


Biochemical Profiling of Senga pawarae (Dollfus, 1934), a Cestode Parasite of the Freshwater Fish Channa gachua
Abstract
Freshwater ecosystems support diverse fish fauna that contribute significantly to food security and ecological stability, and Channa gachua is an economically and ecologically important species frequently affected by cestode infestation. The present study aimed to evaluate the biochemical impact of infection by the pseudophyllidean tapeworm of genus Senga viz.  Senga pawarae sp.nov. in Channa gachua by profiling protein, glycogen, and lipid content in non‑infected and infected intestinal tissues of the host as well as in the parasite itself. Results revealed a progressive decline in protein and glycogen content from non‑infected to infected host intestinal tissues and further in Senga pawarae sp.nov indicating nutrient depletion and metabolic stress in the host. In contrast, lipid content was significantly higher in Senga pawarae sp. than in both non‑infected and infected tissues, suggesting selective absorption and accumulation of lipids by the parasite for energy storage and reproductive functions. These findings demonstrate a clear host–parasite metabolic interaction characterized by nutrient competition, with likely adverse effects on host nutritional status and physiological health. The study provides valuable insight into the metabolic consequences of cestode infection in Channa gachua and contributes to a better understanding of host–parasite biochemical relationships in freshwater fishes.
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INTRODUCTION
Freshwater ecosystems play a crucial role in maintaining biodiversity and supporting fisheries. Among freshwater fishes, Channa gachua is widely distributed and holds ecological as well as economic importance. However, parasitic infections, particularly by helminths, pose a serious threat to fish health by altering physiological and metabolic functions (Scholz et al., 2021; Al-Hasawi, 2019).
Cestode parasites exhibit remarkable biochemical adaptations that enable them to survive within host environments. These parasites depend largely on host-derived nutrients such as proteins, glycogen, and lipids for their growth and reproduction (Barrett, 1981; Smyth and McManus, 1989). Host–parasite interactions often result in nutrient competition, leading to metabolic stress and reduced fitness in host organisms (Poulin, 2007; Hasegawa & Poulin, 2025).
Genus Senga was established by Dollfus (1934); it is an intestinal tapeworm of freshwater fishes and has a serious impact on Human health and results in adverse health outcomes and notable declines in efficiency and quality of life, in addition gastro intestinal disorders and lack of vital nutrients.
Parasitic infections are known to induce biochemical and physiological stress in fishes, leading to depletion of essential biomolecules and disruption of normal metabolic processes. Studies have reported significant alterations in biochemical parameters and oxidative stress markers in infected fishes (Gupta et al., 2025; Zhang et al., 2024).
Protein, glycogen, and lipid levels serve as important indicators of metabolic status. Glycogen acts as a primary energy source, especially under anaerobic conditions, whereas lipids function as long-term energy reserves. Parasites often manipulate host metabolism to facilitate their survival and development (Li et al., 2025; Alharbi et al., 2025).
Despite these advances, limited information is available on biochemical alterations in Channa gachua due to cestode infection, particularly in the Marathwada region. Therefore, the present study aims to evaluate biochemical changes and host–parasite metabolic interactions associated with Senga pawarae sp. infection.

MATERIALS AND METHODS
Study Area and Sample Collection: Freshwater specimens of Channa gachua were collected from the Majalgaon Reservoir and nearby water bodies from Beed Tahsil, Dist. Beed. 
Examination of Hosts:
Collected fishes were transported to the laboratory and dissected Dorso-ventrally. Organs such as fins, gills, stomach and intestine were isolated and examined separately and kept in Petri dishes containing physiological saline.
Sample Preparation:
Parasites were cleaned, dried and weighed. Host intestinal tissues were categorized into infected and non-infected samples.
Biochemical Analysis: The biochemical analysis was done by applying standard method. The protein estimation was done by Lowry et al. (1951). The glycogen estimation was done by Kemp et al. (1954) and the lipid estimation by Folch et al. (1957).
Statistical Analysis: All data were expressed as mean ± standard deviation (SD). 
Results and Discussion:

Table 1:
Showing the biochemical composition of host intestinal tissues and Senga pawarae sp. 
under infected and non-infected conditions

	Parameters
	Non-infected tissue
	Infected tissues
	Senga pawarae sp.

