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Abstract 
The fresh water cat fish Mystus keletius was injected with the methanolic extract (water soluble fraction) 
of Solanum trilobatum and Ocimum sanctum alone and in combination in 3mg, 30mg.300mg/Kg body 
weight. Serum was collected every 7 days interval. Fishes were fed with normal diet for the entire period 
of the experiment. The nonspecific immune response such as Total WBC count, phagocytic activity and 
serum antiprotease activity were observed. They were enhanced (p<0.05) in fish injected with methanolic 
extract (water soluble fraction) S.trilobatum and O. sanctum alone and in combination than control 
group. Highest level of WBC count, phagocytic activity and serum antiprotease activity were confirmed 
when the fish injected with the mixed extract of 1:1 ratio of S.trilobatum and O.sanctum in 30mg/kg 
(b.w).The effect of mixture of methanolic extract of medicinal plant in M. keletius is highlighted. 
 
Keywords: Intraperitoneal injection, Methanolic extract, Solanum trilobatum, Ocimum sanctum, Mystus 
keletius. 
 
Introduction 
Aquaculture is a fast developing industry contributing fish protein with minerals such as zinc, 
magnesium, sodium to the consumers (Ravenhalt, 1982; and Barlas, 1986) [34, 4]. Intensive fish 
farming creates a highly stressful environment for the fish with consequent suppression of the 
immune response resulting in increased susceptibility to diseases (Sakai et al., 1991; Yano et 
al., 1991; Austin and Austin, 1999) [36, 46, 3]. Different approaches have been applied to address 
this problem including sanitary prophylaxis and vaccination, which offer a wide range of 
attractive methods for inducing protection against fish diseases of both bacterial and viral 
origins. Vaccines as immunostimulant elevate nonspecific defense mechanisms when the 
organism is immunized or infected (Anderson, 1992) [2]. However, the non-availability of 
commercial vaccines for many diseases, particularly in developing countries, poses a threat for 
the prevention of diseases. Current trends in the use of medicinal plant extracts as an 
alternative to the drugs, chemicals and antibiotics in controlling fish diseases is growing 
because plant extracts, in contrast to vaccines, enhance the innate (or nonspecific) immune 
response (Sakai 1999) [37]. Many herbal plants found to inhibit the bacterial pathogens and 
activate the immunity (Chansue et al., 2000; and Dugenci et al., 2003) [5, 7] at a low 
concentration and hence its use was very cost effective (Lipton, 2009).The application of 
herbal plant extracts as a potential therapeutic measure for modulating the immune response in 
fish was found out; Chinese medicine on large yellow croaker, Peseudosciaena crocea (Jian 
and Wu, 2003) [16]; Achyranthus aspera on Labeo rohita (Rao et al., 2006); Withania 
somnifera on Labeo rohita (Sharma et al., 2010) [39]; Toona sinensis on O. mossambicus ( Wu 
et al., 2010) [44]; neem formulation on Cyprinus carpio (Balasubramanian, 2006); Cynodon 
dactylon Catla catla on (Kaleeswaran et al., 2010). water soluble extraction of Solanum 
torvam in Cyprinus carpio (Udhaya kumar et al., 2012) [41].Water soluble fractions of 
S.trilobatum leaves in O. mossambicus (Divyaganeswari et al., 2007). The immunostimulatory 
activity of indigenous garden plant extracts of Hypericum triquetrifolium, Ballota undulate, 
Ruta chalepensis, Ononis Natrix, Paronychia argent and Marrubium vulgare against 
pathogenic bacteria, Staphylococcus aureus, E.coli and Pseudomonas sp in fish was also 
confirmed (Amal et al., 2007) Immunostimulant can be administered to fish is by 
injection(Jenny and Anderson.1993; Sakai1999; Yin et al., 2006) [15, 37, 47].The measurement of 
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of total WBC count is the first signal to understand immune 
responses in fish administered with plant extracts; 
Nyctanthus arbor tristis on O.mossambicus (Kirubakaran, 
2009) [18]; and Allium sativum on Labeo rohita (Sahu et al., 
2006) [35]; Allium sativum on rainbow trout Oncorhynchus 
mykiss (Nya and Austin, 2009) [31] water,hexane methanolic 
extracts of fresh leaf of Ocimum gratissimum against 
Aeromonas hydrophila (Harikrishnan et al.,2003) [11] The 
plant extracts administered intraperitoneal has enhanced total 
WBC count was reported; in O. mossambicus injected with 
azadirachtin (Logambal and Michael, 2001) [23]; and with hot 
water extracts of Toona sinensis (Wu et al., 2010) [44]. 
Phagocytosis has been recognized as an important activity in 
the host’s defense against invading microorganisms 
(MacArthur et al, 1985; and Olivier et al., 1986) [24, 32]. The 
Intraperitoneal administration of Andrographis paniculata 
and Acalypha indica in the fingerlings of Cyprinus carpio 
(Muthumurugan et al., 2007) Antiproteases are the one of the 
components of non-specific immunity of the vertebrates. The 
enhancement of anti-protease is an advantage to fish to 
overcome the diseases caused by pathogens (James et al., 
1999) [14] and explained that protease inhibitors could 
selectively arrest replication of bacterial pathogen without 
untoward toxicity to the host. Hitherto, the understanding 
about the synergistic effect of methanolic extract (water 
soluble fractions) of S. trilobatum and O. sanctum on non-
specific immune responses via, total WBC counts, 
phagocytic activity, antiprotease activity, in M. keletius is 
very limited. These findings suggest that herbs and their 
derivatives could be an alternative to the chemotherapeutics 
in aquaculture. The main objective of this study was to 
determine the synergism of the phytocomponents present in 
the mixture of plant extracts (S.trilobatum & O.sanctum) on 
the non-specific immune response in fish M.keletius. 
 
