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ABSTRACT 

 

Labeo rohita (200 ± 27 g) were fed with the experimental diet containing seeds of 

Achyranthes aspera, and control groups were fed with normal diet without A. aspera. After 4 

weeks of feeding, fishes were intraperitoneally injected with bovine serum albumin (BSA). 

Spleen was sampled on day-14 after BSA administration and antigen clearance was 

determined by immuno-electron microscopy. The results indicated that fish treated with A. 

aspera has efficiency cleared the injected antigen from the system. In following experiment, 

after feeding for 4 weeks, L. rohita fingerlings (5 ± 0.7 g) were immunized with heat-killed 

Aeromonas hydrophila, a bacterial pathogen. Two weeks later L. rohita were experimentally 

infected with live A. hydrophila. High survival rate was observed in A. aspera treated group 

(71%) than the control group (22%). Results indicate that A. aspera stimulates immunity, 

which efficiently cleared the injected antigen and thereby increased the disease resistance in L. 

rohita. 
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INTRODUCTION 
To fulfil the rising population demand, fishes have been usually cultured in enclosed spaces such as 

ponds or net cages, and efforts have been made to increase the productivity per unit area. When fish 

are cultured in high densities and are stressed by adverse environmental factors, their ability to 

generate effective immune responses against pathogens is severely impaired and pathogens may have 

the advantage and the risk of disease outbreak increases in fish population (Woo, 1996; Iwama and 

Nakanishi, 1996; Van Muiswinkel et al., 1999). Culture conditions promoting chronic, acute or 

subacute disease outbreaks include adverse environmental conditions (Clem et al., 1984; Miller and 

Clem, 1984) or other factors such as handling (Ellsaesser and Clem, 1986; Ainsworth et al., 1994), 

overcrowding (Klinger et al., 1983), water pollution (Schwedler et al., 1985), accumulation of wastes, 

ambient flora and fauna, low dissolved oxygen levels (Winton et al., 2004), exposure to sunlight and 

water temperature (Gannam and Schrock, 1999). 

To overcome the above situations, the immune system of the fish has to be improved so that it may 

defend the pathogen and efficiently eliminate it from the system. Little research has been conducted in 

fishes using plants as immunmodulators. Plant products as immunostimulants have many advantages 

over other types of immunostimulants. Being plant products, the extracts are eco-friendly as they are 

easily biodegradable. If the raw materials are available, these immunostimulants can be relatively 

inexpensive and so will be cost effective. Hexane fraction of Azadirachta indica significantly 

enhanced the specific, non-specific immunity, and disease resistance in Oreochromis mossambicus 

(Gnaneswari et al., 2005). The specific and non-specific humoral immune parameters and disease 

resistance were enhanced in O. mossambicus, administered intraperitoneally with water and hexane 

soluble fractions of Solanum trilobatum leaves (Bapita et al., 2005). In our earlier studies it was found 

that Achyranthes aspera stimulated the humoral immune response and also some components of 

innate immunity of L. rohita (Rao et al., 2004; Rao and Chakrabarti, 2004). In the present study we 

have tested the effect of Achyranthes on antigen clearance and disease resistance in L. rohita. 
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MATERIALS AND METHODS 

 

Animals 

Labeo rohita, rohu, were obtained from the local fish market, Delhi and were acclimatized for three 

weeks separately. Two feeding regimes were used in each experiment; control and A. aspera seed 

incorporated diets. First experiment was performed with L. rohita weighing about 200 ± 27 g, and 

four replicates (7 fish/group) were used for each feeding condition. Fish were cultured in outdoor 

cemented tanks (170 L). Second experiment was performed with fingerlings of L. rohita weighing 

5 ± 0.7 g. Fish were divided into two groups (30 fish/group) and were cultured in outdoor plastic 

tanks (200 L). Temperature and pH ranged between 27-33
0
C and 7.4-8.0, respectively, during the 

experiment. Dissolved oxygen level was maintained above 5 mg/L with the help of aerators 

throughout the experiment.  

 

Experimental diet and feeding 

Control diet (without A. aspera), and test diet containing 0.5% A. aspera seed were prepared and used 

in the experiment (Table 1). Feeding was started four weeks prior to immunization at the rate of 1% of 

body weight/day, once at 9:00 AM, and continued till the end of the experiment. 

 

Table 1   Composition of artificial diets.   

Ingredients/100 g of feed Test diet Control diet 

Fish meal (g) 32.88 32.88 

Wheat flour (g) 54.62 55.12 

Cod liver oil (g) 10 10 

Supradin - Vitamin & Mineral premix (g) 2 2 

Seed of Achyranthes aspera (g) 0.5 0 

 

Antigen and immunization 

After four weeks (28 days) of feeding, L. rohita (200 ± 27 g) were anaesthetized with MS-222 and 

injected intraperitoneally with 500 µl of Bovine serum albumin (BSA, Fraction-V, Merck) in 

phosphate buffered saline (i.e. 10 mg of BSA/fish).  

 

Sampling 

Spleen samples were aseptically dissected out from 4 fish of each group on day-14 after immunization 

for immuno-electron microscopy. 

