Biochemical Profiling of Senga pawarae (Dollfus, 1934), a Cestode Parasite of the Freshwater Fish Channa gachua

Abstract
Freshwater fish are susceptible to intestinal cestodes that may alter host nutrient reserves and physiological condition. This study evaluated biochemical changes associated with Senga pawarae infection in the freshwater fish Channa gachua. A total of 120 fish were collected from the Majalgaon Tahsil reservoir and nearby water bodies in Beed District, Maharashtra, India; 76 fish were found to be infected. Protein, glycogen, and lipid contents were estimated in non-infected intestinal tissue, infected intestinal tissue, and the cestode using the Lowry, Kemp, and Folch methods, respectively. Protein content decreased from 23.36 mg/100 mg in non-infected tissue to 16.90 mg/100 mg in infected tissue and 12.31 mg/100 mg in the parasite, corresponding to reductions of 27.65% and 47.30% relative to non-infected tissue. Glycogen content declined from 27.07 to 20.24 and 15.61 mg/100 mg, representing reductions of approximately 25.2% and 42.3%, respectively. Lipid content decreased from 16.70 to 12.47 and 11.24 mg/100 mg, corresponding to reductions of 25.33% and 32.69%. The consistent decline in all three biochemical constituents indicates depletion of host metabolic reserves in association with cestode infection. The lower concentrations recorded in the parasite also reflect its dependence on nutrients available within the host intestine. These findings characterise the biochemical pattern associated with S. pawarae infection and provide baseline information on host–parasite metabolic interactions in C. gachua from the study region.
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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 has ecological and economic importance. However, parasitic infections, particularly those caused 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 biochemical adaptations that enable them to survive within host environments. These parasites depend largely on host-derived nutrients, including proteins, glycogen, and lipids, for growth and reproduction (Barrett, 1981; Smyth & 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).
The genus Senga was established by Dollfus (1934). Intestinal cestodes are among the important parasites affecting freshwater fishes and may cause tissue damage, impaired nutrient absorption, reduced growth, poor physiological condition, and economic losses in fisheries (Williams & Jones, 1994; Scholz et al., 2009). Although most fish cestodes are host-specific and do not infect humans, certain fish-borne tapeworms, particularly Dibothriocephalus latus (formerly Diphyllobothrium latum), are zoonotic and may infect humans through the consumption of raw or inadequately cooked infected fish (Scholz et al., 2009; CDC, 2023). Human infection (diphyllobothriasis) may cause gastrointestinal disturbances, including abdominal pain, nausea, vomiting, diarrhoea, and weight loss (CDC, 2023; StatPearls, 2024). In prolonged or heavy infections, the parasite competes with the host for vitamin B12, potentially leading to vitamin B12 deficiency, megaloblastic anaemia, and, in severe cases, neurological complications due to impaired vitamin B12 absorption (Scholz et al., 2009; StatPearls, 2024). These infections may adversely affect nutritional status, health, and quality of life, emphasising the importance of proper fish handling, adequate cooking, and public-health awareness (WHO, 2022; CDC, 2023). Parasitic infections are known to induce biochemical and physiological stress in fish, leading to depletion of essential biomolecules and disruption of normal metabolic processes. Alterations in biochemical parameters and oxidative-stress markers have been reported in parasitised fish (Gupta et al., 2025; Pramanik & Biswas, 2024).
Protein, glycogen, and lipid levels are important indicators of metabolic status. Glycogen acts as a primary energy source, particularly under anaerobic conditions, whereas lipids function as long-term energy reserves. Parasites may alter host metabolism to facilitate their survival and development (Li et al., 2025; Alharbi et al., 2025). The occurrence of Senga spp. among endoparasites of snakehead fish has been documented in a freshwater system (Minggawati et al., 2023). Recent investigations of cestode-infected freshwater fish have also reported intestinal lesions and altered biochemical, immune, and antioxidant responses (Hamouda & Younis, 2024; Radwan et al., 2025). Broader proteomic approaches provide a complementary framework for evaluating stress and disease responses in fish (Sathiamoorthi et al., 2026), while histopathological and biochemical profiles have been used as indicators of combined parasitic and environmental stress in Channa punctata (Pramanik & Biswas, 2024). Nevertheless, the biochemical consequences of Senga pawarae infection in Channa gachua, particularly in the Marathwada region, remain insufficiently characterised. Therefore, the present study aimed to evaluate changes in protein, glycogen, and lipid contents and to characterise host–parasite metabolic interactions associated with Senga pawarae infection.
