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BEAERNDFR T, HEE(P<0.05), B, R E¥B A FTEALEFTLAE T, X

L PR R AT B R AR R R T R
KRR FHRE, TR AW R AR K P RIBER

HFESHS .S 9%42.5

BRI L E KRR AR, — 2
HOBT S B, SRR RIS/ B AR A 1Y 28 10 %
FeThhg, W@ BA B HHRECR" Y, AR
PRER R ARACE R R PR L A
RWET ATRGEMG . KRBT YR
Rl eZ . LMERELBEES, FR
FRSR A BRI T BR AR A W B H S 2 A
YR AR R 6 R B IR0 ER R FE S
FREMEm

ABFITLA 5% BB 45 A o A o 57 AR AR
R AR A )Xok SR BSR4 R B RE

151 B #6 : 2009-12-11 1% 5] B 88 :2010-03-04

MRERRIRAD A

FMMEFRRR  REREKTNER, §
FEFRIT R A TR R B0 B B o o £ 2R 3
TR D REE AL o

1 #e-Sk
1.1 ##
CR A TR BRI R,

REH(76.31 £2.15) g, R, TR xIih,
FEERH LSRR KR R R, R R A
HSEREE B WS EN 100% , 5B A S FEE
N FERM B T RER. SARMEBRRER

BREE : BRI R E A TR (013212101) ; R R EE 22 Be A B R R WL Jg 3268 (2005NXYS8) ; b E Rl

WWHE(Y1101)
EIR(ER : B LI, E-mail ; Hqzhou @ shou. edu. cn



712 K OFE ¥ O 34 %

fE Tt , RN 3F AT B ( Bacillus subtilis) \ My
AR FIATF B ( Bacillus licheniformis ) F1Vg IR IR F
FEATHI ( Bacillus thermosphaericus ) B4 10 G%, %
HH AT 3.0 x10° CFU/ g,

1.2 &it

PLECRUAS B (8 10. 0% . T A 20. 0% 3¢
FH120.0% ¥ 25. 0% . E K ¥ 17. 5% My
BER5.0% Y 1.0% B &N 1.5% ; 4
EHEEN 31.12% IS BN 6.52% K
S B 8.48% ) R IR, I AR R Ok B RE AR
ARl 0. 50% SEEME A0, 50% 7 BHE B,
0.20% 5B 0.50% SR A 50.06% 3548
RS, &5 MERH, BH 3 MER.

1.3 §%

FFe e Ar b ¥ K2 B K = 3 3
It dhdT W I A FE L 4 B 15 KPR (5. 0
mx2.0mx0.6 m)§, G50 B, BREHEE
H 3% 4 3 ¥ (8:30,12:30,16;30) BV 4 Fp 45|
B IFREKR AR BERREYHE, RE
iR EAERE, SRES, A
SEHA IS K RS ERAL AT 64 d, MK
I AR KR 5 =R (21 ~ 35 T),DO >5 mg/L,
NH,-N <0.3 mg/L, &K T HEE—3,

1.4

64 d BRFFR IR A5, F BREE (1/10000
MS222 ) B BRI S , AL 10 BN
ML AN AEAFI , 42 A R 400 . 1 3 B AT 43
AL AMEEA,

SR e RO BCE R K HEANE
i 10 L, FT3 A0 T i 400 i 5 R 9 65 4 I A 1 200
f&,7£100 x e F T A A 4. §RE5H
BA&Im 1 Wb, B T4, &5 KL F7E 400
x G T KA B R4 ek B T8 A L i T
I

St MG AR EN  BEHOAEER
B ( Staphylococcus epidermidi) T-37 THF 24 b J§
BR7K WS 10 min, FRH EA A= B KHBRE 3 x
10° CRU/mL, iR PEE4m 100 uL 1A
20 pL R A R W, TR G 26 TRH 30
min, RAJIRE —E#ERF, AT EREE A, T
B JF 400 x R TIHE, AR R A WIER,