	Protein 
	23.36 ± 0.03ᵃ
	22.17 ± 0.05ᵇ 
(5.09%)
	14.95 ± 0.11ᶜ 
(32.57%)

	Glycogen 
	27.07 ± 0.97ᵃ
	24.04 ± 0.11ᵇ 
(11.20%)
	13.15 ± 0.07ᶜ 
(45.30%)

	Lipid 
	16.70 ± 0.07ᵇ
	14.36 ± 0.23ᶜ 
(14.01%)
	20.56 ± 0.36ᵃ 
(43.18%)



Values are expressed as Mean ± SD. Different superscripts (a, b, c) within the same row indicate statistically significant differences p < 0.05





Graph 1: Comparative biochemical composition in non-infected, infected intestinal tissues and Senga pawarae sp.
In the present investigation the protein content in the non-infected intestinal tissue was 23.36 ± 0.03 mg/g, which decreased significantly to 22.17 ± 0.05 mg/g in the infected tissue, representing a reduction of 5.09%. The cestode Senga pawarae contained a much lower protein content (14.95 ± 0.11 mg/g), showing a reduction of 32.57% compared to the non-infected host tissue. Glycogen content was observed highest in the non-infected tissue (27.07 ± 0.97 mg/g) and significantly decreased to 24.04 ± 0.11 mg/g in the infected tissue, indicating an 11.20% reduction. The parasite exhibited the lowest glycogen level (13.15 ± 0.07 mg/g), which was 45.30% lower than that of the infected host tissue.
In contrast, lipid content showed a different trend. Non-infected tissue contained 16.70 ± 0.07 mg/g lipid, whereas infected tissue showed a significant decline to 14.36 ± 0.23 mg/g (14.01% reduction). However, the parasite possessed the highest lipid content (20.56 ± 0.36 mg/g), which was 43.18% higher than that of the infected tissue. 
The reduction in protein and glycogen levels in infected intestinal tissues suggests that parasitic infection imposes metabolic stress on the host. The parasite competes with the host for essential nutrients and energy reserves, leading to depletion of these biochemical constituents in the infected tissue. Lower glycogen levels indicate increased utilization of carbohydrate reserves to meet the energy demands associated with infection and tissue repair.
The markedly lower protein and glycogen contents in S. pawarae indicate rapid utilization of these molecules for growth, maintenance, and reproductive activities. Conversely, the significantly higher lipid content observed in the parasite suggests that lipids serve as an important energy reserve in the cestode. The accumulation of lipids may result from direct absorption of nutrients from the host intestine through the parasite's tegument.
Conclusion, the results demonstrate that infection by S. pawarae alters the biochemical composition of the host intestine, causing depletion of protein, glycogen, and lipid reserves in infected tissues while enabling the parasite to accumulate substantial lipid stores for its survival and development. This host–parasite interaction reflects the nutritional dependence of the cestode on its fish host and the physiological stress imposed on the infected fish.
Discussion:  
Glycogen content was observed highest in the non-infected tissue and decreased significantly in the infected tissue, indicating an 11.20% reduction. Similar findings were reported earlier studies. There was low content of glycogen in Davainea shindei (15.17 mg/100mg), high in host intestine.)17.56 mg/100 mg). Nanware et al., (2010) reported amount of glycogen were lower in parasite than infected and normal intestinal tissues of host. On estimation glycogen content in normal intestinal tissue as 93.25mg/100mg, infected intestinal tissues contents 91.02mg/100 mg where as Tylocephalum sp. Contents 88.28mg/100mg. Glycogen content is lower in senga sp. as compare to infected and non-infected intestine of host (Asawari Fartade, 2011). While in another studies the glycogen content is lower in cestode parasite as compared to infected and non-infected intestine of host (Pawar, 2020). Glycogen content is higher in cestode parasite as compared to infected and non-infected intestine of host (Sushil et al., 2011). Similar finding was reported by Bhure and Nanware (2013) from Channa stratus naturally infected by Gangesia. Jadhav et.al (2008) reported low content of glycogen in Davainea shindei (15.17 mg/100mg), high in host intestine (17.56 mg / 100 mg). Bhure et.al. (2010) and Nanware et.al. (2010) reported amount of glycogen were lower in parasites than infected and normal intestinal tissue of host. Helminths rely heavily on anaerobic metabolism, utilizing glycogen as a primary energy substrate (Barrett, 1981; Von Brand, 1973).
