
L NO NOS

    510380

Haliotis diversicolor kg 250 mg 500 mg 1 000 mg L- 5 mg 10 

mg 20 mg 5 d 1 3 16 NO NOS

10 mg/kg NOS

3 h 6 h 12 h 24 h 48 h 96 h NO NOS SOD ACP

AKP LZM 500 mg/kg  L-

NO NOS 10 mg/kg NO NOS

NOS ACP AKP LZM 0.807 4 0.829 2 0.740 8 P<0.05

P<0.01 NO SOD LZM 0.930 2 0.941 3 P<0.01

NO

NO NOS 2008 15 6 902 909

Q952 A 1005 8737 2008 06 0902 08

Nitric oxide NO

Nitric oxide synthase
NOS NO

1 NO

2 NO NOS

3 8

9 Haliotis divericolor
NOS 10

Fenneropenaeus chinensis NOS

NOS 11-12

Litopenaeus vannamei NO NOS
Tafalla 13 NO

VHSV

VHSV Scophthatmus maximus
NO NOS

L-NAME NO
Ottaviani 14 Mytilus 
edulis Cipangopaludina chincasis

NOS
NO NO

NO NOS
NO

A
NOS inducible NOS iNOS

iNOS 15 Cyclophosphamide, 
CY

2007 12 12 2008 06 27.
031818 .
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6  903L- NO NOS

16 NO NOS
L- L-Arginine

NO L-
NO
L- NO NOS

NO NOS
Superoxide dismutase SOD Alkaline 

phosphatase AKP Acid phosphatase
ACP Lysozyme LZM

NO NOS

NO NOS

1

1.1
1.1.1

6.13 0.81 cm 3.93 0.22 cm
22.78 2.55 g

10 d
Gracilaria verrucosa

1.1.2 CY
L-

NO NOS

1.2  
1.2.1 120 L

80~100 L 10 1
L- 3 kg

250 mg G1 500 mg G2 1 000 mg G3
3 5 1 3

0.9%
0.1 mL/ 3

6 2.5 mL
3

4 4 000 r/
min 5 min 20 

3 5 mg/kg
G4 10 mg/kg G5 20 mg/kg

G6

10 1 3
kg

10 mg Phosphate 
buffer solution PBS

3 h 6 h 12 h 24 h 48 h 96 h

3
1.2.2

1 NO 17

NO
NO

2 NOS 18 NOS
L- NO NO

NOS
37 mL min 1 nmol NO

3 SOD 19

SOD mL SOD
50% SOD SOD

U
4 AKP ACP

20 AKP 100 mL 37
15 min 1 mg 1

ACP 100 mL 37 
30 min 1 mg 1
5 LZM 21

1.3
SPSS11.0

ANOVA
Duncan s P<0.05
P<0.01

X SE

2

2.1 L- NO
L-

NO 1
P<0.05 G2 G3

P>0.05
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904 15     

2.2 L- NOS
NO NOS

L- 2 G1
P>0.05 G2 G3 G1

P<0.05

1 L- NO
C G1 L- 250 mg/kg G2

L- 500 mg/kg G3 L-

1 000 mg/kg (P<0.05).

Fig. 1 Effects of different doses of L-Arginine on NO concentration 

in serum of Haliotis diversicolor

C Control group G1 Injection L-Arginine with the dose of 250 

mg/kg G2 Injection L-Arginine with the dose of 500 mg/kg G3

Injection L-Arginine with the dose of 1 000 mg/kg Different letters 
indicate sigi cant difference at P<0.05. 

2 L- NOS

C G1 L- 250 mg/kg G2

L- 500 mg/kg G3 L-

1 000 mg/kg (P<0.05).

Fig. 2 Effects of different doses of L-Arginine on NOS activity in 

serum of Haliotis diversicolor

C Control group G1 Injection L-Arginine with the dose of 250 

mg/kg G2 Injection L-Arginine with the dose of 500 mg/kg G3
Injection L-Arginine with the dose of 1 000 mg/kg Different letters 

indicate sigi cant difference at P<0.05.

2.3 NO
NO

3 G4
P>0.05 G5 G6

NO
P<0.05

2.4 NOS
NOS

4 NOS
G4 0.05 P<0.05

G5 G6 G4
P<0.01 G5 G6 P>0.05

3 NO

C G4 5 mg/kg G5

10 mg/kg G6 20 mg/

kg (P<0.05).