2. Materials and Methods 
2.1. Collection and Maintenance 
Clinically active fish purchased from local ponds around 
Madurai city were acclimated to laboratory conditions in 
daily renewed fresh water for fifteen days. Fish fed ad 
libitum with a normal diet prepared in the laboratory. They 
were maintained before the commencement of the 
experiment. Fishes were provided with adequate aeration. 
 
2.2. Preparation of methanolic extract of water soluble 
fraction.  
The plant leaf extraction was done by following the methods 
of Lee et al., (2000) [20] and Xu et al., (2000) [45]. The 
mixture of the plant extracts of S. trilobatum and O. sanctum 
were prepared in equal proportion (1:1) of both. This mixture 
was compared with the immunostimulatory efficacy of 
individual extract of S.trilobatum and O.sanctum in 
intraperitoneal administration to the fish, M. keletius.  
 
2.3. Intraperitoneal Injection 
 Fish were injected intraperitoneally with methanolic extract 
of water soluble fractions of S.trilobatum and O. sanctum 
alone and in combination in different proportions via, 
3mg/Kg,30 mg.Kg,300 mg.Kg (b.w) whereas the 
corresponding control fish received 0.1ml of distilled water. 
Intraperitoneal administration of the preparation was carried 
out using one ml tuberculin syringe fitted with a 28 gauge 
needle. After administration, blood samples were collected 
through a bleeding technique for every seven days interval. 

The blood was collected on 7th day, 14th day and 21st day The 
entire duration of the experiment is twenty one days 
 
2.4. Blood collection 
A day after the final feeding, blood samples were obtained 
from the common cardinal vein of randomly chosen five fish 
anesthetized with 100 mg tricaein methane sulfate (MS-222) 
by using a 1 ml heparinized syringe for every 7 days of the 
experiment in each tank for three weeks. 
 
2.5. Serum Collection 
Blood samples collected from an another anesthetized five 
fish in each tank were stored without heparin solution and 
subsequently allowed to clot in 2hrs at room temperature. 
After centrifugation the serum was collected and stored at -
20 ºC for further analysis. 
 