FWR(% ) =100 AP FRAER A
#H fg %7 /100 % 100

B =100 2 550 1 4 i 3 T
FAY A B 25/ 100

MEEEE FREEEEET,HO.1
mol/L.pII 6. 4 AR 2Tk L) 5 KRR S
3,1 000 1/min B0 10 min, B_E 3530 O IRZE i
BW) B Mo ¥ BEMEKBE ( Morococus
lysodeiktious ) £ 37 CE&M FEF 24 h )5, A Eik
ZErPR B FE R 570 nm WRIEE K 0.3 B
B #F SmL EEBH S 0. 01 mL {140 B W
FEAHRA MR 570 nm PR P RRBE R A,,
37 Tk 30 min, BUHYG 7K 10 min LL2RE &
NE, FRIUAE B AE T RIMROGEE Ay A VB BE IS U
= (Ao _A)/A o

MiE T B ampedbibas  HEAR
Mol LA TREEQMME, KA
RPMI1640 H 57 ¥ o1, FIH 4K I JIE 5% Fe et 200
BRSNS ,4 000 «/min B.0> 10 min, FT 3¢
M2 T RPMIL640 B35 %, ] Ficoll-Hypaque
M5 EH (R 1,082 g/mL) AT K PR FE
PR, RIRE RN, R e R LR
B, B L 40 e ] 8 A R B N 6 < 10° A/
mL,

RBEAL AR I T, B 3k @ f9 fe 54t
e FIRC A KT %6 fLERR, B
100 pL, 0 AAF & 59 R#UE PHA (10 pg/mL) 5%
LPS(20 pg/mL),f 5% CO, B3R+ 29 T
%,PHA ZH3g3% 72 h LPS 4555 120 h, 835 )5
¥mA 20 pL*H-TdR(1.85 x10° Bq/L),16 h
PO 0 i, F 4 B 40 R T, T R R
TN E 5 4 Bl KM B (cpm ) , G5 R LARI S48
#% (stimulation index , ST) F&im,

SI = FIMRERIRA cpm/ AFRIMRIEIRLA cpm

SICPHA) 2% T #h B 4H R R 845 4, SL(LPS)
23 B B0 R e £,

A Z PR R R (T,), PR E( T,) 7%
Fo R SRS TR ARER AR ([F
B RN A T, T, W&,
KA S B o B vk (RIA) ) 5 ITE Ty . T, 7K
S, $#0,0.25.0.5.1.0.2.0.3.0.4.0.5.0.6.0
8.0 ng/mL A T, Frdtik, $#0.1.25.2. 5.,
3.75.5.,7.5.10.15.20 F140 ng/mL Bl T, ¥rHE
i, JH SN -695 BUE e icse v W AHTT v 114K
W, @57 T, 1T, ARl 4R, IR Sdri th 2T B
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JI[L?%‘ Ts 7ﬁ] T4 ﬁ%o

A B B AR i L AT R4
BrR ARG R A ([R5 Rt R R i) 4
7R BE I B A A, SR T SR 2 A 0 5 1M
R AR K, #0.2.5.5.10.20.40 F1 80 ng/
mL Boh B T BEAR AR, SN — 695 BB R4
v W EAHEAT v HEO e, AR AR 2
ZITAMEEAESE,
1.5 #FitA&k

¥4 ANOVA #1747 2 534 \Duncan [
frEE IR, RS R AT HE t iREERTR.

2 g

21 ERENSLEENBRERADAREE.
SR EFEF RN

SRR M H A REE R 3.82 x10Y/
mm® , 3 41 25T 4 Al AN 2% A0 e 73 A o5 4
JE I P AT R BB 51. 10% 34 40% 1 14. 40% ,
1 440 A 7 Wik 2 0 M EE A4 Bl 44, 43%
3.72,

R R RS BN R TR
S HRER T E R, T A i 40 i
MREMEWEHEEREERER(R1.R2). &
IR A EH T B ERE R FHRNNAE
Mk EAKiEE (P <0.05) , 0.20% 3 A= w411
WEHHBEERE, WX RAHES 21 0%,
0.50% R AHS0.20% 2 RALBEE

