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Introduction

Aquaculture gains momentum at the advent of mod-
ern technologies in farming of aquatic organisms. 
Roughly 40% of all fish directly consumed by humans 
worldwide are now farmed (Whyte, 2007). The acceler-
ated spread of disease, especially infectious diseases, 
in waters, is a major factor limiting the production of 
fish, causing heavy loss to fish farmers. Bacterial fish 
diseases have been studied extensively (Logambal 
et al., 2000), and to nurture healthy fish it requires po-
tent defense mechanisms against pathogen invasion. 

Like humans, fish rely on both specific and non-spe-
cific mechanisms to protect themselves against invad-
ing pathogens. Phagocytosis, a non-specific defense 
mechanism, is the most common of the cellular de-
fense reactions. This non-specific immune system in 
fish can be enhanced through feed additives (Siwicki 
et al., 1994).

The literature shows that the immunostimulants 
which have been effective in enhancing immune 
responses in salmonids, carp Cyprinus carpio Linn. (Cy-
prinidae), channel catfish Ictalurus punctatus Rafinesque 
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Context:  The production of fish is limited by infectious diseases; when a fish grows in an immunosuppressed 
condition, it becomes highly susceptible to disease.

Objective:  The present research work investigates immunomodulatory action of Aegle marmelos (Linn.) Corr. Serr. 
(Rutaceae) in Catla catla Hamilton (Cyprinidae) for enhancing immune protection of the fish against bacterial 
infections.

Material and methods:  Doses of 0, 5, 10, 15, 20, 25 and 30 g aqueous plant leaf extract/kg feed were administered 
orally to the freshwater fish, Catla catla for a period of 30 days to investigate its efficiency to enhance the non-specific 
immune responses against the fish pathogen Pseudomonas aeruginosa (Schröter) Migula (Pseudomonadaceae).

Results and discussion:  The fish were challenged with pathogens through water medium for 30 days and the 
immunomodulatory effect of the Aegle marmelos was evaluated on the blood samples every 5 days untill 15 days after 
infection. The results obtained from the study shows that the 25 g leaf extract/kg of feed was found to be competent 
to enhance optimum immune response. The effectiveness of the immunostimulant action was found to be best for 
the first 5 days after challenging with pathogen and subsequently, the immune response was found to decline in all 
the concentrations of plant extract.
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immunocompetence of fish against bacterial pathogens.
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(Ictaluridae), and giant freshwater prawn Macro-
brachium rosenbergii De Man (Palaemonidae) include 
levamisole (Siwicki et  al., 1990), glucans (Yano et  al., 
1989; Robertsen et al., 1990; Nikl et al., 1991; Mishra et al., 
2004) and chitin (Sakai et al., 1992; Anderson & Siwicki, 
1994). Traditional Chinese Medicine (TCM) [Astragalus 
radix Linn. (Fabaceae) and Ganoderma lucidum (Curtis) 
P. Kars (Ganodermataceae)] has also received attention 
with regard to the immune stimulating function in aqua-
culture recently (Yoshida et al., 1993; Siwicki et al., 1994; 
Zhang et al., 2009). On perusal of the literature it was evi-
dent that many exogenous factors (dietary components, 
stress, pathogens, xenobiotics, etc.) enhance or modulate 
the fish phagocytic activity (Secomber, 1994).

In conjunction with the ongoing research in our labo-
ratory, the present research work investigates the im-
munostimulant action of Aegle marmelos (Linn.) Corr. 
Serr. (Rutaceae) in Catla catla Hamilton (Cyprinidae), 
for enhancing immune protection of the fish against bac-
terial infections (Pseudomonas aeruginosa ). The Catla 
catla is one of the Indian major commercial carp other 
than Labeo rohita (Rao & Chakrabarti, 2005). The Aegle 
marmelos leaves, roots, bark, seeds and fruits are edible 
and have medicinal value. The medicinal properties of 
this plant have been described in the Ayurveda (Sin-
ganan et al. 2007). Hence, this plant was considered for 
the present study. Pseudomonas aeruginosa is a bacterial 
pathogen and like Aeromonas hydrophila Chester, it also 
causes septicemia in fish resulting in petechial hemor-
rhage on fins and tail and ulceration of the skin.

