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The use of pesticides is widespread in agricultural activities. These pesticides may contaminate the
irrigation and drainage systems during agricultural activities and pests’ control and then negatively
affect the biotic and abiotic component of the polluted water courses. The present study aimed to
evaluate the effect of the pesticides diazinon and profenofos on some biological activities of
Biomphalaria alexandrina snails such as fatty acid profile, some antioxidant enzymes like thioredoxin
reductase (TrxR), sorbitol dehydrogenase (SDH), superoxide dismutase (SOD), catalase (CAT) as well as
glutathione reductase (GR) and lipid peroxidation (LP) and protein patterns in snails' tissues exposed for

4 weeks to LCjyo of diazinon and profenofos. The results showed that the two pesticides caused
considerable reduction in survival rates and egg production of treated snails. Identification of fatty acids
composition in snails' tissues treated with diazinon and profenofos pesticides was carried out using gas
liguid chromatography (GLC). The results declared alteration in fatty acid profile, fluctuation in percent
of long chain and short chain fatty acid contributions either saturated or unsaturated ones and a
decrease in total lipid content in tissues of snails treated with these pesticides. The data demonstrate
that, there was a significant inhibition in the activities of tissues SOD, CAT, GR, TrxR and SDH in tissues
of treated snails while a significant elevation was detected in lipid peroxidation as compared to the
normal control. On the other hand, the electrophoretic pattern of total protein showed differences in
number and molecular weights of protein bands due to snails' treatment. It was concluded that the
residues of diazinon and profenofos pesticides in aquatic environments have toxic effects on B.
alexandrina snails.
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INTRODUCTION

Pesticides are ubiquitous contaminants of the environ- insecticides, rodenticides and others (Bakry et al., 2011;
ment and have been found in samples from air, soil, Nasri et al., 2012).

water, and human and animal tissues all over the world. The use of pesticides may engender biological effects
These cover a wide range of compounds used in pest beyond those for which they were originally manufactured
control, such as fungicides, herbicides, molluscicides, (Al- Saleh, 1994). Agricultural insecticides may interfere
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in the life, reproduction and infection of snail vectors of
schistosomiasis when they reach water bodies (Rawi et
al.,, 1994; Asgarpanah and Ramezanloo, 2012).
Pesticides may play an important role in the
disappearance of snail vectors on reaching water bodies
as residues from pesticide activities and consequently
hindering schistosomiasis transmission in these sites
(Abdel Kader and Sharaf EI-Din, 2005).

Diazinon and profenofos are among the currently used
organophosphorus pesticides in agricultural activities.
They inhibit the activity of acetylcholinesterase (ChE)
which is important for nervous system functions (Van
Cong et al.,, 2006). Diazinon was highly toxic to the
snakehead fish (Channa striata) in the Mekong River
Delta, Vietnam, with a 96-h median lethal concentration
(LCs0) of 0.79 mg/L, and caused long-term ChE inhibition
(Alahyary et al., 2008). In rats, diazinon intraperitoneal
administration damaged their testis germinal epithelium
leading to spermatogenesis failure after 36 h, then
infertility can appear (Cabaj et al., 2010). Profenofos is
moderately toxic to birds and has low mammalian toxicity
with good insecticidal properties (Tomlin, 1997). Also, it
induced apoptosis and necrosis in cultured human
peripheral blood lymphocytes under in vitro conditions
using the DNA diffusion assay (Das et al., 2006; Alam et
al., 2012).The present study aims to evaluate the impact
of the pesticides Basudin and Selecron against some
biological activities of Biomphalaria alexandrina snails, in
addition to the fatty acid profile, antioxidant enzymes and
protein pattern in their tissues.

MATERIALS AND METHODS

Snails

B. alexandrina snails (6 to 8 mm) from laboratory bred colony in
Medical Malacology Department, Theodor Bilharz Research
Institute (TBRI) were used. The snails were daily fed oven dried
lettuce leaves and blue-green algae (Nostoc muscorum).

Tested pesticides

Diazinon (Basudin, 62% E.C.) is an organophosphorus insecticide
0,0-diethyl O-[6-methyl-2-(1-methylethyl)-4-pyrimidinyl]
phosphorothioate, while profenofos (Selecron, 72% E.C.) is an
organophosphorus insecticide, O-4-bromo-2-chlorophenyl O-ethyl
S-propyl phosphorothioate. Diazinon and profenofos were from the
Plants Protection Center, Ministry of Agriculture, Dokki, Giza, Egypt
(Figure 1).

