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 Abstract: Fascioliasis is the plant-borne trematode zoonoses caused by Fasciola  hepatica and 

Fasiciola gigantica . One of the possible approaches to control this problem is to interrupt the life cycle 

of the parasitic trematode by eliminating the intermediate host snail. Baits were prepared from binary 

combinations of carbohydrate + amino acid (10mM) in 2% agar solution with active molluscicidal 

component Ricin (Ricinus communis), Alkaloid atropine (Datura  stramonium) and their binary 

combination in 1:1ratio. The behavioural responses of snails to these binary combinations of 

carbohydrate and amino acid in bait formulations were examined. Attraction of sails was studied by 

using clear glass aquaria having diameter of 30 cm. Each aquarium was divided into four concentric 

Zones; Zone-3 (central Zone), Zone-2 and Zone-1 (middle Zone) and Zone-0 (outer Zone) had a 

diameter of 13, 18, 24 and 30 cm, respectively. Among all the binary combinations  highest  attraction 

of snail (39.23%) was noted towards the bait containing starch + serine + atropine. Starch + serine + 

binary combination of ricin and atropine bait formulation was most potent molluscicide (96LC50% 

0.10%) against Lymnaea acuminata. The present study suggested that the molluscicides of plant origin 

could be used with varying degrees of success in bait formulation. 
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INTRODUCTION: Fascioliasis in a common parasitic disease of live-stock in eastern Uttar Pradesh, 

(Kumar and Singh, 2006), which is caused by the digenetic trematode of Fasciola hepatica and 

Fasiciola gigantica. Snails and mammals are the intermediate and final host of Fasciola. In Live stock, 

it causes severe reduction in milk and meat yield as well as losses due to decreased fertility. One way 

to reduce the incidence of  fascioliasis is to delink the life cycle of fluke, by destroying the intermediate 

host. Bait formulation of different molluscicides would be an effective tool for selective killing of the 

snail with minimal adverse effect on the non target animals and aquatic environment. It is therefore 

important to identify strong attractant compounds for preparing effective bait formulations. The 

principal definite host of these parasites is cattle, sheep and goat (Soliman, 2008 ). However, certain 

other mammals including human may be infected as an accidental host (Mas-Coma,2004 a b ). Among 

different carbohydrates starch (Tiwari and Singh, 2004) and among different amino acids, proline and 

serine (Agrahari and Singh, 2010) are the strongest attractant for Lymnaea acuminata. 

 The present study assay the behavioural responses of Lymnaea acuminata to different binary 

combination of carbohydrate + amino acid and identify among them that, which of them could 

preferably be used as a potent attractant for preparing bait along with molluscicide. Earlier it has been 

noted that ricin (Ricinus communis) and alkaloid atropine (Datura stramonium) extract from these 
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plants are active molluscicide, when released directly in aquatic medium. To reduce the use of these 

molluscicide in snail control programme, bait formulation of these active compounds/components were 

used to explore its true potential as safe mollusicicide. 

Material and Method: 

Collection of animal: Adult Lymnaea acuminata snail (average Length 2.6 ± 0.3 cm) collected locally 

from lakes and low lying submerged field in Gorakhpur were used as test animals. The snails were 

acclimatized for 72 h in laboratory dechlorinated tap water at 220 C to 240 c . Ten experimental animals 

were kept in a glass aquarium containing 3 liters of dechlorinated tap water. The pH of water was 7.1-

7.3 and dissolved oxygen, free carbon dioxide and bicarbonate alkalinity were 6.5-7.2 mg/L, 5.2-6.3 

mg/L and 102.-105.0mg/L respectively.  

Chemicals: 

Agar-Agar, amino acids, carbohydrates, ricin and atropine were purchased from sigma chemical co (St 

louis, Mo, USA). 

Preparation of bait formulations: 

 The bait containing binary combination of carbohydrate (glucose, maltose, starch and sucrose 

10mm)+ amino acid (alanine, glycine, serine and proline 10mM) in 1:1 ratio were prepared in 100ml 

2.0% agar solution by method of Madsen (1992) as modified by Tiwari and Singh (2004),Singh and 

Singh(2008). After boiling, each selective active components (Molluscicide) was added to the solution 

in different concentration (Table1) . The mixture was stirred constantly for 30 minutes and was 

subsequently spread at a uniform thickness of 5mm. After cooling bait was cut into small piece of 5mm 

in diameter.  

