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Abstract:  High densities of the glassy clover snails (Monacha cartusiana) were recorded at 

the last few years in large number of villages at Sharkia Governorate, Egypt. The present 

study designed to control this agricultural destructive pest using ethanolic extract of the Ice 

plant (Mesembryanthmum crystalinum) using poisonous baits technique. Toxicological tests 

showed that 20% of extract caused 40% mortality of clover snails while 30% extract caused 

70% mortality and the highest mortality percentage (90%) was recorded after treatment with 

40% extract for 28 days. Enzymatic estimations showed that treatment with LC25 extract 

caused an elevation in ALT, AST, ACP, ALP, α esterase and phenoloxidase levels of treated 

snails while levels of amylase, protease and β-esterase were decreased compared to control 

snails.  Histological investigation of the digestive gland of snails exposed to LC25 of M. 

crystalinum extract revealed that the digestive tubules suffered from severe cellular 

destructions, inflammatory infiltrate and vacoulations. In addition, sections through the 

ovotestis showed deformations of oocytes. 
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1. Introduction  

Terrestrial snails are one of the most critical pests in many  

countries especially those with humid environments (Pieńkowska, 2018). Land snails can feed upon 

vegetables, fruits and ornamental plants (El-Deeb et al., 1999) and cause damages by tucking leaves, 

fruits, seeds and tubers (El-Okda, 1984).  The glassy clover snails (M. cartusiana) were recorded 

extensively at expansive geographic areas at the Mediterranean regions and Southeastern Europe 

(Pieńkowska, et al., 2019).  

High population densities were detected infesting economic crops at Sharkia Governorate 

countryside, Egypt (Lokma, 2013).  M. cartusiana was reported to serve as an intermediate host for 

Müllerius capillaris (sheep lungworms), liver flukes (Dicrocoelium dendriticum, Taenia bothrioplitis 

(cestodes) and sheep lungworms Prostrongylus rufescens (Godan, 1983). 

 Chemical control applications are extensively used for controlling land snails although, they 

harm non-target organisms involving human (Gabr et al., 2006). Recently, several countries enhanced 

the use of plant extracts in pests control strategies owing to their high toxicity, low mammalian toxicity, 

low costs and fast biodegradability (Singh et al., 2000). 

 The molluscicidal activities of many plant extracts have been carried out such as Damsissa, 

Negrum, Cabbage, Datura and Pepper (Abd El-Karim ,2000),  Alocasia, Khella, Neem, Oshar, Santonica 

and Spotted-gum (Asran ,2001), Malabar nut tree, Common fleabane, Marsh fleabane and Lambs 

quarter( Ismail et al. ,2001),  Calotropis procera, Pelargonium graveolens, Ethulia conyzoides and 

Euphorbia milii (El-Tantawy et al., 2012), Ziziphus spinachristi and Ambrosia maritime ,( Abdel-

Haleem ,2013),Cumin, Golden shower, Umbrella, Olive and Pomegranate (Mourad (2014), Balanites 

aegyptiaca, ,Aloe secundiflra, Aspilia pluriseta and Amaranthus hybridus (Mwonga et al. ,2015) in 

addition to Neem, Tobacco, Nerium, Pongamia, Ginger, and Piper (Prabhakaran et al. ,2017). 

The crystalline ice plant (M. crystallinum) used in this study is native to Africa and Europe 

(Hartmann, 2002). Ice plant has been reported to improve the proliferation of keratinocytes and lipolysis 

(Deters et al., 2012). It has been found to contain a significant amount of D-pinitol, which has been 

reported to show potent anti-oxidant properties (Sivakumar et al., 2009), anti-diabetic (Lee et al., 2014), 

anticancer (Lin et al., 2001), and anti-inflammatory activities (Singh et al., 2001). 

The present study aimed to control the glassy clover snail M. cartusiana using poisonous baits 

containing Ice plant ethanolic extract as a natural and alternative solution instead of using deleterious 

chemical molluscicides. 

