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ABSTRACT 

Analysis of RNA, DNA and protein of laboratory reared fishes was carried out considering these as bio-indicator for 
nutritional condition of an organism. In the present study freshwater fish Channa punctatus was used as experimental 
model to assess the RNA: DNA ratio in fresh, fed and starved condition, which showed slightly, changed RNA: DNA ratio 
whereas protein’s concentration was remarkably, changed in starved condition. Tissue specific changes in concentration 
of protein along with RNA: DNA ratio was seen in liver, intestine, muscle, gills, kidney and brain. Brain tissue was the 
most undisturbed tissue in all three conditions making it vital organ for mental process stability in adverse condition. 
Present study suggests usefulness of RNA: DNA ratio as a bio-indicator. 
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INTRODUCTION 
The nucleic acid derived indices, especially RNA: DNA ratio, have been widely used as a bio-indicator of 
the physiological as well as nutritional status of aquatic organisms in natural environment. It has been a 
popularly explored as the quickest method for assessing important issues in aquatic ecology without the 
laborious work of counting measuring and identification process [1]. Marine habitat attracted special 
attention of nucleic acid derived indices. Significant studies have been done in marine ecology than 
freshwater ecology. High mortality rate in the larval stages of the, fishes has been seen due to the poor 
feeding conditions and seasonal variations in biotic as well as abiotic factors [2,3]. Nucleic acid derived 
indices RNA: DNA ratio has been applied in the determination of potential survival of fishes in aquatic 
environment. Thus RNA: DNA ratio can be used successfully to increase the fish production in the 
aquaculture by giving valuable information on nutritional status of the fishes especially availability of the 
food. Variability of RNA: DNA ratio by changes in feeding levels has been demonstrated. [4- 6]. In the 
present study Channa punctatus was used as an experimental model to assess the effect of starvation, 
feeding, and immediate conditions in different tissues of this fish on protein, and RNA: DNA ratio. 
 
MATERIALS AND METHODS 
Live specimens of the freshwater fish Channa Punctatus with average weight of 45 to 60 gm were 
captured from the Wadali lake of Amravati City, Maharashtra State. Live specimens were brought to the 
laboratory and were divided into three equal groups (n=5) of five fishes in each group. The first group 
was immediately sacrificed for the estimation total protein, RNA, and DNA from different tissues (Liver, 
Intestine, Muscle, Gills, Kidney, and Brain). Other two groups (control and fed) were kept in laboratory 
condition for acclimatization for one week. They were regularly fed during acclimatization period of one 
week. After acclimatization one group (n=5) was kept for starvation and other group (n=5) was continued 
with the feeding. Feeding was done on everyday considering the carnivorous feeding habits of Channa 
Punctatus. The diet provided was in the form of dried prawns. Aquarium water was removed and refilled 
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daily till the experimental period. After two weeks all fishes from both groups were sacrificed and tissues 
like Liver, Intestine, Muscle, Gills, Kidney, and Brain were removed immediately for the estimation of 
Total protein, RNA and DNA. 10mg of tissue of different organs was used for the estimation of protein and 
100mg of tissue was used for the estimation of RNA and DNA. 
The total protein estimation was done by the procedure of Lowery et al., [7]. Extraction of RNA and DNA 
was done by the procedure of Halliburton et al., [8]. Estimation of RNA was done by orcinol method of 
Ashwell [9] and estimation of DNA was done by diphenylamine method of Burton [10]. Data were 
compared within the three groups (fresh, fed and fasting), expressed as a feeding conditions in further 
discussion. Values are expressed in mg/100mg for protein and µg/100mg for RNA and DNA. 
 