F(P>0.05), EX B $E5 19. 80% . 0. 50%
S B A R A fIRR IR AT B
HoXT FRA1AR S 15. 90% F1 18.90% , IS EME
MBI nl B BT B R S8 i 2 TE &
MABEE (P <0.05), 0.50% R A HEF
BAREERD, bR 4R 20 80%,
0.50% oM B 4.0.20% 22 AW 4H . R B A
AW IR A A B X B AR
14.80% .13.90% #1 11.90% , =548 A 21 F5%
B¥E B 475 RAS I i A A B R S50 IR
HIBEXF(P>0.05) ,55M0.20% £ AW . 5%
BH A MA4A RSN TR &K TR
ShFE B 40 B4 8 (P <0.05) , 4y 3 H R iR 40
FEAEG 7. 90% F16.90% . ¥s Tl 72 B8 0 28 A= B 34
nEERE R T SR H R R
(P<0.05), 0.50% =54 A 41.0. 50% =B85
B SEREE A ML WE S HFINH.0.20% 3%
EEH A X HHER 6. 42%.5. 37%.,
3.95% M 6.41% , 4 MABRAZHLEEER.
VNN T BB 25 A v 2 T R R S AR AT
JA I 5 A E( P <0.05) , 0.50% 725
BHAHAHARNEFBEHER, LYRARS
19.62% , B3 THE 3 MAKH, 0.50% 508
BB A SeRMA FREHEBEABINA.0.20%
HAEHMAMEEERTNEANRARS
10.48% 7. 80% #110. 22% ,3 7 M E 2
o

&1 FERMEE EEN R R E) I E LS R R R R

Tab.1 Effect of chitosan and probiotics on lencocytes differential coumt in peripheral blood %o
#a L g0 B EFizok 1) L)
group Iymphocyte polymorphocyte monocyte
S8 control 51.10 £2.9¢ 34.40 £2 5% 14.40 0. 7%
0.50% F R\ B c E b
0.50% chitosan B 67.00 £2.4 19.60 1.7 13.40 £2.1
0.50% EHH A ab . 4 a
0.50% chitosan A 70.90 2.0 15.60 1.7 15.60 £0.9
0.50% FRAT A +0.05% 3541 b . .
0.50% chitosan A +0.05% probiotics 70.00 0.9 22 50 £0.8 7.50£1.0
0.20% 34 H a o : c
0.20% probiotics 73.00£1.1 20.50 £0.5 6.50+1.1

B RPRAAFRN AT EEREZREEF(P <0.05) , TR,

Notes: Means in the same row with diferent superscripts indicate significant (P <0.05) , the same below.
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#2 FEBAZEHENIERWEMARLE . T WD REERRRE TN
Tab.2 Effect of chitosan and probiotics on lencocyte count, lencocyte phagocytic activity,

and lysozyme activity of spleen

) AR R(0* /mm®) AR (% ) RS RERRERE k(U)
group leucocyte count phagocytic percentage phagocytic index lysozyme activity
Ff R control 3.8220.167 44.43 3. 440 3.72 +0.25° 0.038 £0. 0074
0.50% THE B a a b c
0.50% chitosan B 3.60£0.13 49.80 £3.95 4.11 £0.12 0.162 £0. 021
0.50% eI A a a a b
0.50% chitosan A 3.72£0.45 50.85+2.93 4.45+0.31 0.208 £0. 43
0.50% R A+0.05% 3 EH a b
: : 2. 262 o9 9 367
0.50% chitosan A +0.05% probiotics 3772044 4838 2. 26 4.01 £0.22 0250 £0. 036
0.20% ﬁét% 3.79 £0.38° 50. 84 £2. 042 4.10 £0.19° 0. 186 £0. 077

0.20% probiotics

22 EREMZERMNPERAEESREREE
Ay R

o i EL B P P A R M0 0. 088 U, RSB
23 A 8 VT 2 35 9 5 S SR A B A O
(K 2) . 0.50% FEFME A #41.0. 50% 5SS N B
RN A A A RRSHMA.0.20% 454
B A R RS A L RAR S
447.37% 326.32% .557. 89% 1 389.47% (P <
0.05) , FE5RHE A Mg A 0 IR 7 W5 0 2 AL REE ¥ o
BHETE R E S T REM A AW BB,

