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(i) Aims: To determine the lethal effect of Nigella sativa seed extract concentrations on the egg viability and cercaria infectivity of Shistosoma haematobium in Nkalagu, Ishielu Local government area of Ebonyi State, Nigeria.
Study design: The study was carried out using standard parasitological and malacological techniques. Snail hosts were picked from waterbodies in the study sites for cercaria shedding, viability and potency for transmission while urine samples were collected from pupils in sampled schools closely located near the water bodies. 
Methodology: The urine samples were screened for the eggs of Schistosoma haematobium. Eggs and viable cercaria of S. haematobium extracted, were tested to determine the lethal effects of Nigella sativa(N.sativa) aqueous seed extract. 
Results: The egg viability test for Schistosoma haematobium showed that there was a statistical difference in the number of viable, calcified and resistant eggs tested (p < 0.05) but recorded a significance difference at different time duration (p > 0.05). High morphological and tegumental changes in eggs of S. haematobium occurred at high concentrations and longer periods of exposure to N. sativa aqueous seed extract. The reverse was observed at lower concentrations and shorter period of exposure to the extract. This was the same case with cercaria upon exposure to N. sativa aqueous seed extract. The result also revealed that difference in mortality was statistically significant (p < 0.05) at different concentrations but not with time (p < 0.05) at various percentage dilutions. 
Conclusion: The current result on the cercaricidal activity of N. sativa suggest that this plant has a potential inhibitory effect on Schistosoma parasites and intermediate snail hosts. Therefore, there is a need for public awareness programs on the use of N. sativa seed due to its antiparasitic properties and its relevance against urinary schistosomiasis infection in endemic communities.
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1. INTRODUCTION
 Schistosomiasis is a human disease caused by infection from one of the several species of parasitic trematodes of the genus Schistosoma. It is second to malaria in human impact among neglected tropical diseases and the third (after malaria and intestinal helminthiasis) in global parasitism (Okwori et al., 2014). The disease mostly affects the health of school-age children (Adeyaba & Ojeaga, 2002; Muhammad et al., 2019). An alarming 201.5 million schistosome infections (mainly Schistosoma haematobium) were estimated to occur in Africa, accounting for more than 97 % of the estimated number of infections worldwide (Okwori et al., 2014). Sub-Sahara African countries has about 90 % of the world’s total cases of Schistosomiasis (WHO, 2019). In Nigeria, 20 million people need to be treated annually, thus, it is the most affected country in the world (Hastings, 2016). There are limited options available for the chemotherapeutic treatment of schistosomiasis infection with the drug of choice being praziquantel (WHO, 1993; WHO, 1999). The snail intermediate host of S. haematobium is the Bulinus specie. Although, the snails do not play an active role in transmission of the parasite from one host to another, as do insect vectors; it is an indispensable intermediate host for the development of the parasites (Azare et al., 2007). Nowadays, there is a great awareness of the therapeutic value of natural products and medicinal plants that are frequently considered to be less toxic and free of adverse effects than synthetic drugs in treating some diseases (Al Hamshay et al., 2018). Among the evidence-based herbal remedies, highly ranked as a “miracle herb” is Nigella sativa (Ahmad et al., 2013; Yimer et al., 2019). N. sativa is a yearly blossoming plant from the family Ranunculaceae, commomly known as black cumin. It is also known as black seed, habbatul barakah, black caraway, kalojeera, kalonji or kalanji. It is native to the southern regions of Asia and numerous countries in the Middle East and the Mediterranean region (Farkhonden et al., 2018; Kulgar et al., 2020). The medicinal value of N. sativa is mainly due to the presence of its quinine constituent known as Thymoquinone. Due to its incredible power of healing, Nigella sativa has been placed among the top-ranked evidence-based herbal medicines (Ahmad et al., 2013). Consideration of the cost and environmental impact of most molluscicides currently used to control schistosomiasis has prompted a search for cheaper and less polluting alternatives, particularly those of plant origin (Azare et al., 2007). 
2. MATERIALS AND METHODS
2.1Study Area
This study was carried out in Nkalagu community in Ishielu L.G.A of Ebonyi State, Nigeria which lies approximately within the cross river plain, approximately between 7°30’N and 8°30’N latitude and longitude 5°40’ E and 6°45’E longitude (Cosmas et al., 2023) (Fig 4). It experiences an equatorial type of climate: temperature of 29° C with guinea savannah type of vegetation and rainfall of 1800 mm-3000 mm per annum (Okoye et al., 2010). There are two distinct seasons: the dry and the wet seasons. The latter takes place between April and October while the formal occurs from November to March. Dry season is characterized by a brief period of dry and dusty haze. The terrain of Nkalagu is characterized with savannah vegetation with herbaceous plants and small number of trees. The community is crosswise by streams, ponds and rivers which serve as the major sources of water to all occupants in the area. Water contact activities such as swimming, bathing and washing are generally common. Agricultural activities, especially the swamp-rice cultivation and fish farming are the main occupation of the inhabitants. Agriculture provides employment to over 65 % of the residents and rice, cassava and yam are the main agricultural products. 
