT RE T 22— BERT I 5 2) 52 ROBE A UK
)« 17 (o FH K 58 RBE 1 )5 3 K AN i e 3
Y T 8 U A A

NO = ZL i 40 L 9 19 NO £ ik il (NOS) fii fb
L — K5 & B8 8 A i 22 JE4F 1 2 6, NO & ki A
A HH NOS (cNOS) Fil i § /1 NOS (iNOS) 2 2.
cNOS FZAFAE T 1 4 40 i AP Bz 40 L 5 224 1k
g NO BRI P8 15 J5 38 100 378 R0 A o 22 38 3 . IN-
OS T77EF g 40l L o P bz 40 i Fn T 40 it 55 2 %
20 M, FUFE s R AR LPS S5l R Kk iAok
K I HAEM L - K& A M NO #ig & T
cNOS™Y . H L, B iINOS 6 A 51 NO 78 3 15 #L
A ) G B T RE Oy T & 5 4 B R A AE . Hyun-
Ja P27 % B, 5% BB AT IFN-r ol ¥ 19 K
RAW264. 7 B W41 g tp iNOS i) 3% ik & F1 75 4 47
. Won-Gil 25 738 . IFN-r H] 3 19 5UIE I B
Wk 210 it T P 56 SRR B 35 05 L INOS Ry 2 35 = 1 s
IE HIEAEAE R B AN . INOS (9 6 3k 5 H I 5 4% 5%
W YIM 6 A% B F — «B(NF-xB) 7E i #% iNOS

R SRR RERE E LELENIEH. NF-«B
JE—FAETE T MU F il P50 il P56 41 ALY — R Ak
EHEBEEF . 56 E T kB A% 4 F 35 2 9 310 i
MRS o 4 40 A 2 31 5 Ff of 3 0 B LTS S TeB M
AW KR . P50 FI P65 A% [ 41 M 4% O 5 i £ 4N
B R 7 3l XA T] U5 A7 s &5 A s AT S B0 I )
SR Yu U HE5E , ] NF-kB #1751 (PTDC) 4
W BV R B FE 1 B RAW264. 7 B W 41 g, NO
7=/ 19 pmol/L F %% 10 £mol/L, Wu %PV
F5E R AR 7% IFN-r 30 B RAW264. 7 41 ifl )5 »
A NF-«B 1 ] 7] (MG132), NO 4 7= &
50 pmol/LF %] 2 pmol/L, #— L0588 kK.
FE B OB A DLW Bl RAW264. 7 B I 40 P i
NF-«B, i Jfd 2% Hh i) P65 1 4 B AR 1 2% H 1) P65 i
PR3 fin, 3 H NF-«B 5 DNA iy 45 & fig )y th 1%
SRUTIY L DL g R ST BB T Ll i NF-«B &
AR M ARG L B W0 i 4 INOS FEH 1) ik, fiff NO
F4) 7 o 3T AT 8 5 LA 5 A 1 0 8 e

3.1.2 A IR SRR RS 1 30 1k g e 4 i
NO i &84 1%

5% © 8 0F 52, HLAATE 5 BIDIR S T 1 2 S e 4
L EL 2Bl BTG . NO 2 i K 3 A i IF HLaE & % #L 4
FRAEA E R e OB AT LA S Ak 5 A0
Mg NO ZE i, Hwang 252 23 91 I Hk B2 4 0,
0.32.8 140 g/ mL (5% B4 1% 32 8% IFN-r il LPS
REFETE AL Y B RAW264. 7 B 40 i, NO 7 & 43 ]
47 70.40.30 A1 20 pmol/L 4 10° 4~ 2l , e 25 5 %
B, 57 RO AT LA S 3 BRI S Ak B W M ) NO 7= &t
HAFAEFN RN . L — K5 & B2 INOS FK & B2 i
ALY, L L - KRRk L - KA
fRF NO, MG ML L - W& REIL N L - 55
IRFRZE . FILFR INOS 7, 15 & IR B X T NO #9
FeE A HA PR /R Y . Porporatto 45 i E L 5
pE ] {5 BTG Ak BRI 40 B RS R R B Y R A
SRS AFLYE £k 40 R o 3 i ) i RE K. 45 R AR
R4 NO 7= 5 3% W , 1 7% 1L 40 g NO
FPRERKAERESEL., L EAREW M E
BTG A5 F T 52 BOME AT BB A K 18 RS & R
il 11 56 07T B Lk NO a5 7™ A=, DT X AL AR 11 fie g
IO N A B — 2 1 R R VE
3.2 BlEEHEEMEG PGE, T4/

PGE, J i & i) 16 4 DU I FR (AAD 1 35 4 1L il
(COXOMAL T AR — MR K . LKL
T BEAR 2 A0 - 42000 D 3 5 A E SR I, G 2 40 i T
i i AA K& & . B B4 COX AE A= o &
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TR WD, COX-2 Y33k A #f 32 Fk I JH 4, 1
NF-xB A] DL COX-2 e 5% 555, fifi &
ZoAR B L 5¢ M AT DL S B AN i 2R b
NF-xB - H ) 4% P4 38 5% . I f 5S35 A 1y % 5
{H5E BT 15 1k G2 % 40 i vh NF-«B 1 52 i Jy 2038
K ULARAE o Fh A 5 SROME A A 4 o 3 Ak G g AN
ffirf NF-«B ()36 £ 1 BE AL COX-2 1) K it R ik . B
1k PGE, it 28 B AT 8 A2 FL I8 1 S e I 24 1 00 — 4%
HERE XA FF T — B iR,
4 N L
SC R AE AT LA SR K AR S e % T RE L T RE Y

VEFAALEN T e 4 e o NO il PGE, 2 FfiA: 4
WEPEYI AR B, H AT, 58 R K A 3h ) fa v e

R R B 55 8 A7 78 LA R [ . 1) H A 2 e
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Effects of Chitosan on Immune Function of Aquatic Animals
and Its Possible Regulation Mechanism

XIAO Weiwei'*> FENG Lin'* LIU Yang'* JIANG Jun'? LI Shuhong'? ZHOU Xiaoqiu'**

(1. Animal Nutrition Institute, Sichuan Agricultural University, Ya’an 625014, China; 2. Key Laboratory for Animal

Disease-resistance Nutrition of China Minstry of Education, Ya’an 625014, China)

Abstract: It was found that chitosan could improve the non-specific immune function of aquatic animals through enhancing
the activities of antimicrophyte enzymes and the phagocytosis ability of phagocyte. Chitosan could also promote the produc-
tion of antibody, thus improved the specific immune function of aquatic animals. However, there were few studies on its
regulation mechanism in the aquatic animals. The studies in the terrestrial animals field indicated that the improvement of
immune function by adding chitosan might result mainly from regulating the NO and PGE, production in immune cells. [ Chi-

nese Journal of Animal Nutrition, 2010,22(3) :544-550 ]
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