2.6. Total WBC Count. 
The total WBC was calculated using the formula (Larsen and 
Snieszko, 1964) [19] 

             Number of cells counted x dilution 
Number of cells (cu.mm−1) = ------------------------------------ 
          Area counted x Depth of fluid 
 
2.7. Phagocytic activity 
The phagocytic activity assay was performed by the 
following modified method of Michael, et al. (1998) [27] 

 

Phagocytic leukocyte number  
Phagocytic index (%) = -------------------------------------× 100 

 Observed total leukocyte number 
 
2.8. Antiprotease activity 
The percentage of trypsin inhibition was calculated as 
described by Rao and Chakrabarti (2004). 
 
   Trypsin blank OD (A1) – Sample OD (A2) 
% of Trypsin inhibition =------------------------------------------- 

Trypsin blank OD (A1) 
 
2.9. Statistics 
Mean, Standard Deviation, ANOVA tests, Tukey’s 
Multicomparison test were performed in this study by using 
the SPSS software package. Differences were stastically 
significant at p<0.05 for the all the experiments used in this 
study. 
 
3. Result  
3.1. Total WBC count 
The Total WBC count in fish administered intraperitoneally 
with the different concentration of plants extract mixture (S. 
trilobatum and O. sanctum) increased over that of the control 
Thus the control value of 24.66 x 103/mm3 increased to 
29.66 x103/mm3), 55.0 x 103/mm3 and 32.0 x 103/mm3 in 
the firstweek; 24.0 x 103/mm3 increased to 35.66 x 
103/mm3, 64.65 x 103/mm3 and 40.0 x 103/mm3 in the 
second week; and 25.33 x 103/mm3 to 34.33 x 103/mm3, 
62.66 x103/mm3 and 37.0x 103/mm3 in the third week after 
the fish administered with 3 mg/Kg,30 mg/Kg and 
300mg/Kg(b.w)methanolic(water soluble fraction)plant 
extracts mixture respectively. Thus, the Total WBC count 
increases in the fish were high in the second week than the 
increases in the first and third week of the experiment 
(Fig.1).Thus, this study highlights that the 30 mg/Kg (b.w) 
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concentration of plants extract mixture (S. trilobatum and O. 
sanctum) has enhanced the Total WBC count to a higher 
level when compared to individual plant extract S.trilobatum 
or O.sanctum in M. keletius. (Fig.2). Total WBC count was 
significantly (p<0.05) higher in all the fish injected with 
plant extracts at all the assay period as compared to the 
control group. Moreover, the significant increase of WBC 
count (p<0.05) was observed maximum in the fish injected 
with mixture of extract than individual extracts. (Fig, 1 &2) 
 

 
 

Fig 1: Effect of plant extracts on total WBC count in M.keletius 
after two weeks of the experiment (Mean±S.D) 

 

 
 
3.2. Phagocytic activity 
The phagocytic activity in fish administered intraperitoneally 
with different concentrations of methanolic extract (water 
soluble fraction) of plants mixture (S. trilobatum and O. 
sanctum) increased over that of control. Thus the control 
value of 34.0 % increased to 41.0%, 48.33% and 47.0% in 
the first week; 34.0% increased to 41.0%, 66.66% and 
50.66% in the second week; and 34.33% increased to38.0%, 
61.0% and 49.0% in the third week after the fish injected 
with 3 mg/Kg,30mg/Kg and300mg/Kg (b.w) of plants extract 
mixture respectively (Fig.3) Thus, the phagocytic activity 
increase was the maximum in the second week than the 
increase in the first and third week of experiment. Similarly, 
the mid dose, 30 mg/ Kg (b.w) of the plant extract showed a 
better effect than other doses of methanolic extract of plants 
mixture (S. trilobatum and O. sanctum).However, this 
increase is the maximum in the fish injected with plants 
extract mixture (S. trilobatum and O. sanctum) than with 
individual S. trilobatum or O.sanctum extract in M. keletius 
(Figs.4) The phagocytic activity significantly (p<0.05)  
 
 
 
 
 

increased in all experimental groups compared with the 
control group (Fig,3&4). The significant (p<0.05) elevation 
of phagocytic activity was recorded in the fish injected with 
mixture of plant extract than the individual extracts. 
  

