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1

1.1

Ctenopharyngodon idella 1.04 0.01 g
Staphlococcus 

epidermidis

400 mg/
1.2
1.2.1

0
1 mg/kg 5 mg/kg 10 mg/kg 

13

30

2.5 mm

25% 20% 24.85% 10% 10%
5% 4% 0.4% 0.6%

0.15% 34.8%
1.22% 10.7% 11.0%
1.2.2

1.2.1
0% 0.25% 0.50%

0.75% 1.00% 14

3 30

2.5 mm
1.3

70 m
60 m 50 m

2006 7 1 9 10
3 8 00 12 00 16 00

15%
25 1 DO>5 mg/L

NH3-N 0.3 mg/L
1.4
1.4.1 70 d

20
4 24 h 6 000 r/min  

4 10 min 70 

10 0.86% 4 
3 000 r/min  4 10 min
1.4.2

Micrococus 
lysoleikticus Sigma

g/g tissue
1.4.3 NO

NO mol/ g prot
1.4.4 10

100 L
20 L 30 108 ells/mL

100
15

1.4.5
PR T3 T4

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 T3

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 T4

125I- T3 T3
125I- 

T4 T4 PR 3 000 r/min
15 min T3 T4

T3 T4

1.5  
SPSS 

11.0
Dun an S P<0.05

2

2.1 T3 T4

70 d
T3 T4

1 5 mg/kg T3 T4

1 mg/kg 5 mg/kg
10 mg/kg T3 T4
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1 T3 T4

Tab.1 Effects of thyroid hormone on the amount of triiodothyronine thyroxine in serum and immunity capacity of grass carp
 X SD n=10

 Item
/ mg•kg 1  Dietary thyroid hormone ontent

0 Cont 1 5 10

T3/ ng•mL 1  T3 ontent in serum   0.85 0.21   1.13 0.11b   1.31 0.12a   1.22 0.09ab

T4/ ng•mL 1  T4 ontent in serum   2.36 0.31   2.66 0.27b   3.14 0.55a   2.95 0.21ab

%
Phago yti  per entage

40.56 2.46a 42.60 2.41a 43.50 3.51a 40.50 3.16a

Phago yti  index
  2.14 0.10a   2.18 0.07a   2.18 0.10a   2.09 0.10a

/ g•g 1 tissue
Lysozyme a tivity of anterior kidney

60.84 8.26b 63.53 3.88b 77.06 9.10a 57.76 3.18b

/ g•g 1 tissue
Lysozyme a tivity of spleen

37.94 6.03b 44.47 3.21b 55.88 9.84a 43.88 6.74b

NO/ mol•g 1 prot
NO ontent of anterior kidney

  7.75 0.61b   8.79 1.12ab   9.36 0.88a   8.64 0.64ab

NO/ mol•g 1 prot
NO ontent of spleen

  2.90 0.77a   2.92 0.83a   3.51 0.66a   2.76 0.59a

P<0.05 .
Note Values with different supers ripts in the same row indi ate signifi ant differen e at P<0.05.

2.2
2.2.1

1

2.2.2

1 5 mg/kg
P<0.05

1 mg/kg 10 mg/kg
2.2.3 NO

NO NO
NO 1

NO
5 mg/kg P<0.05

NO
2.3
2.3.1

2 0.50%

46% 0.75% 1.00%

0.75% 0.50% 0.25%
1.00% 3

2.3.2

2
0.50% 0.25%

1.00% 0.75%
0.25% 1.00%

0.25% 1.00%

0.50%
0.75% 1.00% 0.25%
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2 T3 T4

Tab.2 Effects of chitosan on immunity capacity and amount of triiodothyronine and thyroxine in serum of grass carp
 X SD n=10

Item
/%  Dietary hitosan ontent

0 0.25 0.50 0.75 1.00
% Phago yti  per entage 40.56 2.46b 43.67 3.54ab 46.00 3.94a 42.00 1.69b 40.80 3.71b

 Phago yti  index 2.14 0.10b   2.36 0.14a 2.45 0.08a   2.46 0.09a   2.21 0.12b

/ g•g 1 tissue
Lysozyme a tivity of anterior kidney

60.84 8.26 65.29 7.65b 77.06 4.09a 71.53 3.42ab 64.37 5.61b

/ g•g 1 tissue
Lysozyme a tivity of spleen

37.94 6.03 50.74 3.13ab 57.65 2.40a 48.35 5.40b 48.24 5.55b

NO/ mol•g 1 prot
NO ontent of anterior kidney

7.75 0.61b   9.13 0.78a 9.52 0.68a   7.79 1.17b   7.78 1.18b

NO/ mol•g 1 prot NO ontent of spleen 2.90 0.77a   3.14 0.60 a 3.53 0.92 a   3.28 0.74 a   3.14 0.91 a

T3/ ng•mL 1 T3 ontent in serum 0.85 0.21d   1.01 0.10 1.43 0.12a   1.29 0.12ab   1.19 0.10b

T4/ ng•mL 1 T4 ontent in serum 2.36 0.31d   4.24 0.44b 5.22 0.50a   5.00 0.20a   3.09 0.39
P<0.05 .

