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Abstract

Laboratory studies have been carried out
on the toxic effects of three different
pesticides namely, Diazinon, Lambda-
cyhalothrin and Methomyl as poisonous
baits against the land snail, Monacha
cantiana. The activities of five vita
tissue enzymes, as Catalase (CAT),

Malondialdehyde (MDA), Aspartate
transaminase (AST). Alanine
transaminase(ALT) and Alkaline

phosphatase (ALP) were examined after
exposure of these snails to LCsy (5ppm)
of the tested pesticides for 96hr. Results
showed clearly that all sublethal
concentrations of tested pesticides lead to
a significant increase in the activities of
the enzymatic levels within tissues of
treated snails. On the other hand, LCys
(2.5 ppm) of Diazinon was found to
produce severe histopathol ogical
alterations in the hermaphrodite gland of
M. cantiana, including, deterioration in
germinal  epithelium of the acini
spermatocytes as well as reduction in
numbers of sperms which are inhibited to
develop to the late stages of maturity.
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1l ntroduction

In Egypt, the land snail, Monacha cantiana
became one of the most important agricultural
pests causing substantial damages to different

crops in the Egyptian Nile Delta, Mediterranean
coast and new reclaimed lands Genena (2003).
The importance of terrestrial gastropods as crop
pests has greatly increased, and in the process
demands for effective control has outstripped the
development of chemical control measures
Ebenso et al.,(2005). Control of snails on
different crops was heavily dependent on the
use of pesticides that limit the effect of these
pests below damaging level. The synthetic
pesticides are the most effective measures
avalable at present for controlling terrestrial
gastropods Zedan et a., (2006). However, some
of these pesticides were environmentally very
stable, which meant that the risk of
accumulation was very high, and as a result,
permission to use them as pesticides has been
restricted Ohayo et a.,(1997). Thus, we are in
need for new and safe pesticides with different
mode of actions.

Diazinon is a nonsystemic organophosphate
insecticide formerly used to control insects and
agricultural pests (Sharom et al., 1980) and Geller
et a., 2003). Diazinon was highly toxic to
snakehead fish Chianna striata, with a 96h LC50
of 0.79 mg/L and caused long-term AChE
inhibition (Alahyary et a., 2008). Residues of
Diazinon and Profenofos pesticides
affected antioxidant enzymes and caused a
reduction in survival rate in treated
Biomophalaria alexandrina snails (Bakry et
a., 2013). Pyrethroids , including Lambda
cyhalothrin, disrupted functions of the nervous
system of insects and caused paralysis or death. It
is highly toxic to many fish and aquatic
invertebrates (Vijverberg and van den Bercken



1982). Carbamate pesticides were known to act
as nerve toxins by inhibition of cholinesterase
(Wilkinson, ,1976) and Young, and Wilkins
,1989). Methomy! is a carbamate insecticide and
is highly toxic to humans (Imevbore and Ajayi
,1993). Methomyl is used as an ovicide against
cotton bollworms and budworms  (Howard
,1991). The enzymes selected in this studyl to
evaluate the toxic effects of the tested pesticides
were (CAT), (MDA), (AST), (ALT) and (ALP).
Catalase is a common enzyme found in nearly all
living organisms exposed to oxygen and protects
the cell from oxidative damage (Go6th and Bigler
,2001). Maondialdehyde (MDA) is a marker for
oxidative stress. Malondialdehyde results from
lipid peroxidation of polyunsaturated fatty acids
and the degree of lipid peroxidation can be
estimated by the amount of malondialdehyde in
tissues (Davey et al., 2005) and  Felix
Wréblewski et al., 1956). Aspartate transaminase
(AST) is widely distributed in anima and
commonly measured clinically as biomarkers for
liver health (Ghouri et a., 2010). Alkaline
phosphatase (ALP) is a hydrolase enzyme
responsible for removing phosphate groups from
many types of molecules, including nucleotides,
proteins, and alkaloids (Arceci et a., 2006). In
this study, LC25 of Diazinon was tested to reveal
its histopathological effect on the ovotestis of M.
cantiana because of its direct effect on
reproductive organs. In rats, intraperitoneal
administration of Diazinon damaged their testis
germinal epithelium leading to spermatogenesis
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failure after 36h and resulted in infertility
(Cabgja et al., 2010). Severe damages occurred in
the hermaphrodite gland of B. alexandrina treated
with both Albendazode and Nitazode pesticides
(El-Enain et al., 2015). The present study was
conducted to evaluate the effects of sublethal
concentrations of three different pesticides
applied as baits against M.cantiana, namely,
Diazinon (organophosphate), Lambda-
cyhaothrin  (pyrethroids) and  Methomyl
(carbamate) on the activities of five vital
enzymes.

