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: PIWIIRAR TRl (1.0440.01) g f AL (Crenopharyngodon idella) Jxt 5, EHRIT N 43 Wb B —HUIR IS R 0 i fn
Gl S R BE Rl b, BIF 5 50 SRS B G D RE IR PN AR o S0 23 R 5 FOR BRI 3R T RE (A A ke o
SRR N 0 mg/kg 1 mg/kg. 5 mg/kg. 10 mg/kg FlkH FURIRIE ) R Fe MR (FEREAE TR 23 5080 0.0.25%
0.50%-0.75%+1.00% (1723 0E ), FEAE PR /KA TP A Z2 540 70 Ao 5250 45 RS 0 s 36 7 0t v7 b 1 FEOIR IR R (T, A0
T,) & SRR Pk S e T 45 R, TRk e VA I FFBR il 3 o e £ i v o FROIR IR 35 & R Sk S D g (Sk
R BRI 2 Sk NO i ) T R R (P<0.05) , FLPT#H AL, oAk PR R 3% B 0% R s a1
RSP S e TR o 5 SBT3 o FOIR IR 38 2 S RN lERe Sk S e D e (Wil P Sk B R AL U v o s ok Sk
NO &) A BN (P<0.05), i HAE & L1 4GB MBI RS ZrE LL S RNy, 750l mT LLd i i 4
WAIERAE ORI ZR KT (7 A SE B e JERe S Pk S B D RE I HE . 58T 0.50% 7o SR B4 A S s iR AR Sk e e 1)
A8, WA EARSEIGAAT T, SERME R A T R (IS B S IR 0.50%. [ R EZK =R}, 2008, 15 (4) : 630-636]
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1.1

7o OB B A B4 B A S5 ] O £
(Ctenopharyngodon idella) & Jii 7 (1.04+0.01)g,
e gAY R M, % BR B (Staphlococcus
epidermidis) 155 — PR B 2E A0 A ) B
o FEOLR IRIER I 1 S I S K I
2Pl BR A (400 mg/ F) .
1.2
1.2.1 K H
PP DR 9 S FEE V25, 40 ) A B A DR R s 0 ()
W) o1 mg/kg () BE ) W5 mg/kg () BE ) W10 mg/kg
CRRE) (6 HUIR BRI 2% 1, UKL R ALy 5 R 41
BEZH 30 Rty OB Boi e 250 Bt 8 AN R
I8 R B E RN ODRrR A IR VN! 3 & B S
BHEA 5], AR5 I TRCEAR A 2.5 mm 1) J50RL 1]
KBE W2 w5 46 o ERVEDRES 7 W R SR
25%- A1 20%- K} 24.85% Kk 10% KA 10%.
R 5% W AT K 4% 2 4E 0.4% 2 0.6%- B 2
1% 0.15%; 5 35 4143 70l b L 8 1 34.8% - AH I 1
1.22%- 7553 10.7%- 7K 53 11.0%
1.2.2 DL
b RL (IR 1.2.1) 2 X B4, SR FH B D] 1 9 B b
FE 3, 43 il AE R Al AR R S 0 0%14,0.25%1.0.50%
0.75% 1 1.00% )75 B 14 (R I 58 28 B I+ 1
WA ) ), S 3 AN EE, HEE 30
et 4Sm v, Lob ko B, g 90 K
Ji 0 5 SRR R R LR A 3840, SR A I A
1249 2.5 mm [FRURLERDRL, BT 2 M s 4
1.3

£ N TR RN (B UMEREER Tt R 1]
PR AR S B IR S0 A/ MK IR A (70 em X
60 cm X 50 cm) 1o SEEG T YIFR A, H )4 0
bkl 2006 47 H 1 HE 9 A 10 HiEA7 775
B, B R PEME 3 % (8:00,12:00,16:00), 7T H
P A AR TR IR 15%, B SEG 1 UEA T H i i
TGN . SEEG A, /Kl (25+£1) 'C, DO>5 mg/L,
NH;-N 7KK T 0.3 mg/Ls
1.4
1.4.1 70 d T FE S 4R
Jii » IWNEFZ PR BENLIE X 20 B2 f1, FHZD AT LR 3,
23 ) N R ik Kb il i, 4 °C JBCE 24 h, 6 000 t/min

