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Effect of Some Local Immunostimulants on the Survival, Growth Performance and challenge infection of Oreochromis niloticus
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Abstract

Disease outbreaks are encountered in the rapidly developing aquaculture industry and affecting the economy but their controls seem to be difficult. Therefore, the use of immunostimulants may be an effective mean of increasing the immune competency and disease resistance of fish.

In this study, three immunostimulants were tested experimentally using 1200 Oreochromis niloticus (O. niloticus) fingerlings (2 ± 0.02 gm), three doses  from each immunostimulant were used (Black seed 1.0, 2.0 & 3.0 %; crushed garlic 1.0, 2.0 & 3.0 % and Biogen 0.5, 1.0 & 1.5 %). The experiment was done in four replicates and the immunostimulants were fed to the fingerlings for three months (1st phase). The growth performance and the mortality were recorded. Blood samples were used for the estimation of hematocrit values, Nitroblue tetrazolium (NBT), total protein, albumin  and globulins. Twelve fish from each treatment were challenged by Ps. fluorescens, then, mortalities were recorded for 1 week. 48 fish from each treatment were kept on a basal diet along the winter season where growth performance and mortality rate were recorded (2nd phase).

The growth performance of O. niloticus by the end of the 1st phase showed no significant change. The mortality rate was significantly decreased in all treatments. A significant increase in the hematocrit value and NBT test were seen in garlic groups. A significant increase in the total protein, albumin and globulins was noticed in all treatments. The mortality rate of challenged groups was lower in garlic group than other two treatments. The growth performance of fish in the 2nd phase of the experiment  revealed a significant increase in the body gain with garlic 1.0 % and in the condition factor with garlic 2.0 % and Biogen 1.5 %. Also, a significant decrease in the mortality rate was observed in all treatments except Biogen 0.5 %.  

It could be concluded that, the use of garlic, black seeds and Biogen for three months could increase the survival rate and the resistance of fish to some infectious diseases and may enhance the growth performance especially after prolonged application. Moreover, garlic seemed more effective than black seeds and Biogen for initiating the disease resistance based on its stimulatory effect on hematocrit and NBT test. 

Introduction

Fish culture is an important industry where the production of fish worldwide increases every year. Intensification of fish adversely affects fish health and tends to produce poor environment for fish and increase their susceptibility to infections (Sakai, 1999). Disease outbreaks are encountered in the rapidly developing aquaculture industry and affecting the economic development of this sector (Yunxia et al., 2001). Various chemotherapeutics have been used to treat bacterial infections in cultured fish for the last 20 years. However, the incidence of drug-resistant bacteria has become a major problem in fish culture (Aoki, 1992). Vaccination is a useful prophylaxis for infectious diseases of fish but the development of vaccine against intracellular pathogens has not so far been successful. Therefore, the immediate control of all fish diseases using only vaccines is impossible (Sakai, 1999). The most effective method, in our opinion, may be the development of natural disease resistance in fish, where, the use of immunostimulants may be an effective mean of increasing the immune competency and disease resistance of fish.


The present study was aimed to evaluate the effect of some immunostimulants on the survival, growth performance, immune response and disease resistance of O. niloticus, in addition to their tolerance to the cold stress through field experiments.

Materials and methods

I- Fish:

 
A total of 1200 O. niloticus fingerlings (2 ± 0.02 gm) were used in this experiment and reared in 40 hapas (30 fish/ hapa) and fed on a basal diet. The ingredients of the diet (Table 1) were obtained from many specialized factories and prepared locally in our Center in the form of pellets. Fish were fed 5 % of body weight 3 time / day using clean plastic feeders (one feeder / hapa). The basal diets were prepared by grinding of the corn to granules of 0.5 mm mesh (Thomes-Willey Laboratory Mill Model 4). The ingredients were mixed mechanically by horizontal mixture (Hobarts model D300T) at lower speed for 30 minutes. The oil was added gradually to assure the homogeneity of ingredients. The mixing speed was increased for 5 minutes during the addition of water (600 ml water) and at beginning to clump formulation of the diet, then by using pellet machine (CPM California Pellet Mill Co.); the pellet size was 0.5 cm which left for 24 hrs for air drying.