RESULTS AND DISCUSSION 
The RNA: DNA ratio is considered as a bio-indicator for nutritional status of fishes as DNA amount is 
stable under changing environmental conditions [11-14], whereas the amount of RNA which is primarily 
involved in protein synthesis varies with the changing environmental conditions along with physiological 
conditions [11]. 
In aquaculture today feed accounts major part of project cost. Assessment of RNA: DNA ratio can be useful 
for the cost effective business of freshwater fish culture. As RNA: DNA ratio can correlate with food 
availability of water, accurate output of RNA: DNA ratio can results in proper feeding of fishes in 
aquaculture thus by reducing the project cost. Starvation studies done by [11, 15] shows immediate 
decrease in RNA and protein while DNA remain roughly constant. Clemmesen [13] explained RNA: DNA 
ratio an index of the cell’s metabolic intensity and its use as measurement for recent growth in fishes. [16] 
reported usefulness of Protein: RNA ratio as an indicator of starvation studies with phosphorous. 
Availability of food in respect to seasonal changes to the Channa punctatus can be a cause depletion of its 
production. The status of RNA: DNA ratio shall be helpful to know about requirement of food at proper 
time without loss in production growth of fishes. 
 

 
Table No. 1-Protein content as per feeding conditions Table No. 2- RNA/DNA ratio in as per feeding  
conditions. 

 
Fig 1 and 2: Graphical representation of protein content and RNA/DNA ratio in different organ 

as per feeding conditions. 
 
Higher RNA: DNA ratio indicates good growth condition of the organism whereas the lower RNA: DNA 
ratio indicates poor growth condition of the organism, which could be due to the environmental changes 
like adverse variations in water productivity and also inadequate availability of the food. Assessment of 
usefulness of RNA/DNA ratio is mostly done one larval and early juvenile fish. Limited work has been 
done to assess the effect of fasting and feeding conditions on nucleic acid ratio and protein content on the 
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different tissues of freshwater fishes. Response of individual tissue of fish to nucleic acid may be different 
in varied physiological conditions [17]. Growth pattern of different organ may vary and interpretation of 
RNA/DNA ratio in whole fish could lead to difficulty in assessing as an index condition [18]. 
In the present study effect of feeding conditions on protein in relation to nucleic acid wad studied in 
different organ’s tissue of Channa Punctatus. It was observed that protein content was high in liver (Fig. 
no. 1) of fresh fish considering it as a freshly captured fish, whereas fish fed for two weeks only on prawn 
feed was less protein content (Fig. no.1) than fish deprived of food for two weeks. RNA/DNA ratio showed 
similar trend as that of protein. It was high in liver of fresh fishes, where as it was decreased in fed state 
further it was lowered in starved fishes. The usual interpretation is that RNA/DNA ratio is sensitive to 
changes in nutritional status of fish. Amount of DNA per cell is stable under changing nutritional 
condition, whereas cellular RNA involved in protein synthesis fluctuates with nutritional condition of fish 
[19]. Thus the RNA/DNA ratio indicates metabolic intensity which is deeply influenced by nutritional 
status of the diet [12]. Similar observation reported in liver of catfish Clarias Batrachus by [20]. [5,4, 21] 
also reported the rise in protein and RNA content in response to feeding condition. Segnini and Chung, 
[22] observed higher RNA/DNA ratio in fed fish compared to starved fish. 
It is observed in our study that, protein content of the muscle tissue in fresh fish was highest as compared 
to liver, intestine, gills, brain and kidney being it, as an important functional organ of fish structure. It is 
stated that muscle is the source of amino acid and energy store for other tissue during starvation [23, 24, 
25]. Higher content of protein in the muscle tissue is due to its importance for mobilization activity for 
survival from the predators [25]. The trend of declination of protein as like liver was also seen in muscle 
protein of fed and starved condition, however RNA/DNA ratio in starved was slightly higher compared to 
fed condition. Though, the protein concentration was decreased in starved fishes as compared to fed fish 
muscle (Fig. No. 2). Musfata and Zofair, [26], in their work on seasonal variation of nucleic acid in major 
carps found gravimetrical adjustment by nucleic acid in response to change in protein mass, and stated 
that if tissue loose the protein in great extent large number of underweight cell with preponderance of 
RNA DNA will require to make equivalent weight of the sample. Okumura et al., [27], reported declined in 
the indices during starvation over fed condition. 
Intestine, gills, and kidney showed high protein content in fresh tissue compared to fed and starved, and it was 
decreased in starved than that of fed state. RNA/DNA ratio showed similar pattern in response to the protein 
content except in intestine of fed fish where it was slightly higher than fresh fish. Protein content was second in 
highest in intestine as compared to the other tissue. This could be due to the presence of traces of liver and 
pancreas in sample homogenate, as also reported by Oliver et al., [25], that content of protein in intestine was 
higher due to presence of liver and pancreas traces in homogenate. 
No appreciable difference was noted in the protein content and RNA/DNA ratio in the brain of starved 
and fed fishes. The biochemical, constituents of brain usually does not get changed in response to 
moderate adverse conditions rather than extreme conditions. In the present study fishes were starved for 
only two weeks which did not exert pressure on this important organ to get catabolised. This stability of 
brain is to keep the mental process unimpaired [20]. Except brain, all the tissues were observed with 
appreciable changes in protein and RNA/DNA ratio in response to different feeding conditions of two 
weeks. 
 
