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FE: UIPIAHIRE R (1.04+0.01) g E A (Crenopharyngodon idella) F3 5%, FEARIT N 44— FUIR IR G B
G2 THRE RENA 1 B ph L RS e BRE X B A S S THRE O P9 23 W0 A 7. RS8R 43 BIHIAE-& FOR AR B = il ) (AR B mb el el o
43 BV IT 0 mg/kg . 1 mg/kg. 5 mg/kg. 10 mg/kg TAUEHIT AR IR ) FI& S2RBEARL ( ZERERIADRL P 43 IR0 0,0.25%.
0.50%+0.75%1.00% FIFeIE8E ), ZEMRFR K BRAE PRI 2 5 70 do SE30 45 A0 5 I 52 3R B0 f i v o0 0 RO IR IR (T,
T,) & B RIEAERy 5 S e T e o 45 SRR B . Tk b i o FODR M 3 v B A i 3 P RO IR R S B R Rtk S TR (3K
BRI RS LS NO BB ) H BRI (P<0.05), HW ALt 48 0L, HOA b FARIRER Ak s B @
R I RIS THRE . 5o B B I R DR IR RS B R S R Th AR (FMEN K E A RS LS
NO & &) HFEE RN (P<0.05), 1 HASLRAFTRAMUNBES . Za 0l EEER U, B0 LURE i 4
WA AR FOR IR B R AT I AL SR B AR B S T RR IR . T 0.50% T B M4 B RN AR 5 1 2 Th

e, A NEARTZIRAM T, ERBEAEEAIAFREERIEN 050%. [ FEKFERE,2008,154) : 630-636]

KEERE: BEME: FRIBEE: Bl B
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1A SR, G R B AE K 7= B ) R 52 5
() R R I 50 O ok Bk 52 BT E AL, {H 2 X 22 0
2 G B ) 0 R 5 3 RN S 2R W 1 I8 FH A 5 AR
B M, H 2 X R R T AR B B
HEY, R D mA FIERE AR &G T4
AR S S g Thfg B, AT DAY A T G
R T IRE MBS R 7788 (Fugu obscurus) 1% &
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{82 A % 52 SROBE O A 5 Ty e 1 T L ER B 0T A7 Ak
THRRO B HArs A W HAE -IALEIA 4, H 5%
T S AT AT LAAN B E R A AR R
ARG S HET AN . U 20 Kk, th T g
RIE A, R 2 %3 COIR B IR SEM 2 ) 2 1
REi 5555 R 2 AE e U 5 B pLE .
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1 #MREEE

1.1 #

FoOROPE R ORI B4R B, L AR M
(Ctenopharyngodon idella) 14 J% & (1.04£0.01) g,
W B L BRI, A BB (Staphlococcus
epidermidis) FH_F¥ 55 BRI ZE AR BT = Bt
T, AR R R A0 B s B G AR A Kk
AR A (400 mg/ F) o
1.2 LGt RARH &

121 FRBEEXNRBREZENRE KA
HL IRl R PR B R, o AR B AR R AR 0 0 (X
M) 1 mg/kg (1A BE ) 5 mg/kg (1A L) 110 mg/kg
CRDRL ) (0 R s 2 1), DUSERIARD R A oof R 4
FR4 30 ety DUy RL N 88 4% SEae ik B N IR
i 3%, AR SR AR IR 7 Vo0 R IR R I 3 S ik ]
EHEE 35, RE N T E AR R 2.5 mm [ 0k 1H
K, W T 2B R % . FERVEREC S A0 R SM
25% 3EH1 20% - B 24.85% HBHIT 10% KA 10%.
R 5% 30 A Ky 4% 2 4 0.4% 25 0.6% HA
T8 0.15%; & 77 40 i 43 il b ML 85 E 34.8%. L /T iy
1.22%- K43 10.7%- 7K 53 11.0%

122 HERENESGBEHEMNERRE DR
B AR (R 1.2.0) kS HECAH, SR A B IR 7 R B
FE v, 3 i 78 L Al A R S 0 0%4.0.25%4,0.50%
0.75% 1 1.00% (¥ 75 8 8E " (% 0 75 B0 I AH 1
WA R L), FER 3AER, S EH 30
Ffa. FESE il Dob R A B, HIZE Ry K
TN SR B AR AR & 345, SR E I TR E.
220 2.5 mm FIFURLIA R, B 28 AT 25

1.3 LR EFEFEE

Peik A R EAA KM A R T Bk
PR AR IR S EAE PR KR (70 em X
60 cmX 50 cm) . S RTIFE— ), B e
bRl 2006 £ 7 H 1 HE 9 A 10 HiE A7 7R
I, /R 3 R (8:00,12:00,16:00), FiH H
HEUE B R B AR R B 15%, FE & S2 3 (34T #0e &
TEITREE . SR A, /KIR (25£1) 'C, DO>5 mg/L,
NH;-N 7KK T 0.3 mg/L.