Earlier studies on this fish were carried out with dif-
ferent plant extracts and infected with Aeromonas spe-
cies (Guojun et  al., 2009; Xue et  al., 2008; Ardo et  al., 
2008; Xie et al., 2008; Yin et al., 2009). So in this present 
study, the extract of Aegle marmelos was administered to 
monitor the phagocytic activity on the fish infected with 
Pseudomonas aeruginosa.

Material and methods

The freshwater fish, Catla catla (16 ± 5 g), were procured 
from State Fisheries fish seed farm, Kadana, Tamil Nadu, 
India, and was authenticated by aquaculturists in the 
university. The oxygen content of the ambient fresh water 
(30 ± 1°C) was kept above 50% air saturation throughout 
the period of acclimation and during experiments. The 
experimental fish were stocked in six troughs with ten 
fish each in triplicate (including control). Fish were fed 
daily with normal balanced fish feed during the period 
of acclimation. The basal diet was nutritionally balanced 
with 40% protein and also formulated with the powdered 
form of the ingredients as given in Tables 1 and 2. The 
ingredients were made into dough, steamed and mixed 
with vitamins and minerals (the extract was added in the 
medicated feed). Then the feed mix was pelletized and 
dried to reduce the moisture content to 10%.

A virulent strain of Pseudomonas aeruginosa was iso-
lated from diseased fish with symptoms of hemorrhagic 

septicemia. After isolation of the strain, it was identified 
using standard microbial identification tests and the 
culture was maintained on tryptose soya agar slopes at 
4°C for long-term preservation, which was used for in-
fecting the healthy fish.

Preparation of leaf extract
Aegle marmelos leaves were collected from Sri 
Paramakalyani temple, Alwarkurichi, Tamil Nadu, India. 
The plant material of Aegle marmelos used in this study 
was authenticated by the professors in the Botany De-
partment, MS University, Tirunelveli, Tamil Nadu, India 
(file/fish/2009/5). The plant leaves were washed thor-
oughly with distilled water to remove the adhered soils. 
The water extract of the fresh Aegle marmelos leaves was 
prepared by crushing and soaking the leaves in distilled 
water for 48 h. Then the extract was centrifuged at 100 rpm 
for 5 min and filtered to get an extract free of debris. The 
water in the extract solution was removed under reduced 
pressure, which yielded the crude extract which was used 
for further study.

Determination of antimicrobial activity (minimum 
inhibitory concentration)
The isolated bacterial culture was tested for its sensitivity 
to crude leaf aqueous extract of Aegle marmelos by disc 
diffusion test (agar medium). The minimum inhibitory 
concentration (MIC) of the Aegle marmelos against the 
Pseudomonas aeruginosa was determined by microdi-
lution techniques on agar plates (Bergan et  al., 1997; 
NCCLS, 2008). The concentration of the extract was pre-
pared using 0 (control), 50, 100, 150, 200, and 250 µg/mL 

Table 2.  Composition of vitamins in the Beplex mix.
Vitamin Quantity
Thiamine mononitrate IP 10.0 mg
Riboflavine IP 10.0 mg
Nicotinic acid IP 25.0 mg
Niacinamide IP 75.0 mg
Pyridoxine hydrochloride IP 3.0 mg
Calcium pantothenate IP 50.0 mg
Folic acid IP 1.5 mg
Vitamin B

12
 IP 15.0 mcg

Vitamin C IP 150.0 mg
Biotin USP 260.0 mcg
IP, Indian Pharmacopoeia; USP, United State Pharamacopoeia.