Assay apparatus and procedure: 

 The bioassay was performed by method of Tiwari and Singh (2004). The bioassay chamber 

consists of clear glass aquarium having a diameter of 30cm. Each aquarium was divided into four 

concentric Zones, Zone 3 (central Zone), Zone 2 and Zone1 (middle Zone) and Zone 0 (outer Zone) 

had a diameter of 13, 18, 24 and 30cm, respectively. A small annular elevation of 9mm and 1.5 cm 

diameter was made in the centre of the aquarium (Zone 3). The aquarium was then filled with 500 ml 

dechlorinated tap water to height of 8 mm and maintained at 25 ±00C. At the start of the assay 10 

individually marked snails of uniform size were placed on the circumference of Zone-0. The distance 

between two snails was 66 mm. simultaneously   the attractant bait (food pellet) was added in the 

centre of Zone-3. The location of each snail was noted every15 min for 2 hour. For each combination 

six set of replicates with 10 snails (for both molluscicides and their binary combination) was used in 

this study, each at the required concentration. A proportion of snails were arcsine transformed for each 

replication in zone-3 (Sokal an Rohlf ,1973). 
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Statistical Analysis: 

 The mortality data were observed after every 24h upto 96h. Lethal values (LC50), lower and 

upper confidence limit (LCL and UCL), slope values, t-ratio, g values, and heterogeneity factor were 

calculated using POLO computer programme. Two way ANOVA and product moment correlation 

coefficient was applied to observe significant variation, if any. 

Result:  
Release of bait containing starch + serine and different concentration of ricin/atropine/ their binary 

combination caused significant attraction of Lymnaea acuminata after 1h and 2h .Snails fed with bait 

containing starch +serine + 0.7% ricin have least attraction (10.46%) in Zone 3 after 2h. Attraction of 

snails towards bait containing molluscicide +attractant was lower than control ie bait containing only 

agar +attracant (Starch+ Serine). Molluscicidal activity of bait containing active components against 

L.acuminata was time and dose dependent (Table 2). Snails were attracted more toward bait containing 

lower concentration of active components. Bait containing binary combination of ricin and atropine is 

highly toxic (96 LC50-0.10%). Lowest toxicity was noted in bait containing Ricin (24hLC50-2.1%) .96h 

toxicity of Ricin 0.26% and atropine 0.29% with starch +serine in bait was noted against L.acuminata. 

The slope value were steep and separate estimations of LC50 based on each of 6 replicates were found 

within the 95% confidence limits . The t-ratio was greater than 1.96 and the heterogeneity factor was 

less than 1. The g-value was less than 0.5 at all possibility lent  there. 

 

Table-1: Mean  number of snail  Lymnaea acuminata  in zone-3 in contact with the snail attractant  pellet 

(SAP) or bait of starch+serine that contain different concentrations of Ricin , Atropine alone  and their binary 

combinations in 1:1 ratio after one and two hours from starting of experiment. 

 

Exposure 

period 

Molluscicid

e 

Control 0.1% 0.3% 0.5% 0.7% 1% 

1h St+Sr+Ric. 4±0.36 
(39.33) 

2±.36 
(26.57) 

2±0   
(26.57) 

1.33±.21 
(21.38) 

.33±.21 
(10.46) 

- 

2h St+Sr+Ric. 5± .36     

 (45) 

1.33±.21 

(21.38) 

1.33±.21 

(21.38) 

.33±.21 

(10.46) 

0 ± 0 

(0 .0) 

- 

1h St+Sr+Atr. 5.67±.21 

(48.85) 

- 3.3±.21 

 (35.06) 

3±0 

(33.21) 

2.67±.21 

(31.11) 

1.67±.21  

 (24.12) 

2h St+Sr+Atr. 5.67±.21 

(48.85) 

- 4.0  ± 0 

(39.23) 

3.3±.21 

(35.06) 

2.67±.21 

(31.11) 

1.67±.21  

(24.12) 

1h St+Sr+Bin. 5±0.96 

  (45) 

2.33±0.21 

(28.86) 

  2±0    

(26.57) 

1.33±.21 

(21.38) 

.66±21 

(14.88) 

- 

2h St+Sr+Bin. 5.33±1.17 

(46.89) 

2 ± 0   

(26.57) 

1.67±.21 

(24.12) 

1±0    

(18.43)     

.66±.21 

(14.88) 

- 

 

 Values in parentheses are percentages of snails in zone -3(in contact with attractant food pellet) with 

snail in zone1and 2.  

 Statistically significant (p<0.05) when two way ANOVA was applied in between different molluscicide 
and their different concentration. 

