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Abbreviations: CRD, Completely Random Design; NBT, 
Nitro Blue Tetrazolium; LD50, Lethal Dose 50%; RPS, Relative 
Percent Survival; ANOVA, Analysis of Variance; BKC, Benzalkonium 
Chloride

Introduction
Immunostimulants have promising beneficial effects in 

aquaculture. They are known to enhance growth and disease 
resistance in fish.1 Dietary supplements, including killed 
bacteria, b-glucans, lipopolysaccharides, and nucleotides have 
exhibited immunostimulatory effects.2 Dietary nucleotides have 
been shown to have several beneficial effects in humans3,4 as well 
as aquatic animals.5,6 Other benefits derived from administration of 
nucleotides include rapid intestinal repair,7 improved mucosal gut 
flora and mucosal surfaces8,9 and elongation of the intestinal tract10,11 
in aquatic animals. Nucleotides also have been shown to enhance the 
immune system12 and disease resistance of various animals.13,14 Most 
cell types can synthesize nucleotides from purines and pyramidines. 
However, denovosynthesis and salvage pathways are metabolically 
expensive processes. Further, sufficient quantities of nucleotides 
required to meet the metabolic requirements are presumably not 
synthesized by fish under stressful conditions.5 Additional sources 
of exogenous nucleotides in the diet will help to optimize function 
of rapidly dividing tissues10 and may enhance feed intake,11 increase 
growth rate,15 and elevate immune responses.16 The objective of 
the present investigation was to study the effect of nucleotide 
on growth, survival, immune responses and disease resistance 
against Aeromonas hydrophila in Labeo rohita.

Materials and methods
Labeo rohita fingerlings with an average weight of 1.3g were 

acclimatized by feeding control diet for 2 weeks. Rohu were randomly 
distributed into 4 groups: control (T0) (basal diet); T1 (basal diet +5g/
kg Nucleotide); T2 (basal diet + 10g/kg Nucleotide); and T3 (basal diet 
+ 15g/kg Nucleotide) were arranged in triplicate groups following 
a completely random design (CRD) design. The total volume of the 

water in culture tanks was maintained at 100 L level throughout the 
experimental period. Round the clock aeration was provided. Feed 
was given at 4% body weight for 60 days twice a daily at 10:00 and 
17:00 hr. Uneaten feed and faecal matter were siphoned out daily and 
80% water was replaced with freshwater.

Experimental diet

The composition of the formulated experimental diet is given 
in Table 1. Vitamin-mineral pre- mix was added after cooling and 
the dough was extruded through a pelletizer having 2 mm dia. The 
pellets were dried in hot air oven at 60°C till the moisture content 
was reduced to less than 10%. Diets were packed separately in high 
density polythene bags.

Table 1 Formulation of nucleotide supplemented diets (%)

Ingredient
Treatment
T0 T1 T2 T3

Soya Bean Meal 47.95 47.95 47.95 47.95
Ground nut oil cake 20 20 20 20
Rice Bran 26.05 26 25.05 24.55
Tapioca Flour 5 5 5 5
Vitamin and Mineral Mixture 1 1 1 1
Nucleotide 0 0.5 1 1.5
Total 100 100 100 100

Growth trial

 Labeo rohita fingerlings were weighed at the beginning and every 
15 days interval thereafter till the completion of the experiment. 
The growth performance of rohu was evaluated in terms of weight 
gain. Survival was calculated as difference between the numbers of 
live animals stocked at the beginning and survived at the end of the 
experiment (Table 2).

Immune responses

Nitro blue tetrazolium (NBT) assay: The activated phagocytes 
(neutrophil and macrophages) are characterized by their ability to 
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Abstract

A 60-day feeding trial was conducted to evaluate the effect of dietary nucleotide on growth, 
survival, immunity and resistance to Aeromonas hydrophila infection in rohu (Labeo 
rohita). The nucleotide was supplemented at 0, 5, 10 and 15 g/kg diet. The test diets were 
fed for 60 days in triplicate groups of fish, which had initial weight of 1.3 g. At the end 
of the feeding trial, growth was recorded and non-specific immune parameters, such as; 
superoxide anion production and total serum protein were studied in blood samples. Total 
serum protein and superoxide anion production were significantly (P<0.05) higher in 
fish fed nucleotide-based diets. The relative percent survival of fish after the challenge 
test against Aeromonas hydrophila disease was significantly (P<0.05) higher in fish fed 
nucleotide-incorporated diets.
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adhere to glass or plastic and produce oxygen free radicals. NBT in 
its reaction with oxygen free radicals is reduced to blue formazan, the 
extent of which can be determined spectrophotometrically. The results 
were read on an ELISA reader at 620 nm using KOH and DMSO 
mixture as blank.