 

2. Materials and Methods 

 
2.1. Clover Snail's Collections and Acclimation 

https://en.wikipedia.org/wiki/Europe
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Adult snails of M. cartusiana were collected from fields cultivated with Egyptian clover from 

some villages at Sharkia Governorate, Egypt, during spring 2019. Snails were transferred to the 

laboratory and kept in glass aquaria (50 x 20 x 15 cm) contained moist clay soil with height of about 10 

cm . The cages were covered by muslin, tied with rubber to prevent snail from escaping. Snails were fed 

daily on fresh Lettuce leaves. 

 

2.2. Baits Formulation  

 

Ice plant was collected from El-Kassasin desert, Al-Ismailia Governorate, Egypt. Leaves were 

dried and ground into a fine powder using a pestle and mortar. The powder (50 g) was soaked in ethanol 

(600 ml) in a Sechelt apparatus for 3 days. Ethanol was evaporated by rotary until dark green extract 

was obtained. Poisonous baits were formulated by mixing ethanolic Ice plant extract with 5 g. sugar cane 

syrup and 95 g wheat bran.  

 

2.3. Experimental Design 

  

Adult clover snails were divided into three main groups; the first group used for toxicity tests was 

subdivided into 5 sub-groups and treated with different concentrations of Ice plant extract for 28 days. Four 

replicates were applied for each sub-group. The second group fed on baits containing LC25 of Ice plant extract 

for 14 days and used for enzymatic and histological investigations. The third group was left as control.  

 

2.4. Enzymatic Measurements 

 

Soft tissues were dissected out from both control and treated snails then homogenized in distilled 

water using a Teflon homogenizer. The homogenates were centrifuged at 5000 r.p.m. for 10 minutes at 5 ºC 

in refrigerated centrifuge. Deposits were discarded and supernatants were kept in a deep 

freezer until use. Activity of Amylase was measured according to (Ishaaya and Swiriski, 1976), activity 

of Protease according to, Gessesse and Gashe, (1997), AST and ALT levels were determined according to 

Reitman and Frankle, (1957). Alpha and Beta esterases assayed according to Van Asperen, (1962), while 

Phenoloxidase activity measured using the method of Ishaaya, (1971). All biochemical measurements were 

carried out in Plant Protection Research Institute, Zagazig, Egypt. 

 

2.5. Histological Studies 

 

The digestive glands of both control and treated snails with LC25 Ice plant extract for 14 days were 

dissected out and fixed in Bouin's fluid. Specimens dehydrated in a graded series of ethanol, cleared in Xylene 

for 20 minutes, impregnated in paraffin wax (three changes) at 60 ºC for 2 hours and embedded in paraffin 

wax. Sections (4-5 µm thick) were cut using microtome, mounted on glass slides and stained with 

Hematoxylin and Eosin. 
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2.6. Statistical Analysis 

  

Values of toxicological and biochemical studies were expressed as a mean ± SE. The obtained 

data were analyzed statistically for the significance of differences using student’s t- test (Goldstein, 

1964). 

 

3. Results and Discussion 

3.1. Toxicity Tests 

 

 Toxicological studies showed that snail mortalities increased with increasing of both Ice plant 

extract concentrations and exposure time. No mortalities occurred at the first day of all treatments. 

Exposure to 20% ethanolic extract of Ice plant caused 0.0, 6.6, 10, 36.6, 40 and 40% mortalities after 

1st, 3rd, 7th, 14th, 21 and 28 days of treatment, respectively, while 30% Ice plant extract caused 3.3, 10, 

23.3, 56.7, 70 and 70% respectively. The highest concentration (40%) Ice plant extract resulted in 0.0, 

6.7, 40, 70, 83.3 and 90%, respectively at the same time intervals. (Fig. 1). Many studies have been 

carried out to evaluate the molluscicidal effectiveness of some chemical, biocidal and plant extracts 

against the agriculturally harmful land snails (Heiba et al., 2002; Hegab, 2003; Abdel-Haleem, 2013; 

EL-Sayed et al., 2013; Sallam et al., 2016  and El-Gendy et al., 2019). Leaves of the Ice plant (M. 

crystalinum) reported to have anticancer, antioxidant and antimicrobial properties (Bouftira et al., 2012 

and Mohammed et al., 2012).  