II- Immunostimulants:

Three immunostimulants were used, each in three doses; Black seed (Nigella sativa) 1.0 % (Bs1), 2.0 % (Bs2) & 3.0 % (Bs3); crushed garlic (Allium sativum) 1.0 % (G1), 2.0 % (G2)& 3.0 % (G3) and Biogen 0.5 % (B1), 1.0 % (B2) & 1.5 % (B3). Each dose was added to the basal diet, mixed thoroughly and prepared biweekly in the form of pellets.

Biogen is a synthetic product (produced   by China Way Corporation, Taichung Taiwan) contained allicin (0.247 M mole/g., Bacillius subtilis Natto (6 x 107/g.) and high-unit hydrolytic enzyme (3690 unit/g.). 
III- Experiment:

The experiment was done in 9 treatments in addition to the control (all in four replicates), they were randomly distributed in the four raceways (Table 2). The immunostimulants were fed to the experimented fingerlings for three months while the control was fed on a basal diet along the period of experiment. 

A- First phase (summer season):

By the end of the first phase of the experiment (three months during the summer season) the following investigations were done;

1- Fish of all replicates were weighted individually and their body gain was measured (Innes, 1982). Specific growth rate (SGR) and condition factor (CF) were calculated (Laird and Needham, 1988) and the mortality was recorded along the period of experiment. 

SGR=In[final mean body weight (g)]-In[initial mean body weight (g)]  ÷ time interval (days) X 100.

CF = weight (g) ÷ [length (cm)]3
2- Blood samples were collected from the caudal vein of 12 fish from each treatment using sterile syringes with EDTA and whole blood as well as serum were used for the estimation of hematocrit values (Oser, 1979), nitroblue tetrazolium (Abo-Elmagd, 1996) and total protein, albumin  as well as globulin fractionations (Laemmli, 1970).

3- Twelve Fish from each treatment (three from each replicate) were used for challenge infection using  Ps. fluorescens (0.5 ml of 4.0 x 106 ml) via I/P injection, then, mortalities were recorded along 1 week of challenge (Enany et al. 1995).

B- Second phase (Winter season): 

The remaining fish of each treatment of the four replicates were collected and pooled. Out of all, 48 fish were randomly collected from each treatment and redistributed into four replicates (12 fish/ replicate), each replicate was reared in a hapa that randomly redistributed in four raceways. All hapas were kept on a basal diet without treatment along the winter season (six months) where they were subjected to the measurement of growth performance and mortality rate.

IV- Statistical analysis:

Statistical analysis was performed using the one-way and two-way analysis of variance (ANOVA) and Dauncan (1955). Multiple Range Test was done to determine differences between treatment (mean at significance level of P<0.05). Standard errors were also estimated. All analysis was run on the computer using the SAS program (SAS, 2000).
Results

The effect of immunostimulants on the growth performance of O. niloticus by the end of the 1st phase revealed non significant changes of all treated groups in comparison to the control. The mortality rate was significantly decreased in all treatments in comparison to the control with no significant differences between treatments (Table 3).                                             

A significant increase in the hematocrit value was recorded in the group fed on garlic 2.0 % followed by garlic 3.0 %, garlic 1.0 % and Biogen 0.5 %; respectively in comparison with the control. The NBT test values were significantly increased in fish fed on garlic 3.0 % followed by garlic 1.0 % and Biogen 1.5 %, in comparison with the control. The examination of serum parameters revealed a significant increase in total protein, albumin and the majority of globulin fractionations in all treatments in comparison with the control (Table 4).

The challenge infection revealed low mortality rates in O. niloticus fed on garlic in comparison to those fed on Biogen or Black seed. However, all treated groups showed lower mortality than those of the control which showed 75.0 % mortality rate (Table 5).

The evaluation of growth performance in the 2nd phase (winter season) of the experiment revealed a significant increase in the body gain with garlic 1.0 %, specific growth rate with Biogen 0.5 % and also in the condition factor with garlic 2.0 % and Biogen 1.5 %. Moreover, a significant decrease in the mortality rate was observed in all treatments except Biogen 0.5 % in comparison to the control.  No significant differences in mortality were noticed between treatments (Table 6).

