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Abstract: High densities othe glassyclover snail{Monacha cartusiangwere recorded at

the last few years in large number of villages at Sharkia Governorate, Egypt. The present
study designed to control thégjriculturaldestructive pest using ethanolic extract of the Ice
plant Mesembryanthmum crystalim) using poisonous baits technigd@xicological tests
showed thaR0% of extract caused #®mortality of clover snails/hile 30% extract caused
70%mortality andthe highest mortality percentad#®$o) was recorded after treatment with

40% extract for 28 days. Enzymatic estimations showed that treatment wilextact
causecane | evati on i n ALT, ASTphenotoxidase levels &ftreatad e st er
snails while levelsch my | a s e, p-estetase avereedecaeasgumdare to control

snails. Histological investigationof the digestive gland of snails exposedL@ys of M.
crystalinum extract revealed that the digestive tubules suffered from sesadhalar
destructions, inflammatory infiltratand vaoulatiors. 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 environmgn® i e n k o w s lard, snais @&h 8epd upon
vegetables, fruits and ornamental plafiisDeebet al, 1999 andcause damages by tuckiteaves,
fruits, seeds and tubefg&l-Okda, 1984) The glassy clover snaildVi( cartusiang were recorded
extensively at expansive geographic areas at the Mediterranean regions and Southeastern Eurof
(Pi enkeial2019).

High population densitiesvere detected infesting economic crops at Sharkia Governorate
countryside, Egyp{Lokma, 2013). M. cartusianawas reported to serve as an intermediate host for
Miillerius capillaris (sheep lungworms), liver flukg®icrocoelium dendriticumTaeniabothrioplitis
(cestodes) and sheep lungworRrestrongylus rufescer(&odan, 1983)

Chemical control applications are extensively used for controlling land snails although, they
harm nortarget organisms involving hum#gGabret al.,2006. Recently, sewal countries enhanced
the use of plant extracts in pests control strategies owing to their high toxicity, low mammalian toxicity,
low costs and fast biodegradabil{{yinghet al, 2000).

The molluscicidal activities of many plant extracts have beenedaout such aPamsissa,
Negrum, Cabbage, Datura and Pegpéxd EFKarim ,2000),Alocasia, Khella, Neem, Oshar, Santonica
and Spottedyjum (Asran ,2001) Malabar nut tree, Common fleabane, Marsh fleabane and Lambs
quarte( Ismail et al ,2001) Calotrogs procera, Pelargonium graveolens, Ethulia conyzoided
Euphorbia milii (El-Tantawyet al, 2012) Ziziphus spinachristand Ambrosia maritime,( Abdel
Haleem ,2013Cumin, Golden shower, Umbrella, Oliamd Pomegranat@lourad (2014)Balanites
aegyptiaca ,Aloe secundiflraAspilia plurisetaand Amaranthus hybridugMwongaet al ,2015)in
addition to Neem, Tobacco, Nerium, Pongamia, Ginger, and (®pa&lbhakaraet al ,2017.

The crystalline ice plan{M. crystallinun) used in this study is native to Africa aBdirope
(Hartmann, 2002)ce plant has been reported to improve the proliferation of keratinocytes and lipolysis
(Deterset al, 2012).1t has beerfound to contain a significant amount ofdnitol, which has been
reported to show potent artkidant propertiesivakumaret al.,2009),antidiabetic(Leeet al, 2014)
anticance(Lin et al.,2001) and antinflammatory activitiegSinghet al.,2001).

The present study aimed to control the glassy clover Bhaihrtusianausing poisonous baits
containing Ice plant ethanolic extract as a natural and alternative solution instead of using deleterious

chemical molluscicides.

2. Materials and M ethods

2.1. Cloversnail's Collections andAcclimation
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Adult snails ofM. cartusianawere collected from fields cultivated with Egyptian cloW&m
somevillages at Sharkia Governorate, Egyptluring spring 2019. Snails were transferred to the
laboratory and &pt in glass aquaria (50 x 20 x 15 aroptained moist clay soil with height of about 10
cm . The cages were covered by muslin, tied with rubber to prevent snail from esSagilsgwere fed

daily on fresh Lettuce leaves.