MATERIALS AND METHODS
Study Area and Sample Collection: A total of 120 freshwater fish (host), Channa gachua, were collected from the Majalgaon Tahsil reservoir and nearby water bodies in Beed District, Maharashtra, India.
Examination of Hosts and Isolation of Parasites: The collected fish were transported to the laboratory and carefully examined. Of the 120 fish, 76 were found to be infected and were dissected dorsoventrally. Organs including the fins, gills, stomach, and intestine were isolated and examined separately. The isolated organs were placed in Petri dishes containing distilled water; one set was used for biochemical analysis, and the other was used for histopathological analysis.
Sample Preparation: Isolated normal and infected host tissues and parasites were cleaned, dried, and weighed according to the standard procedure.
Fixation and Staining of Cestodes: Cestode parasites were fixed in alcohol, formaldehyde, and acetic acid (AFA, 85:10:5), flattened, and preserved in 4% formalin. The flattened specimens were stained with alcoholic borax carmine and Harris haematoxylin. The stained parasites were dehydrated through ascending grades of alcohol, cleared in xylene, and mounted in DPX to prepare permanent slides. The slides were examined and identified under a microscope, and drawings were prepared with the aid of a camera lucida. Identification was performed using Systema Helminthum, Volume II (Yamaguti, 1959).
Biochemical Analysis: Biochemical estimations were performed using the following methods:
1. Estimation of Glycogen by the Method of Kemp et al. (1954): The isolated material was transferred to a previously weighed watch glass and ground into a homogeneous paste using a mortar and pestle. One millilitre of 30% KOH was added to the paste, which was transferred to a centrifuge tube and digested in a hot-water bath for 20 min. After cooling, 1.5 ml of 95% ethanol was added while stirring with a glass rod. The mixture was gently brought to the boil in a hot-water bath, cooled, and centrifuged at 2,000 rpm for 15 min. The supernatant was drained through a filter, and 5 ml of distilled water was added. The test solution, 5 ml of glucose standard solution, and 5 ml of distilled water were placed separately in three test tubes. Ten millilitres of anthrone reagent was added to each tube and mixed. The tubes were heated for 10 min and immediately cooled. Readings were recorded using a colorimeter at 620 mµ, with the blank set to 100.
2. Estimation of Protein by Lowry's Method (Lowry et al., 1951): Protein contents in normal and infected intestinal tissues and in the parasite were estimated using Lowry's method. The collected worms were placed on dry blotting paper to remove excess water. The material was transferred to a previously weighed watch glass and kept in an oven at 60 °C until dry. The dry tissue was weighed using a sensitive balance. A 100 mg tissue sample was added to 100 ml of TCA and homogenised for 15 min at 3,000 rpm. The supernatant was discarded, and the precipitate was dissolved in 100 ml of 1 N NaOH. Subsequently, 0.1 ml of the solution was mixed with 4 ml of Lowry's C solution and 0.4 ml of Folin–phenol reagent, and the mixture was kept in the dark for 30 min. Optical density was measured using a colorimeter at 530 µm. The blank contained 0.1 ml of 1 N NaOH, 4 ml of Lowry's C solution, and 0.4 ml of Folin–phenol reagent. A standard solution was prepared by adding bovine serum albumin to 100 ml of 1 N NaOH. The same procedure was applied to obtain protein estimates from the host intestine.
3. Estimation of Lipid by the Method of Folch et al. (1957): Fish were dissected using sharp scissors, and their intestines and cestode parasites were separated into Petri dishes containing water. Fish muscle was cut into small pieces and kept in an oven at 60 °C until dry. A 100 g sample of dry tissue was homogenised in a chloroform:methanol mixture (2:1) and 0.2 ml of 1% NaCl, then centrifuged for 5 min at 3,000 rpm. The lower chloroform–methanol phase containing the lipids was separated and evaporated overnight at room temperature. Concentrated H2SO4 (2 ml) was added to the test tube, boiled in a water bath for 10 min, and cooled. A 0.1 ml aliquot was transferred to a clean test tube and made up to 1 ml with concentrated H2SO4, after which 2.5 ml of phosphovanillin reagent was added. The mixture was incubated for 30 min. The developed colour was measured at 530 µm using a colorimeter against a reagent blank. Lipid concentration was expressed as mg/g wet weight of tissue.
Statistical Analysis: Statistical analysis was performed using Microsoft Excel. Percentage changes between non-infected host tissue, infected host tissue, and the parasite were analysed.
RESULTS AND DISCUSSION
	Parameters in mg/100gm
	Non-infected host
	Infected host
	% Reduction (non-infected vs Infected)
	Cestode, Senga pawarae sp.
	% Reduction (non-infected vs Parasite)