Fig. 3 Effects of different doses of CY on NO concentration in serum 

of Haliotis diversicolor

C Control group G4 Injection CY with the dose of 5 mg/kg G5

Injection CY with the dose of 10 mg/kg G6 Injection CY with the dose 

of 20 mg/kg Different letters indicate sigi cant difference at P<0.05.

4 NOS

C G4 5 mg/kg G5

10 mg/kg G6 20 mg/kg

(P<0.05).

Fig. 4 Effects of different doses of CY on NOS activity in serum of 
Haliotis diversicolor

C Control group G4 Injection CY with the dose of 5 mg/kg G5

Injection CY with the dose of 10 mg/kg G6 Injection CY with the dose 
of 20 mg/kg Different letters indicate sigi cant difference at P<0.05.

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


6  905L- NO NOS

2.5 NO
NO

5 3 h 50.62 2.33 mol · L 1

6 h 38.58 1.93 mol · L 1 12 h 21.30
2.85 mol · L 1 24 h 12.35 0.53 mol · L 1 48 h

10.19 0.93 mol · L 1

96 h 30.25 1.42 mol · L 1

PBS NO
52.16~56.79 mol · L 1 t

PBS NO
P<0.05

5 PBS NO

NO P<0.05 .

Fig. 5 NO concentration in abalone serum after injection of  CY and PBS

Different letters indicate signi cant differences of NO concentration between treated group and control P<0.05 .

2.6 NOS

NOS
6 3 h 3.02 0.22 U · mL 1 6 

h 2.60 0.08 U · mL 1 12 h 2.36
0.18 U · mL 1 24 h 2.08 0.16 U · mL 1 48 h

2.88 0.19 U · mL 1 96 h
PBS NOS

3~6 h t
96 h

P<0.05

6 PBS NOS

NOS P<0.05 .

Fig. 6 NOS activity in abalone serum after injection of CY and PBS

Different letters indicate signi cant differences of  NOS activity between treated group and the control P<0.05 .

PDF 文件使用 "pdfFactory Pro" 试用版本创建           www.fineprint.com.cn

http://www.fineprint.com.cn


906 15     

2.7 SOD

SOD
1 3 h 185.72

12.15 U · mL 1

P>0.05 6 h 160.27 9.68 U · mL 1  
12 h 147.11 5.86 U · mL 1 24 h 112.01

3.07 U · mL 1 48 h 84.16
11.52 U · mL 1  96 h 132.60

7.19 U · mL 1 PBS SOD
12 h

t 3 h
P<0.05

2.8 ACP

ACP
1 3 h 4.59 0.39 6 h

4.43 0.51 12 h 3.40 0.52
24 h 3.87 0.25 48 h

4.29 0.71 96 h 4.54
0.34 PBS ACP 48 h

96 h t

3 h
P<0.05

2.9 AKP

AKP
ACP 1

12 h 24 h 96 h
PBS AKP

t 12 h 24 h
P<0.05

2.10 LZM

LZM
24 h 24 h 20.59

3.19 U · mL 1 48 h 96 h 48 
h
PBS LZM 3 h

55.51 7.19 U · mL 1 24 h 48.04
4.33 U · mL 1 4 6 t

PBS LZM
P<0.05 1

1 PBS SOD ACP AKP LZM
Tab. 1 SOD, ACP, AKP and LZM activities in abalone serum after injection of CY and PBS

x SE

/ h
After injection

SOD U · mL 1 ACP AKP LZM U · mL 1

Trial Control Trial Control Trial Control Trial Control

0 180.59 10.04 180.59 2.04 4.68 0.07 4.66 0.05 3.70 0.41 3.59 0.37 50.98 2.08 50.79 2.96

3 185.72 12.15 183.94 5.69 4.59 0.39 4.68 0.12 3.73 0.51 3.82 0.33 45.69 2.66* 55.51 7.19

6 160.27 9.68* 186.17 5.84 4.43 0.15* 4.70 0.14 3.52 0.27 3.67 0.28 38.23 1.56* 53.53 1.56

12 147.11 5.86* 183.05 6.22 3.40 0.32* 4.68 0.35 2.94 0.29* 3.85 0.29 25.49 2.07* 49.61 1.22

24 112.51 3.07* 180.14 4.83 3.87 0.25* 4.69 0.18 3.19 0.32* 3.80 0.09 20.59 3.19* 48.04 4.33

48 84.16 11.52* 182.15 8.15 4.29 0.17* 4.64 0.09 3.62 0.31 3.73 0.12 29.22 1.4* 51.17 3.85

96 132.6 7.19* 179.92 7.16 4.54 0.34* 4.72 0.05 3.68 0.29 3.83 0.35 31.18 1.56* 54.02 4.29

* SOD ACP AKP LZM P<0.05 .
Note *  indicates signi cant differences of SOD ACP AKP and LZM between treated group and control P<0.05 .