 Abbreviations:St-starch,Sr-SerineAtr.-Atropine,Ric-Ricin,Bin-Binary. 
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Table-2 P:Toxicity of Ricin,Atropine and their Binary combination in 1:1 ratio with Starch+Serine Bait against 

snail Lymnaea acuminata  at different time exposure. 

Exposure 

Period 

Treatment LC50      Limit Slope Value t-ratio g-value Heterogeneity 

   LCL  UCL     

24h 

Ricin 2.1 1.14 20.88 1.57 ± 0.46 3.36 0.33 0.43 

Atropine 1.25 0.981 2.12 2.51 ± 0.54 4.63 0.17 0.94 

Binary 0.61 0.46 1.01 1.43 ± 0.29 4.85 0.16 0.26 

         

48h 

Ricin 1.3 0.76 6.1 1.11 ± 0.30 3.64 0.28 0.17 

Atropine 0.796 0.672 1.04 2.35 ± 0.46 5.05 0.15 0.20 

Binary 0.40 0.30 0.59 1.27 ± 0.27 4.68 0.17 0.21 

         

72h 

Ricin 0.64 0.42 1.6 0.96 ± 0.27 3.55 0.30 0.18 

Atropine 0.545 0.414 0.696 1.67 ± 0.43 3.86 0.25 0.10 

Binary 0.20 0.15 0.33 1.16 ± 0.26 4.43 0.19 0.18 

         

96h 

Ricin 0.26 0.13 0.43 0.84 ± 0.25 3.24 0.36 0.19 

Atropine 0.294 0.169 0.378 2.00 ± 0.46 4.33 0.20 0.13 

Binary 0.10 0.4 0.15 1.29 ± 0.27 4.71 0.17 0.43 

 

 Six batches of ten snails were exposed different concentration of the above molluscicide inside the snail 

attractant pellets (SAP). Mortality was determined after every 24h.  

 Significant negative regression (p<0.05) was observed between exposure time and LC50 of treatments. 

 

Discussion:  

 Present study clearly demonstrates that the snail L. acuminata is significantally attracted toward 

the different baits formulation. Earlier, it has been noted that gastropods detects the amino acids or 

carbohydrates as stimulant of their food. Among all the bait formulation starch +serine +atropine 

caused highest attraction in Zone-3 (39.23%). Snails like other gastropods, are able to detect their food 

sources by using chemical sense of carbohydrate and amino acid as sign for the presence of their food. 

Gastropod molluscs are attracted to some of the chemical  diffusion out from dead and living aquatic 

organisms into the modular system of snail. Attraction of the snail L. acuminata and Biomphalaria 

alexandrina towards different carbohydrate/ amino acids  in bait formulation  has been reported 

(Abdel- Hamid (1996) and Tiwari and Singh 2004 a, b). Starch is recognized more rapidly by the 

chemoreceptor of snail/ present in snails (Madsen, 1995 ). It may be possible that difference in % 

attraction of L. acuminata and other snails towards different amino acids and carbohydrates may be due 

to differences in feeding patterns / presence of chemoreceptors,  and / metabolism in different snail 

species. Significant variation in the number of the zone-3 attracted by different carbohydrate +amino 

acid in bait clearly demonstrate that snails are capable of differentiating type of carbohydrate + amino 

acid  in bait formulation. 

 The toxicity of ricin (Ricinus communis) , alkaloid atropine (Datura stramonium) and binary 

combination of ricin and atropine is time and concentration dependent .Snails were less attracted 

towards the molluscicide containing bait formulation with respect to their control contain only 

attractant, it indicate that molluscicides in bait have some repellent action. Active component ricin and 

atropine are very effective molluscicide ; when released directly in aquatic environment. (Sharma et al 
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2009 and Mahmoud et al 2011 ). The bait formulation in the present study is very effective in the snail 

control programme because in bait formulation amount of molluscicide is less released than their direct 

in the water. Among all the bait formulation binary combination of ricin and  atropine containing is 

more effective in killing the snails. 

 The steep slope value indicates that a small increase in the concentration of different 

molluscicide causes higher snail mortality. A t-ratio value greater than 1.96 indicates that the 

regression is significant. Heterogeneity factor values less than 1.0 denote that in the replicate tests of 

random sample the concentration response curve would fall within the 95% confidence limit and thus 

the model fits the data adequately. The index of significance of the potency estimation indicates that 

the value of the mean is within the limit at all probability level (90, 95 and 99) since it is less than 0.5. 

The present study reveals that molluscicides of plant origin could be used with varying degree of 

success in bait formulation. This concept is a new approach and technique for the control of harmful 

snails. 
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