 
 

Fig 3: Effect of plant extracts on phagocytic activity in M.keletius 
after two weeks of the experiment (Mean±S.D). 

 

 
 
3.3. Serum antiprotease activity  
The serum antiprotease activity in M.keletius administered 
intraperitoneally with the different concentrations of plants 
mixture (S.trilobatum and O.sanctum) increased over that of 
the control. Thus the control value of 55.0% increased to 
59.66%, 74.0 % and 60.66% in the first week; 56.66 % 
increased to 64.66%, 90.0% and 66.66% in the second week; 
and 56.0% increased to 63.33%, 87.66% and 65.0% in the 
third week after the fish administered intraperitoneally with 
3mg/Kg, 30 mg/Kg and 300mg/Kg(b.w) methanolic extract 
(water soluble fraction) of plants mixture 
respectively(Fig.5).Thus, the serum antiprotease activity 
increase in the fish was maximum in the second week than in 
the first and third week of the experiment This study 
confirms that the plants mixture extract has elevated more 
serum antiprotease activity at the 30 mg/Kg (b.w) 
concentration. Moreover, this elevation was high in fish 
administered with plants extract mixture (S.trilobatum and 
O.sanctum) when compared to those of individual plant 
extract, S.trilobatum and O.sanctum in M.keletius (Fig.6) 
The results of the antiprotease activity are shown in (Fig.5 
&6).Antiprotease activity in all the treated groups was 
significantly (p<0.05) higher than control group at all the 
assay periods. In addition, the highest level of antiprotease 
activity was observed in group of fish injected with mixture 
of extracts than the individual extracts. They were stastically 
significant. 
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Fig.5: Effect of plant extracts on total WBC count in M.keletius 
after two weeks of the experiment (Mean±S.D). 

 

 
  
4. Discussion 
4.1. Total WBC count 
The percentage of increase in the total WBC count of fish 
administered intraperitoneally with the plant extract is 50.5% 
in S.trilobatum, 49.3% in O.sanctum and 69% in plants 
extract mixture when compared with the control group. This 
corroborates with the total WBC count increase in fish by the 
different plant extracts; 65% in Cyprinus carpio (Maqsood, 
2009) [26]; 56% in carp immunized with Ganaderma and 
Astragalus (Yin et al., (2009) [48]. This study also exhibits a 
high elevation of the Total WBC count in fish administered 
intraperitoneally with mixture of plant extracts, that agrees 
with the findings in Paralicthys olivaceus injected with 
Hericium erinaceum (Harikrishnan et al., 2010) [12]; in 
cultured fin and shell fish injected with Punica granatum 
(Harikrishnan et al., 2011b) [13]; in Jian carp injected with 
chinese medicinal plants (Jian and Wu, 2004) [17]; in 
O.mossambicus administered with O. sanctum (Logammal et 
al., 2000); in tilapia injected with 8 μg. g-1 hot-water extract 
of T.sinensis (Wu et al., 2010) [44]. Thus the Total WBC 
count increase in the fish may be due to an initial sign of 
non-specific immune response (Manjrekar et al., 2000) [25] or 
may be due to interdependent mechanism of an innate 
resistance and adaptive immunity (Mishra et al., 2009).They 
may be enhanced as it is the first line of defense (Mydeen 
and Haniffa, 2011) [30] 