Table 1.  Basal feed ingredients and their protein content.
Feed ingredients Weight Protein content (%)
Ground nut oil cake 20,000 g 9.32
Fish meal 15,000 g 8.47
Rice bran 1,30,000 g 16.38
Tapioca 15,000 g 4.75
Soya bean meal 20,000 g 2.0
Vitamin mix (Beplex)* 1 tablet -
Cod –liver oil 300 mg -
Total  40.92
* The composition of vitamin mix is given in table 2.
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concentrations. A stock solution of 10 µg/mL reference 
standard of cephalosporin was prepared with the help of 
sterile distilled water. The pH of the media was adjusted 
to 7.2–7.4 and the Petri plates were refrigerated overnight 
(the area of the extract placed was marked). The average 
size of the inoculum was about 105 cells contained in a 
2 mm diameter standard loop. When the nutrient agar 
plates containing the extract and also the control plates 
having equal volumes of solvent were made ready, the 
broth culture of test organism grown overnight was spot 
inoculated by checkerboard technique on the marked 
area of the plates. These were then incubated for 72 h at 
37°C. No growth of the organism on the test plate along 
with growth on the control plate was taken as an indica-
tion of antimicrobial activity of the extract. Minimum 
inhibitory concentration (MIC) was indicated by the 
lowest concentration of the extract, which inhibited the 
bacterial growth (Islam et al., 2008).

Experimental design
The antibacterial (Pseudomonas aeruginosa) sensitivity 
test was carried out by disc diffusion test (agar medium) 
using 100, 200, 300, 400 and 500 µg/mL concentrations 
of the crude extract of Aegle marmelos leaves. In conse-
quence of this, Aegle marmelos incorporated artificial 
feed at different concentrations: 0, 5, 10, 15, 20, 25 and 
30 g plant leaf extract/kg feed was given as an immunos-
timulant to the freshwater fish, Catla catla for a period of 
30 days to check its efficacy in enhancing the non-specific 
immune response. On day 30 of immunomodulation, the 
experimental fish were subjected to infection with the 
fish pathogen, P. aeruginosa, with a cell density of about 
19.5 × 104 cells/mL through water medium and the patho-
gen level was also maintained in the water for 3 days.

Collection of blood and antiserum
After day 5 of infection, blood samples were drawn and 
consequently every 5 days untill day 15. The fish were 
bled serially using a tuberculin syringe with 24 gauge 
needle from the caudal vein and the blood was collected 
in EDTA-rinsed small serological tubes. The blood (with-
out anticoagulant) collected from fish was kept overnight 
at 4°C for serum separation. The serum was separated by 
spinning down at 3000 rpm for 15-20 min in a centrifuge. 
The supernatant was collected and stored in sterile vials. 
The serum was kept at 57°C in a water bath for 30 min 
to inactivate the complement system and was stored at 
−20°C for further analysis.

Assay of phagocytic activity
The phagocytic activity assay was performed by the 
following modified method of Sahoo and Mukherjee 
(2002). The collected blood (100 µL) was mixed with an 
equal quantity of bacterial suspension (1:1) in Eppendorf 
tubes. The density of the bacterial culture was main-
tained throughout the experiment at 104 cells/mL in PBS. 
The mixture was incubated for 20 min at room tempera-
ture. After incubation, a thin smear was prepared and 

fixed with absolute alcohol for 5 min. The smear was later 
stained with Giemsa stain for 5 min and the phagocytic 
cells that had engulfed the bacteria were counted (under 
a microscope) as positive (Seeley et al., 1990).

The percentage of bacteria ingested by phagocytes 
(phagocytic ratio) was calculated by Equation 1.

Phagocytic ratio 

Number of phagocytic cells

with engulfed 


bbacteria
  100

Number of phagocytes



Statistical analysis
The data collected were statistically analyzed using two-
way analysis of variance (ANOVA) to test the effects of 
experimental diets for all parameters. Student’s t-test was 
used to test differences among individual means and the 
control. The difference was recorded as significant when 
P <0.01 and P <0.05. This statistical work was performed 
manually with the help of Microsoft Excel software.

