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Abstract

Plants remain an abundant resource of phytochemicals useful for reserving human health and
improving the environment where he lives. Molluscicides of plant origin are suggested to be a
suitable, cheap, and environmentally friendly alternative for expensive and environmentally
destructive synthetic molluscicides used for control and elimination of harmful snails such as those
work as intermediate host of schistosomiasis disease. This study was carried out to investigate five
Sudanese plants for their molluscicidal activity against the snail Biomphlaria pfeifferi the
intermediate host of the parasite Schistosoma mansoni, the causative agent of intestinal
schistosomiasis disease in Sudan. In an exploratory experiment, snails were exposed to serial
concentrations of 1000, 500, and 250 ppm of 80% ethanolic extracts of the plants for 24 hours.
Accordingly, the plants were further investigated by use of concentrations; 100, 50, and 25 ppm.
Lc50 and Lc90 were calculated. Plants were subjected to preliminary phytochemical screening. All
plants showed Lc90 less than 250 ppm. Leaves of Combretum glutinosum Perr. ex DC. showed
activity by Lc50, and Lc90 of 117.57, and 220.84 ppm, respectively, fruits of Solanum dubium L.
of 153.02, and 226.62 ppm, and remaining three plants male inflorescences of Hyphaene thebaica
(L.) Mart., aerial parts of Indigofera oblongifolia Forssk, and aerial parts of Rhynchosia minima
(L.) DC. showed similar potency by Lc50, and Lc90 of 158.11, and 228.11 ppm. The findings of
the study suggest further phytochemical investigation so as to isolate and identify the active
ingredients and also to be investigated for other different bioactivities.

Keywords: medicinal plants, molluscicidal activity, schistosomiasis, Schistosoma mansoni,
Biomphlaria pfeifferi.
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Introduction

The interest in molluscicides of plant origin historically goes back to 1930s when Archibald and
Wagner advocated planting the desert palm, Balanites aegyptiaca and B. maughamii, along the
water courses in Sudan and Southern Africa, respectively. The interest increased based on the
philosophy of self-reliance, low cost, and saving of hard currency once the evolved plants are
indigenous to the endemic areas of schistosomiasis (McCullough et al., 1980; Kloos and
McCullough, 1982).
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Since then numerous species of plant belonging to the different families have been
investigated for their molluscicidal activity. Among these families some showed significant
molluscicidal activity such as Phytolaccaceae, Fabaceae, Caesalpiniaceae, Combretaceae,
Rubiaceae, Olacaceae, Meliaceae, polygonaceae, Asteraceae, Euphorbiaceae, and Rhamnaceae
(Adewunmi, 1999; Kloos and McCullough, 1982).

The majority of the plants showed activity at the beginning of this trend are saponins
containing and fish poisoning plants such as Phytolacca dodecandra (Phytolaccaceae), Sapindus
saponaria (Sapindaceae), Bobgunnia madagascariensis (Leguminosae), Diospyros zombensis
(Ebenaceae), and Balanites aegyptiaca (Zygophylaceae). However other sort of natural products
belonging to phenolics and alkaloids classes were found active against mollusk (Adewunmi et al.,
1989).

Many Sudanese plants have been investigated for their molluscicidal activity by a number
of scientists; Amin et al. (1972), El-Kheir and EI-Tohami (1979), El-Kheir and El-Tohami (1980),
Ayoub (1982), Ahmed et al. (1984), Ayoub (1984), Ahmed et al. (1985), Ayoub (1985), Bashir et
al. (1987), Ahmed et al. (2005), Osman et al. (2007a), EL-Kamali et al. (2010), Abdalla et al.
(2011), and Ismail et al. (2016).