 
4.2. Phagocytic activity 
The percentage of increase in the phagocytic activity of fish 
administered intraperitoneally with the plant extract is 
32.36% in S.trilobatum, 35.2% in O.sanctum and 96.05% in 
plants extract mixture when compared with the control  
 

group. This finding corroborates with the findings of 70.33% 
increase O.sanctum in fingerlings of Cyprinus carpio 
injected with extract of Andrographis paniculata and 
Acalypha indica (Muthumurugan et al., 2007); 65.0 % 
increase in C.carpio injected with leaf extract of Ocimum 
sanctum (Pavaraj et al., 2011) [33]; 68.4% increase in 
C.carpio injected with the leaf extract of S.trilobatum 
(Durgadevi and Balasubramanian, 2009) [8]; 68.25 % 
increase in O.mossambicus injected with hot water extract of 
Toona sinensis (Wu et al., 2010) [44]; Thus, injection of the 
extract is found to be the most effective method of 
immunostimulation (Anderson and Siwicki, 1994a) [1] and 
that is confirmed in this study. Moreover, the enhancement 
of the phagocytic activity in fish may be due to the first level 
defense against pathogen (Manjrekar et al., 2000) [25] or may 
be due to the proliferation of lymphocytes which is under the 
influence of gene expression of cytokine (Wang et al., 1997) 
[43] or may be due to the stimulation by macrophages (Tang 
et al., 2010) [40] or due to an increase in lysozyme activity 
and other humoral factors (Chung and Secombes, 1987) or 
due to an increase in neutrophilic granulocytes (Secombes 
and Fletcher1992) [38]; and Vankemenade et al., 1995 Thus, 
the maximum phagocytic activity in the fish was elevated by 
the plants extract mixture when compared to the individual 
plant extract of S.trilobatum or O.sanctum. Hence, this trend 
may be due to the synergism of the phytocomponents in the 
plants extract mixture. 
 
4.3. Serum antiprotease 
The present study also highlights the serum antiprotease 
activity in M.keletius administered intraperitoneally with 
30mg.Kg-1 (b.w) plant extracts have shown significant 
increases via. 35% in S. trilobatum, 38.88% in O.sanctum 
and 58.84% in plant extract mixture over the control group in 
the second week of the experiment. A significant elevation of 
the serum antiprotease activity in fish administered 
intraperitoneally with 30mg/Kg (b.w) plants extract mixture 
(S.trilobatum and O.sanctum) was observed in this study. 
This finding gets the support from the works in rainbow trout 
(Oncorhynchus mykiss) administered with 1.0 % of lupin 
(Lupinus perennis) mango (Mangifera indica) and stinging 
nettle (Urtica dioica) (Elham, 2010) [9] 38.0% increase in 
20mg.Kg-1 Nyctanthus arbor tristis seed extracts in 
O.mossambicus (Kirubakaran, 2009) [18]; 46.67% increase in 
the 50mg Kg-1 water soluble fraction of Solanum trilobatum 
(Divyaganeswari et al., 2007). The enhancement of the 
serum antiprotease activity observed in this study may be due 
to the potent bioactive substances influence over pathogen by 
enhancing the enzyme activity (Lin et al., 2006) [21] by acting 
against proteases from pathogenic organisms (Ellis, 2001) [10] 
and by inhibiting the function of extracellular enzymes in 
fish and by restricting the replication of microbial pathogens 
without untoward toxicity to the host (James et al., 1999) [14]. 
Thus an increase in Total WBC count, phagocytic activity, 
antiprotease activity in the fish was maximum in the fish 
administered intraperitoneally with plants extract mixture 
than with an individual extract, S.trilobatum or O.sanctum 
were confirmed. Thus, the maximum phagocytic activity in 
the fish was elevated by the plants extract mixture when 
compared to the individual plant extract of S.trilobatum or 
O.sanctum. Hence, this trend may be due to the synergism of 
the phytocomponents in the methanolic extract of water 
soluble fraction of S.trilobatum or O.sanctum in M.keletius. 
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5. Conclusion 
The plant leaf extract in combination rather than alone used 
in this study considerably has enhanced the non-specific 
immunity in M.keletius. In addition the underlying molecular 
mechanism beside the isolation and characterization of the 
active compounds from those medicinal plants require more 
study. It also requires well training. 
 