 

 

Fig. 1. Histogram showing mortality percentages of M. cartusiana exposed to different concentrations 

of Ice plant extract for 28 days. 

   - Values are mean of samples ± SE 
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This study interested in using M. crystalinum ethanolic extract for controlling the glassy clover 

snail M. cartusiana. Toxicological studies showed that snail mortalities increased with increasing the 

concentrations of Ice plant extract and the time of exposure. Treatment with 20% caused 40% mortalities 

of snails and 30% extract caused 70% mortalities while 40% extract caused 90% mortalities after 28 

days of treatments respectively. The lethal effect of M. crystalinum may be due to the presence of 

bioactive compounds such as toxic tannins, triterpenes, methylphenols, alkaloids and saponins (Bouftira 

et al., 2010 and Doudach et al., 2013). 

 

 

3.2. Enzymatic Measurements 

 

3.2.1. Activities of amylase and protease 

Values of amylase were significantly decreased after treatment with LC25 (15.7%) Ice plant 

extract after the 1st and 7th days of exposure while after 14 days of treatment, amylase level increased 

with values less than control snails. On the other hand, the Ice plant extract inhibits protease levels after 

two weeks of exposure compared to control (Fig. 2). 

 

 
Fig. 2. Levels of Amylase and Protease of clover snails treated with LC25 of Ice plant extract for 14 days.     

 

 

3.2.2. Activities of aspartate and alanine aminotransferases (AST and ALT) 

Levels of AST were significantly elevated after exposure to LC25 of Ice plant extract and the 

highest level was recorded after 14 days of exposure compared to control. Activities of ALT were 

significantly increased after the 1st day of treatment, while their levels were slightly decreased gradually 

with increasing time of exposure but levels still higher than control (Fig. 3). 
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            Fig. 3. Levels of AST and ALT of clover snails treated with LC25 of Ice plant extract for 14 days.     

 

3.2.3. Activities of acid and alkaline phosphatases (ACP and ALP) 

ACP and ALP activities were highly significant increased after the 1st day of treatment with LC25 

of Ice plant extract, while, their values were decreased gradually after the 1st and 2nd weeks of exposure 

(Fig. 4). 

 

 
Fig. 4. Levels of Acid and Alkaline Phosphatases of clover   snails treated with LC25 of Ice plant extract 

for 14 days. 
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Fig. 5. Levels of α, β-esterases and Phenoloxidase of clover   snails treated with LC25 for 14 days. 

 

3.2.5. Activity of phenoloxidase 

Spontaneous increase was recorded in the activities of phenoloxidase after the 1st day of 

treatment. Phenoloxidase levels were decreased insignificantly after 7 and 14 days of exposure (Fig. 5). 

Enzymes are biological catalysts that accelerate the metabolic processes and investigation of changes in 

enzyme levels after toxicant exposure is necessary, since they are indispensable to most physiological 

processes (Bar-Even et al., 2011). Enzymatic estimations in this study showed that treatment  of snails 

with LC25 extract caused elevations of ALT, AST, ACP, ALP, α esterase and phenoloxidase levels while 

levels of amylase, protease and β-esterase were decreased compared to control snails. These results are 

in harmony with the findings of Beltagi et al. (2011) who reported an elevation of AST and ALT 

activities in treated snails with two botanical molluscicides.  Increments of AST and ALT levels may be 

due to intestinal and hepatic injury (Farkas et al., 2004). The gradual decline in ACP and ALP activities 

along two weeks of exposure in this study may be attributed to the anti-feedant effect of the extract and 

as a result decreases enzymatic synthesis. The obtained results was in agreement with Ademolu et al. 