ToIREE A BRI TR E = T 50 R B 4.
2.3 RREMAEHENPEREME T.BHKE
AR LRE SRR

S RECELRRE T B 20 R 3 %0y 1. 03, B
WE ARSI 1.16, B 0. 50% T R A
ASTRFRACNE B M B4R A B E
o, IR R LT RUHAR R 54. 1% . HE&
LR BRAL B B L A0 e R8s -5 X B LB
ZR(P>0.05), AAMAMRE T #E a0
BB SXRABTREEFER(LSI).

%3 ZRBENEZSEXREERSME T.B M E AL AR
Tab.3 Effect of chitosan and probiotics on transformation of lymphocytes in spleen

A7 BB T 2 40 el s d (ST Pk B 2 40 R EeE 0 ST
Group SI of T lymphocyte in spleen SI of B lymphocyte in spleen
18 control 1.0% 0. 09%® 1.16 £0.01°
0.50%5E5EW B a b
0.50% chitosan B 1.27 0. 06 1.22 +0). 20
0.50% FoBAE A . wad a
0.50% chitosan A 1.34+0.33 1.79 0. 26
0.50% HEH A +0.05% 3545 b b
0.50% chitosan A +0. 05% probiotics 0.8220.01 113 £0.11
2
0 20% g 4 0.95 +0, 03 1.12 £0.12"

0.20% probiotics

2.4 BEERENEEENRERENE T, T, K
FREEACE BRI
FRBHEA RN RERAMNE T, . T, &
SRR BERW(FR ) . WRARTHEANMm
# T, KFH 106 ng/mL, RERH. EABER_
FEAYHREEMMIE T, KEHG BEEMW
(P<0.05) 4 MABHKIME T, KFHEER
Fl B4, 0.50% S5 B 41.0. 50% =B A
H.EEME A MSERENEASBINH.0. 20% 5

B4 S B T IR R 59. 43% (71, T0%
118.87% 91.51% ,4 iz EBHEEZRF (P>
0.05)., XTAR4H S F4RMPINFE T, /K ¥4 5. 67
ng/mL, FR7T 0.50%%HEMEB i, HE3 4
¥ T, KFEBEMT A, 0.50%TRHEA
S TeIM A M4 B IR A B 0. 20% 2
HEEE A A Bl X R AH B R 33. 16% . 41. 09%
38.27% 3 HZ M LB EFEER(P>0.05), X
e F WA I B2 I REIK R 121, 20 ng/mL,
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7E SR B 28 A A X R T SR I B SRR KT 1
ARERWE(P <0.05), 4 KA M 7% 5 R A
KPR B ER T AT R4, 0.50% 5 HE B 4,

0.50% FEIe0E A 41 BRI A MR = IR AT
M. 0. 20% 2 4 6§ A 7 B b R BR 4 B AR
36.51% \41.23% .19.21% 42.77% .

®4 ERENZERHKEFRALE T,.T, | EREEA TR

Tab.4 Effect of chitosan and probiotics on T,, T, and cortisel in serom

ng/mL

130 .
group *

L R

cortisol

18 control 1.06 £0.34°

0.50% =R B
0.50% chitogan B
0.50% FEHRE A
0.50% chitosan A

0.50% FFRIEA+0.05% 35 4ER
0.50% chitosan A +0.05% probictics

0.20% 4B
(.20% probiotics

1.69 £0.56"