Schistosomiasis (clinically known as bilharzia) is one of the diseases considered by the
World Health Organization (WHO) as neglected tropical diseases associated to poverty. It is
remaining as one of the major public health problem affecting millions of people around the world.
About 78 countries around the world suffering from the infection of the disease, 52 out of them are
requiring preventive chemotherapy. With estimation of 250 million people infected annually,
91.4% out of them live in Africa. Up to 779 million people are at risk of infection (WHO, 2016;
Toor et al., 2018). The global burden of schistosomiasis is estimated at 1.9 million disability-
adjusted life years (DALYSs) (French et al., 2018). This estimation is limited to the morbidity
caused by schistosomiasis excluding mortality from other illnesses may associate to
schistosomiasis like bladder cancer, cirrhosis, and colon cancer. Other estimation regarded these
consequences of schistosomiasis raised (DALYS) to 24 — 29 million (Inobaya et al., 2014).

During the last three decades there has been a serious increase in distribution of
schistosomiasis in Sudan because of population movement, lack of governmental commitment, and
failure of measures used to control the disease. It has been estimated that more than eight million
people are at risk of infection with schistosomiasis (Cha et al., 2019).

Schistosomiasis is a parasitic disease caused by digenetic nematode worms of the genus
Schistosoma. The seven causative species for the disease in humans are Schistosoma haematobium,
Schistosoma japonicum, Schistosoma mansoni, Schistosoma intercalatum, Schistosoma mekongi,
Schistosoma malayensis, and Schistosoma guineensis. All species are causative for intestinal
schistosomiasis except S. haematobium which is causative for urogenital schistosomiasis
(McManus et al., 2018, WHO, 2013). However, S. haematobium and S. mansoni are the responsible
species for the human schistosomiasis in Sudan (Elsammani et al., 2019).

The life cycle of the parasite involves a specific intermediate host snail for each species of
schistosoma. Intermediate host snail releases the infective stage of the parasite cercaria in the fresh
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water where it meets and infects the human definitive host comes in contact with contaminated
water.

Breaking the life cycle by snail control is one of the effective strategies for control and
elimination of schistosomiasis. Biological, environmental, and chemical controls are used for this
purpose. Chemical control utilizes synthetic molluscicides such as nicolsamide or molluscicides of
natural origin especially those extracted from plants.

This study is concerned with the investigation of the molluscicidal activity of some
Sudanese medicinal plants against the fresh water snail Biomphlaria pfeifferi the intermediate host
of the parasite Schistosoma mansoni the causative agent of intestinal schistosomiasis in Sudan.
Materials and methods
Plant material
Collection
The five Plants under study (Table 1) were collected from River Nile state except Combretum
glutinosum Perr. ex DC. which was collected from South Kordofan state during the year 2018.
They were brought to the herbarium of Medicinal and Aromatic Plants and Traditional Medicine
Researches Institute (MAPTMRI), Khartoum, Sudan. They were authenticated and identified by
the taxonomists in the herbarium.

Extraction of Plants

Amount of 50 grams of each plant was extracted by maceration in 500 ml of aqueous ethanol 80%
in Erlenmeyer’s flasks, sealed with aluminum foil, and kept for 72 hours with occasional stirring.
The mixture was filtered through a filter paper and the filtrate was concentrated under reduced
pressure using a rotatory evaporator. The concentrated material was kept in a petri dish of known
weight and left on the lab bench for complete drying. The marc was returned to the Erlenmeyer’s
flask with the recovered solvent for more extraction. This process was repeated for three times to
the exhaustion of the plant material. The yield percentage was calculated by weighing the extract.
The dry extracts were covered and reserved in temperature of - 8°C.

Preliminary Phytochemical Screening

Phytochemical screening was conducted according to Harborne (1984) and Sofowora (1993) with
few modifications.

1. Detection of Steroids and Triterpenes

About 0.5 g of the extract washed three times with petroleum ether and dissolved in 10 ml of
chloroform. To 5 ml of the solution, 0.5 ml acetic anhydride was added and then three drops of
concentrated sulphuric acid at the bottom of the test tube. At the contact zone of the two liquids a
gradual appearance of green, blue pink to purple color was taken as an evidence of the presence of
sterols (green to blue) and/ or triterpenes (pink to purple) in the sample.