2.2. BaitsFormulation

Ice plant was collected from E{assasin desert, Abmailia GovernorateEgypt Leaveswere
dried andyround into a fine powder using a pestle and mortar. The powder (50 g) was soaked in ethanol
(600 ml) in a Sechelt apparatus fbdays. Ethanol was evapoedtby rotary until dark green extract
was obtained. Poisonous baits were formulated by mixing ethanolic Ice plant eitdcy. sugacane

syrup and 95 gvheatbran.

2.3. ExperimentaDesign

Adult cdover snails were divided into three main grouge first group used faoxicity testswas
subdivided intdb subgroups and treated with different concentrationkefplantextract for 28 days. Four
replicates were applied for each sgioup. The second group fed baits containing Lgs of Ice plant extract

for 14 days and used fenzymatic andhistological investigations. The third grousleft as control.

2.4. Enzymatidleasurements

Soft tissues were dissected out from both control and treated snails then homogenized in dist
water using a Teflon homogenizer. The homogenates were centrifuged at 5000 r.p.m. for 10 minutes at
in refrigeratedcentrifuge. Deposits were discarded and supernatants were kept in a d
freezer untiluse Activity of Amylase wa measured according {tshaaya and Swiriski, 19763ctivity
of Protease according to, Gesseasd Gashe, (199/7AST and ALT levels were determined according to
Reitman and Frankle, (1957lpha and Beta esterases assayed accordiMamoAsperen, (199, while
Phenoloxidase activity measured using the methdshafaya, (1971)All biochemical measurements were

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

2.5. HistologicalStudies

Thedigestive glands of both contrahdtreatedsnailswith LC>s 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 X
for 20 minutes, impregnated in paraffin wax (three changes) @@ & 2 hours ath embedded in paraffin
wax. Sections % pm thick) were cutusing microtome, mountedon glass slides and stained with

Hematoxylin andzosin.
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2.6. StatisticaAnalysis

Values of toxicological and biochemical studies were expressed as a mean + SE aiirtes obt
data were analyzed statistically f otest(Golisteinsi gn
1964).

3. Resultsand Discussion

3.1. Toxicity Ests

Toxicological studies showed that snail mortalities increased with increasing of bqilarice
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
15t 39 70 14" 21 and 28 days ofd@ament, 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 intefivigis1). Many studes have been
carried out to evaluate the molluscicidal effectiveness of some chemical, biocidal and plant extracts
against the agriculturally harmful land sndiideibaet al, 2002; Hegab, 200AbdelHaleem, 2013;
EL-Sayedet al, 2013;Sallamet al, 2016 and El-Gendyet al.,2019).Leaves of the Ice plant
crystalinun) reported to have anticancer, antioxidant and antimicrobial properties (Beufita2012

and Mohammeaet al., 2012).
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Fig. 1. Histogram showing wrtality percentages &fl. cartusianaexposed to different concentrations

of Ice plant extract for 28 days.
- Values are mean of samples + SE
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This study interested in usiM. crystalinumethanolic extract for controlling the glassy clover
shail 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% &26sadralities
of snails and 3% extract caused 70% mortalities while 40% extraosed 90% mortalities after 28
days of treatments respectiveljhe lethal effect oM. crystalinummay be due to the presence of
bioactive compounds such as toxic tannins, triterpenet)ylphenolsalkaloids and saponins (Bouftira

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

3.2. Enzymatideasurements

3.2.1. Advities of amylase and protease
Values of amylase were significantly decreased after treatmentL@ih (15.726) Ice plant

extractafter the #and 7" days of exposure while afté# daysof treatmentamylaselevel increase
with values less than control snails. On the other hhedce plant extracinhibits protease levels after

two weeks of exposurempared to control (Fig.)2
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Fig. 2. Levels of Amylas and Protease of clovemailstreated with LGs of Ice plant extract for 14 days.

3.2.2. Activities obspartate andilanineaminotransferases (ASand ALT)

Levels of AST were significantly elevated after exposure tesldf Ice plant extract and the
highest level was recded afterl4 daysof exposure compared to control. Activities of ALT were
significantly increased after tHé'day of treatment, while their levelgereslightly decreasedradually

with increasing time of exposubeitlevelsstill higher than contrdlFig. 3.
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Fig. 3. Levels of AST and ALT of clovesnails treated with L§s of Ice plant extract for 14 days.

