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ABSTRACT 

Although schistosomiasis  is spreading in new areas in Sudan, there are no proper programmes 
of control adopted neither by the government nor by the international organization. The 
promising results of many indigenous plants as molluscisidal could be promoted to be used in 
the biological control. Plants are known to be manufacturing chemical substances that are used 
for own defense from attacks by insects, bacteria, fungi and viruses. These chemicals are the 
nature inventory that can be utilized against similar organisms. Laboratory evaluation of the 
molluscicidal of leaf extract from Calotropis procera and Nicotiana tabacum and the seed of 
Trigonella foenum plants were carried out against Bulinus truncatus snails. The results of 
mortality were statistically analyzed using probit analysis. The assessment of the lethal 
concentration for 50 and 95% of the snail was tested (LC50 and LC95). The low values of LC95 
against adult, juveniles and egg masses of snails were recorded in Calotropis procera being 
1100, 483 and 31ppm respectively. Comparing the LC95 values of the water extracts of the 
three plants against adult snails, showed high activity for Calotropis procera plant (1100ppm), 
followed by Nicotiana tabacum plant (1386ppm), as well as Trigonella foenum plant 
(2085ppm). These three plant extracts are recommended to be used as molluscicidal agents. 
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INTRODUCTION 
 

Schistosomiasis (also known as bilharzia, bilharziosis or snail fever) is a parasitic disease caused by several 
species of trematodes (flukes), a parasitic worm of genus Schistosoma (Carter Center, 2008). The association 
of the disease with water resources development makes it an increasing problem, since many new irrigation 
schemes are either being constructed or contemplated (James, et al., 2006). Schistosomaiasis is the second 
most socioeconomically devastating parasitic disease after malaria (Stothard, et al., 2005). This disease is 
most commonly found in Asia, Africa and South Africa, especially in areas where the water contains 
numerous fresh water snails, which may carry the parasite (Carter Center, 2008). 
In Sudan, although Schistosomiasis is spreading in new areas, there are no proper programmes of control 
adopted neither by the government nor by the international organizations (Abdalla, 2009). The only method 
used in Sudan is chemotherapy, if available, in hospitals. The increasing prevalence and epidemiology of 
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Schistosomiasis in Sudan necessitated the search for easier and cheaper control method. Uses of plants as 
molluscicides have more attention in the world because of the high cost of synthetic molluscicides and 
pollution to environment (Abdalla, 2009). 
The main objective of the present study is to conduct a laboratory evaluation of mollusicidal properties of 
some local plants against laboratory bred first generation of Bulinus truncatus snails from field collected 
parents. Also, in this study we determine the least toxic concentration and the sub-lethal concentration of 
Calotropis procera, Nicotiana tabacum leaves and Trigonella foenum- graecum seeds aqueous extracts to 
Bulinus truncatus snails. 
  

 
MATERIALS AND METHODS 

1. Plants used 
 
The leaves of Calotropis procera were collected from Shambat area (Khartoum North) Sudan, while leaves of 
Nicotiana tabacum plant were obtained from West Sudan (Nyala). The seeds of Trigonella foenum-graecum 
plant were used as a molluscicidal agent obtained from local market in Khartoum (Sudan). These plants were 
identified at National Aromatic Institution, Khartoum (Sudan).                                                            
 

1.1. Calotropis procera 
Family: Asclepiadaceae 
Tomentose woody shrubs or small trees. Leaves opposite, plume green, sessile, obovateelliptical, tomentose. 
Inflorescences sub-umbellate cymes; flowers purple; calyx 5, imbricate, free; corolla campanulate with 5 
lobes, greenish white outside, tips purple inside: corona hairy; ovary of 2 free carples; carple 1-locular; ovules 
numerous with marginal placentation. Fruit follicles, green, subglobose; seeds brown with long white silky 
hairs (Abusam, 1998). 
                                                             