1.4 XWHE

1.4.1 MFMMAERANREINR 70 d mWF7E8 4 )
Ja » WEEHHBEALIE L 20 B, A48T H 5,
Ay 5 MR e K AL il i, 4 °C CE 24 h, 6 000 r/min

4 CELy 10 min, BUMIE ~70 CIRAE, £50.

AAER 52 I FY E v B HS I R SRS, 2
A 10 fEAERF 0.86% 4 CHAE LK, KBEIHE,
3 000 r/min 4 "C L 10 min, F{_F3% i B A5 HLBE R -
142 BHEEE KA IEREDT AR
BT A 7 AR R & DLW OBE BBk B (Mlcrococus
lysoleikticus, Sigma) RT3 K KEA, 4% LR EE DI &
LA 13K S TR ERVE T (ug/g tissue) »
143 —EH4E NO) 88 XKHAMEREY
WU A = R 8, DA% B s 22 05 ) e PRk
SR B P 1 B B =, R AE R L SR A e
REAL LB —E LA (NO) &&= (umol/ g prot) -
144 BHBREENE AR 10 BA, 595
A P A A 1L, 7E 220 PR AL R 1Y 100 pL ML
TN 20 pL (19 (85 2 EROR B (30X 10%cells/mL) ,
TRGBA) JR I K HE AT g, H
T A A 100 AN A A, v 4 A IR 2 R
S RS
145 MEDRARBHRESENE RHABUE &
%% oA (PR) VE & B A IS T, T, & &, &
WA E B e R AR A E .
JR & W B 4 0.125 ng/mL.0.25 ng/mL.0.5 ng/mL.
1.0 ng/mL~2.0 ng/mL-3.0 ng/mL.4.0 ng/mL.5.0 ng/mL.
6.0 ng/mL.8.0 ng/mL 1] Ty br # W F1 ¥ & A
0.625 ng/mL.1.25 ng/mL.2.5 ng/mL.3.75 ng/mL.
5ng/mL.7.5 ng/mL. 10 ng/mL. 15 ng/mL.20 ng/mL,
40 ng/mL ) T, brEW 43 55 21- T, T, $04E. 2L
T, « T, FUH. PRIAF 7890 ¥R )5, 3 000 r/min L
15 min, 37 F3E G W@ POUE BUN 1, DUEESE T, #01 T,
PRUEMZE . AR M5 3% I8 A kAR R, AR PR ITTE
B TEEA L L ER T, F1 T, & &.
1.5 RSN

BT 43 5045 DP9 1 + bR 2= R oR, A SPSS
11.0 AT A #EAT B A 7 7 Z o0, Z R BEE M
AT Duncan’ S £ & LE, BE KA P<0.05.
2 BEREHMH

21 BRBEEXRMET,. T,S=8FMH

70 d P IEIFR SR I 4 AR B, AR FOR R R
BRI B mET T, . T, S B B & Fm (%
Do Smg/kg fAEHM T, T, S &8 A, BE
= T B2 1 mg/kg WAL H . 5 mg/kg PR 4H FI
10 mg/kg FEHAM T, T, KA B & 2R,
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2.2 HIRREET BT8RN
221 HFRIBEEMIININBHEEEFENR
oA VNS S O e R R N = I O = e

FEHELREZW (KD . FRETEBRESHFOR
MRER AT B 22 5, B E TR IR R SR E
G, A0 ISR KR >

®1 BFRBEEENECOES T, T, SEMREIEERNZIN

Tab.1 Effects of thyroid hormone on the amount of triiodothyronine, thyroxine in serum and immunity capacity of grass carp