(2013) who recorded decreased levels of amylase and protease in the gut of aestivated African giant land 

snails (Archachatina marginata). Protease activity was drastically decreased at higher concentrations of 

endosulfan and profenophos treated soils suggesting that this enzyme is rather sensitive to pesticides 

(Nasreen et al. 2012). Impairment of acid and alkaline phosphatases inhibits the fertility and fecundity 

competence at the mollusc population level (Hasheesh, et al., 2011).  LC25 Ice plant extract caused an 

increase in α- esterase while β-esterase activity was significantly decreased.  This result was in agreement 

with the findings of El-Gendy (2015) in aphids treated with Origanum vulgare extract. These results 

disagreed with the findings of Abd-El-Aziz (2014) who proved that the activity of α- esterase enzyme 

was inhibited while β-esterase activity was stimulated after treatment with chemical pesticides. 
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Increment in the activity of detoxification enzyme may result from the stress occurred on enzyme 

expression system for synthesizing new and higher amounts of detoxification enzymes (Wheeler and 

Isman, 2000). The decrease in activity of β-esterase may be due to the direct effect of toxicants 

(Kurappasamy et al., 2001).  

Phenoloxidase is an antioxidant enzyme and plays important role in the immune system of most 

invertebrates (Smith and Soderhall, 1991 and Soderhall and Cerenius, 1998).The activity of 

Phenoloxidases are stimulated after the entrance of exotoxins inside organisms (Lee et al., 1998). 

Phenoloxidase activity was significantly increased after the first day of treatment and this may be due to 

the high stress exerted by the tested molluscicides. These results are in conformity with Farrag et al. 

(2015) who stated that Phenoloxidase levels were significantly increased in treated 5th nymphal instar 

haemolymph of desert locusts.                                                                                  

 

                                                                                                                                                                                                                                                                                                                                                 

3.3. Histological Studies on the Digestive and Hermaphrodite Glands of M. cartusiana 

3.3.1. Control digestive gland  

The digestive gland of control M. cartusiana consists mainly of numerous digestive tubules 

separated by intertubular connective tissue containing hemolymphatic vessels and hemocytes. Each 

tubule covered with a thin circular muscle layer (plate I, fig. a). Three cell types forming the epithelial 

lining of digestive tubules. These cells are distinguished into digestive, excretory and calcium cells (Figs. 

b& c). 

Digestive cells:  Elongated columnar cells, possessed many vacuoles containing yellowish green 

granules and basally located rounded nuclei. 

Excretory cells:  Globular cells with large dark brown excretory granule and small oval nuclei (Fig. b). 

Calcium cells: Pyramidal shaped cells, filled with rounded calcium spherules (appeared as lighted 

bodies) and have and central rounded nuclei (Fig. c). 

The hermaphrodite gland (ovotestis) of M. cartusiana located between the digestive gland tissues 

and consists of numerous ovoid acini each is bounded by interacinar connective tissue containing 

interstitial cells. Each acinus is bordered by germinal epithelial layer and many Sertoli cells in between. 

Their lumens contain the developmental stages of spermatogenesis and oogenesis (Fig. d). The digestive 

gland of molluscs is involved in digestion of food, absorption beside storage of lipids, glycogen and 

minerals (Beeby and Richmond, 1988) and plays a major role in detoxication (Henry et al., 1991). 