	Protein 
	23.36
	16.9
	27.65
	12.31
	47.30

	Glycogen
	27.07
	 20.24
	25.24
	15.61
	42.34

	Lipid 
	16.7
	12.47
	25.33
	11.24
	32.69



Table 1: Biochemical profile of infected and non-infected host (Fish- Channa gachua) intestinal tissues and it’s percent change in cestode, Senga pawarae Sp. Nov 

Graph 1: Biochemical profile of infected and non-infected host (Fish- Channa gachua) intestinal tissues and Cestode, Senga pawarae sp.nov and its percent change

Results: The results obtained in the present investigation are described below.
Protein: The protein content was highest in the non-infected host tissue (23.36 mg/100 mg), decreased to 16.90 mg/100 mg in the infected host tissue, and was lowest in the cestode Senga pawarae sp. (12.31 mg/100 mg). Compared with the non-infected host tissue, the infected tissue showed a 27.65% reduction, while the parasite contained 47.30% less protein.
Glycogen: The glycogen concentration declined from 27.07 mg/100 mg in the non-infected host tissue to 20.24 mg/100 mg in the infected tissue, representing a 25.24% decrease. The glycogen content of Senga pawarae sp. was 15.61 mg/100 mg, which was 42.34% lower than that of the non-infected host tissue.
Lipid: The lipid content decreased from 16.70 mg/100 mg in the non-infected host tissue to 12.47 mg/100 mg in the infected host tissue, corresponding to a 25.33% reduction. The cestode contained 11.24 mg/100 mg lipid, which was 32.69% lower than the non-infected host tissue. The results are summarised in Table 1 and Graph 1.
In the present study, biochemical analysis showed consistent reductions in protein, glycogen, and lipid contents in infected host tissues compared with non-infected host tissues. This depletion indicates that infection by Senga pawarae sp. affects the host's metabolic reserves. The biochemical composition of Senga pawarae sp. showed lower concentrations of all three metabolites than the host tissues. As an intestinal cestode lacking a digestive tract, the parasite depends on nutrients absorbed directly through its tegument from the host's intestinal contents. Consequently, it derives its nutritional requirements from the host and may contribute to depletion of host biochemical reserves. These findings indicate that Senga pawarae sp. is associated with a metabolic burden on the host and alterations in normal physiological processes that may affect host health and nutritional status.
DISCUSSION: The present study revealed variations in the concentrations of protein, glycogen, and lipid among non-infected intestinal tissue, infected intestinal tissue, and Senga pawarae sp. Protein content declined progressively from non-infected tissue to infected tissue and was lowest in the parasite, indicating depletion of protein reserves during infection and possible increased utilisation of amino acids for tissue repair, immune responses, and parasite-associated metabolic demands. This pattern reflects increased metabolic demand and utilisation of host nutrients by the parasite. Similar observations have been reported in helminth-infected fish (Cheng, 1986; Gupta et al., 2025).
A comparable trend was observed in glycogen content, with infected tissue and the parasite exhibiting lower levels than non-infected tissue. Glycogen depletion suggests increased energy utilisation under stress conditions. In the present investigation, glycogen content declined progressively. This reduction may reflect enhanced carbohydrate metabolism and mobilisation of energy reserves to meet the increased energy demands associated with parasitic infection. Helminths rely heavily on anaerobic metabolism and use glycogen as a primary energy substrate (Barrett, 1981; Von Brand, 1973).
Lipid content was lower in Senga pawarae sp. than in both host-tissue groups. Cestodes cannot synthesise fatty acids de novo and therefore depend on host-derived lipids (Smyth & Halton, 1983; Roberts et al., 2013). The decline in lipid content observed in the present study indicates that stored lipids may be utilised as an additional energy source during infection and may also reflect impaired lipid absorption in the infected intestine. The lower lipid level in infected host tissue is consistent with altered host lipid metabolism during infection. Such biochemical alterations may impair physiological functions and reduce host fitness, as reported in parasitised fish (Scholz et al., 2021; Al-Hasawi, 2019). Overall, the results indicate a host–parasite metabolic interaction characterised by reduced biochemical reserves in infected host tissue.
CONCLUSION
The study demonstrated a consistent reduction in protein, glycogen, and lipid contents in infected intestinal tissue of Channa gachua compared with non-infected tissue. Protein showed a 27.65% reduction, glycogen an approximately 25.2% reduction, and lipid a 25.33% reduction in infected tissue. The corresponding values measured in Senga pawarae were also lower than those in non-infected host tissue, with reductions of 47.30%, approximately 42.3%, and 32.69%, respectively. Together, these patterns indicate that cestode infection is associated with depletion of major biochemical reserves and an altered metabolic condition in the host intestine. Because cestodes lack a digestive tract and obtain nutrients through the tegument, their nutritional dependence on the intestinal environment may contribute to the observed host–parasite relationship. The findings should be interpreted as evidence of an association based on the measured biochemical constituents rather than as proof of a specific causal mechanism. Nevertheless, the study provides useful baseline information for understanding biochemical responses to S. pawarae infection in C. gachua and supports further investigation of the physiological consequences of cestode infection in freshwater fish.
Limitation
The study was confined to fish collected from the Majalgaon Tahsil reservoir and nearby water bodies in Beed District. Biochemical assessment was limited to protein, glycogen, and lipid contents, and the statistical analysis reported percentage changes without inferential testing. Consequently, the findings describe the sampled fish and measured tissues but do not establish the influence of infection intensity, fish size, age, sex, season, or other environmental factors. Broader sampling and additional physiological and statistical analyses would be required to evaluate the generality of the observed pattern.
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