2.2 Selection of Snail Sampling Sites and Water Bodies
The study sites were randomly selected freshwater bodies in the rural area of Nkalagu in Ishielu LGA where frequent water contact activities were on-going, and freshwater snails which are intermediate host of S. haematobium were found. These sites include; Ebe River, Ochini River and Ora River. These streams were selected due to frequent human activities in them. The surroundings of the water bodies were thoroughly searched for the presence of snail host. The vegetative flora of the same water bodies was examined to determine the snail feeding pattern and cercaria shedding within the water bodies. 
2.3 Collection and Identification of Snail Hosts
Snails were collected from rivers in the study sites by handpicking along the river shores and vegetation surrounding the water bodies, wearing gloves. The snails were transported to the Applied Biology Laboratory, Ebonyi State University for observation and identification. The snails were washed, sorted and put into bowls covered with nets at the top. After one day of acclimatization, the glass bowls containing the snail hosts were exposed to sunlight for cercaria shedding. In the laboratory, the same fresh-water from which they were collected were used for the snails as the purified tap water supplied to the laboratory have proved in most studies to be unsuitable perhaps due to chemical purification (Gautam and Kakulte.,2014)
2.4 Extraction of the Parasites Life Cycle Stages: 
2.4.1 Extraction of eggs
The urine specimen collected from the subjects were screened for eggs of Schistosoma haematobium using sedimentation method (Bishop et al., 2016). Each urine sample was shaken vigorously to stir up any sediment in the sampling bottle and transferred into labelled centrifuge tubes. Normal saline was used to rinse the bottle where sediment still remained. Centrifugation was performed at a speed of 2000 rpm for 5 minutes and the supernatant was carefully decanted (Bishop et al., 2016). The sediment in the centrifuge tube was tapped on the bench and then stirred gently. A Pasteur pipette was used to transfer all the sediments from the tube into a clean grease-free slide. It was covered with coverslip and examined under the light microscope. The entire wet mount was screened for egg(s) of Schistosoma haematobium, using the 10x and 40x objectives (Bishop et al., 2016). 
2.4.2 Extraction of cercariae: 
S. haematobium cercaria were recovered from the identified Bulinus species exposed to sunlight at a temperature of 28º C by washing the nets which most of them clung to while shedding cercaria.
2.4.3 Preparation of Nigella sativa Aqueous Seed Extract
Nigella sativa seed was purchased from the herbal store at Ogbete market in Enugu State, Nigeria. The N. sativa seed was crushed using an electric blender and transferred into clean conical flask. A stock solution was prepared according to the method used by Otarigho et al (2013), by dissolving 100g of the powdered N. sativa seed. The weighed dry powered parts (100g each) were soaked in different beakers bearing in 450ml, 400ml, 350ml, 300ml, 250ml (22,222 ppm) of distilled water for 24hours with occasssional vigorous shaking, using magnetic stirrer for the first 6 hours. Then, the suspension was filtered using filter paper. The marc was washed with several portions of distilled water to adjust the volume of the solution; using volumetric flasks to get 500ml, 400ml,350ml,300ml (20,000ppm) dilutions respectively. Another 200g of the the powdered N. sativa seed was weighed and passed through the same procedure to get different dilutions as was done before. The plant extract was used immediately after the extraction, to ensure their freshness. 
2.5 Experimental Procedure
(1) Eggs: One ml of each urine sample was mixed with 1ml of the various dilutions of Nigella sativa aqueous seed extract and centrifuged at 2000 rpm. One drop of each mixture was placed on a clean slide and viewed under the x10 microscope to observe the viability of the parasite eggs.
(2) Cercariae: 
Series of one ml sample of distilled water containing freshly shed cercariae were exposed to lethal concentrations (50, 100, 150, 200) of 300/100 g/ml, 300/200 g/ml, 350/100 g/ml, 350/200 g/ml, 400/100 g/ml, 400/200 g/ml, 450/100 g/ml, 450/200 g/ml, 500/100 g/ml and 500/200 g/ml concentrations of Nigella sativa acqueous seed extract and stirred gently. After which, drops of the mixture was put on a slide and observed under the microscope to ascertain viability and death of cercaria. Two ml declorinated tap water containing freshly shed cercariae was used as control, using the modified method of Ritchie et al. (1974). Dead (motionless) cercariae were recorded at time intervals of 5, 10, 15, 20, 30, 45 and 60 minutes
2.6 Statistical Analysis 
Data obtained were analysed using descriptive statistics while mean values for different concentrations were compared using two-way analysis of variance (ANOVA) with the values for controls. Values were considered significant at P<0.05.
RESULTS
Table 1: Time-Dependent Lethal Effect of acqueous Seed Extract of Nigella sativa on Egg Viability per 10 ml of Urine
The results indicated in Table 1shows that there was a significant decrease in egg viability following exposure of urine containing viable S. haematobium eggs to aqueous seed extract of N. sativa at varying concentration and exposure times. These changes could result from schistosome eggs having pores which allow the high penetration of the extract to the organism as similarly reported by (Rinaldi et al., 2011).
	10 ml urine/
10 ml NS/Pmt
	Number of eggs observed
	Number of viable
eggs (%) 
	Number of calcified eggs (%) 
	Number of eggs not affected (%)