2. Detection of Alkaloids

About 0.5 g of the extract was heated with 5 ml of 2N HCI in water bath and stirred for about 10
minutes, cooled filtered and divided into two test tubes. To one test tube few drops of Mayer’s
reagent was added while to the other tube few drops of Valser’s reagent was added. A slight
turbidity or heavy precipitate in either of the tow test tubes was taken as presumptive evidence for
the presence of alkaloids.
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3. Detection of Flavonoids

About 0.5 g of the extract was washed three times with petroleum ether, dissolved in 30 ml of 80%
ethanol. The filtrate was used for following tests:

A. To 3 ml of the filtrate in a test tube 1ml of 1% potassium hydroxide solution in methanol was
added. Appearance of a yellow color indicated the presence of Flavonoids. Flavones or and
chalcone.

B. To 2 ml of the filtrate 0.5 ml of 10 % lead acetate was added. Appearance of creamy turbidity
was taken as an evidence of flavonoids presence.

4. Detection of Tannins

About 0.5 g of the extract washed three times with petroleum ether, dissolved in 10 ml hot saline
solution and divided in two tests tubes. To one tube 2-3 drops of ferric chloride added and to the
other one 2 — 3 drops of gelatin salts reagent added. The occurrence of a blackish blue colour in
the first test tube and turbidity in the second one denotes the presence of tannins.

5. Detection of Saponins

A weight of 0.3 g of the extract was placed in a clean test tube. 10 ml of distilled water was added,
the tube stoppered and vigorously shaken for about 30 seconds. The tube was then allowed to stand
and observed for the formation of foam, which persisted for least an hour, was taken as evidence
for presence of saponins.

6. Detection of Cumarins

A weight of 0.2 g of the extract dissolved in 10 ml distilled water in test tube and filter paper
attached to the test tube to be saturated with the vapor after a spot of 0.5N KOH put on it. Then the
filter paper was inspected under UV light, the presence of cumarins was indicated if the spot
adsorbed the UV light.

Molluscicidal activity assay

Collection of snails

The snails were collected during the periods from January- March and November of the year 2018
from eastern bank of the White Nile River starting from Jebal Awlia damp 40 kilometers south of
Khartoum up to the center of the city at the conjunction of White Nile with Blue Nile.

The collection was done by using scooping technique with local made scoop (longitudinal
stick of 150 cm length and in front a squared metal sieve 40X40 cm). The collected snails were
placed in a plastic jar with wet cotton and immediately imported to indoor aquaria at the
Department of Microbiology and Parasitology, MAPRI, NRC, Khartoum, Sudan.

There in the aquaria the authentication of the snail was done by the major parasitologist of
the department (Dr. W.S. Koko). Only Biomphlaria pfeifferi species of middle age and size, and
proofed to be none infected were kept to the molluscicidal studies after a week of collection day.
In the meantime, snails were fed with lettuce and fresh water.

Molluscicidal activity test

Molluscicidal activity test was conducted as described by WHO, 1965. In an exploratory
experiment, snails were exposed for 24 hours to serial concentrations; 250, 500 and 1000ppm in
three replicates for each concentration. Then the snails were kept in de-chlorinated water for more
than 24 hours for recovery and then the dead snails were counted. Plants those showed 100%
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mortality in the lowest concentration (250 ppm), were tested for their potency using concentrations
100, 50, and 25 ppm.

Statistical Analysis

Microsoft Excel Programme 2010 was utilized to calculate LCso and LCgo (lethal concentration for
50% and 90% of exposed snails) from the obtained results using linear regression equation.
Results and discussion

Table (1) shows the plants under study, family, vernacular name, used part of plant, yield
percentage of the extracts and area of collection in Sudan; Table (2) represents the lethal
concentrations of aqueous ethanolic (80%) extracts that killed 50% (Lcso) and 90% (Lceo) of snails
Biomphlaria pfeifferi; and Table (3) represents the result of the preliminary phytochemical
screening for the major groups of secondary metabolites in the plants.