While in protein content showed a progressive decline from non-infected to infected tissues and further in the parasite, indicating depletion of protein reserves due to parasitic infection. This reduction reflects increased metabolic demand and utilization of host nutrients by the parasite. Similar observations have been reported in helminth-infected fishes (Cheng, 1986; Gupta et al., 2025). The present investigation revealed a significant decrease in protein and glycogen contents in the infected intestinal tissue compared to the non-infected tissue of the host fish. The protein content decreased from 23.36 ± 0.03 mg/g in non-infected tissue to 22.17 ± 0.05 mg/g in infected tissue, while glycogen content decreased from 27.07 ± 0.97 mg/g to 24.04 ± 0.11 mg/g. Such reductions may be attributed to the utilization of host nutrients by the cestode parasite and increased metabolic demands of the host under parasitic stress. Similar observations were reported by Bhure et al. (2011), who found that infection by cestode parasites altered the biochemical composition of host intestinal tissues through depletion of essential nutrients.
In the present study, the parasite Senga pawarae exhibited lower protein (14.95 ± 0.11 mg/g) and glycogen (13.15 ± 0.07 mg/g) contents than the host tissues. The reduced glycogen content indicates its continuous utilization as an energy source for growth, maintenance and reproductive activities of the parasite. Conversely, lipid content was significantly higher in the parasite (20.56 ± 0.36 mg/g) than in the infected intestinal tissue (14.36 ± 0.23 mg/g), suggesting accumulation of lipids as reserve energy material. The higher lipid concentration may result from direct absorption of nutrients from the host intestine through the tegument of the cestode. These findings indicate that Senga pawarae exerts considerable nutritional stress on its host by competing for available nutrients and altering the biochemical composition of intestinal tissues. The depletion of protein and glycogen in infected tissues and the accumulation of lipids in the parasite reflect the metabolic adaptations associated with host–parasite interactions. Similar result for protein contents also reported by Jadhav et.al. (2008) from Davainea shindei i.e. amount of protein present in Davainea shindei is 13.20 mg/gm wt. of tissue where as in host intestine is 15.42 mg/gm wt. of tissue. 
Dhondge et.al. (2010) reported amount of Protein was lower in the body of parasites than infected and normal intestinal tissue of host. Bhure et.al., 2011 reported Protein contents in non-infected intestinal tissue was 30.12 mg/mg, infected intestinal tissue contents 27.72 mg/mg whereas tapeworm Tylocephalum sp. contents 25.01 mg/mg wet tissue. Bhure et al., (2012) recorded lower amount protein (15.88 mg/gm) in Ascardia galli as compared to infected intestine (19.33 mg/gm) and normal host intestine (19.77 mg/gm). Nanware et al., (2012) studied amount of proteins in Cotugnia sp. is lower (5.77 mg/gm) as compared to protein present in infected intestine (6.66 mg/gm), in host normal intestine (16.22 mg/gm). Bhure et al., (2013) reported low amount of protein in Moniezia expansa (2.72 mg/gm wet weight) as compared to infected intestine of Capra hircus (3.63 mg/gm wet weight) and normal intestinal tissue of Capra hircus (4.09 mg/gm wet weight). Bhure et. al. (2015) reported amount of proteins present in nematode parasite Spinitectus indica sp. is lower (2.55 mg/gm wet weight) as compared to protein present in infected intestinal tissue (3.11 mg/gm wet weight) as well as in normal intestinal tissue of M. armatus (4.22 mg/gm wet weight). 