CONCLUSION 
In the present study response of the protein and RNA/DNA ratio to the feeding conditions was 
significantly observed. Study results support the established hypothesis of use of RNA/DNA ratio as a bio-
indictor to assess the nutritional status and starving condition of an organism. Thus study emphasize 
towards the more assessment of RNA/DNA ratio as a useful bio-indicator in response to different tissues. 
 
ACKNOWLEDGEMENT 
The author express sincere acknowledgement to UGC, New Delhi for sanctioning the fund under the 
scheme of major research project for the research purpose and also the staff appointed in the project. 
 
REFERENCES 
1. Chicharo, M.A. and Chicharo L.M. (2008). RNA/DNA ratio and other nucleic acid derived indices in marine 

ecology. Int. J. Mol. Sci., 9:1453-1471.  
2. Pepin, P. (1989). Predation and starvation of larval fish: A numeric experiment of size and growth dependent 

survival. Biol. Oceanogr., 6:23-44.  
3. Pepin P., Evans, G. T. and Shears, T. H. (1999). Patterns of RNA/DNA ratios in larval fish and their relationship to 

survival in the field. ICES J. Mar. Sci., 56:697-706.  
4. Bulow, F. J.(1970). RNA-DNA ratios as indicators of recent growth rates of a fish. J. Fish. Res. Bd. Canada., 27: 

Akarte and Mudgal 



ABR Vol 5 [4] December 2014 38 | P a g e       ©2014 Society of Education, India 

2343-2349.  
5. Buckley, L.(1984). RNA-DNA ratio: an index of larval fish growth in the sea. Mar. Biol., 80: 291-298.  
6. Mustafa, S. and Jafri, A.K. 1977. RNA and protein contents in the flesh of the teleost Channa punctatus (Bloch) 

during growth. Ann. Biol. Anim. Biochem. Biophys., 17: 991-995.  
7. Lowry O.H., Rosebrough, J.N., Farr, A.L. and Randall, R.J. 1951. Protein measurement with   the Folin phenol 

reagent. J. Biol. Chem., 103:265-275. 
8. Halliburton, I.W. and Thomson, R.Y.(1965). Chemical aspect of compensatory renal hypertrophy. Cancer. Res., 25: 

1882-1987.  
9. Ashwell, G. (1957) Colorimetric analysis of sugars: cystine reaction of DNA. In Colowick, S.P. and N.O. Kapla, eds.: 

Methods in enzymology. Vol. 3. Academic Press, New York, 1154.  
10. Burton, K. A.(1956).Study of the conditions and mechanism of the diphenylamine reaction for the colorimetric 

estimation of deoxyribonucleic acid. The Biochemical Journal.,62(2):315–323  
11. Bulow, F. J.(1987). RNA-DNA ratios as indicators of growth in fish: A review. In; R.C. Summerfelt and G. E. Gordon 

(eds.), The age and growth of fish, pp.45-64. The Iowa State University Press, Ames, Iowa.  
12. Clemmesen, C.(1993).Improvement in the fluorometric determination of the RNA and DNA content of individual 

marine fish larvae. Mar. Ecol. Prog. Ser., 100:177-183.  
13. Clemmesen, C.(1994). The effect of food availability, age or size on the RDA: DNA of individually measured 

herring larvae: Laboratory calibration. Mar. Biol., 118:377-382.  
14. Buckley, L.J. and Lough, R.C.(1987). Recent growth, biochemical composition, and prey field of larval haddock 

(Melanogranimus aeglefinus) and the Atlantic cod (Gadus morbua) on the George bank. Can. J. Fish. Aquat. Sci., 
44: 14-25.  