Histological investigations showed that the digestive gland of M. cartusiana consists of three main cell 

types; digestive, calcium and excretory cells forming the epithelial wall of digestive tubules. This finding 

was in harmony with the finding of Lopes et al.( 2001) and of Heiba et al. (2002) . 
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Plate I. Photomicrographs showing section of the digestive and hermaphrodite glands of control M. 

cartusiana. (a): T. S. of control digestive gland showing the normal histological structure of digestive 

tubules (X 400).  (b&  c): sections of the digestive tubules showing the digestive, excretory and calcium 

cells (X 400). (d): Cross sections showing ovotestis acinus of control M. cartusiana containing different 

developmental stages of oocytes and sperms(X 400). ACN: Acinus of ovotestis; CC: Calcium cell; CS: 

Calcium spherules; DC: Digestive cell; DT: Digestive tubules; EC: Excretory cell; GE: Germinal 

epithelium; IAS: Interacinar space; ITC: Intertubular connective tissue; L: Lumen; LS: Luminal 

secretions; ML: Muscle layer; PO: Primary oocyte; Sd: Spermatids; SO:  Developing oocyte;; SP: 

Sperms; SR: Sertoli cell; YGG: Yellowish green granules. 

 

3.3.2. Histopathological abnormalities of treated snails 

Histological alterations were observed in the digestive gland of M. cartusiana after treated with 

LC25 of M. crystalinum for 14 days (plate II). The digestive tubules suffered from severe atrophy , 

vaculation and their lumens have little amount of digestive secretion Infiltration of hemocytes were 

frequently observed The circular muscle layers around some digestive tubules were damaged . The 

digestive cells contain many small dark granules and vacuolated cytoplasm. Calcium cells were 

deformed and contain increased numbers of calcium spherules. Large darkly stained granules were 

detected inside vacuoles of excretory cells while some excretory cells were deformed (Figs. a, b &c). 



Int. J. Modern Biol. Med. 2019, 10(1): 20-34 

 

Copyright © 2019 by Modern Scientific Press Company, Florida, USA 

29 

Acini of the ovotestis have ruptured germinal epithelium and oocytes were deformed (Figs. a & d). The 

present histopathological examinations of the digestive gland treated with LC25 Ice plant extract revealed 

tubular deteriorations, infiltration of hemocytes, vacuolated cytoplasm. In addition, acini of the ovotestis 

have ruptured germinal epithelium and deformed oocytes. These findings were in agreement with Abdel-

Haleem, (2014) who reported a marked inhibition of the various stages of gametogenesis of terrestrial 

slugs treated with Origanum syriacum. These findings were in harmony also with the finding of (Sharaf 

et al. 2015b) who revealed many histological changes in the digestive gland of Helicella vestalis after 

exposure to sublethal concentrations (LC25) of both Methiocarb and Chlorpyrifos. Reproductive cells 

deformations observed in the present study were in accordance with (Sharaf, et al. 2015a) who reported 

that 2.5 ppm Diazinon produced deterioration in the germinal epithelium and deformed sperms in M. 

cantiana. 

 
Plate I I. (a): Photomicrographs showing cross sections through the digestive and hermaphroditic glands 

of M. cartusiana treated with LC25 of ethanolic Ice plant extract for 14 days (X 100).  Fig.(b& c):  

Photomicrograph showing highly magnified sections through treated digestive gland (X 400) (d): T. S. 

of treated ovotestis showing deformed oocytes (X 400). Where:- CS: Calcium spherules; DBG: Dark 

brown granules; DCC: Deformed calcium cells; DDT: Deformed digestive tubules; DEC: Deformed 

excretory cells; DG: Dark granules; DML: Damaged muscle layer; DO: Deformed oocytes; HI: 

Hemocytic infiltration; ITS:  Intertubular space; L: Lumen; RGE: Ruptured germinal epithelium; TI: 

Intertubular infiltrate; V: Vacuoles; YBG: Yellowish brown granules.  
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4. Conclusion 

Mesembryanthmum crystalinum (Ice plant) extract showed a highly toxic impact against the glassy 

clover snails M. cartusiana and resulted in various physiological and histopathological disorders. Ice plant 

extract caused severe deformations of oocytes of clover snails and this may inhibit the flourishing of clover 

snail's populations at Sharkia Governorate. Applying this natural product in control programs of land snails is 

necessary instead of using harmful chemical mollucicides. Poisonous baits technique used in the present study 

considered as an effective in controlling harmful clover snails. 
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