6. Acknowledgement 
The researchers are thankful to the management of both 
colleges, Yadava College, Madurai and M.S.S. Wakf Board 
College, Madurai for their strong support in carrying out this 
research. 
 
7. References 
1. Anderson DP, Siwicki AK, Rumsey GL. Dietary intake 

of immunostimulants by rainbow trout affects non-
specific immunity and protection against furunculosis. 
Veterinary Immunology and Immunopathology 1994; 
41:125-139. 

2. Anderson DP. Immunostimulants adjuvants and vaccine 
carriers in fish application to aquaculture. Annual 
Review of Fish Diseases 1992; 2:281-307. 

3. Austin B, Austin DA. Bacterial fish pathogens disease in 
farmed and wild fish 3rd edition. Springer-Praxis 
Godalming UK, 1999. 

4. Barlas A. Post–harvest technology for fish. Progressive 
Farm 1986; 6:59-65. 

5. Chansue N, Ponpornpisit A, Endo M, Sakai M, Satoshi. 
Improved immunity of tilapia Oreochromis niloticus by 
C-UP III, a herb medicine. Fish Pathol 2000; 35:89-90. 

6. Divyagnaneswari M, Christybapita R, Michael RD. 
Enhancement of nonspecific immunity and disease 
resistance in Oreochromis mossambicus by Solanum 
trilobatum leaf fractions Fish Shell fish Immunol 2007; 
23:249-259. 

7. Dugenci SK, Arda N, Candan A. Some medicinal plants 
as immunostimulant for fish J Ethnopharmacol. 2003; 
88:99-106. 

8. Durgadevi G, Balasubramanian V. Studies on the 
immunoprotective effect of Solanum trilobatum on the 
common carp Cyprinus carpio (L.).Proceeding of the 
conference on Recent Advances in Applied Zoology 
UGC and the management of ANJAC, 2009, 90-93. 

9. Elham AS. Studies on plant based dietary supplements 
for control of Aeromonas hydrophila infections in 
rainbow trout (Oncorhynchus mykiss) Walbaum, 2010. 
Heriot-Watt University  

10. Life Sciences. http://hdl.handle.net/10399/2342. 
11. Ellis AE. Innate host defense mechanisms of fish against 

viruses and bacteria. Dev Com Immunol 2001; 25:827-
39. 

12. Harikrishnan R, Rani CN, Balasundaram C. 
Hematological and biochemical parameters in common 
carp Cyprinus carpio following herbal treatment for 
Aeromonas hydrophila infection Aquaculture 2003; 
221:41-50. 

13. Harikrishnan R, Balasundaram C, Kim MC, Kim JS, 
Han YJ, Heo MS. Effect of a Mixed Herbal enriched 
Diet on the Innate Immune Response and Disease 
Resistance of Paralichthys olivaceus against 
Philasterides dicentrarchi infection. J Aquatic Animal 
Health. 2010; 22(4):235-243. 

14. Harikrishnan R, Kim JS, Kim MC, Balasundaram C, 

Heo MS. Hericium erinaceum enriched diets enhance 
the immune response in Paralichthys olivaceus and 
protect from Philasterides dicentrarchi infection. 
Aquaculture 2011; 28:34-43. 

15. James H, Mekerrow H, Juan C, Conor E, Caffrey R. 
Cysteine protease inhibitors as chemotheraphy for 
parasitic infections. Organic and medicinal chemistry 
1999; 7:639-644. 

16. Jeney G, Anderson DP. An in vitro technique for 
surveying immunostimulants in fish. Aquaculture 1993; 
112:283-287. 

17. Jian J, Wu Z. Effects of traditional Chinese medicine on 
nonspecific immunity and disease resistance of large 
yellowcroaker, Pseudosciaena crocea (Richardson). 
Aquaculture 2003; 218:1. 