Table (1): Plants under study

— -
Plant scientific Family of Local Yield % (ngght of Area of
No. Part of plant extract/weight of .
Name plant Name Collection
sample)%
Combretum
. H | .
1 glutinosum Perr. ex | Combretaceae abee leaves 13.48 S
Algabal Kordofan
DC.
. Male
2 Hyphaene thebaica Arecaceae Doum Inflorescence 8.22 River Nile
(L.) Mart. s
3 Indlgofg ra. Fabaceae Dahseer | Aerial parts 12.08 River Nile
oblongifolia Forssk.
Rhynchosia minima Adan . . .
4 F Aerial 14. River Nil
(L) DC. abaceae Alfar erial parts 33 iver Nile
5 Solanum dubium L. | Solanaceae Jobain Fruits 17.16 River Nile

Table (2): Lethal concentrations of ethanolic (80%0) extracts that killed 50% (Lcso) and 90%
(Lcoo) of snails Biomphlaria pfeifferi

No. Plant Part of plant Lcso ppm/ 24 hours Lcgo ppm/ 24 hours
1. | Combretum glutinosum Perr. ex DC. Leaves 117.57 220.84
2. | Hyphaene thebaica (L.) Mart. Male Inflorescences 158.11 228.11
3. | Indigofera oblongifolia Forssk. Aerial 158.11 228.11
4. | Rhynchosia minima (L.) DC. Aerial 158.11 228.11
5. | Solanum dubium L. Fruits 153.02 226.62

The preliminary phytochemical screening for the five plants showed presence of different groups
of secondary metabolites that probable to cause the activity such as saponins, tannins, or alkaloids.
However, on this level the molluscicidal activity could not be attributed to a specific group of
secondary metabolites. Further phytochemical investigation is needed to specify the group or
compound/s responsible for the activity.
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Table (3): Preliminary phytochemical screening for the major groups of secondary
metabolites in five Sudanese medicinal plants

Major Groups of Secondary Metabolites
@ | 4 ®» >| n| 4| o>
@ o 3 = b o c K3
3 @ ) ) S 3 3 BS
Plant Part of Plant s | S = S| 3 5 223
& @ z o = 1z 5 Bao
= o Z o » B S
& @ 5
o
]
@D
Combretum glutinosum Perr. Ex
Leaves - ++ +++ - +++ |+ |+
DC.
Hyphaene thebaica (L.) Mart. Male inflorescences | - - +++ - - +
Indigofera oblongifolia Forssk. Aerial parts + + ++ - - +++
Rhynchosia minima (L.) DC. Aerial parts - - + - + | |+
Solanum dubium L. Fruits + - + + + + ++

+++ = high, ++ = moderate, + = low, and - = absent

Leaves of Combretum glutinosum Perr. ex DC.showed activity by Lcso, and Lcgo of (117.57,
and 220.84 ppm). It showed high content of saponins, flavonoids, and tannins, medium content of
triterpenes and cumarins, and lack of steroids, alkaloids, and anthraquinone glycoside.

Combretum glutinosum was reported previously to have strong molluscicidal activity
against both species snails Biomphlaria pfeifferi and Bulinus truncatus (Osman et al., 2007b). The
difference in the values of findings in the two studies may due to environmental factors such as the
area of collection of plants or snails affected the response of snails. In relation to this study
Combretum glutinosum was found to have activity against miracidia and cercaria of Shistosoma
mansoni (Lima et al., 2012; Albagouri et al., 2014). Also the plant was found to possess
antibacterial, antifungal, antiviral, and antitussive activities (Lima et al., 2012).

Fruits of Solanum dubium L. showed activity by Lcso, and Lcgo of (153.02, and 226.62
ppm). It showed moderate presence of cumarin, low of steroids, saponins, alkaloids, and
flavonoids, and devoid of triterpenes and anthraquinone glycoside.