X£SD; n=10
FRR I i = AR A R O N8 / (mgekg ") Dietary thyroid hormone content
T H Ttem
0 ( Xt # Cont) 1 5 10
I3 T,/ (ngemL™") T,content in serum 0.85+0.21° 1.13+0.11° 1.31£0.12° 1.22+0.09®
I3 T,/ (ngsmL™") T,content in serum 23640.31° 2.66+0.27™ 3.14£0.55 295+021%
|],‘ 3z /0 . . . p
fHE /AA] 40.56%2.46" 42.60%+2.41° 43.50%+3.51° 40.50%3.16"
Phagocytic percentage
WHEFE % 2 a 5 ‘
ﬁﬁ}aﬁ . 2.14%0.10 2.18%+0.07" 2.18%0.10° 2.0940.10"
Phagocytic index
SR IR TR R -l
LR / (ngeg ' t ,
KRS /(g tissue) 60.84+8.26" 63.5343.88" 77.06%9.10° 57.76+3.18°
Lysozyme activity of anterior kidney
AW oo i .
RAFRS /(g tissue) 37.9446.03° 44.47+321° 55.88+9.84° 43.88+6.74°
Lysozyme activity of spleen
K& N leg” prot . . .
3L NO/ (pmo g.pm) 7.7540.61° 879+ 1.12° 9.3640.88" 8.64+0.64"
NO content of anterior kidney
N leg” prot . . . .
IR NO/ (umol~g "~ prot) 2.9040.77" 2924083 3.5140.66' 2.76+0.59°

NO content of spleen

AT AR B RERERBE (P<0.05).

Note: Values with different superscripts in the same row indicate significant difference at P<0.05.

222 HARBHENAEHRIENEE =Mk
5 R 9 R T O R B R R ORI
TR o B S B R AR I R ) R
M (% 1) . k"G FIRAT S s B 2 LA I 5 mg/kg
FROIR IR B = B e K, B3 & T =4l (P<0.05),
1 mg/kg 20,10 mg/kg A5 WAL L EEZR.
223 HRBEHEEMNOSENHW LY
HNO F &2 KT AT H NO & &, 1H i FUIR i &
MEALE NO S EHF REEM (R 1), JMEEIN
SEIE KGR EA. Hod, LEH NO FE LUVA
W5 mg/kg ek, & m T4 (P<0.05) . 47
FROIR IR B35 0 I 7 NO IS B B
2.3 REREXREEENFN

2.3.1 EBR#EXSNE M A M S E R
AR} R 0 5 B o e A R I ) 0 ) A R
MEAERBEEmW (F£2). 0.50% 41 FW R,

15 E] 46%, 2.2 & T ZH L 0.75% 4H.1.00% 4., 4R
T 4% 2238 N #2808 s D=, A A AR 2T T %
FI#a3. 0.75% 44.0.50% 20 F1 0.25% 24/ (4 41 g
M AE R T AL 1.00% 46, {8 Fik 3 4
ZIEEEREER.

232 ZEBYAEBIEEN®EE =4LE%H
R B v AT, 5 2R ORE B A Sk R R
WESEEA B Em (K 2). LB HEEMN L
0.50% 57 28 B 4 5 K, 103 | T IR 41.0.25% 4
F11.00% 2H. 0.75% 2H 1% B B oh PR B & & T o6
WA, HEYS 025%.1.00% HRH B E %S 5K
ZH.0.25% 41.1.00% 4.2 [8] (1% B S A &
ZESt. FRIEELLI RN BB B3 T R A,
HALL0.50% A EEEE R FEEST
0.75% 41H1 1.00% 41, 5 0.25% HEH BEER.
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Tab.2 Effects of chitosan on immunity capacity and amount of triiodothyronine and thyroxine in serum of grass carp
X=+SD; n=10
FH 1t SERMEA RV I & /% Dietary chitosan content
A em
0 0.25 0.50 0.75 1.00
#WEE /% Phagocytic percentage 40.56+2.46" 43.67+£3.54" 46.00:3.94° 42.00%+1.69° 40.80%3.71°
FIEFEH Phagocytic index 2144010 236%0.14" 2.45+0.08" 246%0.09" 2.21+0.12°
R i /( oo ! ti ‘ ‘
fyififmvﬁfyi fa;i:?;)r \idney 60.84E8.26° 6529%7.65° 77.06+4.09° 71.53+3.42" 64.37+5.61"™
VI / (ugeg ti , ,
?i Ejffiiiﬁv‘fyi fsﬁif) 37.9446.03° 50.74%3.13" 57.6542.40° 4835+5.40° 4824+5.55"
L NO/ {(umoleg™ prot , ,
?Oiontentuﬂzniriiriiiney 7754061  9.134078  9.5240.68° 7.79+1.17°  7.78%1.18°
JENE NO/ (umoleg™ prot) NO content of spleen  2.90+0.77°  3.14+0.60*  3.53£0.92° 3.28+0.74* 3.14+£0.91°
I3 Ty (ngsmL™") T, content in serum 0.85+021°  1.01%0.10° 1.434£0.12°  129£0.12"  1.19£0.10"
I3 T,/ (ngsmL™") T, content in serum 236+£031 4244044 52240.50°  5.00+020°  3.0940.39°

AT AR B RERERBE (P<0.05).

