Indian minor carp Labeo bata (Ham.) elicits more cellular immune effector activities than Indian major carp Labeo rohita (Ham.) and Catla catla (Ham.)
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ABSTRACT

With the aim of revealing basic cellular immune-characteristics of popular Indian major and minor carps, neutrophil, macrophage and lymphocyte functional tests were performed. The blood leucocytes of bata, Labeo bata produced significantly (p<0.01) high superoxide anion (0.317±0.01) in vitro than rohu, L. rohita (0.192±0.02) and catla, Catla catla (0.156±0.02). In vitro phagocytic activity (%) of splenic macrophages was found to be 17.56±0.10, 17.93±0.15 and 18.34±0.87, respectively for catla, rohu and bata. In vitro nitrite production (μM of NaNO2) by splenic macrophages of catla was more than rohu and bata. In vitro lymphoproliferation (expressed as stimulation index) of bata was significantly (p<0.01) higher (0.490±0.080) than rohu (0.346±0.010) and catla (0.154±0.040) upon mitogenic stimulation. Among the tested carps, the minor carp bata elicited significantly more immune-effector activities than the Indian major carps, viz. rohu and catla. Perhaps these properties of bata contribute to its increased resistance to common infectious diseases in culture conditions. 
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INTRODUCTION
Infectious diseases are the leading cause of mortality and morbidity of fish worldwide. Bacterial diseases are frequently encountered in all stages of fish causing large scale mortality. The frequency of disease outbreaks have increased with increasing intensification of aquaculture activities. It has become clear that fish are endowed with immunological properties enabling an efficient protection against invading pathogens. The relevant defense mechanisms, often, are not known in detail. Especially a deeper insight in mechanisms of initiation and coordination of an immune response in fish is needed to improve the preventive strategies and to reduce the impact of fish diseases in aquaculture industry. The Indian major carps, rohu (Labeo rohita Ham.) and catla (Catla catla Ham.) and minor carp, bata (Labeo bata Ham.) are the most popular freshwater fish species in Indian subcontinent. In spite of the prevalence of various infectious diseases (Kumar, 1992, Swain et al., 2007), no suitable immunodiagnostic tests for the infectious agents or vaccines for the protection of Indian carps are available. Progress in the development of prophylactic tool to control infectious diseases requires a thorough knowledge of basic immune functions of cultivable species. Non-availability of basic data on immune-effector activities in Indian carps, especially the minor carp (L. bata), made it difficult to draw prophylactic strategies against infectious diseases. In this investigation, an attempt was made to compare the cellular immune-effector characteristics of rohu, catla and bata, so that such knowledge could be exploited while designing appropriate prophylactic strategies.

MATERIALS AND METHODS
Experimental fish and set up 

The Indian carps (n=90) comprising 30 numbers each of rohu (Labeo rohita Ham.), catla (Catla catla Ham.) and bata (Labeo bata Ham.) of size 15-20 cm long and 60-80 g weight were procured from Kharki (Lat 220 29′ 30.98′′ N and Long 880 26′ 5.56′′ E), South 24 Parganas district, West Bengal, India. The experimental circular fiberglass reinforced plastic (FRP) tanks of 500 L capacity were first scrubbed and cleaned with chlorinated water (200 ppm), flushed thoroughly and dried before use. All the tanks were filled with about 200 L bore-well water. Before being used, the bore well water was allowed to stand for 2-3 days in FRP tanks for ageing. The fish, on receipt, were disinfected by placing in 5 ppm KMnO4 solution for 15 min and transferred to 9 tanks @10 fish/tank. The fish were fed with commercial dry pellet diet, comprising 12% wheat flour, 10% rice bran, 35% groundnut oil cake, 40% fish meal, 2% vitamins and minerals along with 1% oil, on demand, at the rate of 1% of the body weight daily once. All the fish were maintained in such condition for a week prior to experimentation. The wastes and faecal matter were siphoned out daily. 

Studies on immune-effector cells 

Two fish from each tank were taken randomly on each experimental day. Blood and head kidney samples were obtained from each species of fish (n=6) and different immunological parameters determined as described below:

 Nitroblue tetrazolium (NBT) reduction test 

Carp (rohu, catla and bata) blood was drawn from the heart and used for the NBT reduction test (Siwicki et al., 1985). Briefly, equal volume (100 (l) of the blood sample and nitroblue tetrazolium (NBT) solution (0.2% in phosphate buffered saline, PBS) were mixed in microtitre plate wells and incubated for 30 min in room temperature. Then 50 (l cell suspension was added to 1 ml N, N dimethyl formamide and centrifuged for 5 min at 3000 g. The optical density (OD) of the colour was read spectrophotometrically at 540 nm.