18. Jian Carp (Cyprinus carpio var. Jian). Fish Shellfish 
Immunol 2004; 16:185-191. 

19. Kirubakaran CJW. Immunomodulatory effect of extracts 
of Nyctanthes Arbor-Tristis seed extracts in 
Oreochromis mossambicus (Peters) Ph.D. Thesis: 
Madurai Kamaraj University, Madurai Tamil Nadu, 
India, 2009. 

20. Larsen HN, Snieszko SF. Modification of the 
microhematocrit technique with trout blood. Trans 
American Fish Soc 1964; 90:139-42. 

21. Lee TH, Qiu F, Waller GR, Chou CH. Three new 
flavanol Galloylglycosides from leaves of Acacia 
confuse. J Nat Prod. 2000; 63:710-12. 

22. Lin YF, Chang SJ. Effect of dietary vitamin E on growth 
performance and immune response of breeder chickens. 
Asian-Aust J Anim Sci. 2006; 19:884-891. 

23. Lipton. Marine secondary metabolites (MSM) enhance 
bacterial clearance in Penaeus monodon. The Israeli 
Journal of Aquaculture. 2009; 6:42-47. 

24. Logambal SM, Venkatalakshmi S, Michael DR. 
Immunostimulatory effect of leaf extract of Ocimum 
sanctum (Linn) in Oroechromis massambicus 
(Peters).Hydrobiologia 2001; 430:113-120. 

25. MacArthur JI, Thomson AW, Fletcher TC. Aspects of 
leucocyte migration in the plaice Pleuronectes platessa 
L. J Fish Biol. 1985; 27:667-676. 

26. Manjrekar PN, Jolly CL, Narayanam S. Comparative 
studies of the immunomodulatory activity of Tinospora 
cordifolia and Tinospora sinensis. Fitoterapia 2000; 
71:254-257. 

27. Maqsood SMH, Singh SP. Immunomodulatory and 
Growth Promoting Effect of Dietary Levamisole in 
Cyprinus carpio Fingerlings against the Challenge of 
Aeromonas hydrophila. Journal of Fisheries and Aquatic 
Sciences. 2009; 9:111-12 

28. Michael RD, Quin CG, Venkatalakshmi S. Modulation 
of humoral immune response by ascorbic acid in O. 
mossambicus. Indian. J Exp. Biol. 1998; 36:1038-1040. 

29. Mishra VS, Mishra A, Kumari R, Murthy PN, Naik BS. 
Antibacterial activity of ethanol extracts Andrographis 
paniculata. Aquaculture 2009; 71:436- 438. 

30. Muthumurgan N, Saravanakunar C, Balasubramanian V. 
Development of immunity by some chosen medicinal 
plants on the fingerlings of common carp Cyprinus 
carpio (L) Proceedings of National seminar on Applied 
zoology 2007; 7-9:232-236. 

31. Mydeen KP, Haniffa MA. Evaluation of antibacterial 
activity of medicinal plants on fish pathogen Aeromonas 
hydrophila. J Res Biology. 2011; 1:1-5. 



 

~ 381 ~ 

International Journal of Fisheries and Aquatic Studies 

32. Nya EJ, Austin B. Development of immunity in rainbow 
trout (Oncorhyncus mykiss) of A.salmonicida 
antigens.Verterinary immunology and immunopathology 
2009; 19:153-164. 

33. Olivier G, Eaton CA, Campbell N. Interaction between 
Aeromonas salmonicida and peritoneal macrophages of 
brook trout Sallerinus fontinalis. Vet Immunol 
Immunopathol 1986; 12:223-234. 

34. Pavaraj M, Balasubramanian V, Baskaran S, Ramasamy 
P. Development of Immunity by Extract of Medicinal 
Plant Ocimum sanctum on Common Carp Cyprinus 
carpio (L.). Research Journal of Immunology. 2011; 
4:12-18. 