Discussion

Immunostimulants seem to be valuable for the control of fish diseases and may be useful in fish culture. It includes chemical agents, bacterial components, polysaccharides, animal or plant extract, nutritional factors and cytokines. These immunostimulants mainly facilitate the function of phagocytic cells and increase their bactericidal activities. Several immunostimulants also stimulate natural killer cells, lysosome and antibody responses of fish (Sakai 1999). They attach to specific receptors on the cell surface of the phagocytes and lymphocytes activating this cell to produce some enzymes that can destroy pathogens. Moreover, they can increase the production of some chemical messengers (interferon, interleukins and complement proteins) that stimulate other arms of the immune system and increase the activity of T and B lymphocytes (Raa, et al. 1992). 

Garlic (Allium sativum) has traditionally dietary and medicinal applications as an anti-infective agent against many bacteria (Ress, et al. 1993), fungi (Adetumbi et al. 1986) and viruses (Weber et al. 1992). The antibacterial properties of garlic clove homogenates are attributed to allicin. Extracts of fresh garlic contain antioxidant phytochemicals that prevent oxidant damage. These include unique water-soluble organosulfer compounds, lipid-soluble organosulfer components and flavonoids, notably alilixin and selenium. This extract enhancing the cellular oxidant enzymes superoxide dismutase, catalase and glutathione peroxidase (Borek, 2001).
Black seed (Nigella sativa) enhance T cell immunity and production of cytokines (Haq et al. 1995), natural killer cell and compliment (Mahdi, 1993). It also inhibit some microbe and has anti-helmintic activity against nematodes and cestodes (Agarwal et al. 1997). Nigella sativa extract has positive effect on leukocytes (Mona et al. 2002).
Biogen is a synthetic product contained allicin (0.247 M mole/g., Bacillius subtilis Natto (6 x 107/g.) and high-unit hydrolytic enzyme (3690 unit/g.). It used as active substance for nutritional performance promotion in animals (Glawischnig, 1991), increased phagocytic activity and index and has been tested in fish (Khalil et al.  2001). It may also activate the immune memory and macrophages by lymphokines which exist in fish and play an important part in the cell-mediated immunity as stated by Roberts (1989).
In the present study, the tested immunostimulants induced non significant changes in the growth performance of O. niloticus by the end of the 1st phase. 


The mortality rate among O. niloticus in both field and challenge infection was significantly decreased with immunostimulant treated groups in comparison to the control except with Biogen (0.5 %) in the 2nd phase. In first phase, a non significant difference was seen between groups. Garlic treatment showed promising results, during the challenge infection, than the other two immunostimulants. This could be due to the enough bactericidal effect of allicin in the garlic. 

The percent volume of erythrocytes in fish blood gives a clue to the health status of fish and can be helpful in determining any abnormalities arising from the use of immunostimulants. Anemic fish may have hematocrit as low as 10 %. Reduced hematocrit may indicate that, fish are not eating or are suffering infections (Blaxhall, 1972). NBT assay used to determine the activity of phagocytes especially neutrophils and monocytes (Jabs et al. 1980). In the present study, a significant increase in the hematocrit value and NBT test were recorded with garlic treatments. This could explain the efficiency of garlic on the health status and non-specific immune response that reflected directly on the low mortality recorded in these treatments. Biogen 0.5 % induced increase in hematocrit value while 1.5 % resulted an increase in NBT activity that also indicating the role of Biogen in increasing the number and activities of blood cellular element of the experimented fish based on their dose.

The examination of serum parameters revealed a significant increase in total protein, albumin and the majority of globulin fractionations in all treatments in comparison with the control with no specific pattern on doses or types of immunostimulant used in different groups. This indicated the role of garlic, black seed and Biogen as immunostimulants not only on the non-specific immune response but also may enhance some specific body defense. Similar researches indicated the use of garlic as antiviral (Weber et al., 1992), Black seed to enhance T cell immunity  (Haq et al., 1995) and Biogen to activate the immune memory and cell-mediated immunity (Roberts,1989).
The evaluation of growth performance in the 2nd phase (winter season) of the experiment  revealed a significant increase in the body gain with garlic 1.0 %, and in the condition factor with garlic 2.0 % and Biogen 1.5 %. These findings could demonstrate the role of some immunostimulants in the anabolism after prolonged period of administration. Both garlic and Biogen contained allicin which promotes the biogenic performance due to positive effect on the intestinal flora, thereby improving digestion, availability of natural feed, supply of nutrients and utilization of energy which influence the growth of fish (Khalil et al., 2001).
It could be concluded that, the used immunostimulants could increase the resistance of fish to infectious diseases by enhancing non-specific defense mechanism. Immunostimulants can reduce the losses caused by most not all diseases in aquaculture and could enhance the growth performance especially after prolonged application. Moreover, garlic seemed more effective than black seeds and Biogen for initiating the disease resistance based on its stimulatory effect on hematocrit and NBT test. Immunostimulants are recommended to be used by fish farmers in the regional countries and some questions about their efficacy need more clarification. However, timing, dosages, method of administration and the physiological condition of the fish need to be taken into consideration.
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Table (1) Analysis and ingredient of the basal diet used along the experiment.
	Ingredients (Ing.)
	%