1.2. Nicotiana tabacum  
Family: Solanaceae 
Herbaceous or woody plants. Leaves without stipules, alternate, simple. Flowers hermaphrodite or very rarely 
unisexual, usually actinomorphic. Calyx 4-6 lobbed, persisted or valvate. Stamens inserted on the corolla-tube 
and alternate with the corolla-lobes, rarely 2; anther-loculi parallel. Ovary usually 2-locular, the loculi 
sometimes again divided by a false septum; style terminal; ovules very numerous, axile. Fruit a capsule or 
berry. It is cultivated in Sudan, mainly Western and Southern Sudan (Andrews, 1956).                                                           
 

1.3. Trigonella foenum- graecum  
Family: Fabaceae (Papilionaceae) 
The plant is a hardly annual plant, branched at the base growing to a height of 0.3-0.8 m. It has a sharp, spicy 
aroma (Grieve, 1979). The plants consist of flowers which have a yellow-white color carried singly or in the 
axils of the leaves, and pods which are brown slender, with sickle shaped and sharp peak at the end; the length 
of pods is 7-15 cm each containing about 10-20 seeds. The endosperm of the seed is a gum containing 
glactose, (El.Nasri, 2006).                                                         
 

2. Collection and preparation of plant samples 
 
Leaves of Calotropis procera and Nicotiana tabacum were picked and air-dried in the shade for at least three 
days, while the seeds of Trigonella foenum were cleaned carefully and dried. The plant materials were then 
ground to powder with pestle and mortar. The non-homogeneous ground materials were separated, by passing 
through a plastic mesh. The plant materials were then kept at room temperature in dry screw-caped glass 
containers until extractions and bioassays were performed. 
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3. Preparation of aqueous plant extract  
 
Five grams of each plant powder were soaked in a glass bottle containing 500 ml of distilled water for 24 
hours. The contents of each bottle were vigorously hand shaken. The suspension of each was filtered through 
filter paper (Whatman no.1). The mark was washed several times with distilled water before filtering. The 
final volume was adjusted to 500 ml by adding distilled water to prepare stock solution. To prepare working 
solution of 500, 600 and 700 ppm, 50, 60 and 70 ml of stock solutions were diluted to one liter respectively  
 

4. Potency tests of plants extract 
 
The different concentrations were used against adult snails, juveniles and egg masses. Serial dilutions were 
prepared and used to determine LC50 and LC95 on each stage. 
 

5. Molluscicidal activity on adult snails 
 
The molluscicidal potency tests against mature adult (5-7mm) snails were conducted in accordance with 
WHO (1965) guidelines. To achieve the desired concentration, appropriate volume was taken from the stock 
solution and completed to 1000 ml by adding de-chlorinated tap water. Ten snails were immersed in a 
transparent plastic container, containing 1000 ml of the working solution and lettuce for feeding. There were 
three replicates for each concentration of each extract. One group of ten snails in 1000 ml de-chlorinated tap 
water was set as a control. The exposure time for each test was 24 hours. Then the snails were rinsed and 
placed in plastic containers with de-chlorinated tap water and lettuce for a recovery period of 24 hours, 
thereafter, mortality counts were recorded. Dead snails remained retracted inside their shells at the bottom of 
the plastic container and failed to show molluscular response to mechanical stimulation with a blunt elongated 
wooden object. 
 

6. Molluscicidal activity on juvenile snails 
 
One day old juvenile snails were collected separately, using a magnifying lens, with a fine drawing brush and 
observed under a dissecting microscope (10×4). Ten juvenile snails were immersed in a transparent plastic 
container, containing 100 ml of the working solution and fine sieved powder of lettuce for feeding. There 
were three replicates for each concentration of each extract. One group of ten juvenile snails in de-chlorinated 
tap water was set as a control. The exposure time for each test was 24 hours. The snails were then transferred 
to de-chlorinated water for recovery period of 24 hours, thereafter, mortality counts were recorded. 
 

