Biochemical Alterations in Mystus cavasivs Infected with Cestode Senga sp. from Nathsagar Reservoir, Godavari River, Maharashtra, India





ABSTRACT

Jayakwadi Dam (Nathsagar) is a Freshwater Reservoir situated at Godavari River, Paithan of Chhatrapati Sambhajinagar District, Maharashtra. This reservoir is ecologically important with rich fish diversity. The present study, conducted from March 2025 to February 2026, investigated the prevalence, morphotaxonomy and host-parasite biochemical interactions of the pseudophyllidean cestode Senga Dollfus, 1934 in Mystus cavasivs.  A total of 98 specimens of Mystus cavasius were examined for cestode infection, of which 63 were infected, while an overall total of 180 fish specimens belonging to different species were screened during the study period. A total of 98 fish were studied from four sampling stations. Of these 63 (64.3%) were infected with a mean intensity of 7.4 ± 3.2 worms per host and peak prevalence during post monsoon months. The recovered cestodes had pyriform scolex, spoon-shaped bothria, armed rostellum (32-44 hooks), bilobed ovary and follicular vitellaria, corresponding to the genus Senga. Biochemical analysis using Lowry’s method for protein, anthrone for glycogen and Folch’s method for lipid revealed that Senga sp. had significantly less protein (0.30 mg/100 mg dry wt.) and glycogen (0.31 mg/100 mg) than infected (0.38; 0.36) and non-infected host intestinal tissue (0.45; 0.43). Total lipid was significantly higher in the cestode (0.61 mg/100 mg) than in infected (0.28 mg/100 mg) and non-infected (0.22 mg/100 mg) host tissue. These results are consistent with the hypothesis that Senga sp. depletes host carbohydrate and protein reserves and stores lipids as its predominant energy store, a hallmark biochemical strategy of endoparasitic cestodes. This study provides baseline morpho-taxonomic and biochemical data for piscine cestode diversity in the Godavari basin.
Keywords: Senga sp., Mystus cavasivs, Pseudophyllidea, biochemical estimation, Jayakwadi

Dam, Godavari basin, endoparasitic cestode

1. INTRODUCTION




Freshwater fishes are an integral part of aquatic diversity and a major source of dietary protein for millions of Indians. In this way, the reservoir ecosystems are of particular importance as fish habitats and as multipurpose water management structures at the same time. Jayakwadi Dam


 (
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(Nathsagar) is one of the largest earthen dams in Asia and is situated on the Godavaririver at Jayakwadi village in Paithan taluka of Chhatrapati Sambhajinagar (Aurangabad) district, Maharashtra, India (19°30'N, 75°23'E). The Nathsagar reservoir has a gross storage capacity of
2909 million cubic metres and an area of about 350 km 2. It is supplied by the Godavari and Pravara rivers and is considered an ecologically sensitive zone because of its rich avifaunal and ichthyofaunal diversity (Khedkar et al., 2014; Yadav, 2005).
The fish fauna of Nathsagar reservoir is rich and diverse, with 43 fish species belonging to 27 genera.14 families and 8 orders were reported by Pawar and Hiware (unpublished data cited in IJISRT, 2024) with Cypriniformes being the dominant order. Mystus cavasivs of the family Bagridae is one of the commercially and ecologically important fish species, which is widely distributed in the riverine and reservoir habitats of peninsular India and a well-documented host for pseudophyllidean cestodes of the genus Senga Dollfus, 1934 (Bhure, 2008; Fartade & Fartade, 2014; Deshmukh et al., 2016). M.  cavasivs is a small indigenous catfish predominantly found in freshwater ecosystems such as rivers, canals, beels, wetlands, ditches, and seasonally inundated fields, and has also been reported in floodplains, swamps, tidal rivers, and lakes.  It is a highly favoured food fish among consumers, commanding significant market demand and a moderate price (Roy et al., 2024; Rajbongshi et al., 2025).