4 °C &0 10 min, BUMLTE ~70 CLRAF, £F

NI 5 i £ B BRI RSk B, g3 ol
AN 10 5 R TR (1) 0.86% 4 CAEFEER K, WKIBAI ¥,
3000 r/min 4 ‘C 5.0 10 min, 0 F375 7 BRI 23K B
1.4.2 K H Bt g A )t o
BT A 7 1A R . DLW BE BlCER B (Micrococus
lysoleikticus, Sigma) RT-¥3 4 A, 4% L ikl
JUR RS R TR 1 (ug/g tissue)
1.4.3 (NO) K H P A )
IFFCRT AR AR 6, LA B 0o 229 00 s A A
Sk RE T P B 1 S RN RO i R I L
JREAN Sk B i — AL R (NO) & (umol/ g prot)
1.4.4 R BEMLEL 10 J2 14, 4393
IR i i A i 1L, 6 28 3k Bk AR BE (1) 100 pL 13
TN 20 L 1) 1 (] 45 BR TR (30X 10%cells/mL) ,
B A 1A JE Ik K HE A AT B IG5, T HL
T WA A 100 A 40, v 5 1 40 A I
R URES =5 G
1.4.5 K H T8O %
2 o At (PR) v 00 52 &5 fa il v Ty T, 5 &, A I
A G B B TBON S s AR AR AW . H
Jit B W BE 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] T, kx #E W A K & N4
0.625 ng/mL.1.25 ng/mL.2.5 ng/mL.3.75 ng/mL.
5 ng/mL.7.5 ng/mL.10 ng/mL.15 ng/mL.20 ng/mL-
40 ng/mL (1) T, FaUEL 20 905 P1- Ty T, Bk 1-
T, - T, Pufk. PRIXFIA /MRS, 3 000 r/min &0
15 min, 7 FI5 8 W0 YO RUR 1, DL ST T, 1T,
FrUE 2. A 4% ik i A B S, MR YR DT
TR PEAE bR 2R A A T, T, &
1.5

T 43 £ LV 34 + ke k22 38R, A SPSS
11.0 73 AT kA AT B 07 22907, 22 57 W 1
BT Duncan’ S Z HLLE, & MK 4 P<0.05,
2

2.1 T,. T,

70 d [ FR S 45 AR, TDELh FUIR IR R
(8 I B L o Ty T, ST W e (R
. 5mgkg WRE4E T, T, S BB AR KA, BF
i R AL AN T mg/kg IRLAL. 5 mg/kg TPk}
10 mg/kg TARHH ) Ty T, K FERA B35 257
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2.2
2.2.1
T e PSR 38 2 0 £ A0 T I 1 0 Y £ A

WG R (R 1) AR EARTE & DR
PR R AT B2 22 5, H B FOR IR R R
SE s A W P S G K b (R
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Tab.1 Effects of thyroid hormone on the amount of triiodothyronine, thyroxine in serum and immunity capacity of grass carp
X+SD; n=10
FRODR R & A 1Bk P 98 i / (mgekg ') Dietary thyroid hormone content
i H Item
0 (Xf 1 Cont) 1 5 10
I3 T,/ (ngemL ') T;content in serum 0.85£0.21° 1.13+0.11° 1.31+0.12° 1.2240.09%
I3 T,/ (ngemL ") T,content in serum 236+031° 2.6640.27" 3.14+0.55° 2.95+0.21%
G222 /0,
i /,A) 40.56 £2.46" 42.60+2.41° 43.50+3.51° 40.50+£3.16"
Phagocytic percentage
U E iR
EI%;&. . 2.14+£0.10° 2.18+0.07° 2.18+0.10° 2.09+0.10°
Phagocytic index
N / | t
KRG (hgrg tissue) 60.84+8.26" 63.53+3.88" 77.06+9.10° 57.7643.18"
Lysozyme activity of anterior kidney
VA T / (ngeg 't
WG/ (ugeg  tissue) 37.9446.03" 44.47+321° 55.88+9.84° 43.88+6.74"
Lysozyme activity of spleen
N4 . -1
1 NO/ (umoleg * prot 7.7540.61° 8.79+1.12" 9.36+0.88" 8.64+0.64°
NO content of anterior kidney
) leg !
IR NO/(kmolg * prot) 2.9040.77" 2.9240.83" 3.5140.66" 2.7640.59"

NO content of spleen

s FATAFER) B RERR 2 57 B (P<0.05).