 Isolation of carp leucocytes
Leucocytes were isolated from the blood and anterior kidney of carps by density gradient centrifugation using Histopaque-1.077® (Sigma-Aldrich, USA) as per Bharadwaj et al. (2013). The leucocytes were enumerated using trypan blue dye exclusion method (Maji et al., 2006). 

 Macrophage functional assay
The ability of fish phagocytes to ingest bacteria was demonstrated by in vitro phagocytosis assay as per Yoshida et al. (1993) using Staphylococcus sp. as target organism. The number of phagocytic cells per 200 cells was counted and calculated the mean number of Staphylococcus sp. phagocytosed per 100 leucocytes. The phagocytic activity (PA) was determined as per Findly and Mundaym (2000) following the formula as below:


 Nitrite production assay
Nitrite production by leucocytes was assessed using Griess reagent (Green et al., 1982). Briefly, the cell number was adjusted to 2 X 106 viable cells/ml in RPMI–1640 growth medium. One hundred microlitre of lipopolysaccharide (LPS) at a concentration of 10 mg/ml was added to 100 µl cell suspension in 96 well tissue culture plate and incubated at 280C for 96 h containing 5% CO2 tension. One hundred microlitre of 1% sulfanilamide (Sigma-Aldrich, USA) and 100 µl of 0.1% N-1 napthylethylene diamine dihydrochloride (Sigma-Aldrich, USA) in 2.5% phosphoric acid were added to 50 µl supernatants. The optical density was measured in a plate reader (ECIL, India) at 570 nm periodically at 48 h, 72 h and 96 h. The molar concentration of nitrite in the supernatants was determined from standard curve obtained using known concentrations of NaNO2 (Sigma-Aldrich, USA) (Joardar et al., 2003).

Lymphoproliferation assay (LPA)
After cell suspension, head kidney leucocyte cells were adjusted to 5x105 cells/ml in RPMI-1640 growth medium. One hundred microlitre of ConA (Sigma-Aldrich, USA) at a concentration of 10 (g/ml were added into each well of 96-well tissue culture plate (Nune, Denmark) containing 100 (l of cell suspension and incubated for 48 h at 280C containing 5% CO2 tension. The proliferation of head kidney leucocytes was determined by colorimetric 3 – [4, 5 – dimethlythiazol-2yl] - 2, 5 – di phenyl tetrazolium bromide (MTT) assay (Daly et al., 1995). After 48 h, 20 (l of MTT (5 mg/ml in PBS) was added in to each well and incubated for 4 h at 280C. The tissue culture plate was centrifuged at 500 x g for 10 min and the supernatant removed carefully without disturbing the cell plate or formazan precipitate. The formazan crystals were dissolved by the addition of 150 (l of dimethyl sulphoxide (DMSO, Sigma-Aldrich, USA) followed by 25 (l of glycine buffer (0.1 M glycine, 0.1 M NaCl, pH 10.5), mixed thoroughly with micropipette and incubated at room temperature for 10 min. The formazan development was read at 595 nm using a plate reader (ECIL, India).

Statistical analysis

The results, expressed as mean±standard error of mean (SEM), were analyzed by one-way analysis of variance (ANOVA) to test the significance of difference among the carps using the SPSS 10.0 for Windows software package (SPSS Inc., Chicago, IL, USA). A probability level of 0.01 was used in all cases.

RESULTS 

 NBT reduction test

In vitro superoxide anion production by leucocytes of catla, rohu and bata was assessed by NBT reduction test and was expressed as OD values (Table 1). The bata produced significantly high (p<0.01) superoxide anion (0.317±0.01) than rohu (0.192±0.02) and catla (0.156±0.02). 
Macrophage functional assay - Phagocytic activity 

In vitro phagocytic activity of carp splenic macrophages was found to be 17.56±0.10%, 17.93±0.15% and 18.34±0.87% for catla, rohu and bata, respectively (Table 1). Bata showed slightly more phagocytic activity than catla and rohu. 

Nitrite production assay
In vitro nitrite production by carp splenic macrophages was assessed and expressed as μM of NaNO2. Catla produced more nitrite than rohu and bata. At 96 h culture, although values decreased for all the species, in vitro nitrite production was significantly high in catla and bata (p<0.01) than rohu (Table 1).