Results and discussion

The immunomodulatory effect of the aqueous leaf ex-
tract of A. marmelos on P. aeruginosa infected C. catla by 
improving the phagocytic activity was found by feeding 
different concentrations of the extract to the fish.

Initially, the sensitivity of the Aegle marmelos leaf ex-
tracts against the pathogen Pseudomonas aeruginosa was 
performed by the agar plate diffusion method. The result 
obtained from the study describes that among the vari-
ous concentrations tested, the extracts have sensitivity 
at 150 µg/mL concentration (minimum inhibitory con-
centration) against the bacterial pathogen P. aeruginosa. 
Earlier literature has also shown that the A. marmelos 
extracts possess antimicrobial activity against bacterial 
species (Madasamy, 2003).

The results (percentage phagocytic ratio) obtained 
from the study are provided in Table 3. The results reveal 
that the aqueous extract of A. marmelos enhances the 
percentage of phagocytic ratio in experimental fish com-
pared to control fish. Among the experimental groups, 
the highest immunostimulation (phagocytic ratio) was 
observed in fish fed with 25 g of plant extract/kg of feed in-
corporated diet. However, other concentrations were also 
able to stimulate the phagocytic activity at a lower rate.

It is evident from Figure 1 that the immunostimulant 
action of A. marmelos was found to be at its best for the 
first 5 days. Similarly, Logambal et  al. (2000) observed 
that 20 mg of Ocimum sanctum Linn. (Lamiaceae) extract 
enhanced the neutrophil activity maximally for 6 days. 
Mulero et  al. (1998) observed that the dietary intake of 
levamisole enhances the phagocytic ratio and the peak 
response was noted in week 5 of treatment. Ortuno et al. 
(1999) observed that phagocytic activity was at its peak 
after 2 weeks of administration of vitamin C.

It is interesting to note from Figure 1 that the phago-
cytic ratio or phagotic activity decreased on days 10 and 
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15 of analysis. Sakai (1999) explained in his review that 
the immunostimulants increased resistance to infectious 
disease, not by enhancing specific immune responses, 
but by enhancing non-specific defense mechanisms. 
Therefore, there is no memory component and the re-
sponse is likely to be of short duration, as observed in the 
present study.

From Figure 1 it is also apparent that the concentra-
tion of 25 g plant extract/kg of feed was the optimum, 
and overdose or high concentration (50 g plant extract/
kg of feed) induced immunosuppression to the fish, as 
observed by Sakai (1999). The fish fed with leaf extract of 
A. marmelos were significantly enhanced (P <0.05) in the 
phagocytic ratio when compared with the control fish and 
the ratios were maximally significant (P <0.05) on day 5 of 
infection. The results also reveal that macrophage migra-
tion in the presence of exoantigen was enhanced with the 
incorporation of different levels of leaf extract of Aegle 
marmelos in fish feed. The increase in phagocytic ratio 
indicates that the leaf extract stimulates the synthesis of 
chemotactic factors as observed in the study of Fujiki K, 
Yano, T. (1997).

In conclusion, these findings suggest that plant extract 
Aegle marmelos can be incorporated in the diet in order 
to increase immune function and protection against in-
fectious disease in the freshwater fish Catla catla. The op-
timum dose of dietary plant extract required to increase 
the immune response in Catla catla was found to be 25 g 
of plant extract/kg of feed administered for 30 days at a 
feeding rate of 5% body weight. The study also indicates 
that lower or higher plant extract concentrations may not 
be as effective at eliciting complete protection against 
bacterial infection.

In fish farms and hatcheries containing millions of 
young fish, individual injections are very expensive; im-
mersion, bathing and shower techniques are also costly 
and involve handling stress. Incorporating an immunos-
timulant into the feed may be the best way of delivering 
it to fish (Siwicki et al., 1994). Further studies are needed 
to understand the exact mechanism of action of the im-
munostimulant, which would help to identify a variety of 
cheap and efficient immunostimulants and this in turn 
could be applied in aqua farming to control infectious 
bacterial diseases.
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