Note: Values with different superscripts in the same row indicate significant difference at £<0.05.

233 EEEXNNOSEMEMM FaKLBEH NO
SR T, REENEALERNO HEA '
R (F£2), (BAZ PN NO & & (P>0.05) .
L NO ZELL0.50% Hi ok, B TR R4
(P<0.05) . X HE2H.0.75% 2H.1.00% %1 2 [ NO &
BERAREEER HEHEZEILT 0.25%.0.50%
4.
2.4 FEREXMEFRESENZE

TR AN T, T, APH BE . 55
THELLE) Tys T,y K B3 5 T 5 R AL, B TR 2R 08
NINEAIE N, Ty T, KT 2T & 5 FRIKR &
P (£2),0.5% HEAIME T, KFim BF 5
T 0.25% A A11.00% 4, 5 0.75% H&H B& Z57;
0.5% ZH A1 0.75% H B A M T, K- F&eE, B
T 0.25% AN 1% 4H.

3

3.1 HREBHENESERRZINGERN T

A Jo OO MR 3R 1 7 X AT A5 | A Akl
TP R IR S B0 L. Sahoo! HRIE, fE
fill 4 &} FB 4 B B0 0.1 mg/kg 5 mg/kg. 10 mg/kg
TR T, BIREEH 60d, MG T, WEBEWNES
T4, DL S mg/kg AR A B, 10 mg/kg 40 1)
MiE T, Z8 KT 1 mgke.5 mgkg 4, A< 25 #15
BB 25 R, HnT e JR DR R 7E SE 56 45 SROAT LIS T,
TERCEERSEENE, BT RUEW T, H59

FEARIEE 02 ORI 3R 10 2 WA T e 4 3 BT
PR B 2 A1 R B Tt AT RE R U P 1 A
5 FFOIR I 8 3 B I R 5T P IR FROIR R 3R B
4R .

Wb R R R 2 MHEERCS
BTG, FOR RS SRR E i T, o
TFHFFRERE e 2 LA DR BRI, 76
TR R 0 1 mg/kg 5 mg/kg. 10 mg/kg AR T, )5
AT DAY = i e g v MR AN IR S B R A A E
FIBRE A &, b 5 mg/kg 174} 4 B A B 58 1 %)
I /< B T T B e R AR R R ek e
5, 88 (Sparus sarba ) B3N fG & Ty, T,
T, AR N YE RN R A A A V5 B0 T 75 HH
A A T AR AL 45 B 1. Lam 25 1Y
TH o A % A D0 R R RIS IS, 43 Y T, AT DA
Rag-1 (/F 0 M LAl B A ) IR | B0
NPT A AR AR 4518 . AL, FE R
RN 5 mg/kg TR B AR R R, 7R & S Ts.
T, KBl b, AT [ B 5 =g Sk 15 0 J A 345 v i
P 3k'E NO & & Ak B I 3 40 8 A R v 1, DL B
SRR PAEHEAETEA, EHFRREESE
KT BT, 28 5 DhRe 3G o 5 AR IR ISR K
PR, R et T, BT RORIEEGEE 2
W] 518 B P Th RS, LT REATL 1 2 B % 40 AR A X
B ZM N5 IR 2 AR, IE RE& L2 Th A 93 Wk
I H R AR RN M H AT O 92 B I b
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MR EAEAE HR IR PR 524, R 4l ) i 1% 52
F R IR E RS . AN S BERSS 4
P FR 8 N0 A5 W AR AE R AR AR FONLEE, A fy il —
A
32 mRENE&SZEINEERNIEE

SR 5 BROBE T DL A2 AR AL IR A T
B8 BT, RO N- 20 I 2 ek A T e A
Fers NOMS, i T B W 0t 5 Y T (R B
B R A AR AL, R PR g . B A
AR EENFRMR L —, o RS B A
JiE G R B, 38 5 T R Th e, AWFSR I, 75
IR A R IR MR R, PERE A AR R e i
EETREM AR AL, MG FCRIBIM R S B R A
b, T ELP 35 1 AR A0 350 [R] 5 T 38 I 5 e R R
BEMNEINE RS T, T, & 85 AR R 4
JEE I RE AR AL A RAARRL, B Ty, T, AT LA Y B
T T RE, WO A 72 SR B AT DAIE S P A i a4
R IR AT 1 AR A SE BN B G D RE AR5