7. Ovicidial activity on egg masses 
 
One day old egg masses were examined under the microscope (10x4) to confirm viability. The number of egg 
masses was counted. About 2-6 groups of egg-masses were tested in different concentrations for each extract 
in transparent plastic container containing 50 ml of the working solution. The exposure time was 24 hours, 
and then the egg-masses were transferred to de-chlorinated tap water for recovery. Embryogenesis was 
observed daily under the microscope until all the control group egg masses hatched, then the experiments 
were terminated and mortality was recorded. Retarded embryogenesis, disintegration of embryos or absence 
of movement were the criteria of death considered for calculating the mortality of eggs. 
 

8. Statistical analysis 
 
Dosage-mortality curves are the subject matter of an entire field of biometric analysis and bioassay is one of 
the techniques used in this field. The results of such analysis are plotted on probit paper. A regression line is 
fitted to dosage mortality data graphed on probit paper (Sokal and Rohlf, 1973). For the present study, probit 
data were computed using a programme especially designed for this type of analysis. The regression analysis 
data obtained the followings:  
Firstly, the equation of the regression: Y = a + bX where:   
Y = the expected (calculated) probit 
a = the intersection of the regression line with the vertical axis when X equals zero 
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b = is the tangent of the regression line made with the horizontal axis 
x = log-concentration producing Y probit 
Secondly, the standard error of X - coefficient (SE-X) 
Thirdly, the standard error of Y- coefficient (SE-Y) 
Fourthly, regression coefficient (r2)  
Data obtained were presented in tabular forms in terms of concentration, log- concentration, mortality, and % 
mortality and probit (tabulated and calculated). Each table contained the following statics: the equation of the 
straight regression line, (SE-X), (SE-Y), the lethal concentration that kills 50% of the snail population (LC50), 
the lethal concentration that kills 95% of the snail population (LC95) and (r2) to show the degree of 
homogeneity between the concentration of the plant sample and mortality of snails (Finney, 1936; WHO, 
1965 and Busvine, 1971). 
 

 

RESULTS 

 
 

1. Molluscicidal potency of aqueous extract of Calotropis procera leaf powder on Bulinus truncatus 
adult snails 
 
Results showed that lethal concentrations that killed 50 and 95% of Bulinus truncatus (LC50 and LC95), 
when 5gm of leaf powder were soaked in distilled water for 24 hours with 619 and 1100ppm  respectively 
(Table.1). 
 
Table (1): Application of Calotropis procera leaf extract as molluscicidal agent against Bulinus   truncatus 
mature adult snails     
 

Concentration 
(ppm) 

Mortality 
(%) 

 

Reg. 
Calculated Tabulated 

1200 100 1154 7.33 
1100 97 1118 6.88 
1000 87 1011 6.13 
800 47 583 4.92 
500 50 619 5.00 
400 40 511 4.75 
300 27 369 4.39 
200 3 119 3.12 
100 0 83 0 
50 0 83 0 

Control 0 - 0 
LD 50 =619           LD 95 =1100    Regression equation: Y = 35.71X + 82.94 
SE – X = 3.69      SE – Y = 135.41                                          R2  = 0.95 
 
 
2. Molluscicidal potency of aqueous extract of Nicotiana tabacum leaf powder on Bulinus truncatus 
adult snails 
 
Results showed that the lethal concentration that caused 50 and 95%   mortality of Bulinus truncatus, when 
the leaf powder was soaked for 24 hours in distilled water with 804 and 1386ppm respectively (Table.2).  
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Table (2): Application of Nicotiana tabacum leaf extract as molluscicidal agent against Bulinus   truncatus 
mature adult snails   

 

Concentration 
(ppm) 

Mortality 
(%) 

 

Reg. 