in diet
	% protein

(in ing.)
	% protein

in feed
	ME*

(in Ing.)
	ME*

in Feed

	Fish meal
	8.00
	0.72
	5.76
	4000
	32000

	Soybean meal 
	52.9
	0.48
	25.392
	2870
	151823

	Ground corn
	29.1
	0.109
	3.1719
	1240
	36084

	Wheat flour
	5.00
	0.134
	0.67
	2700
	13500

	Vegetable oil 
	2.00
	0.00
	0.00
	9100
	18200

	Cod liver oil
	2.00
	0.00
	0.00
	9100
	18200

	Dicalcium phosphate 
	1.00
	0.00
	0.00
	0.00
	0000

	Mineral mix.
	0.07
	0.00
	0.00
	0.00
	0000

	Vitamin mix.
	0.05
	0.00
	0.00
	0.00
	0000

	Vitamin C
	0.03
	0.00
	0.00
	0.00
	0000

	Total
	100.15
	0.00
	34.9939
	0.00
	269807

	Dietary requirement 
	
	
	35
	
	280000


*ME= metabolic energy.

Table (2) showing the random distribution of the 4 replicates in all treatments and the control within the 4 raceways.

	Raceway 1
	Raceway 2
	Raceway 3
	Raceway 4

	G1
	G3
	B1
	B2

	Bs3
	B3
	C
	Bs 1

	Bs 2
	C
	G3
	B1

	G3
	B2
	Bs 3
	G2

	B2
	Bs 1
	B3
	G1

	C
	Bs 3
	Bs 1
	B3

	G2
	B1
	G2
	Bs 3

	B3
	G2
	B2
	C

	Bs 1
	Bs 2
	G1
	Bs 2

	B1
	G1
	Bs 2
	G3


Table (3) Effect of immunostimulants on the growth performance and mortality of O. niloticus fingerlings during the first phase (summer season ) (Mean ± SE).
	Immunostimulants
	Growth performance
	Mortality

(%)

	Type
	Dose (%)
	Body gain (gm)
	Specific growth rate
	Condition factor
	

	Control
	0.0
	16.46AB± 0.89
	4.66AB± 0.25
	1.86A± 0.02
	20.83A±3.00

	Black seed
	1.0
	14.32BC± 0.62
	4.06BC± 0.18
	1.86A± 0.04
	5.83B± 1.86

	
	2.0
	14.10C  ± 0.65
	3.99C± 0.19
	1.50B± 0.08
	7.50B± 1.86

	
	3.0
	14.27BC± 0.73
	4.04BC± 0.22
	1.81A± 0.20
	9.17B± 3.00

	Garlic
	1.0
	14.22BC± 0.60
	4.03BC± 0.18
	1.87A± 0.04
	5.84B± 1.37

	
	2.0
	15.52ABC± 0.68
	4.4ABC± 0.21
	1.76A± 0.03
	5.84B± 1.37

	
	3.0
	16.68A ±  0.78
	4.72A± 0.24
	1.88A± 0.02
	5.00B± 1.41

	Biogen 
	0.5
	15.33ABC± 0.63
	4.34ABC± 0.19
	1.81A± 0.05
	10.00B±2.36

	
	1.0
	14.02C  ± 0.65
	3.31D± 0.21
	1.79A± 0.02
	5.00B± 1.41

	
	1.5
	15.91ABC± 0.83
	4.51ABC± 0.23
	1.88A± 0.01
	7.50B±1.86


* The number of fish in each treatment was 120. 