Table 2 Growth performance and survival (mean ± SD) of rohu fed different 
levels of nucleotide for 60 days

Items T0 T1 T2 T3

Final weight gain (g 
fish-1) 3.55±0.11a 3.57±0.16a 3.88±0.14b 3.57±0.12a

Weight gain (% of 
initial weight) 273.58±8.58a 275.07±12.02a 298.46±11.61b 274.61±8.87a

Survival rate (%) 62.66±4.61a 64.0±6.93a 72.0±8.0a 65.33±6.11a

Different superscripts in the same row indicate significant difference (P<0.05) 
among control and treatment groups; Ducan’s multiple range test P= 0.05; The 
value expressed as a mean ± SD.

Total serum protein: Total serum protein was measured by using 
GeNeiTM protein analysis kit (by Lowry’s method) (Table 3).

Table 3 Effect of nucleotide on Nitro blue tetrazolium assay and total serum 
protein in different treatments and control group after feeding trial

Items T0 T1 T2 T3

Superoxide anion 
production (OD at 
630 nm)

0.05±0.002a 0.07±0.004ab 0.084±0.011b 0.074±0.007ab

Total serum protein 
(mg/ml)

42.83±1.04a 46.5±1.32b 49.0±0.5b 40.73±3.356a

Different superscripts in the same row indicate significant difference (P<0.05) 
among control and treatment groups; Ducan’s multiple range test P= 0.05; The 
value expressed as a mean ± SD.

Challenge study

LD50: A. hydrophila isolate was tested for pathogenecity in fingerlings 
of rohu maintained in aquarium tanks (20L) with aeration. Fish were 
injected with 0.1ml. A. hydrophila inoculate ranging from 102 to 
1010 CFU/ml. Ten fish were used for each treatment. Mock injection 
was given to control groups with sterile PBS. Mortalities were 
recorded daily for 10 days and the lethal dose 50% (LD50) calculated.

The susceptibility of Labeo rohita to Aeromonas 
hydrophila infection: Fish were injected intramuscularly with 
a 24 hour old culture of A. hydrophila (106 CFU/ fish, LD50 dose). 
The susceptibility was conducted for 5 days. A minimum of 21 fish 
per treatment in triplicate groups were challenged at 60 days post 
treatment. Challenged fish were maintained in FRP tanks. Appearance 
of gross clinical lesions and mortality pattern if any, were observed 
during the study. The cause of mortality was further confirmed by 
reisolating the organism from moribund or dead fish kidney or Rimler 
Shot’s medium (Himedia, India). Relative percent survival (RPS) was 
calculated according to Amend.17

RPS =[1-(% mortality of treatment group / % mortality in control)] 
x 100

The mean values of all the parameters were analyzed by one-
way analysis of variance (ANOVA). Comparisons were made at 
5% probability level by using statistical package SPSS, Version 20. 
Duncan’s multiple range tests was used to determine the significant 
difference between the control and treatment means (Table 4).

Table 4 Relative percentage of survival (RPS) of Labeo rohita recorded in 
different treatments and control group after challenged with Aeromonas 
hydrophila

Treatment
Cumulative 
Percentage of 
survivality

Relative Percentage of 
survival (RPS) Against 
control

T0 14.28a -
T1 33.33b 22.22a

T2 52.38c 44.44b

T3 38.09b 27.78a

Different superscripts in the same row indicate significant difference (P<0.05) 
among control and treatment groups; Ducan’s multiple range test P<0.05; the 
value expressed as a mean ± SD.