1.82 £0.79*

2.32 £0.417

2.03 £0.59°

5.67£1.77% 121.20 £22_312

4.74 £1.47% 76.95 £27.74%

3.79 £0.86 71.23% £19.89°
3.34+1.12° 97.92 +23.26°

3.50 £1.94° 69.36 £17.22°

3 Wi

3.1 ERBENSEFENRERISMEHER
EFRE R

R AR 70 A0 B R R SR b 4
YRR R A EMH MR, O MR
HEENEMN. ARREERMAELENRE
i DA NNS B oNet & o e - A LIPSt
mIWEARAERE, BS T EEEARNE
8. WM E e Ea# hEECEMK
PRRETEPE 40 I, 72 R R P, U T A R T L A
WHANMEARE T, S ERTREE. R
A B R 2 2 A0 i B R g B B SR A5 AR 1B
mghE B, WL 8 ( Oncorhymchus mykiss ) & 1% %5 4
BT, TR BB R B R (Adpenser
gueldenstaedsi) " BIRE B ERHIW B A MO HE,
FRBGCRENGEFRAFEL BB A%
B, TR R Al e pLRE LR, AT
Wk B, XTSRS REE T
FRLASE R, Siwicki % i SRR TR R, B
2 O A I P th B35 4R B, Kolman 45T B3 5%
SRR i, 4 R T A W T Mt B
o AEIFTRENE A N5 B RN B A A
F A0 T e 5 A B e B T SR MR B, T L4
T2/ 5T B XS T 40 I S B HLR BT I 3
B
32 ERENSEENRERHABEEEEREE
i gp Al

TEBERNEENKESBZ—. FEE

TN 4N M B ok 20, (RIS T L AR
DL WA BRI ARG 40 3 )
BRI R MR B S 1, SRR RERT S
#U gt E e e B R AR, P R
A TR EEEBEE M B E R TR BN B, X
SRR R E R s R 3 B Ak,
SEEME A 535 A B RS VR I R PR o S
BN B TR B TR B AR, DR S SR g
S#HERZ EESRE REER, REEE D
VETEA B FHE— SR, Al EEEK
FErE SR A L, 3 T gy o v Ak M T 2
B, D Bl B BRI,
Wrt TR A0 BRI 4 BB A R B M R 8D, th
FHEREM MBS, QAR REER, B
BT TP B A R T A .
HREE R AR R LR B
ML i h B B,
3.3 RBEENSEEYREREMNEAREL
Ao A

Y U 40 2 3R B ST I 1 K R 9B 1 40 R B
IR, At AL HENE T B Wk 40
Al B R ) TR 2 7R 2 ( Fugu obscurus) ™ 43
( Cyprinus carpio) ™ 3K B M B AP AR
AR LR B2 BT, FRE 0. 50% 5%
B A RRGSR HE O M B0 B R 4L, SR
SETEHE B AN AR TR 040 B IR AR 1L,
H B S, T BRI 4y T B X A 2 S T 0 1 B
WA, 40 T8N B B S AR TR R
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3.4 ERENZLEWRTFROME T,.T, B
REK R

REFWEABESEN . SHRAM BT
Sl e R O 7 B R 2 A A AR L Y AL S
POV B T 5 R A AR 1 R A B
BRI, 20078 Fexd R IR R 4 A
5B A B EEE Y B ER
EmPREEEEENEEETY, EWas
8k ( Salvelinus fontinalis ) 35 £ 5 B 7B 1L 3
T, KF TR, 1 T, BFLRBEE . IR
IR T, T, AP TR, de o PR 5/ -8
FR AR T PR A0 T, B R B ™
WEBEE,5 - LM ES SRR AR
B IEASE (I e v ST I 5 - 26
AT R EREAERA™, T, AF
5 575 i L B9 3 4 R 4 £ B B0 3 i 7T 48
B TR, SR A e s A B T R s
BRI E R ACE , B TR 5 -2 A 1 75
HEAT T, BN E R T T, 7 T, M4k,
TR Ty K I Ta KRS, A TR B T W
RIS T VE M B M ST BR.

a2 X R R AW BB R,
O SR A AT A R R T LA T 3
FLRTH I B R AR BT Ve Ve A
HLBEH AR 98 (Trionyx sinensis ) 885 8UR BT
% 5 R B & B 10 Tt i, /B 3 B b A 4R
B SR AR xR M R R A
BMEER TAER B MRS BeRS L
W ( Sparus auratus) IE R RREE BT, K &
SR TR , ARS8 5 7% R
5 A Tt T B L e AL T R R 10 2 P B B
BK T SR AN E) T 105 BRI K
3.5 T, T, REEMNRTRAEEIEEERE