3.2.3. Activities oécid andalkaline phosphatases (ACP and ALP)
ACP and ALP activitiswere highly significant increasedterthe F'dayof treatment with_C2s

of Ice plant extragtwhile, their valuesveredecreased gradualgfter the #and 29weeks of exposure

(Fig. 4).
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Fig. 4. Levels ofAcid and Alkaline Phosphatasetclover snails treated with l€of Ice plant extract
for 14 days.

324Act i viti esterasds U and b
Treatments withL.Cos Ice plantextract causedlighti n c r e a stezasdevelsalong ¢he two

weeks ofexperimentwhile b-esterasectivitiesweredecrease significanty compared t@ontrol (Fig.

5).
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Fig. 5. Levels ofa, 3-esteraseandPhenoloxidasef clover snails treated with LEfor 14 days.

3.2.5. Activity ophenoloxidase

Spontaneousncreasewas recordedn the activites of phenoloxidaseafter the 1% day of
treatmentPhenoloxidase levelseredecreased insignificantly aftérand 14 daysf exposurgFig. 5.
Enzymes are biological catalysts that accelerate the metabolic processes and investigation of changes
enzyme levels after toxicant exposuraécessary, since they are indispensable to most physiological
processe¢Bar-Evenet al.,2011) Enzymatic estimations in this study showed that treatment of snails

withLCxse xt ract caused el evati ons ophenddxidase \iedsSvhile ACP
levels ofa my | as e, p-esterfase avereedecacasampared to control snails. These results are

in harmony with the findings of Beltagit al. (2011) who reported an elevation of AST and ALT
activities in treated snails with two botarlicaolluscicides.Increments of AST and ALT levels may be

due to intestinal and hepatic injuffyarkaset al, 2004) Thegradual decline in ACP and ALP activities

along two weeks of exposure in this studsgy be attributed to the arfidgedant effect of the extract and

as a result decreases enzymatic synthesis. The obtained results was in agreendelgmuathet al
(2013)who recorded decreased levels of amylase and protease in the gut of aestivededyfsnt land
snails(Archachatina marginata)’rotease activity was drastically decreased at higher concentrations of
endosulfan and profenophos treated soils suggesting that this enzyme is rather sensitive to pesticide
(Nasreeret al. 2012).Impairmentof acid and alkaline phosphatases inhibits the fertility and fecundity
competence at the mollusc population level (Hashestsdl,, 2011). LCoslce plant extract caused an

I ncr e aesset e rna sesterasd activiy wgs significantly decreaselis Tesult was in agreement

with the findings of EiGendy (2015) in aphids treated wiflriganum vulgareextract These results
disagreed with the findings @tbd-El-Aziz (2014)wh o pr oved t h aésterase enzyme t i v

was i nhi biestende aegtivity Was stifhulated after treatment with chemical pesticides.
Copyright © 2019 by Modern Scientifleress Company, Florida, USA
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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 erf¥yheser and

Isman, 2000) The decr eas-esterase mayde due totthe diedt eff@ct of toxicants
(Kurappasamt 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, 1988) activity of
Phenoloxidases are stimulated after the entrance of exotoxins inside orgéreenet al, 1998).
Phenoloxidase activity was significantly increased after the first day of treatmehisanty be due to
the high stress exerted by the tested molluscicides. These results are in conformity witletFalrrag
(2015) who stated that Phenoloxidase levels were significantly increased in tféatgughal instar

haemolymph of desert locusts.

3.3. HistologicalSudies on thdigestive andHermaphroditeGlandsof M. cartusiana

3.3.1. Control digestive gland

The digestive gland of contrdll. cartusianaconsistsmainly of numerousdigestive tubules
separated by intertubular connective tissue containing hemolymphatic vessels and hemocytes. Eac
tubulecoveredwith a thincircular muscle layei(plate 1, fig. a).Three cell type$orming the epithelial
lining of digestive tubules. These cells are distinguished into digestive, excretory and calcigifigsells
b& c).

Digestive cells: Elongated olumnar cells, possessed many vacuaestaining yellowish green
granules anthasally located rounded nuclei.

Excretory cells: Globularcellswith large dark brown excretory granwdad smalbval nuclei(Fig. b).
Calcium cells: Pyramidal shaped cellsfilled with rounded calcium spheruleappeared as lighted
bodies) and have am@ntral roundeduclei(Fig. c).