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

222 A Sk
S TRT T 1 KT R U v B R P R IR R
T 0T A S BRI s TR R PR A
W (8 1) o SK'EFH BT A RTINS 12 LAV I 5 mg/kg
FEOR R 38 35 I e K, 2 v T AL fh 41 (P<0.05) ,
1 mg/kg 2110 mg/kg 415 X A o W 35 2 7o

2.2.3 NO A S
T NO & KT I NO 2, i W FIR g 2%
XPEASKE NO S B (£ 1), BARZH
SEHE R IR IR A Horr, SKE rh NO 5 2 LA
M 5 mg/kg BRI R TAIRAL (P<0.05) o A
FFOPR B 22 0 R R NO 1) 75 30 I 5 5 o
2.3

2.3.1

DAL VS 0 S SRR KT £ A7 L 7 4 ) A
PR EERZW (£2). 0.50% 4105V,

K F 46%, B F TR A.0.75% 2H.1.00% 41, 4%
0 4k 232 0 76 ZEBE IS N &L, 1 40 IR A W 38 A7 R B
R $. 0.75% 41.0.50% 41 F1 0.25% 211 11 40 i
EWEFR A 3 = TR IR 1.00% 41, (5 ik 3 41
Z KA BEES.

2.3.2 E NP
PRI N3 T v T TR, e SRR XS e S R R O
WG PE B (£ 2) o Sk W BB T L
0.50% ¢ ZE b 41 B K, 3% T IR 41.0.25% 41
1 1.00% 2o 0.75% 411 ¥ BT i3 1k S = = 1
WAL, HAE L 0.25%1.00% Z13% 47 35 25 5. W
41.0.25% 41 1.00% 412 [H) 11375 BT g vty MR A J 2
FESto S SR A I TR T BT I 38 0 v TR R
LA BL0.50% 411 % e B s M K, R T
0.75% ZH A1 1.00% 41, 5 0.25% HEA W& %5
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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
5iH Ttem SEERMEEARL R S INFT & /% Dietary chitosan content
’ 0 0.25 0.50 0.75 1.00

% /% Phagocytic percentage S6x2. 6713, .00=£3. 001 .80+3.
HWEHR /% Phagocytic p g 40.56+2.46" 43.67+3.54" 46.00-3.94 42.00+1.69° 40.80+3.71°
1R FE %L Phagocytic index 2.144+0.10° 2364014  245+0.08  2.46+0.09° 221+0.12°
NREN / . -1 t.
RHEHTRING /(ugrg  tissue) 60.841826° 652947.65% 77.06+4.09° 71.53+3.42° 6437+5.61"
Lysozyme activity of anterior kidney

FYA T / (ugeg ' ti
MRALYS G / (ugng  tissue) 37.9446.03 50.7413.13"  57.654240° 4835+540" 48244555
Lysozyme activity of spleen
JE NO/ leg™" prot
1% NO/(umol-g  prot) 7754061°  9.134078 9524068  7.79+1.17° 778+ 118"
NO content of anterior kidney
JWLE NO/ (umoleg™ prot) NO content of spleen  2.90+£0.77*  3.1440.60*  3.534+0.92°  3.2840.74*  3.144+091°
IM3% T,/ (ngemL ") T, content in serum 0.85+0.21*  1.01£0.10° 14340.12° 1.2940.12"  1.1940.10°
3% T,/ (ngemL™") T, content in serum 236+031 4244044  52240.50°  5.00£020°  3.0940.39°

e FATAFER) LR R R 225 B (P<0.05).

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

2.3.3 NO g LK NO
TR TN, SRR AL E TP NO ST EA R
FRem (K 2) , AAFZ AL NO & & (P>0.05)
SKE R NO LA 0.50% 4k, k2w T 4]
(P<0.05) « XJ M 21.0.75% 2H.1.00% 412 [F] NO &
HEERA W, (A ECT 0.25%.0.50%
4.
2.4

BN A ML Ty T, AP S50, 5%
WL Ty T, P 035 i T B, Bl 50 SRM
IR SN, Ty Ty AT 2 IUSETH s 5 B A 1
P (£ 2),0.5% A IE T, KV 5, W2 e
T0.25% 211 1.00% 21, 55 0.75% 415 8 35 2257
0.5% 411 0.75% 20 i Afa i i T, KT 5, B w
F0.25% 41A1 1% 4.