Solanum dubium L. belongs to the family Solanaceae which showed significant
molluscicidal activity represented by many species such as Egyptian S. nigrum, S. villosum, and S.
sinaicum which showed activity against Biomphalaria alexandrina the intrermediate host of
Schistosoma mansoni in Egypt (EI-Sherbini et al., 2009). Also Solanum nigrum was found to have
activity against the snail Galba truncatula, an intermediate host of fasciolasis (Hammami et al.,
2011). Glycoalkaloid extracts of Solanum sodomaeum and Solanum elaeagnifolium were found of
strong molluscicidal activity against Bulinus truncatus the intermediate host of Schistosoma
haematobium in Morocco (Bekkouche et al., 2000). Also the glycoalkaloid compounds isolated
from Solanum asperum were found of strong molluscicidal activity against Biomphalaria glabrata
the intermediate host of Schistosoma mansoni in Brazil (Silva et al., 2008). This suggests the
molluscicidal activity of this family including Solanum dubium L. may be attributed to the alkaloid
type of compounds work alone or synergistically with other type of secondary metabolites like
saponins.
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The three remaining plants which are male inflorescences of Hyphaene thebaica (L.) Mart.,
aerial parts of Indigofera oblongifolia Forssk., and aerial parts of Rhynchosia minima (L.) DC.
showed similar potency by Lcso, and Lcgo of (158.11, and 228.11 ppm).

Male Inflorescences of Hyphaene thebaica (L.) Mart. in this investigation showed high
content of saponins, low content of tannins and Cumarins, and devoid of steroids, triterpenes,
alkaloids, flavonoids, and anthraquinone glycoside. This is not far from the statement of El-Beltagi
et al. (2018) that the secondary metabolites such as tannins, saponins, steroids, glycosides,
flavonoid, and terpenes were found at low and moderate concentrations in the fruits of the plant.
The fruits of this plant showed several bioactivities including antimicrobial, anti-hypertension and
hyperlipidemia, management of type-2 diabetes, and as antioxidant, anticancer, and anti-
inflammatory activities (Faten, 2009; Mohamed et al., 2010; Oduje et al., 2016).

Indigofera oblongifolia Forssk. showed high content of tannins, moderate of saponins, low
contents of steroids, triterpenoids, and cumarins, lack of alkaloids, flavonoids, and anthraquinone
glycoside.

The genus Indigofera which belongs to the family Fabaceae is found to have several
biological activities such as antimicrobial, antimlarial, antioxidant, anti-hepatitis, antidiabetic, and
insecticidal. Indigofera oblongifolia Forssk. was found to possess antimicrobial, hepatoprotective,
and lipoxygenase inhibitory activities (Ur Rahman et al., 2018).

Rhynchosia minima (L.) DC. also belongs to the family Fabaceae showed high presence of
tannins, moderate presence of saponins, flavonoids, and Cumarins, and devoid of steroids,
triterpenes, alkaloids, and anthraquinone glycoside.

This plant was reported to possess some bioactivities. Essential oil obtained from the leaves
of this plant was found to have significant antibacterial, antifungal, and antioxidant activities
(Gundidza et al., 2009). The antioxidant property of the plant was reported also in addition to the
anthelmintic activity by Mali et al., 2008 and Yellasubbaiah et al., 2015.

Sudan because of its great area, geographical location, and variety of climate and
environment, is considered as a rich country of flora which represents a huge reservoir of
biologically active phytochemicals. This study as it contributes a little in this issue it recommends
organized investigation for the Sudanese medicinal plants. The findings of the study suggest further
phytochemical investigation so as to isolate the active ingredients and test the chemical
modifications for their molluscicidal activity. Also it suggests subjecting isolated compounds and
modifications to different biological assays.

References

Abdalla M.A.; EI-Malik K.H.; Bayoumi R.A. (2011). Application of some aqueous plant extracts
as molluscicidal agents on Bulinus truncatus snails in Sudan. Journal of Basic and Applied
Scientific Research. 1(2), 108-117.