2.11 NO NOS
NO NOS SOD AKP

ACP LZM 2
NOS SOD AKP ACP

LZM
LZM P<0.05 AKP ACP

P<0.01 NO SOD LZM
P<0.01 ACP AKP P>0.05
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2 NO NOS
                                                          Tab. 2 Correlation coef cient of immune index of abalone   n=18

SOD ACP AKP LZM

NOS +0.3707 +0.8074** +0.8292** +0.7408*

NO +0.9302** +0.6605 +0.5624 +0.9413**

* P<0.05 ** P<0.01.

Note * indicates signi cant correlation ** indicates highly signi cant correlation.

3  

NO 22-25 NO
NOS L- NO

26 G1

G2 G3
G1

27 L-
NO L-

iNOS
NOS constitutive NOS cNOS

NO L-
cNOS iNOS

DNA

15

kg 10 mg
B

IgM IFN-
Allogynogenetic silver crucian carp

28  
4 h

29

30

NO NOS

SOD ACP AKP LZM

NO
NOS

NO

22 NO
 NOS

 NOS NO

25  NO
NO

L-
NOS

NO

31

32 Cheng 33

SOD ACP
AKP LZM 

34
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NO NOS SOD LZM ACP
AKP NO SOD
LZM NOS ACP AKP LZM

NO NOS

NO

NO
NO

NO NOS
1 NO

NO cGMP
2 NO

3 NOS
NO

35
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Effects of injecting L-Arginine and cyclophosphamide on serum NO 
concentration, NOS activity and other immune index in Haliotis diversicolor 

WANG Guang-jun XIE Jun YU De-guang HU Zhao-ying DU Xu-tong TANG Li-hua
Key Laboratory of Tropical & Subtropical Fish Breeding and Cultivation Pearl River Fisheries Research Institute Chinese 

Academy of Fishery Sciences Guangzhou 510380 China

Abstract With the development of abalone culture more and more epidemic disease broke out frequently which 
made heavy losses. The common drugs and methods used in controlling epidemic disease had no obvious effect. 
The ability of aquatic animal to resist the disease can be enhanced by using immune technique to stimulate their 
immune system and it proved to be a fundamental way to control the disease.The nitric oxide NO which is  
produced during the conversion of L-arginine to L-citrulline by NO synthase NOS is a free radical biological 
messenger with numerous functions  including regulation of vascular tone cellular signaling being ubiquitous in 
all living organs and tissues. It takes part in many important physiological and pathological reactions and can kill 
the bacteria, fungi parasite or virus non- speci cally with improving the non-speci c immune function. In recent 
years studies on NO have been gotten on very quickly in life science eld but little research has been focused on 
NO of the abalone. To study the effects of injection L-Arginine and Cyclophosphamide on serum NO concentration 
and NOS activity of Haliotis diversicolor Reeve different dose of L-Arginine 0 250 500 1 000 mg per kg body 
weight abalone and Cyclophosphamide 0 5 10 20 mg per kg body weight abalone were respectively injected 
into the foot muscle of Haliotis diversicolor every 5 days for three times in present study. The NO concentration and 
NOS activity in the serum were detected on the 16th day. After injection of Cyclophosphamide with the dose of 10 
mg/kg at 3 h 6 h 12 h 24 h 48 h and 96 h after injectien the NO NOS SOD ACP AKP and LZM activities 
were examined and the correlation between them was analyzed. The results showed that compared to control 
group, L-Arginine with dose 500 mg/kg could induce an up-regulation the NO concentration and NOS activity but  
Cyclophosphamide with dose 10 mg/kg could decrease the NO concentration and NOS activity. And the correlation 
coef cient between NOS and AKP ACP LZM activities was 0.8074 0.8292 and 0.7408 respectively  which had 
significant correlation or marked significant correlation. The correlation coefficient between NO and SOD, LZM 
activities was 0.9302 and 0.9413 respectively. In practice in order to enhance the non-immunology function of 
abalone and strengthen its ability to resist the disease the NO in vivo could be induced and regulated arti cially by 
using the L-Arginine or Cyclophosphamide. And the NO/NOS could be regarded as the immune index to evaluate 
the immune function of abalone. Journal of Fishery Sciences of China 2008 15 6 902 909
Key words Diversicolor abalone Haliotis diversicolor L-Arginine cyclophosphamide nitric oxide NO
nitric oxide synthase NOS
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