Results and discussion
Effect of nucleotide on growth and survival of Labeo 
rohita

The final weight of rohu fed with supplemental nucleotides was 
found to be greater than that of rohu fed the basal diet. Significant 
(P=0.052) difference in growth was observed between rohu fed with 
nucleotide 10 g kg-1 diet (Table 2) and control. Rohu had attained 
mean weight of 298.46% in T2 group, which is 24.88% higher growth 
than the groups fed control diet. Highest survival was recorded 
in T2 (72.0%). No significant difference (P=0.125) was observed 
in survival rate due to the inclusion of nucleotide in fish diets. 
The survival of rohu ranged from 62.66 to 72.0% overall. Dietary 
supplementation of nucleotide showed positive effect on weight gain 
and survival. Our results were supported by the findings of Burrells 
C,6 who reported that supplementation of fish feeds with nucleotides 
shows positive effect on growth.

Effect of nucleotide on immune responses

Superoxide anion production (NBT) and total serum protein of 
fish fed nucleotide incorporated was significantly higher (P<0.05) 
than that of control diet. The results are supported by the findings 
of earlier workers.10,18,19 Levamisole used as an immunostimulant 
promoted recovery from immunosuppression2,20 and also enhanced 
both innate and specific humoral and cellular immune responses.21,22 
Benzalkonium chloride (BKC) was used as an effective antibacterial 
and immunostimulant for M. rosenbergii.23 Lee & Shiau24 reported 
that intracellular superoxide anion production of the haemocytes 
in P. monodon fed diets containing ascorbate supplements was 
approximately higher than that of shrimp fed un-supplemented diets. 
The haemoglobin content in the blood and oxygen consumption 
increases when fishes are under stress. Under such conditions, there 
will be an increase in release of immature RBCs from the haemopoietic 
organs, which in turn elevate haemoglobin concentration in blood.25

Effect on infection of Aeromonas hydrophila infection

In our investigation, control group showed higher mortality 
compared to treatment groups. The relative per cent survival of 
rohu after the challenge study was significantly higher in rohu 
fed with nucleotide-incorporated diets, which is supported by 
the earlier findings.10 Supplementation of dietary ribonucleic 
acid at 0.4% enhances the relative per cent survival in Labeo 
rohita against Aeromonas hydrophila infection.26

Conclusion
It can be concluded that present investigation indicated that the 
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inclusion of nucleotide at 10g kg-1 in diet improve growth performance 
and enhance the immune response as well as disease resistance in 
rohu.

Acknowledgments
None.

Conflicts of interest
None.

References
1. Robertsen B. Modulation of the non–specific defence of fish by 

structurally conserved microbial polymers. Fish & Shellfish Immunol. 
1999;9(4):269–290.

2. Sakai M. Current research status of fish immunostimulants. Aquacult. 
1999;172(1–2):63–92.

3. Carver JD, Cox WI, Barness LA. Dietary nucleotide effects upon murine 
natural killer cell activity and macrophage activation. JPEN J Parenter 
Enteral Nutr. 1990;14(1):18–22.

4. Van Buren CT, Kulkarni AD, Rudolph FB. The role of nucleotides in 
adult nutrition. J Nutr. 1995;124(1 Suppl):160S–164S.

5. Devresse B. Nucleotides–a key nutrient for shrimp immune system. 
Feed Mix. 2000;8(3):20–22.

6. Burrells C. Nucleotides aid dietary louse control. Fish Farmer. 
2001;24:62.

7. Bueno J, Torres M, Almendros A, et al. Effects of dietary nucleotides 
on small intestinal repair after diarrhea. Histological and ultrastructural 
changes. Gut. 1994;35(7):926–933.

8. Uauy R. Dietary nucleotides and requirements in early life. In: Lebenthal 
E (Ed.), Textbook of Gastroenterology and Nutrition in infancy. (2nd 
edn), Raven Press, New York, USA. 1989;pp.265–280.

9. Gil A. Modulation of immune response mediated by dietary nucleotides. 
Eur J Clin Nutr. 2002;56(3):S1–S4.

10. Burrells C, William PD, Forno PF. Dietary nucleotides: a novel 
supplement in fish feeds 1. Effects on resistance to diseases in salmonids. 
Aquacult. 2001;199(1–2):159–169.