Adewunmi C.O. (1999). Medicinal Plants, Parasites and Snails in Health. Inaugural lecture.
Oduduwa Hall, Obafemi Awolowo University, lle-Ife, Nigeria. Obafemi Awolowo University
Press Ltd.

43



Molluscicidal Activity of some Sudanese Medicinal Plants against Vector Snails of Schistosoma mansoni

Adewunmi C.O.; Monache F.D.; Marquis B.B. (1989). Molluscicidal activities of some alkaloids.
Bulletin of chemistry society, Ethiopia, 3(2), 103 — 108.

Ahmed, E.; Bashir, A.; EI-Kheir, Y. (1984). Molluscicidal and other properties of Gardenia lutea
fruit pulp. Fitoterapia. 55:273-277.

Ahmed, E.; Bashir, A.; Khier, Y. (1985). Molluscicidal activity and chemical composition of
Gardenia lutea. Fitoterapia. 56:354-356.

Ahmed, E.M.M.; Elsubki, H.; Gamar, Y. (2005). Molluscicidal activity of certain Sudanese
medicinal plants used in folk — medicine. Gezira Journal of Health Sciences. | (2):64 - 70.

Albagouri, A.H.; Elegami, A.A.; Koko, W.S.; Osman, E.E. and Dahab, M.M. (2014). In Vitro
anticercarial activities of some sudanese medicinal plants of the family Combretaceae. Journal
of Forest Products and Industries, 3(2), 93 — 99.

Amin M.; Daffala A.; EI Moneim O. (1972). Preliminary report on the molluscicidal properties of
Habat El-Mollok, Jatropha. Trans R Soc Trop Med Hyg.; 66:805-806.

Ayoub S.M.H. (1985). Flavanol molluscicides from the Sudan acacias. International Journal of
Crude Drug Research, 23(2):87-90.

Ayoub, S.M.H. (1982). Molluscicidal properties of Acacia nilotica. Planta Medica, 46(3):181-183.

Ayoub, S.M.H. (1984). Effect galloy group on the molluscicidal activity of tannins. Fitoterapia,
55(6):343-345.

Bashir, A.K.; Suliman, S.M.; ELsheikh, S.H.; Elkheir, Y.H.E. (1987). Molluscicidal, cercaricidal
and miracidicidal activities of Acacia nilotica subsp. Adansonia. Fitoterapia, 58(1): 51-56.

Bekkouche, K.; Markouk, M.; Larhsini, M.; Jana, M.; Lazrek, H.B. (2000). Molluscicidal
properties of glycoalkaloid extracts from Moroccan Solanum species. Phytotherapy Research,
14, 366 - 367.

Cha, S.; Elhag, M.S.; Lee, Y.; Cho, D.; Ismail, H A.H.A.; Hong, S. (2019). Epidemiological
findings and policy implications from the nationwide schistosomiasis and intestinal
helminthiasis survey in Sudan. Parasites Vectors, 12:429.

El-Beltagi, H.S.; Mohamed, H.I.; Yousef, H.N.; Fawzi, E.M. (2018). Biological activities of the
doum palm (Hyphaene thebaica L.) extract and its bioactive components.
http://dx.doi.org/10.5772/intechopen.74772.

EL-Kamali, H.H.; EL-Nour, R.O.; Khalid, S.A. (2010). Molluscicidal activity of the essential oils
of Cymbopogon nervatus leaves and Boswellia papyrifera Resins. Current Research Journal of
Biological Sciences 2(2): 139-142.

El-Kheir, Y. and EI-Tohami, M. (1980). Investigation of molluscicidal activity of certain Sudanese
plants used in folk-Medicine in macro-and micro morphology of the leaf, stem and root of
Gnidia kraussiana Meisn. The Journal of African Medicinal Plant, 2:55-58.

