


Tissue-Specific Variation in DNA and RNA Content of Disco Rani Fish Using Classical Colorimetric Methods


 
ABSTRACT
Quantitative estimation of nucleic acids can provide comparative information on tissue composition and physiological activity. This study estimated DNA and RNA contents in the liver and gill tissues of Disco Rani fish (Priacanthus hamrur) using classical colorimetric procedures. DNA was measured using the diphenylamine method, whereas RNA was measured using the orcinol method. Absorbance was recorded with a colorimeter, and tissue concentrations were calculated from standard solutions. The estimated DNA concentration was higher in the liver (5.90 mg/ml) than in the gills (4.28 mg/ml). Conversely, RNA concentration was higher in the gills (7.40 mg/ml) than in the liver (5.80 mg/ml). The calculated RNA/DNA ratio was 0.98 in the liver and 1.73 in the gills, indicating greater RNA abundance relative to DNA in gill tissue under the experimental conditions. The DNA standard curve showed a progressive increase in absorbance with concentration, while the RNA standard curve displayed an overall increasing trend with minor deviations. These findings demonstrate descriptive tissue-specific differences in nucleic acid content. The higher DNA value in the liver may reflect differences in tissue architecture and cellular composition, whereas the higher RNA concentration and RNA/DNA ratio in the gills may be associated with their continuous physiological functions. The results remain preliminary because biological replication, inferential statistical analysis and molecular validation were not included.
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INTRODUCTION
Nucleic acids, namely DNA and RNA, play a central role in the storage, transmission, and expression of genetic information. DNA acts as the hereditary material, whereas RNA is directly involved in protein synthesis and the regulation of gene expression. Quantitative estimation of nucleic acids provides insight into cellular activity, growth, and the metabolic status of tissues (Berg et al., 2015; Nelson & Cox, 2017; Voet & Voet, 2011).
In biochemical and molecular studies, DNA is usually interpreted as a relatively stable indicator of cellular genomic material, whereas RNA is more responsive to protein-synthetic demand and short-term physiological conditions (Buckley et al., 1999; Foley et al., 2015).
Foundational biochemical and molecular biology texts also support the use of nucleic acid estimation as a basic laboratory approach for relating cellular composition to growth, metabolism, and gene expression (Brown, 2016; Elliott & Elliott, 2005; Gupta, 2013; Jayaram, 1981; Lodish et al., 2016; Plummer, 1988; Sambrook & Russell, 2001; Sawhney & Singh, 2000).
In fish, nucleic acid content varies among tissues according to their physiological functions. The liver is a metabolically active organ involved in protein synthesis, detoxification, and enzymatic processes and is generally expected to exhibit higher RNA content. In contrast, the gills are primarily involved in respiration, osmoregulation, and ion exchange and may exhibit comparatively lower biosynthetic activity, although functional demands can influence RNA levels (Buckley, 1984; Buckley et al., 1999; Evans et al., 2005).
The fish gill is a multifunctional epithelium involved not only in gas exchange but also in ion regulation, acid-base balance, and nitrogenous waste excretion; therefore, its nucleic acid profile may reflect continuous cellular turnover and transporter-related biosynthetic activity (Bury et al., 2022; Evans et al., 2005; Koppang et al., 2023; Seebacher et al., 2021). Recent work in common carp has shown that the RNA/DNA ratio can vary with dietary treatment and growth performance, supporting its cautious use as a comparative biochemical index when interpreted alongside other physiological measurements (Dhotre et al., 2024). Proteomic approaches provide complementary molecular information on growth, environmental stress, and disease responses in fish, but these methods operate at a different analytical scale from the classical tissue-level assays used here (Sathiamoorthi et al., 2026). Recent single-cell transcriptomic studies have revealed marked cellular heterogeneity within fish gills, including diverse immune and ion-regulatory cell populations and metabolically active proliferating cells (Hou et al., 2025; Zheng & Wang, 2023).
Classical colorimetric methods remain widely used because of their simplicity, low cost, and satisfactory accuracy for comparative biochemical studies. These methods are based on the acid hydrolysis of nucleic acids and the subsequent formation of coloured complexes that can be measured using a colorimeter (Almog & Shirey, 1978; Burton, 1956; Wilson & Walker, 2010).
The interpretation of the present study is therefore restricted to comparative tissue-level differences in DNA, RNA, and the RNA/DNA ratio rather than gene-specific transcriptional regulation or absolute cellular activity (Gao et al., 2022).
Although colorimetric methods are less sensitive than modern fluorometric or molecular assays, they remain suitable for basic comparative tissue analysis when standard curves are prepared carefully and the results are interpreted within the limitations of the method (Almog & Shirey, 1978; Buckley et al., 1999; Burton, 1956). Accordingly, a direct comparison of liver and gill DNA, RNA, and RNA/DNA values is needed within the present experimental framework to establish preliminary tissue-level information for the sampled Disco Rani fish. The present study aims to estimate and compare the DNA and RNA contents of liver and gill tissues from Disco Rani fish and to interpret the results in relation to tissue-specific metabolic activity.