11. Burrells C, William PD, Southage PJ, et al. Dietary nucleotides: a novel 
supplement in fish feeds 2. Effects on vaccination, salt water transfer, 
growth rate and physiology of Atlantic salmon. Aquacult. 2001;199(1–
2):171–184.

12. Quan R, Dietary nucleotides: potential for immune enhancement. In: 
Paubert BM, et al. (Eds.), Foods, Nutrition and Immunity Dyn. Nutr 
Res, Karger, Basel, Switzerland. 1992;p.13–21.

13. Kulkarni AD, Fanslow WC, Drath DB, et al. Influence of dietary 
nucleotide restriction on bacterial sepsis and phagocytic cell function in 
mice. Arch Surg. 1986;121(2):169–172.

14. Kulkarni AD, Fanslow WC, Rudolph FB, et al. Effect of dietary 
nucleotide on response to bacterial infections. JPEN J Parenter Enteral 
Nutr. 1986;10(2):169–171.

15. Adamek Z, Hamackova J, Kouril J, et al. Effect of ascogen probiotics 
supplementation on farming success in rainbow trout Oncorhynchus 
mykiss and wels Silurus glanis under conditions of intensive culture. 
Krmivaagreb. 1996;38:11–20.

16. Ramadan A, Afifi NA, Moustafa MM, et al. The effect of ascogen on the 
immune response of tilapia fish to Aeromonas hydrophila. Vaccine. Fish 
Shellfish Immunol. 1994;4(3):59–165.

17. Amend DF. Potency testing of fish vaccines. Dev Biol Standards. 
1981;49:447–454.

18. LI P, Gatlin III DM. Evaluation of brewers yeast (Saccharomyces 
cerevisiae) as a feed supplement for hybrid striped bass (Morone 
chrysops×M. saxatilis). Aquaculture. 2003;219(1–4):681–692.

19. Sakai M, Taniguchi K, Mamoto K, et al. Immunostimulant effects of 
nucleotide isolated from yeast RNA on carp, Cyprinus carpio L. J Fish 
Dis. 2001;24(8):433–438.

20. Mulero V, Esteban MA, Munoz J, et al. Dietary intake of levamisole 
enhances the immune response and disease resistance of the marine 
teleost gilthead seabream (Sparus aurata L.). Fish Shellfish Immunol. 
1998;8(1):49–62.

21. Soppi E, Lassila O, Viljanen MK, et al. In vivo effects of levamisole 
on cellular and humoral immunity in chicks. Clin Exp Immunol. 
2000;38(3):609–614.

22. Li G, Guo Y, Zhao D, et al. Effects of levamisole on the immune response 
and disease resistance of Clarias fuscus. Aquacult. 2006;253(1–4):212–
217.

23. Goswami, M. and Prasad, K.P. Efficacy of Benzalkonium chloride as an 
antibacterial and immunostimulants in Macrobrachium rosenbergii (de 
Man). Asian Fish Sci. 2000;13(3):279–285.

24. Lee MH, Shiau SY. Dietary vitamin C and its derivates affect immune 
response in grass shrimp, Penaeus monodon. Fish Shellfish Immunol. 
2002;12(2):119–129.

25. Misra CK. Comparative study on the effect of different immunostimulants 
on the immune system of L. rohita (Hamilton, 1822). PhD Thesis, CIFE 
(Inland Aquaculture), Mumbai, India. 2004;pp.231.

26. Choudhury D, Pal AK, Sahu NP, et al. Dietary yeast RNA supplementation 
reduces mortality by Aeromonas hydrophila in rohu (Labeo rohita L.) 
juveniles. Fish Shellfish Immunol. 2005;19(3):281–291.