3

3.1

T ok 45 MR IR R 2= 1 77 R A | R o
I HCR IR S A k. Sahoo™ HIE, 753
filh 4] KL w4 B 041 mg/kg. S mg/kg 10 mg/kg
FRBEIG T, W SR 40 60 d, I35 T, (K3 &2 0] s
TXTHAL, LL 5 mg/kg Tk 4 5%, 10 mg/kg 411
MLy Ty & &= T 1 mg/kg.5 mg/kg 4, A S5 £4F
SIAHALIR) 25 S, W] fi i DR 7 52 56 45 ORI LV T,
TR Ok s A, T R T, 15

AR S A 1 FFODR IR 1) 20 W T e 2% 3 BUML T
FEDR M3 22 KT 10T B 175t T i e R 1) 4
50 FF DR i 2% T e S U U T P IR B R A K
HIESE7 8

P o WA RN S s R g 2 M A BAE O 4
B NATTET N ER, HOR B BER A A R Bk fe v, X
TYUER e RE DR L AT D). WFFURIL, 78
Tk AN I 1 mg/kgs 5 mg/kg 10 mg/kg 1 KL Ty J5
AT DL vy s 1 rh PR A v M T R A
FIBRAE & &, Hod 5 mg/kg TR A B9 1 %
W K P R (R PR B R e B
B, Vi (Sparus sarba ) &GN G 5 LG Ts T,
RN B, AT RE AR A YERFH AR TR A A A i B I il R
3 AR 2 R A A A (45 SR T, Lam 4 T
TH ik 9% AH S FE IR 11 R IEF 9, £3 1 T, AT DA 3t
Rag-1 (1E 4 itk Al L AR Id ) (H3R0A | o 25 1
TNBE A6 (1) I IRAR R S5 18 . AR SESG v, 7R TR
VNN 5 mg/kg TADRE IR FOR IR 3R, 764 8 M T
Ty KPR A b, AT [ IR iy Sk 1 R v ot s
PEL KB NO & 5 ANA A I 1 40 M A g P, DL E
&b S 3R B0 AR B ) Y B Y i HOR IR G A i
P BT, #0288 G g D RE R 5 13 FCIR IR IR K
PR, R ) RER NI, BT RUIRIR IS 2
W 5 i e e DY RE R, FE AT REAL I 2 f 2 40 g AN
AT Z B0 N 73 AR (RS2 A, IR REA 122 Bl A 70
6 S W e o AR N [T o 111/ N ik
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A0 MR A7 A FOIR I 28 52 4, Wbk L B P v 1 2
B PRI B . RN W RS S %
o ARG A 7 WAF AR RIRE /R DL, A Al —
2T
3.2

IS = 3 EIND BB N IR AR L
e 77, AR N- 2 I 7 4 e 44 K R S e 4 T
o NOMY b T L 0 0 r 55 Y i S DR BB
F B A0 RS Ak VB T R . B A i
ST I L B (N R R A 2 —, WO SR A A B R A
JHL PR [N, 5 T AR D e AW R I, 78 5
hHE O e IR I DRI, Al B R R e A
P& DI REIARAL, LT ) AR BRI & A R AR
Ak, T L ) AR ARG FR [ 5 T o B AR R
WA ITEIRUESE M T, T, & 5 Hef ARy 57 e
95 D) e I A8 AL SAARARL, B T5. T, v AR Y B
Yo g5 Dy fig, WO Sk 52 SROBE B v] BUIE k3 b a4
PR K ()2 A ST B 1 B 5 D) PR 7Y

ARSI vh e JEOBE R DL R 2 B v A Il b
RIRBE R B Hon] RE R R, MU & Rk TOIR
JUR () 0 75 0 3, 1 50 R BE O A B R, mT BUAE
g TR RS B AT R A A . A, f
IR FRXT IR BRI ZE (1) 43 WA F0 57 - P 3t A i 1)
R B PO R R R RO R
R E RN P SN N Bk (Salvelinus
Sontinalis) $t B (VR AL T, 7K R, W)
T, IR AL R AT . W68 (Oncorhynchus mykiss)
v AR ADRL N I R TS SR R R Y
BIFFEAE W 272, o Bop T LR v 4R 1 S ), 4R
e B AT E 1 B R 2R R AR . AR IS
56 VS 00 578 R0 %) DL PR B, 0.50% 4 R A 1T
W T, T, iR, B3 T AL 0.25% A
1% 21, v Resli2 T 52 SRPE 4 iy 1 R A0 2 1 o
) 1) FH 2 R A R AT 2 3 P o AL IR I 3 1)
B AN B S BN N B R i 3 0, v R T
70 SRR A AN A v P R B T, (AR
ok v 7 A A REL BB 008, F ] T FFOIR IR 23 WA R 1 g
3 BT S BB it R N R AT RE R BLLAR IE 1
BRI R, B AR A0 A0 5 (KW R P, S8
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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 (1.04+0.01) 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 Tyand 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 pg/g,55.88 pg/g) , the
NO content (9.36 umol/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 T;, T, (1.43 pg/mL,
5.22 pug/mL) in serum, lysozyme activity of anterior kidney and spleen (77.06 pug/g,57.65 pg/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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