 

Determination of antigen clearance by immuno-electron microscopy (IEM) 

Few pieces of spleen (1 mm thickness) of L. rohita were fixed in a solution containing 1% 

glutaraldehide and 2% paraformaldehide in 0.1M phosphate buffer for overnight. After washing with 

0.1M phosphate buffer, tissues were dehydrated with gradient ethanol (30-100%) at 4
0
C. The 

dehydrated tissues were first infiltrated with ethanol and LR White (1:1) followed by pure LR White 

(TAAB). Tissues were embedded in beam capsule filled with LR White and polymerized at 55
0
C. 

Ultrathin sections (70 nm) were cut in a microtome (Reichert Jung Ultracut-E) and grids were 

prepared. The sections on the grid were blocked with 2% fish gelatin in 0.1 M phosphate buffer for 2 

h. After blocking, the sections were washed and labeled by incubating with rabbit anti-BSA 

polyclonal antibodies (ICN Biochemicals, USA) diluted to 1:500 in phosphate buffer containing 1% 

fish gelatin and incubated for 12 h. Subsequently, the grids were washed thoroughly with 1% fish 

gelatin in phosphate buffer and labeled with secondary antibody, i.e. goat anti-rabbit-IgG conjugated 

with 15 nm gold particles (TAAB), diluted to 1:100 in phosphate buffer containing 1% fish gelatin, 

and incubated for 2 h. The grids were washed with phosphate buffer containing 1% fish gelatin, and 

finally washed with double distilled water. After labeling, the sections were stained with uranyl 

acetate and lead citrate. Stained sections were viewed for labeled particles under electron microscope, 

Fei-Philips Morgagni 268D Digital TEM with image analysis system. 
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Pathogen challenge experiment 

L. rohita (5 ± 0.7 g) were acclimatized for 2 weeks in outdoor plastic tanks. Fish were divided into 

two groups (30 fish/group) and were fed with 0.5% A. aspera incorporated diet and control diet, 

respectively. After feeding for 4 weeks, fish were immunized with heat-killed Aeromonas hydrophila, 

a bacterial pathogen (1×10
6
 CFU in 100 µl/fish). Two weeks later L. rohita were experimentally 

infected with live virulent A. hydrophila (3×10
6
 CFU in 100 µl/fish). Percentage survival was 

calculated on day-10 after infection. 

 

RESULTS AND DISCUSSION 

As soon any foreign particle invades, the immune system of the host recognize it, mounts immune 

response against it, and eliminates it from the body as quickly as possible to confer safety of the host 

and to protect the host from the onset of infection, also called antigen clearance. The antigen 

clearance is associated with immunomodulation, i.e. immunosuppression and immunostimulation. As 

the BSA was injected into the fish, the immune system should mount a response against it and 

eliminate it from the system of the host. The presence of gold particles locates the BSA in the imuno-

labeled spleen sections (Figs. 1, 2). In control group L. rohita, the amount of antigen (BSA) present in 

the spleen on day-14 after immunization was shown in Fig. 1. It was seen that particles were heavily 

crowded and found abundantly throughout the sections, which indicates the plentiful presence of BSA 

and the efficiency of antigen clearance was poor in untreated control L. rohita. In A. aspera treated L. 

rohita, the amount of antigen (BSA) present in the spleen was shown in Fig. 2. The particles were 

found rarely in the sections and their abundance was very low compared to the control group. This 

indicates that the injected antigen was efficiently cleared in A. aspera treated group than the control L. 

rohita. 

Treatment with A. aspera efficiently protected the fish from the experi mental challenge with a 

bacterial pathogen. High percentage of survival, i.e. >70% was observed in A. aspera treated group, 

whereas in control group the survival was only 22% (Fig. 3). It was observed from the immuno-

electron microscopic studies that, without treatment, L. rohita was unable to clear the injected BSA 

Fig. 1. Electron micrographs of spleen of control Labeo rohita on day-14 after immunization (7100x, 8900x, 

7100x, 8900x). 
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from the system. Plentiful amount of 

BSA was still present in the spleen of 

untreated controls even 14 days after 

immunization. These studies indicate 

that the immune system of Indian 

major carp L. rohita was poor in 

clearing the invaded antigen, hence, 

high percentage of mortalities were 

observed in control group fish. 

Treatment with A. aspera has enhanced 

the efficiency of L. rohita, which 

eliminated the injected BSA from the 

system. The particles appeared rarely 

on the sections indicating the scarce 

presence of BSA. From the figures it 

can be clearly seen that the antigen 

presence was very low in A. aspera 

treated group compared to the control. 

In our earlier studies it was noticed 

that treatment with A. aspera enhanced 

the antigen-specific antibody response and some components of the innate immunity in L. rohita (Rao 

et al., 2004; Rao and Chakrabarti, 2004). Since, treatment with A. aspera stimulates the immunity, the 

enhanced immune system might have efficiently eliminated the injected BSA/A. hydrophila from the 

system. Hence, high percentage survival was observed in L. rohita after experimental infection. The 

present study confirms that A. aspera increases the disease resistance by enhancing the immunity, 

which efficiently eliminates the invaded antigen/pathogen. 

 

Fig.  2. Electron micrographs of spleen of A. aspera treated Labeo rohita on day-14 after immunization (7100x, 

4400x, 7100x, 7100x). 

 

Fig. 3. Effect of Achyranthes aspera on the survival of Labeo 

rohita after experimentally infected with Aeromonas hydrophila. 
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