The hermaphrodite gland (ovotestisMfcartusiandocated between the digestive gland tissues
and consists of numerous ovoid acini each is bounded by interacinar connectivecdissuaing
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 oogenesig (leiglighstive
gland of molluscs is involved idigestion 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.afartusianaconsists 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 al( 2001) and oHeibaet al. (2002).
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Plate I. Photomicrographs showgnsection of the digestive and hermaphrodite glands of ca¥itrol
cartusiana (a): T. S. of control digestive gland showing the normal histological structure of digestive
tubules (X400). (b& c): sections of the digestive tubules showingdhgestive, excretory and calcium
cells(X 400).(d): Cross sections showing ovotestis acinus of coMralartusianacontaining different
developmental stages of oocytes and sperms(X ATN: Acinus of ovotestis; CC: Calcium cell; CS:
Calcium spherulespPC: Digestive cell; DT: Digestive tubule&€C: Excretorycell; GE: Germinal
epithelium; IAS: Interacinar spacdTC: Intertubular connective tissué.: Lumen; LS: Luminal
secretionsML: Muscle layer; PO: Primary oocyte; Sd: Spermatids; SQevelopingoocyte;; SP:
Sperms; SR: Sertoli cell;8G: Yellowishgreengranules.
3.3.2. Histopathological abnormalities of treated snails

Histological alterationsvereobserved in the digestive glandMf cartusianaafter trea¢dwith
LC2s of M. crystalinumfor 14 days (plate IlI). The digestive tubules suffered from severe atrophy
vaculation and their lumens have little amountdajestivesecretion Infiltration of hemocytes were
frequently observed The circular muscle layers around some digestive tubules were daifeged
digestive cells contain many small dark granules and vacuolated cytoplasm. Calciurwerells
deformed anccontain inceased numbers of calcium spherules. Large darkly stained granules were

detected inside vacuoles of excretory cells while some excretory cells were de{bigsed,b &c).
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Acini of the ovotestis have ruptured germinal epithelamdoocytes were deformgéigs.a& d). The
present histopathological examinations of the digestive gland treated witlce@lant extraatevealed
tubular deteriorationsnfiltration of hemocytes, vacuolated cytoplasm. In addition, acini of the ovotestis
have ruptured germihapitheliumanddeformed oocytes. These findings weragneement witibdel
Haleem, (2014yho reported a marked inhibition of the various stages of gametogenesis of terrestrial
slugs treated witOriganum syriacumThese findings were in harmony alsihathe finding of(Sharaf

et al. 2015b)who revealed many histological changes in the digestive glahlafella vestalisafter
exposure to sublethal concentrations 4)@f both Methiocarkand Chlorpyrifos. Reproductive cells
deformations observed in the present study were in accordancéShittaf et al.2015a)who reported

that 2.5 ppm Diazinon produced deterioration in the germinal epithelium and deformed spBtms in

cantiana
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Platell. (a): Photomicrographs showing cross sections through the digestive and hermaphrodsic gland
of M. cartusianatreated with LGs of ethanolic Ice planéxtractfor 14 days(X 100). Fig.(b& c):
Photomicrograph showing highly magnified secsithroughtreateddigestive gland (X 400)d): T. S.

of treated ovotestis showing deformed oocytes (X 4Adere: CS: Calcium spherules; DBG: Dark
brown granules; DCC: Deformed calcium cells; DDT: Deformed digestive tubules; DEC: Deformed
excretory cells; DG: Darlgranules; DML: Damaged mscle layer;DO: Deformed oocyt HI:
Hemocytic infiltration; ITS: Intertubularspace; L: Lumen; RGE: Ruptured germinal epithelium; TI:
Intertubular infiltrate; V: Vacuds;YBG: Yellowish brown granules.
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4. Conclusion

Mesembryanthmum crystalinufite plant) extract showed highly toxic impactagainst the glassy
clover snailsM. cartusianaand resulted in varioughysiological anchistopathological disorders. Ice plant
extract caused severe deformations of oocytesovkclsnails and this may inhibit the flourishing of clovel
shail's populations at Sharkia Governoratpplying this natural product in control programs of land snails
necessarynstead of using harmfuhemicalmollucicides Poisonous bait®chniqueusedin the presenstudy

considered asreeffectivein controlling harmful clover snails
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