A SEEG ST RS AT DL R i A TS R H
RIRBERN S &, KAl e K2, g & plc R
PRI T T E, AR & A & i, AT DU
O IR R 3% & O I TR R AEAVE 1L kg,
I E R FUR R B FE B 4 AR 57 - B I R
WA R . & AR R RO R
R EER T P A s (Salvelinus
fontinalis) 15 £ K8 AR ME T, KF R R 1
T, B ZEREAK 2. A6 (Oncorhynchus mykiss)
BEmEOER OGS T, & &8 ERE ™.
WFFUAF A 12, 5 o wT LABR i 2 (1B S 0, 1R
e B ORT B B R R A A e . A IR S
55 FHVAS 0 77 2R W5 1Y) DL FE MR B A, 0.50% 21 B I
B To T, & &K, B3 w T X E4L0.25% Al
1% @, ATt 2 TRl e T AN EA R
8 R ) 23 9 A TR S R e . (B HRIR B3R Y
BB N S SRR S 0= RS 0 B 0, RTRE & T
7 TR B S IS ML ALY B e, AR
ok e 7 A R L R 20, AR T RROIR R - A R T e
o3 BTy SR B B I0JR AT PR AL LR I A
g, B ARt AR FR R BRI P, § 8K
ROR R R & &0 T R
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Immunoregulation of chitosan on Ctenopharyngodon idella by the pathway of
thyroid hormone

HUA Xue-ming, YAN Da-wei, ZHOU Hong-qi

(Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Shanghai Ocean University, Ministry of Education,
Shanghai 200090, China)

Abstract: It is well known that chitosan can enhance aquatic animal” s immunity, while relatively few researches
were on immunoregulation mechanism. With the development of immunology, the relationship between
endocrine system and immune system was gradually known, but it” s doubt there is influence of thyroid hormone
on immunity capacity and that chitosan can regulate immunity capacity by the pathway of endocrine system
in Ctenopharyngodon idella. In the present study, in order to understand the influence of thyroid hormone on
immunity of grass carp Ctenopharyngodon idella and possible immunoregulation mechanism of chitosan by the
pathway of thyroid hormone, diets containing thyroid hormone[0, 1,5, 10 mg (thyroid hormone) /kg (feed) |
or chitosan ( 0%,0.25%,0.50%, 0.75% and 1.00%) respectively were formulated to feed grass carp [initial
body weight (1.0440.01) g] for 70 days in indoor recirculation aquarium. The amount of thyroid hormone in
serum, the nonspecific immune function such as lysozyme activity and NO content of anterior kidney and spleen,
phagocytic activity of peripheral leucocyte were determined. The results indicated that there was significant effect
of dietary thyroid hormone on the amount of Ty and T, in serum, the nonspecific immune function ( lysozyme
activity of anterior kidney and spleen and NO content of anterior kidney) (P<0.05). T, (1.31 pg/mL) and T,
(3.14 pg/mL) content in serum, lysozyme activity of anterior kidney and spleen (77.06 ng/g,55.88 ug/g) , the
NO content (9.36 pmol/g prot) of anterior kidney of 5 mg thyroid hormone kg ' feed treatment were significantly
higher than those of the control group (P<0.05), and similar change trend betweenT;, T, content in serum and
nonspecific immunity implied that thyroid hormone could modulate immunity of the tested fish. The results
also showed that there was significant effect of chitosan on the amount of T;and T,in serum, the nonspecific
immune function ( lysozyme activity of anterior kidney and spleen and NO content of anterior kidney, phagocytic
activity of peripheral leucocyte) (P<0.05) .The amount of thyroid hormone in serum and the nonspecific immune
function firstly increased and then decreased with the increased dietary chitosan; the amount of Ty, T, (1.43 pg/mL,
5.22 pg/mL) in serum, lysozyme activity of anterior kidney and spleen (77.06 pg/g, 57.65 ug/g) , the NO content
(9.52 umol/g prot) of anterior kidney, phagocytic activity of peripheral leucocyte (46.00%) of 0.50% chitosan
treatment were significantly higher than those of the control group (P<0.05). Summing up all the results; we
can draw the conclusion that chitosan can regulate immunity of the tested fish by thyroid hormone. Since the
significantly enhanced immunity was found in the 0.50% chitosan group, appropriate dosage of chitosan was 0.50%
of the diets in this experiment. [Journal of Fishery Sciences of China,2008,15 (4) : 630-636]
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