35. Ravenhalt A. Malnutrition in Philippines UFSI. Rep 
South East Asia Ser 1982; 20:73-84. 

36. Sahu S, Das J, Pradhan BC, Mohapatra BK, Mishra N, 
Sarangi S. Effect of Magnifera indica kernel as a feed 
additive on immunity and resistance to Aeromonas 
hydrophila in Labeo rohita fingerlings. Fish Shellfish 
Immunol 2006; 23:109-118. 

37. Sakai M, Kamiya H, Atusuta S, Kobayashi M. 
Immunomodulatory effects on rainbow trout, 
Oncorhynchus mykiss injected with the extracts of 
abalone, Haliotis discus hannai. J Appl Ichthyol. 1991; 
7: 54-59. 

38. Sakai M. Current research status of fish 
immunostimulants. Aquaculture 1999; 172:63-92. 

39. Secombes CJ, Fletcher TC. The role of phagocytes in 
the protective mechanisms of fish Annual Review of 
Fish Diseases 1992; 2:58-71 

40. Sharma S, Ashutosh A, Riteshkumar T, Chanu TB, Das 
A. Effect of Withania somnifera (L.Dunal) root as a feed 
additive on immunological parameters and disease 
resistance to Aeromonas hydrophila in Labeo rohita 
(Hamilton) fingerlings. Fish Shell fish immunol 2010; 
29:508-512. 

41. Tang F, Zhan W, Sheng X, Chi H. Immune response of 
Japanese flounder Paralichthys olivaceus to outer 
membrane protein of Edwardsiella tarda. February, 
2010, 333-343. 

42. Uthaya kumar V, Ramasubramanian V, Senthil kumar 
D, Sree devi PR, Munirasu S. Specific and non-specific 
immune response and disease resistance of Solanum 
torvam leaf soluble fractions in fresh water carp 
Cyprinus carpio. International Research Journal of 
Pharmacy. 2012; 3(6):165-170. 

43. Van Kemenade VBM, Weyts FAA, Debets Flik RG. 
Tilapia macrophages and neutrophilic granulocytes 
secrete an interleukin1-like factor. Developmental and 
Comparative Immunology 1995; 19:59-70. 

44. Wang G, Kim JH, Sameshima M, Ogawa K. Detection 
of antibodies against the monogenean Hetrobothirum 
okamotoi in tiger puffer by ELISA. Fish Pathol 1997; 
32:179-180. 

45. Wu CC, Liu CH, Chang YP, Hsieh SL. Effects of hot-
water extract of Toona sinensis on immune response and 
resiastance to Aeromonas hydrophila in Oreochromis 
mossambicus. J FishShellfish immunol. 2010; 29:258-
263. 

46. Xu YJ, Wu XH, Tan BK, Lai YH, Vittal J, Imiyabir Z et 
al. Flavanol-Cinnamate Cycloadducts and Diamide 
derivatives from Aglaia laxiflora. J Nat Prod. 2000; 
63:473-476. 

47. Yano T, Matsuyama H, Mangindann REP. 

Polysaccharide induced protection of Cyprinus carpio 
against bacterial infection. J Fish Dis. 1991; 14:557-82. 

48. Yin G, Jeney G, Racz R, Xu P, Jun X, Jeney Z. Effect of 
two Chinese herbs (Astragalus radix and Scutellaria 
radix) on non-specific immune response of tilapia 
Oreochromis niloticus. Aquaculture 2006; 253:39-47. 

49. Yin G, Ardo L, Thompson KD, Adams A, Jeney Z, 
Jeney G. Chinese herbs (Astragalus radix and 
Ganoderma lucidum) enhance immune response of 
Cyprinus carpio and protection against Aeromonas 
hydrophila. Fish Shellfish Immunol 2009; 26:140-145. 