44


http://dx.doi.org/10.5772/intechopen.74772

Ahmed H.A., Awatif A.E., and Waleed S.K./Nile Journal for Agricultural Sciences, Vol. 6, NO. 2 (2021) 36 - 47

El-Kheir, Y.M. and El-Tohami, M.S. (1979). Investigation of molluscicidal activity of certain
Sudanese plants used in folk-medicine. I. A preliminary biological screening for molluscicidal
activity of certain Sudanese plants used in folk-medicine. The Journal of Tropical Medicine
and Hygiene, 82:237-241.

Elsammani, N.A.; Adam, A.A; Mater, A.A.; Elamin, M.O. (2019). Prevalence of schistosomiasis
among school children in Bahri locality, Sudan. International Journal of Research -
Granthaalayah. 7(9), 299-306.

El-Sherbini, G.T.; Zayed, R.A.; EI-Sherbini, E.T. (2009). Molluscicidal Activity of Some Solanum
Species extracts against the snail Biomphalaria alexandrina. Journal of Parasitology Research,
5.

Faten, M.A. (2009). Antioxidant and anticancer activities of doum fruit extract (Hyphaene
thebaica). African Journal of Pure and Applied Chemistry. 3 (10), 197-201.

French, M.D.; Evans D.; Fleming F.M.; Secor, W.E.; Biritwum N.; Brooker, S.J.; Bustinduy A.;
Gouvras, A.; Kabatereine, N.; King; C.H.; Polo, M.R.; Reinhard-Rupp, J.; Rollinson, D.;
Tchuente, L.T.; Utzinger, J.; Waltz, J.; Zhang, Y. (2018). Schistosomiasis in Africa: Improving
strategies for long-term and sustainable morbidity control. PLOS Neglected Tropical Diseases.
12(6): e0006484.

Gundidza, M.; Gweru, N.; Magwa, M.L.; Ramalivhana, N.J.; Humphrey, G.; Samie, A. ;
Mmbengwa, V. (2009). Phytochemical composition and biological activities of essential oil of
Rhynchosia minima (L) (DC) (Fabaceae). African Journal of Biotechnology Vol. 8 (5), 721-
724.

Hammami, H.; Mezghani-Jarraya, R.; Damak, M.; Ayadi, A. (2011). Molluscicidal activity of
various solvent extracts from Solanum nigrum Var. villosum L. aerial parts against Galba
truncatula. Parasite, 18, 63-70.

Harborne, J. B. (1984). Phytochemical Methods. 2nd edition. Chapman and Hall.

Inobaya, M.T.; Olveda, R.M.; Chau, T.N.; Olveda, D.U.; Ross, A.G. (2014). Prevention and control
of schistosomiasis: a current perspective. Research and Reports in Tropical Medicine, 5:65—
75.

Ismail, M.A.; Koko, W.S.; Osman, E.E.; Dahab, M.M.; Garbi, M.I.; Alsadeg, A.M.; Kabbashi, A.S.
(2016). Molluscicidal activity of Acacia seyal (Dell) barks methanolic extract against
Biomphalaria pfeifferi snails. Int. Biol. Biomed. J. Spring, 2 (2).

Kloos, H. and McCullough, F.S. (1982). Plant molluscicides. Planta medica, 46: 195—209.

Lima, G.R.M.; Sales, I.R.P.; Filho, M.R.D.C.; Jesus N.Z.T.; Falcao, H.S.; Barbosa-Filho, J.M.;
Cabral, A.G.S.; Souto, A.L.; Tavares, J.F.; Batista, L.M. (2102). Bioactivities of the Genus
Combretum (Combretaceae): A Review. Molecules, 17, 9142 — 9206.

45



Molluscicidal Activity of some Sudanese Medicinal Plants against Vector Snails of Schistosoma mansoni

Mali, R.G. and Mahale, N.B. (2008). Evaluation of Rhynchosia minima (Linn.) DC leaves for
anthelmintic activity. International Journal of Pharmaceutical Sciences and Nanotechnology
Volume, Issue 2, 191 — 194.