2 Material and Methods

Tested snails: Adult snails of M. cantiana
were collected from infested gardens and
field crops in Zagazig city, Sharkia
Governorate, Egypt, during the spring
period of 2015. The collected snails were
transferred in  plastic bags to the
laboratory, then kept in five plastic
cages (40x30x30 cm, with 20 individuals /
cage) filled with moist sterilized sandy
loamy soil 1:1 (v:v) and fed on fresh leaves
of lettuce for 14 days to be laboratory
acclimatized.

Tested Pesticides: LCs (5 ppm) of three
different pesticides with chemically
different groups were tested according to
Genena et a., 2003. Their trade names,
common names, chemical groups and
chemical structures are listed in Table (1).

Table (1): List of tested pesticides, their common names, trade names, chemical groups and chemical

structures.
Common name Trade name Chemical group Chemical structure
Diazinon Diazinon (60% Organophosphate "?““H-l-fc' f2
E.C) L
Hoe™ = o B2 oHy
Lambda- Karate 20% EC Pyrethroid & 2
cyhalothrin &
L2 = - S
P S o i
i - e = = {:I’\ i
L\ o -Z‘LN
M ethomyl Lannate (90% Carbamate T = =
W.P) ey o,
=
H4io B (] o
;l_ql- T = :-

Experimental design: The experiment
took place under laboratory conditions at
22+1°C and 60+2% R.H. The three pesticides
were applied as baits against the land snails.
Ten adult snails with similar sizes were
transferred from stock culture to plastic
cups 10 cm-diameter filled with 100 g

moist sterilized sandy: loamy soil 1:1 (v:v).
Each cup was covered with muslin cloth
held by rubber bands. Biochemical studies
were made after 96 h of treatment.

Biochemical studies

Sample preparation: After 96 h of
exposure to LC50 of tested pesticides,




shells of tested snails were removed by
making a cut around the whorls in a
continuous manner, starting at the
aperture opening using a scissor. Broken
fragments of the shells were carefully
removed. Snail tissues were dissected,
homogenized and centrifuged at 8000 rpm
for 15 min. a 5°C in refrigerated
centrifuge. The deposits were discarded
and the supernatants were kept in a deep
freezer till use to determine the levels of
(CAT), (MDA), (AST), (ALT) and (ALP) in
tissues of control and treated snails.

Biochemical measurements:

CAT activity was assayed by the
method of Aebi (1984). The activity of
ALT and AST were determined
according to the procedure of Reitman and
Frankel (1957). (ALP) was measured
according to Simko (1991). Hepatic (MDA)
was analyzed according to Uchiyama and
Mihara (1978). All biochemical
measurements were determined by
using kits in the unit of micro-chemical
analysis at National Research Center,
Giza, Egypt.

Histological Studies:

Hermaphrodite glands of M. cantiana,
either control or Diazinon treated snails for
7 days, were dissected out and fixed in
Bouin's fluid. The fixed samples were
dehydrated in a series of ethanol, cleared
and embedded in paraffin wax. Sections of
5um thickness were cut, stained with
haematoxylin and eosin and examined with
abinuclear microscope.

Statistical analysis: Data were
calculated as Mean +SD and analyzed
using analysis of variance technique

(ANOVA) followed by L east
Significant Difference (LSD).
Probability of 0.05 or less was

considered significant. All statistical
anaysis was done by CoHort Software
(2004).

3 Reaults

Activity of Malondialdehyde (MDA):
Table(2) showed clearly that Methomyl
was found to be the most effective
pesticide in increasing the level of MDA
enzyme in tissue homogenate of M.
cantiana followed by Lambda-cyhalothrin and
Diazinon, respectively. On the other hand,
Diazinon did not cause significant
differences between control and treated
snails.
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Activity of Catalase enzyme (CAT):
Data in Table (2) indicated that, CAT
activity was increased in M. cantiana after
treatments with all tested pesticides. There
were significant differences in enzymatic
levels of treated snails and control.
Methomyl and Lambada induced the
highest increase in catalase activity,
respectively. Diazinon was found to
produce the lowest increase level.

Activity of Alanine transaminase (ALT) Table
(2) showed that all tested pesticides increased the
level of (GPT) when applied against the land snail,
M. cantiana. Whereas, Diazinon caused the lowest
increase level and induced no dSgnificant
differencein the activity of this enzyme.

Activity of Aspartate transaminase
(AST): Table (2) indicated that Methomy!l
cause the highest increase level in the
activity of (AST) followed by Lambda
cyhaothrin . While, Diazinon, caused
the lowest activity of (AST) compared to
control.