https://doi.org/10.15406/jamb.2015.02.00037
http://www.sciencedirect.com/science/article/pii/S1050464898901863
http://www.sciencedirect.com/science/article/pii/S1050464898901863
http://www.sciencedirect.com/science/article/pii/S1050464898901863
http://www.sciencedirect.com/science/article/pii/S0044848698004360
http://www.sciencedirect.com/science/article/pii/S0044848698004360
http://www.ncbi.nlm.nih.gov/pubmed/2325242
http://www.ncbi.nlm.nih.gov/pubmed/2325242
http://www.ncbi.nlm.nih.gov/pubmed/2325242
http://www.ncbi.nlm.nih.gov/pubmed/8283308
http://www.ncbi.nlm.nih.gov/pubmed/8283308
http://openagricola.nal.usda.gov/Record/IND22302590
http://openagricola.nal.usda.gov/Record/IND22302590
http://www.chemoforma.com/uploads/1242746521325.pdf
http://www.chemoforma.com/uploads/1242746521325.pdf
http://www.ncbi.nlm.nih.gov/pubmed/8063220
http://www.ncbi.nlm.nih.gov/pubmed/8063220
http://www.ncbi.nlm.nih.gov/pubmed/8063220
http://www.ncbi.nlm.nih.gov/pubmed/12142952
http://www.ncbi.nlm.nih.gov/pubmed/12142952
http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://www.sciencedirect.com/science/article/pii/S0044848601005774
http://www.sciencedirect.com/science/article/pii/S0044848601005762
http://www.sciencedirect.com/science/article/pii/S0044848601005762
http://www.sciencedirect.com/science/article/pii/S0044848601005762
http://www.sciencedirect.com/science/article/pii/S0044848601005762
http://www.ncbi.nlm.nih.gov/pubmed/3947217
http://www.ncbi.nlm.nih.gov/pubmed/3947217
http://www.ncbi.nlm.nih.gov/pubmed/3947217
http://www.ncbi.nlm.nih.gov/pubmed/2421021
http://www.ncbi.nlm.nih.gov/pubmed/2421021
http://www.ncbi.nlm.nih.gov/pubmed/2421021
http://www.sciencedirect.com/science/article/pii/S1050464884710151
http://www.sciencedirect.com/science/article/pii/S1050464884710151
http://www.sciencedirect.com/science/article/pii/S1050464884710151
http://www.sciencedirect.com/science/article/pii/S0044848602006531
http://www.sciencedirect.com/science/article/pii/S0044848602006531
http://www.sciencedirect.com/science/article/pii/S0044848602006531
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2761.2001.00314.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2761.2001.00314.x/abstract
http://onlinelibrary.wiley.com/doi/10.1046/j.1365-2761.2001.00314.x/abstract
http://www.sciencedirect.com/science/article/pii/S1050464897901194
http://www.sciencedirect.com/science/article/pii/S1050464897901194
http://www.sciencedirect.com/science/article/pii/S1050464897901194
http://www.sciencedirect.com/science/article/pii/S1050464897901194
http://www.ncbi.nlm.nih.gov/pubmed/119598
http://www.ncbi.nlm.nih.gov/pubmed/119598
http://www.ncbi.nlm.nih.gov/pubmed/119598
http://www.sciencedirect.com/science/article/pii/S0044848605005971
http://www.sciencedirect.com/science/article/pii/S0044848605005971
http://www.sciencedirect.com/science/article/pii/S0044848605005971
http://www.asianfisheriessociety.org/publication/abstract.php?id=447
http://www.asianfisheriessociety.org/publication/abstract.php?id=447
http://www.asianfisheriessociety.org/publication/abstract.php?id=447
http://www.ncbi.nlm.nih.gov/pubmed/11911673
http://www.ncbi.nlm.nih.gov/pubmed/11911673
http://www.ncbi.nlm.nih.gov/pubmed/11911673
http://www.ncbi.nlm.nih.gov/pubmed/15820128
http://www.ncbi.nlm.nih.gov/pubmed/15820128
http://www.ncbi.nlm.nih.gov/pubmed/15820128

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and methods 
	Experimental diet 
	Growth trial 
	Immune responses 
	Challenge study 

	Results and discussion 
	Effect of nucleotide on growth and survival of Labeo rohita
	Effect of nucleotide on immune responses 
	Effect on infection of Aeromonas hydrophila infection 

	Conclusion
	Acknowledgments
	Conflicts of interest 
	References
	Table 1
	Table 2 
	Table 3
	Table 4 