Helminth parasites are among the most diverse and common endoparasite groups of freshwater fishes around the world.  The family  Ptychobothriidae  Lühe,  1902  within  Class  Cestoda comprises over 40 described species, primarily from the Indian subcontinent, with the genus Senga being the most representative (Bhure, 2008; Jadhav et al., 2012; Fartade, 2015). Cestodes are commonly called tapeworms. Cestodes are flat and multi-segmented worms. It belongs to the phylum Platyhelminthes and class Cestoda (Thakur & Sharma, 2024). The Godavari basin in Maharashtra is shown to be a particularly rich centre of Senga diversity with many new species being described from Mystus cavasivs collected at the dams and reservoirs in the Aurangabad, Parbhani, Osmanabad and Nanded districts (Bhure et al., 2010; Fartade & Fartade, 2014; Fartade, 2015; Deshmukh et al., 2016).
Biochemical studies on parasitic helminths have provided important information on their energy metabolism, host-parasite relationship and pathological effects. Because of the lack of the digestive system, parasitic cestodes take up nutrients through the tegument, resulting in typical changes in the biomolecular profile of the parasite and the tissue of the host infected (Smyth & McManus, 1989). Investigations on Senga sp. from Mystus cavasivs at Paithan (Saraf & Katyayani, 2016) and Ptychobothridean cestodes from same host (Fartade et al., 2011) showed consistently lower levels of protein and glycogen and higher concentration of lipids in the cestode than in the host intestinal tissue. However, Senga in Nathsagar reservoir, Jayakwadi has not been studied systematically in biochemically and morphotaxonomically.
The present study was carried out to investigate the pseudophyllidean cestode Senga sp. of freshwater fish from Jayakwadi dam (Nathsagar) by integrated morphotaxonomic and biochemical approach. Morphological identification of cestode specimens was done and total protein, glycogen and lipid contents were estimated in the parasite and compared with infected and non-infected intestinal tissues of the host. The patterns of nutrient utilisation and metabolic relationship between the parasite and its host so obtained were analysed and the findings were placed in the context of the broader patterns of cestode biology documented from the Godavari basin. The study is expected to add to the growing literature on piscine parasitology in Maharashtra and provide baseline biochemical data for Senga in this ecologically important reservoir.
2. MATERIALS AND METHODS

2.1 Study Area

The study was conducted at Jayakwadi Dam (Nathsagar), on Godavari River at Jayakwadi village,  Paithan  taluka,  Chhatrapati  Sambhajinagar  district,  Maharashtra,  India  (19°27'N  –
19°35'N; 75°18'E – 75°30'E). The Nathsagar reservoir is 55 km long and 27 km wide and has a catchment area of 21,750 km 2 . It is one of the largest irrigation reservoirs of Maharashtra and has been declared as a bird sanctuary and eco-sensitive zone. Sampling was done at four representative stations along the margins of the reservoir, chosen to represent different habitat zones - a littoral rocky shore, a shallow vegetated margin, a deep open-water nearshore zone and a site close to the dam structure.
2.2 Fish Collection and Parasite Isolation

Freshwater fish specimens were collected monthly from March 2025 to February 2026 using traditional fishing gears (cast-nets, gill-nets and seine-nets) in collaboration with local fishermen. A total of 180 fish specimens of the main host Mystus cavasivs and other species (Clarias batrachus, Channa gachua, Wallago attu, Labeo rohita) were examined. Fish were transported alive to the laboratory in oxygenated containers and identified morphologically using standard ichthyological keys.
The fish were anaesthetised and dissected in sterile conditions. The gastrointestinal tract was removed and studied in physiological saline (0.9% NaCl). Cestode worms were removed from the intestinal lumen with blunt-ended forceps, washed extensively in cold phosphate-buffered saline (PBS, pH 7.4) and transferred to Petri dishes containing isotonic saline. Living worms
were viewed on a stereo-dissecting microscope and photographed. Some of the worms were fixed in 10% neutral buffered formalin for morphotaxonomic study and the rest were frozen at
−20°C for biochemical analysis.

2.3 Morphotaxonomic Identification

The fixed worm specimens were processed using a standard staining protocol, namely Mayer’s Paracarmine or iron haematoxylin staining, followed by dehydration in an ascending ethanol series, clearing in xylene and permanent mounting in DPX on glass slides. Morphometric data (total body length, scolex dimensions, bothrial morphology, number and size of rostellar hooks, proglottid dimensions, number of testes, ovarian structure, arrangement of vitelline follicle) were taken using a calibrated ocular micrometre, under compound light microscope. The species were identified by comparison with type descriptions and published keys as per Yamaguti, S. (1959), Dollfus (1934), Bhure et al. (2010) and Deshmukh et al. (2016).
2.4 Biochemical Analysis

Biochemical estimations were performed on three types of tissues: (a) the cestode parasite (Senga sp.), (b) the infected intestinal segment of the host (M. cavasivs) and (c) non-infected intestinal segment of the same host (control tissue from uninfected fish of comparable body weight). All samples were freeze-dried and homogenised.  Dry weight was measured after drying at 60°C for 24 hours. All the biochemical assays were performed in triplicates and the values are expressed in mg/100 mg dry weight of tissue per mL solution. The spectrophotometric readings were recorded on UV-Vis spectrophotometer (ELICO SL-159, India).
2.4.1 Total Protein Estimation