15. Richard P., Bergeron, J. P., Boulhic, M., Galois, R. and Ruyet, J. (1991). Effect of starvation on RNA, DNA and 
protein content of laboratory-reared larvae and juveniles of Solea solea Marine Ecology Progress Series., 72, 69– 
77.  

16. Berdalet, E, L. Mikel, and Marta, E.(1994). Effects of nitrogen and phosphorus starvation on nucleic acid and 
protein content of Heterocapsa sp. Journal of Plankton Research., 16(4): pp.303-316.  

17. Chung K.S., Shen, M.W. and Donaldson E. M. (1996). Effect of feeding versus starvation on DNA synthesis in 
rainbow trout fry. In D. Mackinlay & K. Shearer (eds), “ Gutshop’ feeding ecology and nutrition in fish. 
Symposium proceedings of the International Congress on the Biology of Fishes. San Francisco 14-18 July 1996, 
State University, Press, CA. UA, pp.195-200.  

18. Theilacker,G.H. and Shen. W. (1993). Calibrating starvation-induced stress in larval fish using flow cytometry. 
American Fisheries Society Symposium., 14: 85-94.  

19. Foster, A.R., Houlihan, D.F., Hall, S. J. and Burren, L. J.(1992). The effect of temperature acclimation on protein 
synthesis rates and nucleic acid content of juvenile cod (Gadus morhua L.). Canadian Journal of Zoology., 70: 
2095-2102.  

20. Mustafa, S. and Mittal, A.(1982). Protein, RNA and DNA levels in liver and brain of starved catfish Clarias 
batrachus. Japanese J. of Ichthyol., 28:396-400.  

21. Smigielski, K. –(1980). Changes in ribonucleic acid, deoxyribonucleic acid and protein content during 
ontogenesis in winter flounder Pseudopleuronectes americanus and effect of starvation. Fish. Bull., 77:703-708.  

22. Segnini de B.M.I., and Chung, K. S. (1996). Feeding effects on the RNA/DNA ratio in juveniles of corocoro grunt 
Orthoprisitis ruber. In D. Mackinlay & K. Shearer (eds), “ Gutshop’ feeding ecology and nutrition in fish. 
Symposium proceedings of the International Congress on the Biology of Fishes. San Francisco 14-18 July 1996, 
State University, Press, CA. UA, pp.187-193.  

23. Love, R.M. (1970). The chemical biology of fishes. Academic Press, London. P. 547.  
24. Houlihan, D., McMillan, D.N. and Laurent P. 1986. Growth rates, protein synthesis and protein degradation rates 

in rainbow trout: effect of body size. Physio. Zool., 59:482-493  
25. Olivar, M. P., Diaz, M.V., Chicharo, M. A. (2009). Tissue effect on RNA: DNA ratios of marine fish larvae, Scientia 

Marina, 73: 171-182.  
26. Mustafa, S. and Zofair, S. M.(1985). Seasonal variation in protein RNA and DNA concentrations in Major Carps,  
27. Catla catla, Labeo rohita, and Cirrhina mrigala. Japanese J. of Ichthyol., 32:396-400.  
28. Okumura T., Nagasawa, T., Hayashi, I., and Sato, Y. (2002). Effects of starvation on RNA:DNA ratio, glycogen 

content, and C:N ratio in columellar muscle of the Japanese turban shell Turbo (Batillus) cornutus (Gastropoda). 
Fish. Sci., 68: 306-31.  

 
 

Akarte and Mudgal 