Lymphoproliferation assay

In vitro lymphoproliferation (upon mitogenic stimulation) of catla, rohu and bata was expressed as stimulation index (SI). The SI value of bata was significantly (p<0.01) higher (0.490±0.080) than rohu (0.346±0.010) and catla (0.154±0.040) (Table 1). 
DISCUSSION
Fish phagocytes produce large quantities of superoxide anion (O2-) during phagocytosis or upon stimulation with a variety of infectious agents. This response results in increased oxygen consumption and, therefore, has been termed as “respiratory burst”. The respiratory burst phenomenon was well characterized in macrophages, monocytes and granulocytes (MacArthur and Fletcher, 1985). In the present study, the ability of in vitro superoxide anion production by blood leucocytes was observed to vary among the Indian carp species. The minor carp, bata proved its ability (p<0.01) to produce more superoxide anion in vitro (0.317±0.01) than the major carps such as rohu (0.192±0.02) and catla (0.156±0.02). The observed value was about two orders of magnitude when compared to catla. The superoxide anion production by NBT reduction test has been routinely used to assess non-specific cellular immune activity of fish such as Atlantic salmon Salmo salar L. (Jorgensen et al., 1993), turbot Scophthalmus maximus (Ogier de Baulny et al., 1996; Santarem et al., 1997), rainbow trout Oncorhynchus mykiss (Yoshida et al., 1995; Verlhac et al., 1998) as well as C. catla and L. rohita (Kamilya et al., 2006; Pal et al., 2007, 2009; Bharadwaj et al., 2013) in various immunomodulation and vaccination experiments. The results of the present study corroborate the earlier works on rohu (Pal et al., 2007) and catla (Kamilya et al., 2008) where superoxide anion levels of 0.189 ±0.040 and 0.148±0.020, respectively were recorded. 

In fish, phagocytosis was recognized as an important element in the host’s defense against invading microorganisms (MacArther and Fletcher, 1985; Olivier et al., 1986). In this study, in vitro phagocytic activity of splenic macrophages of bata was only marginally high (18.34±0.87) than catla (17.56±0.10) and rohu (17.93±0.15). The present data corroborate the previous works on rohu (Pal et al., 2007) and catla (Kamilya et al., 2008; Pal et al., 2009). Reactive nitrogen intermediates have been proved to be important molecules in regulating immune functions, as well as having direct antimicrobial effect (Liew et al., 1990, Schoor and Plumb, 1994). As seen in Table 1, in vitro nitrite production by splenic macrophages of catla was more than rohu and bata in all the periods of observation (48, 72 and 96 h culture). An increasing trend was observed in all the species up to 72 h and subsequently decreased at 96 h of culture. However, at 96 h in vitro nitrite production by catla and bata were observed to be significantly higher (p<0.01) than rohu. The present findings corroborate the previous works on rohu (Pal et al., 2007) and catla (Pal et al., 2009). 

The successful measurement of lymphoproliferation activity is required to properly investigate their response following stimulation with specific and non-specific mitogen. The lymphoproliferation assay of the present study (as stimulated by ConA in vitro) demonstrated that the bata exhibited significantly (p<0.01) high SI value than rohu and catla. This suggested that the minor carp display fairly high lymphoproliferative ability in vitro (upon mitogenic stimulation) than the major carp species used in the experiment. Comparable data for rohu and catla were found in earlier reports (Pal et al., 2007; Kamilya et al., 2006). Non-availability of data on the cellular immune-effector activities of bata made it difficult to compare the results of the present findings. Nevertheless, the minor carp, bata (Labeo bata Ham.) displayed higher celluler immune-effetor activities such as superoxide anion production, phagocytosis and lymphoproliferation than the Indian major carps such as rohu and catla. It may be hypothesized that these immunological attributes render the bata (Labeo bata Ham.) more resistant to microbial infections commonly observed in culture conditions than the Indian major carps.
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Table-1. Cellular immune responses of Indian major and minor carps

	Carp species
	Superoxide anion production (OD)
	Phagocytic activity (%)
	Nitrite production (μM of NaNO2)
	Lymphoproliferation 

(Stimulation index, SI)

	
	
	
	48 h
	72 h
	96 h
	

	Rohu, Labeo rohita
	0.192±0.020a
	17.93±0.15
	16.83±0.07
	19.07±0.07
	14.68±0.08c
	0.346±0.010e

	Catla, Catla catla
	0.156±0.020a
	17.56±0.10
	20.54±0.39
	21.76±0.16
	19.63±0.10d
	0.254±0.040e

	Bata, Labeo bata
	0.317±0.010b
	18.34±0.87
	18.85±0.42
	21.61±0.22
	18.89±0.04d
	0.490±0.080f


Data shown are mean of six observations ± standard error of mean (SEM). OD: Optical density; Values sharing uncommon superscripts within the column differed significantly (p<0.01).
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