Total protein was estimated by the method of Lowry et al. (1951). Bovine serum albumin (BSA) was taken as standard. In brief, the tissue homogenate was prepared in 0.1 M NaOH and then centrifuged at 3000 rpm for 10 min. The supernatant (0.2 mL) was mixed with 2 mL of alkaline copper reagent (alkaline Na 2 CO 3 + CuSO 4 ·5H 2 O + sodium potassium tartrate) and incubated for 10 min at room temperature Then, 0.2 mL of Folin-Ciocalteu phenol reagent (1N) was added, vortexed immediately and incubated at room temperature for 30 min. The absorbance was read at 660 nm with the blank.
2.4.2 Total Glycogen (Carbohydrate) Estimation

Total glycogen was measured by the anthrone method (Carroll et al., 1956). Tissue homogenates were subjected to acid hydrolysis with 30% KOH at 60°C for 30 min. The hydrolysate (0.2 mL)
was mixed with 4 mL freshly prepared anthrone reagent (0.2% anthrone in 95% H2SO4) in an ice bath, then heated in a boiling water bath for 10 min and rapidly cooled. Absorbance was measured at 620 nm. Glucose was used as standard.
2.4.3 Total Lipid Estimation

Total lipid content was estimated by the sulphophosphovanilin method of Folch et al. (1957) with the modification of Bloor's procedure standardised by Zak et al. (1954). Lipids were extracted with a 2:1 chloroform-methanol mixture. The lipid extract was dried, redissolved in chloroform, reacted with concentrated H2SO4 at 100°C for 10 min and developed colour with vanillin-phosphoric acid reagent at 37°C for 15 min. Absorbance was measured at 530nm. Cholesterol was used as a standard.
3. RESULTS

3.1 Fish Collection and Parasite Prevalence

A total of 180 fish specimens were examined during the 12-month study period. In the present study a total of 98 specimens of Mystus cavasivs were screened for cestode infection. Out of 98 specimens, 63 (64.3%) harboured Senga sp. in intestinal lumen indicating high prevalence. The intensity of infection ranged from 2 to 18 worms per infected fish (mean intensity ± SD = 7.4 ±
3.2). Seasonal variation is observed with highest prevalence during post-monsoon period (October-December) and lowest prevalence during summer (April-May) which is in accordance with reports from other localities of Godavari basin (Bhure, 2008; Fartade & Fartade, 2014). Other fish species examined did not show any cestode infections.
3.2 Morphotaxonomic Description of Senga sp.

Specimens of cestodes recovered from M. cavasivs were pseudophyllidean tapeworms bearing a strobila.  The  scolex  was  well  developed,  pyriform  to  triangular  in  shape,  with  two  well developed cup-shaped or spoon-shaped bothria . The rostellum had two circular rows of hooks. The total number of hooks was 32-44. Total body length was 85-145 mm and maximum width was 1.1-1.8 mm Proglottids mature, wider than long; testes small, spherical, numerous (220–280 per mature segment). The ovary was posterior, compact and bilobed in mature segments. There were two lateral bands of vitelline follicles. The cirrus pouch was found posterior to the vaginal pore. These morphometric features are in accordance with the genus Senga (Dollfus, 1934) and show close affinity with previously described species from Godavari basin, particularly Senga
nandedensis   Fartade   &   Fartade,   2014   and   Senga   paithanensis;   detailed   species   level differentiation is in progress.
3.3 Biochemical Analysis

The results of biochemical estimation of total protein, glycogen, and total lipid in Senga sp. and in infected and non-infected intestinal tissue of M. cavasivs are presented in Table 1.

Table 1: Comparative Biochemical Composition of Senga sp. and Host Intestinal Tissue
(; mg/100 mg dry wt./mL)

	Biochemical
Parameter
	Senga sp. (Cestode)
	Infected Host
Intestine
	Non-Infected Host
Intestine

	Total Protein
	0.30
	0.38
	0.45

	Total Glycogen
	0.31
	0.36
	0.43

	Total Lipid
	0.61
	0.28
	0.22





Fig. 1: Comparative biochemical composition (mg/100 mg dry wt.) of Senga sp. (cestode), infected host intestine, and non-infected host intestine of Mystus cavasivs from Jayakwadi Dam (Nathsagar).
3.3.1 Total Protein