Note Values with different supers ripts in the same row indi ate signifi ant differen e at P<0.05.

2.3.3 NO NO
NO

2 NO P>0.05
NO 0.50%

P<0.05 0.75% 1.00% NO
0.25% 0.50%

2.4
T3 T4

T3 T4

T3 T4

2 0.5% T3

0.25% 1.00% 0.75%
0.5% 0.75% T4

0.25% 1%

3  

3.1

Sahoo 13

0 1 mg/kg 5 mg/kg 10 mg/kg
T3 60 d T3

5 mg/kg 10 mg/kg
T3 1 mg/kg 5 mg/kg

T3

T3

13

1 mg/kg 5 mg/kg 10 mg/kg T3

5 mg/kg
13

Sparus sarba T3 T4

16 Lam 12

T4

Rag-1

5 mg/kg T3

T4

NO

8
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17

3.2

5 7 N-
NO 18

T3 T4

T3 T4

19

5 -
20 21

22 Salvelinus 
fontinalis T4

T3
23 Oncorhynchus mykiss

T3
24

4 25 26

0.50%
T3 T4 0.25%

1%
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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 Aquati  Geneti  Resour es Shanghai O ean University Ministry of Edu ation

Shanghai 200090 China

Abstract It is well known that hitosan an enhan e aquati  animal s immunity while relatively few resear hes 
were on immunoregulation me hanism. With the development of immunology the relationship between 
endo rine system and immune system was gradually known but it s doubt there is influen e of thyroid hormone 
on immunity apa ity and that hitosan an regulate immunity apa ity by the pathway of endo rine system 
in Ctenopharyngodon idella. In the present study in order to understand the influen e of thyroid hormone on 
immunity of grass arp Ctenopharyngodon idella and possible immunoregulation me hanism of hitosan by the 
pathway of thyroid hormone diets ontaining thyroid hormone 0 1 5 10 mg thyroid hormone /kg feed  
or hitosan  0% 0.25% 0.50% 0.75% and 1.00%  respe tively were formulated to feed grass arp initial 
body weight 1.04 0.01 g  for 70 days in indoor re ir ulation aquarium. The amount of thyroid hormone in 
serum the nonspe ifi  immune fun tion su h as lysozyme a tivity and NO ontent of anterior kidney and spleen
phago yti  a tivity of peripheral leu o yte were determined. The results indi ated that there was signifi ant effe t 
of dietary thyroid hormone on the amount of T3 and T4 in serum the nonspe ifi  immune fun tion  lysozyme 
a tivity of anterior kidney and spleen and NO ontent of anterior kidney  P<0.05 . T3 1.31 g/mL  and T4 

3.14 g/mL ontent in serum lysozyme a tivity of anterior kidney and spleen 77.06 g/g 55.88 g/g the 
NO ontent 9.36 mol/g prot of anterior kidney of 5 mg thyroid hormone kg 1 feed treatment were signifi antly 
higher than those of the ontrol group P<0.05 and similar hange trend betweenT3 T4 ontent in serum and 
nonspe ifi  immunity implied that thyroid hormone ould modulate immunity of the tested fish. The results 
also showed that there was signifi ant effe t of hitosan on the amount of T3 and T4 in serum the nonspe ifi  
immune fun tion  lysozyme a tivity of anterior kidney and spleen and NO ontent of anterior kidney phago yti  
a tivity of peripheral leu o yte  P<0.05  .The amount of thyroid hormone in serum and the nonspe ifi  immune 
fun tion firstly in reased and then de reased with the in reased dietary hitosan the amount of T3 T4 1.43 g/mL
5.22 g/mL  in serum lysozyme a tivity of anterior kidney and spleen 77.06 g/g 57.65 g/g the NO ontent 
9.52 mol/g prot  of anterior kidney phago yti  a tivity of peripheral leu o yte 46.00%  of 0.50% hitosan 

treatment were signifi antly higher than those of the ontrol group P<0.05 . Summing up all the results we 
an draw the on lusion that hitosan an regulate immunity of the tested fish by thyroid hormone. Sin e the 

signifi antly enhan ed immunity was found in the 0.50% hitosan group appropriate dosage of hitosan was 0.50% 
of the diets in this experiment. Journal of Fishery S ien es of China 2008 15 4 630 636
Key words hitosan thyroid hormone immunoregulation Ctenopharyngodon idella
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