MATERIALS AND METHODS
Sample Collection and Preparation
Healthy specimens of Disco Rani fish (Priacanthus hamrur) were obtained from the local market and transported to the laboratory under chilled conditions. A total of 2 specimens were used in the study. The specimens had total lengths of 19 cm and 18 cm and body weights of 80.2 g and 65.0 g, respectively. The fish specimens used in the present study were purchased from a local fish market and were neither collected through experimental capture nor maintained under laboratory culture conditions. Tissue samples were obtained from the market-acquired specimens solely for biochemical analysis. Tissue homogenates were prepared in cold distilled water and centrifuged at 3000 rpm for 10 minutes. The supernatant was used for analysis.
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	Fig. 1. Fresh specimens of Disco Rani fish used for liver and gill tissue collection.	
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DNA Estimation (Diphenylamine Method)
DNA concentration was estimated using Burton's diphenylamine method (Burton, 1956). Absorbance was measured at approximately 595 nm.



Fig 2. DNA estimation & Absorbance calculation

RNA Estimation (Orcinol Method)
RNA concentration was estimated using the orcinol method described by Almog and Shirey (1978), in which ribose forms furfural under acidic conditions and reacts with orcinol to produce a green-coloured complex. Absorbance was recorded at 660-665 nm.
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CALCULATION




Fig 3.RNA estimation & Absorbance calculation
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Concentration was calculated using:
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Concentration =

OD of Sample
OD of Standard


× Standard Concentration
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RESULTS AND DISCUSSION


A. Standard Curve Observations

The standard curve generated for DNA estimation using the diphenylamine method exhibited a progressive increase in absorbance with increasing DNA standard concentrations, indicating a nearly linear relationship between DNA concentration and optical density. The DNA standards showed a gradual increase in absorbance with increasing concentration, indicating a positive correlation and approximate adherence to the Beer-Lambert law. The increasing colour intensity observed with increasing DNA concentration further supports the reliability of the assay for estimating nucleic acid content in fish tissues (Burton, 1956; Wilson & Walker, 2010).
The observed increase in absorbance is consistent with the principle that the diphenylamine reaction produces a measurable colour complex with deoxyribose under acidic conditions, thereby allowing DNA concentration to be estimated against a standard reference (Burton, 1956; Wilson & Walker, 2010).
Similarly, RNA estimation using the orcinol method showed an overall increase in absorbance with increasing concentrations of RNA standards. Although minor deviations from linearity were observed at intermediate concentrations, the overall trend remained sufficiently consistent for quantitative estimation. Some irregularities were observed, possibly because of minor experimental inaccuracies (Almog & Shirey, 1978; Plummer, 1988).
For the RNA assay, small deviations from linearity should be interpreted cautiously because the orcinol reaction depends on controlled acid hydrolysis, reagent stability, and consistent heating conditions; nevertheless, a monotonic overall trend supports its use for approximate comparative estimation (Almog & Shirey, 1978; Jayaram, 1981; Sawhney & Singh, 2000).
B.  Graphical Representation



Fig. 4. DNA standard curve showing the relationship between DNA concentration and absorbance at 595 nm.
The absorbance values for the DNA standards increased gradually with increasing concentration (0.2-2.0 mg/ml), confirming a positive relationship between DNA concentration and colour intensity (Burton, 1956; Wilson & Walker, 2010).
This graphical pattern supports the suitability of the prepared DNA standard series for estimating sample concentration, provided that readings are taken within the linear working range of the assay (Burton, 1956; Wilson & Walker, 2010).
        Lowest OD (0.02) at 0.2 mg/ml




        Highest OD (0.21) at 2.0 mg/ml
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Fig. 5. RNA standard curve showing the relationship between RNA concentration and absorbance at 665 nm.
The RNA standards varied but showed an overall increasing trend in absorbance values (Almog & Shirey, 1978; Wilson & Walker, 2010). Because colorimetric RNA readings may be affected by handling and reaction conditions, the graph should be treated as a supportive calibration tool rather than definitive evidence of the exact RNA concentration (Almog & Shirey, 1978; Buckley et al., 1999).

     OD ranged from 0.00 (blank) to 0.10–0.20 range

     Some irregularity was observed (experimental error), but still usable for estimation



Table 1. Estimated Nucleic Acid Concentrations

	Tissue
	DNA (mg/ml)
	RNA (mg/ml)

	Liver
	5.90
	5.80

	Gills
	4.28
	7.40


The higher DNA value recorded in the liver and the higher RNA value recorded in the gills indicate tissue-specific biochemical differentiation. In comparative fish studies, RNA/DNA indices are commonly interpreted as reflecting protein-synthetic capacity because DNA is comparatively stable, whereas RNA varies with growth and physiological condition (Buckley, 1984; Buckley et al., 1999; Foley et al., 2015).


D.  RNA/DNA Ratio
The RNA/DNA ratio differed markedly between the tissues. The liver exhibited a ratio of 0.98, indicating moderate metabolic activity. In contrast, the gill tissue showed a higher ratio of 1.73, suggesting increased protein synthesis and functional activity associated with respiration and ion exchange. This difference reflects the tissue-specific physiological roles in the fish (Buckley, 1984; Buckley et al., 1999; Foley et al., 2015).
The higher gill RNA/DNA ratio should be interpreted as an index of greater apparent biosynthetic demand per unit of DNA, but not as direct proof of specific gene upregulation because the present colorimetric design did not measure individual transcripts (Buckley et al., 1999; Foley et al., 2015).