The total protein content in Senga sp. was 0.30 mg/100 mg dry wt. which was lower than the protein content in infected (0.38 mg/100 mg) and non-infected (0.45 mg/100 mg) intestinal tissue of M. cavasivs. Non-infected intestinal tissue had the highest protein concentration in all three groups. Such a trend of protein depletion in the cestode as compared to host tissue is in accordance with previous reports on Senga sp. from Paithan region (Saraf & Katyayani, 2016)
and on the Ptychobothridean cestodes from M. cavasivs (Fartade et al., 2011), and on Lytocestus sp. from Clarias batrachus (Bhure et al., 2010).
3.3.2 Total Glycogen

The glycogen concentration in Senga sp. was lower (0.31 mg/100 mg dry wt.) than that in infected host intestine (0.36 mg/100 mg) and non-infected intestine (0.43 mg/100 mg). The lower glycogen content of infected intestinal tissue compared to uninfected controls suggests active depletion of carbohydrate reserves of the host. These data confirm that Senga sp. like other endoparasitic cestodes, relies essentially on glycolytic pathways and gains glucose directly from the host intestinal milieu (Smyth & McManus, 1989).
3.3.3 Total Lipid

The  total  lipid  concentration  exhibited  a  marked  reverse  trend:  Senga  sp.  had  significantly greater lipid concentration (0.61 mg/100 mg) than infected (0.28 mg/100 mg) and non-infected (0.22 mg/100 mg) host intestinal tissue. The increased lipid accumulation in the cestode in comparison to host tissue is in agreement with the role of lipid as the chief energy reserve in tapeworms (Smyth & McManus, 1989) and has been seen in all the earlier reported biochemical studies on Senga sp. of Godavari basin (Fartade et al., 2011; Saraf & Katyayani, 2016) and Lytocestus from Ujani reservoir (Bhure et al., 2021).
4. DISCUSSION

The present study reports Senga sp. (Cestoda: Ptychobothriidae) from Mystus cavasivs of Jayakwadi Dam (Nathsagar), Godavari River with a prevalence of 64.3% which is in agreement with earlier reports from the Godavari basin (Bhure, 2008; Fartade & Fartade, 2014; Deshmukh et al., 2016). The peak prevalence is in post monsoon season due to seasonal flooding, increased availability of copepod intermediate hosts and fish aggregation at margins of reservoirs.
The  morphological  characters  of  pyriform  scolex,  spoon-shaped  bothria,  armed  rostellum, bilobed ovary and follicular vitellaria are in agreement with the generic diagnosis of Senga (Dollfus, 1934; Bhure et al., 2010; Fartade, 2015). The number of hooks (32–44) and body measurements are consistent with those reported for species from this host and region. However, molecular characterisation is needed for a definitive species assignment.



The lower protein content in Senga sp. than in host intestinal tissue biochemically reflects the tegument-based nutrient absorption and dependence of the parasite on amino acids obtained from the host, while the concomitant protein depletion in infected host tissue indicates metabolic
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competition between the two (Smyth & McManus, 1989; Saraf & Katyayani, 2016). Anaerobic glycolysis with active carbohydrate catabolism is suggested by depletion of glycogen in both parasite and infected host tissue (Barrett, 1969). The high lipid content in Senga sp. (~2× host tissue) is in agreement with the results from the Godavari basin (Fartade et al., 2011; Saraf & Katyayani, 2016) indicating storage of lipids for energy metabolism and tegumental function.
The high prevalence of infection and associated biochemical depletion of the host suggest potential impacts on fish health, growth and immunity in reservoir populations. It is proposed to incorporate cestode monitoring in fisheries management programmes in Jayakwadi. Further molecular work on the 18S rRNA gene sequencing (cf. Mishra et al., 2019) will help to resolve species boundaries and understand the cestode diversity in reservoirs of peninsular India.
5. CONCLUSION

The present study reports Senga sp. (Cestoda: Pseudophyllidea) with a high prevalence (64.3%) from Mystus cavasivs from Jayakwadi Dam (Nathsagar), Godavari River, Chhatrapati Sambhajinagar, Maharashtra. The study also provides comparative biochemical data on protein, glycogen and lipid contents in parasite and host intestinal tissue. The cestode contained lower levels of protein and glycogen than host tissue and significantly higher total lipid, in agreement with the endoparasitic mode of life of tapeworms and all comparable studies on Senga from the Godavari basin. These observations increase the baseline knowledge on the biology of piscine cestodes in the Nathsagar reservoir and underscore the importance of integrated parasitological monitoring of commercially important freshwater fish species in this ecologically important locality.
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Fig. 1: Comparative Biochemical Composition of Senga sp. and
Host Intestinal Tissue of Mastacembelus armatus
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