Calculated Tabulated 

1500 100 1451 7.33 
1400 97 1408 6.88 
1300 97 1408 6.88 
1200 80 1192 5.84 
1100 73 1106 5.58 
1000 53 847 5.05 
900 53 847 5.05 
800 43 718 4.80 
600 33 588 4.56 
500 33 588 4.56 
400 33 588 4.56 
300 7 243 3.52 
200 0 157 0 
100 0 157 0 

Control 0 - 0 
LD 50 = 804            LD 95 = 1386    Regression equation: Y = 43.12X + 157.25 
SE – X = 2.82        SE – Y= 123.80                          R2 = 0.97 
 
3. Molluscicidal potency tests of aqueous extract of Trigonella foenum seed powder on Bulinus 
truncatus adult snails 
 
Results showed that the lethal concentration that killed 50 and 95% of Bulinus truncatus, when 5gm of seed 
powder were soaked in distilled water for 24 hours with 1384 and 2085ppm respectively (Table.3). 
 
Table (3): Application of Trigonella foenum seed extract as molluscicidal agent against Bulinus   truncatus 

mature adult snails   

Concentration 
(ppm) 

Mortality 
(%) 

Reg. 
Calculated Tabulated 

2100 100 2163 7.33 
2000 97 2111 6.88 
1900 87 1955 6.13 
1800 77 1800 5.74 
1600 50 1384 5.00 
1500 50 1384 5.00 
1400 50 1384 5.00 
1300 33 1124 4.53 
1200 33 1124 4.53 
1100 33 1124 4.53 
1000 27 1020 4.39 
800 17 864 4.05 
600 10 760 3.72 
500 0 604 0 

Control 0 - 0 
LD 50 = 1384      LD 95 = 2085   Regression equation: Y = 51.98X + 604.04 
SE – X = 136.16               SE – Y = 2.56                           R2 = 0.95 
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4. Molluscicidal potency tests of the aqueous extract of the selected plants on Bulinus truncatus 
juveniles snails 
 
The results of the aqueous extract of leaf powders of Calotropis procera, Nicotiana tabacum and seed powder 
of Trigonella foenum on juveniles snails (one day old) showed that the (LC50 and LC95) values for juveniles 
were 268, 483 , 467; 768 , 996 and 1337ppm  respectively, as shown in tables  4 , 5 and 6. And showed the 
results of effective susceptibility of Bulinus truncatus to selective extracts. Juveniles were the most 
susceptible to Calotropis procera followed by Nicotiana tabacum, then Trigonella foenum. 
Moreover, statistical analysis of these results showed that there were significant differences between LC50 or 
LC95 values according to change in plant species. 
 
 
Table (4): Application of Calotropis procera leaf extract as molluscicidal agent against Bulinus   truncatus 

juveniles snails 
 

  Concentration 
(ppm) 

Mortality 
(%) 

Reg. 

Calculated Tabulated 
550 100 507 7.33 
500 93 475 6.48 
400 87 443 6.13 
300 67 348 5.44 
200 33 189 4.53 
100 17 109 4.05 
50 0 30 0 

LD 50 = 268              LD 95 = 483 Regression equation: Y = 15.89X + 29.81 
SE – X = 4.53            SE–Y= 73.19                       R2 = 0.97 
 
 
 

Table (5): Application of Nicotiana tabacum leaf extract as molluscicidal agent against Bulinus   truncatus 
juveniles snails 

 
Concentration 

 (ppm) 
Mortality 

(%) 
Reg. 

Calculated Tabulated 
800 100 801 7.33 
700 90 734 6.28 
600 77 645 5.74 
500 40 401 4.75 
400 30 334 4.48 
300 17 245 4.05 
200 10 200 3.72 
100 3 156 3.12 
50 0 134 0 

LD 50 = 467             LD 95 = 768 Regression equation: Y = 22.25X + 133.59 
SE–X =3.86           SE–Y =88.37                                 R2 = 0.95 
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Table (6): Application of Trigonella foenum seed extract as molluscicidal agent against Bulinus   truncatus 
juveniles snails 

  

Concentration 
(ppm) 

Mortality 
(%) 

Reg. 