The present study revealed a significant alteration in the lipid content of the host intestine following infection by the cestode parasite Senga pawarae. The lipid content in the non-infected intestinal tissue was 16.70 ± 0.07 mg/g, which decreased to 14.36 ± 0.23 mg/g in the infected tissue, indicating a reduction of 14.01%. In contrast, the parasite exhibited a significantly higher lipid content (20.56 ± 0.36 mg/g) than both non-infected and infected host tissues. The depletion of lipids in the infected intestine may be attributed to the utilization of host lipid reserves by the parasite for its growth, development and reproductive activities. Lipid content is higher in cestode parasites as compared to host intestine (Pawar, 2020). Lipid content is lower in cestode parasites as compared to host intestine (Amol et al., 2014). Cestodes lack a complete digestive system and absorb nutrients directly through their tegument; therefore, they depend largely on host-derived metabolites. The elevated lipid content in Senga pawarae suggests active absorption and accumulation of lipids from the host intestine, where lipids serve as an important source of stored energy. Similar observations were reported by Bhure et al. (2011), who noted variations in lipid levels between host tissues and cestode parasites, indicating the influence of parasitism on host biochemical constituents. The present findings demonstrate that Senga pawarae alters the lipid metabolism of the host and utilizes host lipid resources for its survival, thereby causing nutritional stress to the infected fish. Cestodes lack the ability to synthesize fatty acids de novo and therefore depend on host-derived lipids, resulting in their accumulation (Smyth and Halton, 1983; Roberts et al., 2013). M.R. Siva Sai Kumari (1994) reported total lipids content of cestode Ncokrimia singhia in immature mature and gravid region was 4.675 +1.215, 29.200 +0.608 and 31.902 +2.804 mg/gm fresh weight. The reduction in lipid levels in infected host tissues further supports the transfer of lipids from host to parasite. Such biochemical alterations may impair physiological functions and reduce overall host fitness, as also reported in parasitized fishes (Scholz et al., 2021; Al-Hasawi, 2019).
Conclusion
The present study showed that infection by Senga pawarae was associated with measurable biochemical changes in the intestine of Channa gachua. Protein and glycogen contents were higher in non-infected intestinal tissue and declined in infected tissue, suggesting depletion of important nutritional and energy reserves under parasitic stress. The parasite contained lower protein and glycogen levels than host tissues, indicating utilization of these constituents for its maintenance, growth and reproductive activities. In contrast, lipid content was highest in the parasite, suggesting selective absorption and storage of host-derived lipids. The reduction of lipid content in infected intestinal tissue further supports the possibility of nutrient transfer from host tissue to the parasite. Overall, the findings indicate that Senga pawarae infection may impose metabolic stress on Channa gachua by altering intestinal biochemical composition. These observations contribute to understanding host–parasite biochemical relationships in freshwater fishes and may be useful for future studies on fish health and parasitic disease management.
Limitations
This study was limited by incomplete reporting of sample size, infection prevalence, parasite intensity and number of biochemical replicates. Parasite identification was not supported by detailed morphological description, voucher deposition or molecular confirmation. The statistical method used to compare biochemical parameters was not specified, and units require standardization across the table, graph and discussion. Only protein, glycogen and lipid contents were assessed; additional biochemical, histopathological and physiological markers were not included. Future studies should use larger sample sizes, clear taxonomic confirmation, standardized units and more detailed host-health assessment.
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