ERLR MR8 2 X 2 2 1 G B T BB B AT 4R
Ho BT, BEBED A (Danio rerio) , 0] LMEHERE
T4 R 2 B Reg-1 (4 g B U 40 R i
FRic) BFE ) R R R I — B T, WL
BT B8k ( Labeo rahita) W h 4t 8 41 G 35 14
FIRRERRTE 5, MWK S, 2 R B LR e B
AR ERE AR R IE R R #
Bt % 1R 7% 5 A ( Ctenopharyngodon. idella) F14]
PRI PN K U o O L — L4k
ﬁﬁﬁ‘m] ;Elzﬁﬁ(Rhabdomrgus sarba ) BRI IS

% T, T, & THE™,

B H Y B2 T RE X S 0% ARG IR R B
VER . B SR T e TG B ek B B T 1
B SR w410 ] KPS HERE ( Salmo salar ) ) 5088 B
&, EAETWAEBARC AR 203, &
WHARR T K IgM AR . B R BT
Hl4R K A ( Oncorhynchus kisutch) T B FEHRE
SHRNEE ™ . F SRR U BT R SR AR S
B RO A0 SR SRS T f BRI 2 40 g M
Wb I R, B R R i R A i B AR
m[:ﬁz—%] .

AR K F S 5T R R
BEARALI— B A FOR R R RN & F
SRR THRE R A B TER,; R R R W
TR Ty KRR BAEE KT REE,
BAMENRERR T 2T EME R TIE.
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Effcets of chitosan and probiotics on non-specific immune function and
the levels of serum thyroid hormone and cortisol in allogynogenetic
silver crucian carp ( Carassius auratus gibelio)

CHEN Yong'?, HUA Xue-ming®, ZHOU Hong-qi** , ZHANG Dong-ging”
(1. Department of Life Science, Nanfing Xiaozhuang College, Nanjing 211171, China;
2. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Medical School, Shanghai Jiaotong University, Shanghai 200025, China)

Abstract: In order to probe that chitosan and probiotics may regulate immune function of allogynogenetic
silver crucian carp ( Carassius auratus gibelio) by the pathway of triiodothyroxine (T,) , tetraiodothyroxine
(T,) and cortisol in fish, allogynogenetic silver crucian carp ( initial weight of 78. 31 £2.15 g) were fed
with control and tested diets which were control diet with 0. 50% chitosan A,0. 50% chitosan B, 0.20%
probiotics, the complex of 0.50% chitosan A and 0.05% probiotics respectively. The number, differential
count and phagocytic activity of peripheral blood leucocyte, lysozyme activities in spleen, lymphocyte
proliferation in spleen were measured after 64 d feeding period. The T,, T,, cortisol levels in serum were
assessed by means of radio-immunoassay. Results showed that the supplement with chitosan, probiotics, or
the complex of chitosan and probiotics had no notable influence on the number of peripheral blood leucocyte
(P>0.05), but it could enhance the lymphocyte count, phagocytic percentage, phagocytic index and
lysozyme activity in spleen (P <0.05), and decrease the polymorphocyte count remarkably (P <0.05).
The supplement with chitosan, probiotics, or the complex of chitosan and probiotics had no notable
influence on transformation of lymphocyte in spleen (P >0.05) but the supplement with 0. 5% chitosan A
could increase transformation of B lymphocyte in spleen (P < 0. 05). The supplement with chitosan,
probiotics, or the complex of chitosan and probiotics could increase the serum T, level { P <0.05) and
decrease the serum cortisol and the serum T, remarkably (P < 0. 05) except that the supplement with
0.50% chitosan B had no notable influence on the amount of T,( P >0.05). Thus it can be seen that
chitosan and probiotics might regulate immune function of allogynogenetic silver crucian carp by the
pathway of increase in serum T, and decrease in serum cortisol.

Key words; allogynogenetic silver crucian carp ( Carassius auratus gibelio ) ; chitosan; probiotics; non-
specific immunity; immunomodulation; cortisol; thyroid hormone
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