These observations collectively demonstrate that nucleic acid composition is tissue-dependent and reflects the specialised physiological functions of individual organs. The comparatively higher DNA concentration in the liver may indicate greater cellular density or increased genomic content associated with hepatocyte polyploidy. The elevated RNA concentration and RNA/DNA ratio in the gills suggest enhanced biosynthetic activity required to support respiration, osmoregulation, ion transport, and continuous interaction with the external aquatic environment (Evans et al., 2005; Filipiak et al., 2009; Zhang et al., 2019).
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The liver result is biologically plausible because hepatocytes in vertebrates may exhibit increased nuclear DNA content through polyploidy or binucleation, whereas fish hepatocyte nuclei have also been shown to differ in DNA content from erythrocyte nuclei in flow cytometric studies (Filipiak et al., 2009; Matsumoto, 2022; Zhang et al., 2019).

DISCUSSION
The present study revealed tissue-specific variation in nucleic acid content between the liver and gills of Disco Rani fish. The higher DNA concentration observed in liver tissue is consistent with the central metabolic role of this organ. The liver is the primary site of carbohydrate, lipid, and protein metabolism, detoxification, glycogen storage, and plasma protein synthesis. In addition, fish hepatocytes are frequently polyploid and multinucleated, which contributes to greater nuclear abundance per unit of tissue mass. Therefore, the higher DNA concentration observed in liver homogenates is likely to reflect differences in tissue architecture, cellular density, and hepatocyte ploidy rather than an increase in DNA content within individual cells (Donne et al., 2020; Filipiak et al., 2009; Zhang et al., 2019).
The comparatively higher RNA concentration recorded in gill tissue reflects the continuous physiological demands placed on this organ. Fish gills are responsible for respiration, ion transport, acid-base balance, and osmoregulation, processes that require the constant synthesis of membrane transport proteins, respiratory enzymes, and structural proteins. Consequently, metabolically active gill tissue is expected to exhibit elevated RNA levels associated with increased protein synthesis, a pattern reported in previous studies of fish physiology (Buckley et al., 1999; Evans et al., 2005).
The RNA/DNA ratio provides an integrated biochemical indicator of recent physiological condition because DNA content remains relatively stable, whereas RNA content varies according to protein-synthetic activity (Buckley, 1984; Buckley et al., 1999; Foley et al., 2015). In the present study, the higher RNA/DNA ratio observed in the gills suggests greater biosynthetic activity than in liver tissue, supporting the multifunctional physiological role of the branchial epithelium. However, this interpretation should be considered cautiously because the study was limited to two tissue samples and lacked biological replication, inferential statistical analysis, and molecular validation. In addition, minor irregularities observed during RNA estimation may have resulted from experimental factors such as pipetting variation, reagent instability, or temperature fluctuations during colour development.
Overall, the tissue-specific differences in DNA concentration, RNA concentration, and the RNA/DNA ratio reflect the functional specialisation of fish organs and demonstrate the usefulness of nucleic acid composition as a biochemical indicator of cellular activity. Although preliminary, these findings provide baseline information for future investigations into fish growth, nutrition, environmental stress, and aquatic toxicology.
Future studies should include a larger number of biological replicates, taxonomic confirmation of the Disco Rani fish, validation of standard-curve regression parameters, and complementary protein or gene expression analyses to strengthen the physiological interpretation of tissue-specific nucleic acid variation.
Conclusion
The study identified descriptive differences in DNA and RNA content between the liver and gill tissues of Disco Rani fish. The estimated DNA concentration was higher in the liver (5.90 mg/ml) than in the gills (4.28 mg/ml), whereas RNA concentration was higher in the gills (7.40 mg/ml) than in the liver (5.80 mg/ml). Accordingly, the RNA/DNA ratio was greater in the gills (1.73) than in the liver (0.98). These findings indicate that nucleic acid distribution differed between the two tissues under the conditions examined. The comparatively higher liver DNA value may be related to tissue architecture, cellular density or hepatocyte nuclear characteristics. In contrast, the higher gill RNA concentration and RNA/DNA ratio may reflect the continuous biosynthetic requirements associated with respiration, osmoregulation, ion transport and tissue maintenance. Classical diphenylamine and orcinol methods therefore provided a simple basis for preliminary tissue-level comparison. However, the findings should be interpreted cautiously because the study lacked biological replication, inferential statistical testing, detailed standard-curve validation and molecular confirmation.
Limitations
This study was limited to two market-acquired fish and lacked biological replication, replicate absorbance measurements, standard deviations, and inferential statistical analysis. Tissue weights, detailed quality-control procedures, and standard-curve regression parameters were not reported. In addition, the taxonomic identity of the specimens was not independently confirmed. Therefore, the findings should be interpreted as preliminary, descriptive comparisons of liver and gill nucleic acid content rather than definitive evidence of broader physiological patterns.
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