McCullough, F.S.; Gayral, P.; Duncan, J.; Christie, J.D. (1980). Molluscicides in schistosomiasis
control. Bulletin of the World Health Organization, (5): 681-689.

McManus, D.P.; Dunne, D.W.; Sacko, M.; Utzinger, J.; Vennervald, B.J.; Zhou, X. (2018).
Schistosomiasis. Nature Reviews, Disease Primers. 4:13. Macmillan Publishers Limited, part
of Springer Nature.

Mohamed, A.A.; Khalil, A.A.; El-Beltagi, H.E.S. (2010). Antioxidant and antimicrobial properties
of kaff maryam (Anastatica hierochuntica) and doum palm (Hyphaene thebaica). GRASAS Y
ACEITES, 61 (1), 67-75.

Oduje, A.A.; Rapheal, O.S.A.; John, A.C. (2016). Assessment of the antioxidative properties of
Hyphaene Thebaica fruit and Its comparative inhibitory activities with butylhydroxylanisole
on A-Amylase and A-Glucosidase enzymes. International Journal of Complementary and
Alternative Medicine. 4(4): 00125.

Osamn, E.A.; Mohamed, E.M.; Abu Elreesh, B.I.; Elegami, A.A. (2007b). Molluscicidal activity
of Combretum glutinosum. International Journal of Molecular Medicine and Advanced Science,
3(4): 151 — 154,

Osman, E.A.; Hilali, A.H.; Koko, W.S.; Muhmoud, A.A. (2007a). Molluscicidal activity of some
sudanese wild plants. Journal of Science and Technology,8 (1).

Silva, T.M.S.; Camara, C.A.; Freire, K.R.L.; Silva, T.G.; Agra, M.F.; Bhattacharyya, J. (2008).
Steroidal glycoalkaloids and molluscicidal activity of Solanum asperum Rich. Fruits. J. Braz.
Chem. Soc. 19( 5):1048-1052.

Sofowora, A. (1993). Medicinal Plants and Traditional Medicines in africa.Chichester John, Willey
& Sons New York, 256.

Toor, J.; Alsallag, R.; Truscott, J.E.; Turner, H.C.; Werkman, M.; Gurarie, D.; King, C.H.;
Anderson, R.M. (2018). Are We on Our Way to Achieving the 2020 Goals for Schistosomiasis
Morbidity Control Using Current World Health Organization Guidelines?. Open Access article,
Published by Oxford University Press for the Infectious Diseases Society of America.
(http://creativecommons.org/licenses/by/4.0/).

Ur Rahman, T.; Zeb, M.A.; Liagat, W.; Sajid, M.; Hussain, S.; Choudhary, M.l. (2018).
Phytochemistry and Pharmacology of Genus Indigofera: A Review. Records of Natural
Products, 12:1, 1-13.

WHO (1965). Expert Committee on Bilharzia. Molluscicidal screening and evaluation. World.
Health. Organization. Bulletin 33, 567.

WHO (2013). Schistosomiasis: progress report 2001 - 2011, strategic plan 2012 - 2020. WHO
Press, World Health Organization, Geneva, Switzerland.

46


http://creativecommons.org/licenses/by/4.0/

Ahmed H.A., Awatif A.E., and Waleed S.K./Nile Journal for Agricultural Sciences, Vol. 6, NO. 2 (2021) 36 - 47

WHO (2016). Schistosomiasis: number of people treated worldwide in 2014. Weekly
epidemiological record. No 5, 91, 53-60. http://www.who.int/wer.

Yellasubbaiah, N.; Nagasudha, B.; Kuamr, S.V.S.; Sowjany, B.A., Sultana, M.H.; Lakshmi, P.H.;
Ismail, S., Devi, Y.Y.; Babu, M.S. (2015). Evaluation of anti-oxidant and anthelminthic activity
of Rhynchosia minima (Linn) DC. Journal of Global Trends in Pharmaceutical Sciences, 6(2):
2579 — 2588.

47