Calculated Tabulated 
1300 100 1375 7.33 
1200 83 1249 5.95 
1100 43 945 4.80 
1000 33 869 4.53 
900 33 869 4.53 
800 23 793 4.23 
700 13 717 3.87 
600 7 667 3.52 
500 0 616 0 

LD 50 = 996             LD 95 = 1337   Regression equation: Y = 25.31X + 615.91 
SE–X= 3.39           SE–Y= 91.29                          R2 = 0.89 
 

5. Ovicidal potency of the aqueous extract of the selected plants on egg-masses of Bulinus truncates 
 
The lethal concentrations that caused 50 and 95% mortality of egg-masses, when soaked in distilled water for 
24 hours, with 23 and 31ppm respectively for Calotropis procera (45 and 55) ppm respectively for Nicotiana 
tabacum plant and (35 and 46) ppm for Trigonella foneum seed powder, (Tables 7, 8 and 9). A remarkable 
result is that the concentrations required for 50 and 95% mortality of one day old egg-mass were less than 
those required in case of juvenile snails. Also, statistical analysis of these results showed that there were 
significant differences between LC50 and LC95 values according to change in plant species. 
 
Table (7): Application of Calotropis procera leaf extract as ovicidial agent against Bulinus   truncatus egg 

masses snails   

Concentration 
(ppm) 

Mortality 
(%) 

Reg. 

Calculated Tabulated 
40 100 32 7.33 
35 100 43 7.33 
30 51 25 5.03 
25 29 17 4.45 
20 23 19 4.26 
15 14 17 3.92 
10 0 13 0 
5 0 13 0 

Regression equation: Y = 0.38X + 13.14        LD 50=23               LD 95= 31 
SE–X= 9.70              SE–Y= 4.33                   R2 =0.73 
 

Table (8): Application of Nicotiana tabacum leaf extract as ovicidial agent against Bulinus   truncatus egg 
masses snails   

Concentration 
(ppm) 

Mortality 
(%) 

Reg. 

Calculated Tabulated 
55 100 56 7.33 
50 100 50 7.33 
45 38 41 4.69 
40 35 37 4.61 
35 0 35 0 
30 0 35 0 

Regression equation: Y = 0.26X + 35.18    LD50=45                  LD 95=55     SE–X= 13.57                 SE–Y= 3.82           R2 =0.88 
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Table (9): Application of Trigonella foenum seed extract as ovicidial agent against Bulinus   truncatus egg masses 

snails   

Concentration 
Part per million (ppm) 

Mortality 
(%) 

Reg. 

Calculated Tabulated 
50 100 47 7.33 
45 100 49 7.33 
40 57 39 5.18 
35 35 32 4.61 
30 16 28 4.01 
25 0 25 0 

20 0 25 0 
Regression equation: Y = 0.34X + 24.67        LD 50=35             LD 95=46 
SE–X=11.60             SE–Y= 4.08                   R2 = 0.91 

 
 

DISCUSSION 

 