Table (4) Effect of immunostimulants on some hematological and serum biochemical parameters of experimented O. niloticus during the first phase (summer season ) (Mean ± SE).
	Immunostimulants
	Hematocrit value (%)
	Serum parameters (gm/dl)

	Type
	Dose %
	
	NBT (mg/ml)
	Total protein 
	Albumin 
	α
	β
	γ

	Control
	0.0
	15.07DE±1.67
	0.28D±0.04
	1.05B±0.13
	0.52C±0.1
	0.19D±0.08
	0.19C±0.03
	0.15C±0.02

	Black seed
	1.0
	14.24E±2.39
	0.25D±0.06
	3.47A±0.66
	1.32AB±0.21
	0.79A±0.28
	0.56AB±0.22
	0.8A±0.01

	
	2.0
	8.93E±1.59
	0.31CD±0.05
	2.83A±0.68
	1.41AB±0.34
	0.59ABC±0.06
	0.35BC±0.18
	0.54AB±0.12

	
	3.0
	27.83BCD±6.25
	0.33CD±0.05
	3.89A±1.05
	1.93A±0.8
	0.79A±0.21
	0.63A±0.14
	0.55AB±0.04

	Garlic
	1.0
	35.01AB±3.37
	0.47AB±0.06
	3.46A±0.3
	1.69AB±0.41
	0.69ABC±0.11
	0.56AB±0.08
	0.52B±0.02

	
	2.0
	42.7A±11.49
	0.38ABCD±0.04
	3.28A±0.66
	1.53AB±0.3
	0.54ABC±0.22
	0.47AB±0.14
	0.76AB±0.27

	
	3.0
	36.07AB±1.33
	0.51A±0.02
	2.86A±0.94
	1.2B±0.33
	0.47CD±0.29
	0.44AB±0.11
	0.75AB±0.26

	Biogen 
	0.5
	31.15ABC±6.52
	0.28D±0.35
	3.3A±0.94
	1.56AB±0.46
	0.57ABC±0.17
	0.57AB±0.19
	0.6AB±0.19

	
	1.0
	16.54DE±2.06
	0.36BCD±0.01
	2.92A±0.4
	1.29AB±0.17
	0.48BCD±0.15
	0.49AB±0.17
	0.67AB±0.15

	
	1.5
	18.92CDE±1.99
	0.43ABC±0.03
	3.25A±0.51
	1.69AB±0.52
	0.42CD±0.16
	0.47AB±0.13
	0.65AB±0.17


* The number of samples per each group was 12 out of total number of 120 fish.

Table (5): Mortality rate among experimented fish after challenge infection.

	Treatment
	Control
	Black seed
	Garlic
	Biogen

	Dose (%)
	0.0
	1.0
	2.0
	3.0
	1.0
	2.0
	3.0
	0.5
	1.0
	1.5

	Mortality (%)
	75.0
	41.6
	41.6
	33.3
	25.0
	25.0
	03.8
	16.6
	41.6
	25.0


Table (6) Effect of immunostimulants used on growth performance and mortility of O. niloticus during the second  phase (Winter season) (Mean ± SE).
	Immunostimulants
	Growth performance
	Mortality (%)

	Type
	Group
	Body gain
	Specific growth rate
	Condition factor
	

	Control
	C
	2.13B±0.42
	0.18BC±0.03
	1.65C±0.03
	60.42A±1.36

	Black seed
	Bs1
	1.82B±0.33
	0.12C±0.02
	1.67BC±0.04
	16.67C±5.46

	
	Bs2
	1.17B±0.76
	0.09C±0.06
	1.68ABC±0.03
	14.59C±6.45

	
	Bs3
	3.50AB±1.19
	0.28ABC±0.11
	1.72ABC±0.004
	19.44C±6.33

	Garlic
	G1
	5.10A±1.35
	0.40AB±0.11
	1.75ABC±0.02
	25.00C±7.04

	
	G2
	2.78AB±0.72
	0.19BC±0.05
	1.77AB±0.04
	29.18BC±9.31

	
	G3
	3.18AB±0.19
	0.19BC±0.01
	1.72ABC±0.03
	27.09C±4.09

	Biogen 
	B1
	2.81AB±0.65
	0.45A±0.17
	1.72ABC±0.04
	45.84AB±7.22

	
	B2
	2.69B±0.47
	0.19BC±0.04
	1.72ABC±0.02
	31.25BC±2.73

	
	 B3
	3.00AB±0.68
	0.23ABC±0.05
	1.78A±0.03
	20.84C±2.73
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