	30min
	36
	34 (94.4)a
	14 (38.88)b
	20 (55.55)c

	1hr
	42
	42 (100) a
	19 (45.23) b
	23 (54.76) c

	2hr
	46
	46 (100) a
	32 (69.56) b
	14 (30.43) c

	3hr
	40
	40(100) a 
	31 (77.5) b
	09 (22.50) c

	4hr
	38
	38 (100) a
	36 (94.73) b
	02 (5.26) c

	5hr
	39
	39 (100) a
	32 (82.05) b
	07 (17.94) c



The duration-dependent decrease seen in the present study may have resulted from the eggs' frequent contact with the tested plant extract (N. sativa seed extract), and as such reduced the viability period of the eggs. This agrees with the findings of He et al. (2017). Akinpelu (2012) observed comparable effects of saponin exposure on the tissues of freshwater snails, Lanistes lybicus, in a dose-dependent manner. Furthermore, Biomphalaria pfeifferi and Bulinus globosus snails showed a lower survival rate following exposure to a concentration of Cucurbita maxima seed extracts (Mtemeli et al. 2021). 


Figure 1: Cercaricidal Potential of Nigella sativa Aqueous Extract at 300ml/100g Percentage Dilution
Fig 1 to 7 demonstrates the cercaricidal potential of acqueos seed extract of N. sativa was shown in a dose-dependent manner. The anti-cercarial activity of N. sativa was highest at 400 and 500 mg/200mg of concentration. This could be attributed to secondary metabolites, such as flavonoids, saponins, and alkaloids showing the total alkaloids, saponins, and essential oils from Nigella demonstrated significant cercaricidal activity against S. haematobium cercariae. Plant essential oils have also been reported to induce catalytic activity of acetylcholinesterase (AChE), which damages the cholinergic nervous system of cercariae.
This interferes with cercariae motor activity leading to atypical movements, such as slow rotation and vibration as well as contortions. These reports on cercaricidal activity of plant phytoconstituents, strongly support the effect of some of the plants under study in killing S. haematobium cercariae. According to Xiao et al., (2013) cercaricidal activity usually results from an intensive disturbance in motor activity and lysis of cercarial tissues, followed by an extensive release of gland contents and separation of the tail from the body. Specifically, in this study, separation of cercariae head and tail as well as cercariae coiling was observed. 



Figure 2: Cercaricidal Potential of Nigella sativa Aqueous Extract at 300ml/200g Percentage Dilution


Figure 3: Cercaricidal Potential of Nigella sativa Aqueous Extract at  350ml/100g Percentage Dilution



Figure 4: Cercaricidal Potential of Nigella sativa Aqueous Extract at 350ml/200g Percentage Dilution


Figure 5: Cercaricidal Potential of Nigella sativa Aqueous Extract at 400/100g Percentage Dilution


Figure 6: The Cercaricidal Potential of Nigella sativa Aqueous Extract at 400ml/200g Percentage Dilution.


Figure 7: Cercaricidal Potential of Nigella sativa Aqueous Extract at 500ml/200g Percentage Dilution.



CONCLUSION
In this study, It was observed that high morphological tegumental changes of eggs of S. haematobium occurs at high concentration and at long period of time while lower concentrations of acqueous seed extract of  NS stimulate lower morphological changes. The cercaricidal potential of acqueous seed extract of NS at high concentrations has the efficacy against the cercaria shedding of the snail host into the water bodies. The higher the concentrations at more extended periods of time, the higher the mortality of the cercaria.
Calcification of the eggs of S. haematobium upon introduction of N. Sativa seed extract dilutions and its resultant change in the morphological teguments of the snail host shows that N. Sativa has the potential of cutting the life cycle of S. haematobium by hindering egg hatching. Furthermore, the mortality of cercariae upon exposure to lethal concentrations of the N. Sativa seed extract dilutions as observed in the study shows the cercaricidal potential of N. Sativa seed extract. There is need to further research on how the Nigella sativa seed extract can be administered to hinder its infection.
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