The promising results of many indigenous plant molluscicidal activities could be promoted to be used in the 
biological control. Plants are known to be manufacturing chemical substances that are used for their own 
defense from attacks by insects, bacteria, fungi and viruses. These chemicals are the nature inventory that 
can be utilized against similar organisms. 
The results obtained from the present study indicated that aqueous extract of the dried leaf powder of the 
indigenous plants Calotropis procera, Nicotiana tabacum and seed powder of Trigonella foenum have got a 
potent ovicidal and molluscicidal activity against egg-masses, juveniles and less so on adults of Bulinus 
truncatus snails. Time exposure for all experiments was taken as 24 hours as from preliminary observations 
there were no visible differences after that. The LC95 values for adult snail for Calotropis procera 1100, 
1386 ppm for Nicotiana tabacum and 2085 ppm for Trigonella foenum. 
Comparison of the LC95 values against juveniles and egg masses of powder extract showed the highest 
activity for Calotropis procera plant, followed by Nicotiana tabacum plant and finally Trigonella foenum 
plant. In conclusion it is evident that Calotropis procera extract was more potent than the other plants. It is 
encouraging that Elimam (2007) findings using the same plant as larvicidal in mosquitoes gave good results. 
Water based vectors and intermediate hosts could be managed collectively if this succeeded. 
Fortunately, in flowing water bodies (canals, rivers etc.), a correct and proper application of Calotropis 
procera from a certain point in the direction of water flow will extract the active ingredient(s) in the same 
manner as had been suggested in similar treatment as studied by Atta El.Mannan (2001). 
The present study showed that juveniles were more susceptible than adult snails probably due to the 
resistance against environmental factors in the adults. 
Results obtained in the current study showed that the molluscicidal activity (LC50) and (LC95) values for 
one day old juveniles were less than those for mature adult being in Calotropis procera 268 and 483ppm 
respectively, also, in Nicotiana tabacum were 467 and 768ppm respectively, while in Trigonella foenum 
were 996 and 1337ppm respectively. These results indicates that juveniles are more susceptible than mature 
snails which are consistent with Ali (2008) but different from the findings of Massoud and Habib (2003) 
who reported that many plant molluscicides showed high potency against adult snails but failed to show 
molluscicidal activity against juveniles, or in some case has no ovicidal activity unless the concentration is 
increased. 
The present study showed that aqueous extract of the dried leaf powder or seed powder of each plant 
decreases in the values of LC50 and LC95 when used against egg-masses. The calculated value of LC95 and 
LC50 as recorded in Calotropis procera plant being 1100, 619ppm respectively. While, the LC95 and LC50 
were higher in Nicotiana tabacum plant being 1386 ppm and 804ppm respectively. The highest value was 
achieved only in Trigonella foenum plant which recorded 2085 and 1384ppm for LC95 and LC50 
respectively. 
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The water source used in the present study was the de-chlorinated water which has shown significant 
difference between LC95 values, however, these results may vary if we had used canal water which may 
give better results, and this mainly due to the fact that, canal water contains microorganisms, such as 
bacteria, which cause decaying of the leaves, which help the release of the bioactive ingredient(s).When all 
results of molluscicidal potency on the juveniles and adults were compared in the present study it was found 
that, juveniles were more susceptible than the adult and this could be due to the fact that, the adults were 
more resistant against most harmful environmental factors. 
Mott (1983) reported that, although the roots, stem, seeds and fruits were more potent in several 
molluscicidal plants, it will, probably be necessary to use the regenerating leaves which are easier to harvest. 
In the present study it was shown that the leaves of Calotropis procera and Nicotiana tabacum plants were 
the most potent parts of the plant. Besides, in case of Calotropis procera plant it has many advantages which 
support its molluscicidal and ovicidal potency: it is readily available in the endemic areas, inexpensive and 
easily applied (Elimam, 2007). The biological activity of Calotropis procera plant extract may be due to 
various compounds; including phenolics, trpenoides and alkaloids existing in plant. These compounds may 
jointly or indepently contribute to produce molluscicidal and ovicidal actions against Bulinus truncatus 
snails. These results were similar with Elimam (2007) who had found that the aqueous leaf extract of 
Calotropis procera possess remarkable larvicidal, adult emergence inhibition, ovicidal and ovipostion 
deterrent activity against mosquitoes. 
Schistosomiasis, as a disease of poor communities, had been included in the neglected diseases, according to 
WHO evaluation, yet a wide area control project had not been formulated. As well integrated control efforts 
were not tried and chemotherapy remained to be the preferred intervention practice. Community 
participation had not been seriously involved leaving the endemic foci as a time bomb which might explode 
under the least stress. On top, as the endemic area form an attractive area for laborers from across the other 
states can subject humans as well as the growing livestock industry to infection hazards. 
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