Activity of Alkaline phosphatase
(ALP): The activity of akaine
phosphatase @ (ALP) in the tissue

homogenate of the land snail M. cantiana
was represented in Table (2). Data
indicated that all tested pesticides
significantly increased the levels of this
enzyme. Methomy! treated snails had the
highest increase levels of (ALP).

Histology of the hermaphrodite gland of
M .contiana

Untreated snails:

The hermaphrodite gland (ovotestis)
is located in the posterior part of visceral
mass and is partly embedded in the
digestive gland. It is composed of a large
number of oval or rounded acini (A) in
which male and female gametes are developed
(Fig.1). The acini correlated with spermatogenesis
are separated by connective tissue (CT).
Spermatogonia (SG) are differentiated from the
germinal epithelium (GE) and their supporting
Sertoli cells (SR) wusualy arranged in
clusters. They are often found along the
wall in the proximal part of the acinus
(Fig.2). Spermatogonia are small rounded
cells, increase in number and develop into
primary and secondary spermatocytes.
These rounded cells developed into
elongated cells, spermatids (SPR), which
developed into spermatozoa(S). Long-tailed
spermatozoa accumulated within the lumen
(L) of acini (Fig. 3).

Treated snailss The present result
showed severe damages in the histology of
hermaphrodite gland of M. cantiana after
exposure to 2.5ppm of Diazinon pesticide.



The acini of the ovotestis suffered from many
histopathological alterations (Figs.4,5,6). The
ovotestis exhibited severe disruption of
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Some acini appeared to have few stages of
male gametes. The spermatogenic cells in
most of the acini had affected or probably

germinal  epithelium, their supporting inhibited to develop to the late stages of
Sertoli cell (SR) and reduction in the

spermatogenesis (Fig.6)
intensity of sperm (S) within the acini.
Table (2): Enzymatic levels (means+ S.D.) in theland snail, M. cantiana tissues exposed to 5ppm of
three different pesticidesfor 96h.:

Charact MDA CAT ALT AST ALP
(n mol/ g) (U/g) (U/L) (U/L) (1U/ g)
reatment
156.3+3.3 0.18 + 0.04 20.13+14 26.7+24 13.6+2.9
Control
o 160.9 + 2.02 024 +0.01 | 23.03+24 | 274+18 13.8+ 0.3
Diazinon
L ambda- 189.8" +0.8 036 +02 | 274°+08 | 379 +19 | 187 +09
cyhalothrin
245.4" + 258 041°+003 | 288" +15 | 403" +19 | 225" +19
M ethomyl

Asterisks denote a significant (P < 0.05).
Malondialdehyde (MDA), Catalaze (CAT), Alanine transaminase (ALT), Aspartate transaminase (AST) ,
Alkaline phosphates (ALP).

Figure (1): Photomicrograph in the hermaphrodite gland of untreated M. contiana indicating many
acini connected with connective tissue (CT) and lined with germinal epithelium (GE ), filled with
different stages of spermatocytes (SPE), and mature sperms (S). (X=100)

Figure (2): Photomicrograph in the hermaphrodite gland of untreated M. contiana snails showing the
normal structure of an acinus including germina epithelium (GE), Sertoli cell (SR), spermatogonia,
different stages of spermatocytes (SPE), These rounded cells developed into elongate cell,
spermatids (SPR), which developed into spermatozoa(S). (X=200)
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Figure (3): Photomicrograph in the hermaphrodite gland of untreated M. contiana snails showing a
highly magnified acinus surrounded by connective tissue (CT) and germinal epithelium (GE), Sertoli cell
(SR), spermatogonia, different stages of spermatocytes (SPE), spermatids (SPR), and clusters of
mature sperms (S) in the lumen (L). (X=400)

Figure (4): Photomicrograph in the hermaphrodite gland of M. contiana treated with 2.5ppm Diazinon
showing, destruction of germinal epithelium (GE) , Sertoli cells(SR), spermatids (SPR), and few

scattered sperms (s). (X=400)
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Figure (5): Photomicrograph in the hermaphrodite gland of M. contiana snails treated with 2.5ppm

Diazinon showing that spermatids(SP) are inhibited to reach maturity and sperms (S) decreased in
numbers and have bizzar shaped. (X=400)
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Figure (6): Photomicrograph in the hermaphrodite gland of M. contiana snailstreated with 2.5ppm
showing destruction of germinal epithelium (GE) and reduction in sperm numbers (S). ( X=400)

4 Discussion

The obtained results in this study provided
that the tested pesticides caused alterations
in some biochemical and histopathological
targets which could lead to serious
metabolic and cellular damages. In generdl,
the three pesticides affected the activities of
five vital enzymes, when applied against
the tested land snail M. cantiana. The
present study revealed also that sublethal
concentrations of tested pesticides increased
the activities of (CAT), (MDA), (AST),
(ALT) and (ALP) in the tissue homogenate.
Transaminase enzymes; AST and ALT are
not solely located in hepatocytes but also
in many body organs. (AST/ALT ratio) are
commonly measured clinically as biomarkers for
liver headth (Ghouri et da., 2010). Also, the
elevation in their activities could be due to
a variety of conditions including muscle
damage, intestinal and hepatic injury and
toxic hepatitis (Farkas et al., 2004). (AST)
increment levels after exposure to pesticides in
this study was in accordance with Felix
Wréblewski et al., (1956) who found that (AST)
activity increases two to 20 times following acute
myocardial infarction, and may rise to 20 to 500
times norma in acute hepatitis due to toxins.
Bakry et al., (2013) reported that exposure of
Bulinus truncatus to sub lethal concentrations of
glyphosate for two weeks increased the activities
of lipid peroxidase (LP), sorpitol dehydrogenase
(SDH) and transaminases

Accordingly, the present elevations in the
activities of (AST ) and (ALT) enzymes in
tissues of treated M. cantiana could be
partially due to cell injury of their different
organs and this may be led to
disturbances in their enzymatic systems
(Mahmoud ,2006). These results support the

findings of Radwan et al., (1992) who found
that carbamate compounds lead to
significant elevation of the activity of (AST
and ALT) when applied against the land
snail Theba pisana. Thus, the deviation of
both enzymes activities out of the normal
range could lead to biochemical
impairment and lesions of the tissues and
cellular functions.

Alkaline phosphatase (ALP) is a hydrolase
enzyme responsible for removing phosphate
groups from many types of molecules, including
nuclectides, proteins, and alkaloids. (Arceci et al.,
2006). Mixed-function oxidase (MFO) an
enzyme complex found in animals that
oxidize toxic compounds to render them.
This enzyme is localized in hepatopancreas
in invertebrates. The present study
indicated that Metaldehyde compounds
caused an increase in the level of
(MFO) in tested land snails.
Malondialdehyde (MDA) increased levels in this
study isamarker for oxidative stress. Thisfinding
is in agreement with Davey et a., (2015) who
mentioned that (MDA) results from lipid
peroxidation of polyunsaturated fatty acids and
the degree of lipid peroxidation can be estimated
by the amount of malondialdehyde in tissues.
Carbamate compoundswas found to be the
most inhibitory compounds to AchE
when applied against the land snail, M.
cantiana. These results support the finding
of Radwan et a., (1992) who found that some
carbamate compounds such as methiocarb
induced reductions in the activity of AchE
in the land snail, Eobania vermiculata.
Also, Daoud (2010) indicated that
carbamates gave a significant decrease in
AchE activity in the two land snails,
Cochlicella acuta and Succinea putris.



Bakry et al., (2013) reported that residues of
Diazinon and Profenofos pesticides
affected fatty acid profile, antioxidant
enzymes, protein patterns and  caused
reduction in survival rate and egg
production in treated B. alexandrina snails.
The results indicate that sublethal
concentration of Diazinon, has a toxic
effects and cellular damages of the
ovotestis of M. contiana. This cellular
damage could be correlated with the
disturbed enzyme activities in the present
study. The present result showed severe
damages in the hermaphrodite gland of M.
cantiana after exposure to sublethal
concentration of Diazinon pesticide. The
acini of the ovotestis suffered from many
pathological alterations. Some acini appeared
to have few stages of male gametes. The
spermatogenic cells in most of the acini had
affected or probably inhibited to develop to
the late stages of spermatogenesis. Oocytes
were not observed in the acini. The
ovotestis exhibited severe disruption of
germinal epithelium and reduction in the
intensity of sperm within the acini. The
present results are in line with the
observation of Mohamed (2000) on the
freshwater snail B. alexandrina who found
that the pesticide abamectin, inhibits the
gametogenesis inhibition of the
gonadotropic hormones (EI Gohary et a.,
2011). The pesticides may greatly suppress
the secretion of steroidal sex hormones
responsible for maturation of the
hermaphrodite gland and stimulation of
gametogenesis (El-Nahas, 1998). El-Feky et
a., (2009) studied the physiological and
histopathological effect of Tributyletin on
Lymnaea natalensis and Physa acuta, the
result showed that exposure to two weeks
and six weeks the ovotestis exhibited not
only a severe disruption of germ cells
formation but also reduction in the intensity
of sperm and follicle within the acini of
both treated snails. El-Enain et a., (2015)
revealed severe damages in the hermaphrodite
gland of B. alexandrina treated with both
Albendazode and Nitazode pesticides .This
indicates that Diazinon pesticides cause a
high degree of cessation of gametogenesis
and sterility in the land snail M. contiana
causing infertility and limitation of its
population density.
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