Bioassay tests
Molluscicidal screening

A stock solution of 500 ppm was prepared from each pesticide
(diazinon and profenofos) on the basis of V/V using dechlorinated
tap water (pH 7.0 to 7.5). A series of concentrations (0.5, 1, 1.5, 2,
2.5, 3 and 4 ppm) that would permit the computation of LCso and

Basudin

Selecron

Figure 1. Chemical structure of pesticides of Basudin and Selecron.

LCe values were prepared from each compound (WHO, 1965).
Three replicates per each concentration and control were used (10
snails/L). Exposure period was 24 h each at 25 + 1°C. The
effectiveness for each pesticide has been expressed in terms of
LCso and LCso (Litchfield and WiLcoxon, 1949).

Effect of prolonged exposure to the two pesticides on snails’
egg-laying capacity and survival rate of B. alexandrina

B. alexandrina snails (6 to 8 mm) were continuously exposed for 4
weeks to LCs and LCio of diazinon (1.40 and 1.90 ppm) and
profenofos (0.64 and 0.75 ppm) pesticide, respectively. Fresh
concentrations were weekly prepared. Three replicates, each of 10
snails/L, were prepared for each concentration, another three of the
control snails were maintained in dechlorinated water (25 + 1°C).
Each aquarium was provided with one piece of polyethylene sheet
for oviposition (Pellegrino and Goncalves, 1965). The eggs lay on
these sheets and on the wall of the aquaria were weekly counted
using a stereomicroscope and a hand lens. Dead snails were
removed from the aquaria and the number of alive ones at the end
of each week was recorded. The parameters used to express the
efficiency of the tested compounds are Lx, that refers to survival
ship or the ratio of surviving snails in each week as a fraction of the
correct one (1.0 = 100%), Mx represents the egg laying capacity or
the mean number of eggs per snail per week, LxMx refers to the
product of Lx x Mx in each week and the Ro is the reproductive rate
at the end of the experiment (3 LxMx).

Biochemical parameters

The present experiment aimed to determine protein pattern and the
activities of some antioxidant enzymes in tissues of B. alexandrina
snails treated with the experimental pesticides. Adult snails (8 to 10
mm) were continuously exposed for 4 weeks to LCio of diazinon
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Table 1. Molluscicidal activity of the Basudin and Selecron pesticides against Biomphalaria alexandrina snails.

Pesticide LCo(ppm) LCs(ppm) LCio(ppm) LCo2s(ppm) LCso(ppm) LCo (ppm) Slope
Basudin 0. 46 1.40 1.90 2.30 3.10 4.90 1.60
Selecron 0.21 0.64 0.75 0.91 1.10 1.50 1.30

(1.90 ppm) and profenofos (0.75 ppm) pesticide. Fresh concentra-
tions were weekly prepared. The snails were fed oven dried lettuce
leaves and dead ones were daily removed. The survived snails,
after that, were washed thoroughly with water, their soft parts were
dissected out from their shells, weighed and homogenized in cold
distilled water (pH 7.5) at 1 g : 10 ml (w/v) using a glass
homogenizer for 5 min. The homogenates were centrifuged 15 min
at 3000 rpm at 4°C and the fresh supernatant was used to
determine the protein pattern (Marchat et al., 1994; Laemmli, 1970)
and activities of the antioxidant enzymes glutathione reductase
(Erden and Bor, 1984). Catalase (Monhanty et al., 1997),
superoxide dismutase (Nishikimi et al., 1972), lipid peroxidation
(Buge and Aust, 1978), sorbitol dehydrogenase (Bergmeryer, 1974)
and thioredoxin reductase (Arnér and Holmgren, 2000). Kits for
enzymes assay were bought from Quimica Clinica Aplicada S. A.
(QCA) Ltd.

Fatty acid profile

The whole soft tissues of treated snails with LCio0 of diazinon and
profenofos, respectively and control ones were subjected for
evaluating the fatty acid (Higgs and Sherma, 1990).

Isolation of native lipids

Lipids were extracted from snails tissues with 10 to 14 ml of
chloroform-methanol (2:1). The extracts were filtered through a plug
of glass wool contained in a pasture pipette and non-lipid
contaminants were removed by extraction with 8 to 1 0 ml of Folch
wash (0.88% aqueous KCI solution). The lipid-containing lower
phase separated and evaporated just to dryness under a stream of
nitrogen at room temperature. The total lipid sample was dissolved
in approximately 30 ml methanol and 0.5 to 1.0 ml concentrated
sulfuric acid was added. The mixture was refluxed for 1 h, the
formed fatty acid methyl esters was extracted with 30 to 40 ml
petroleum ether (40 to 60°C), and the extract dried over anhy-drous
sodium sulfate. The fatty acid methyl esters were concen-trated in a
Rotor evaporator at 40°C and the volume was reduced to 1 ml. One
microlitre of each concentrated test solution was injected into gas
chromatography (GLC) using a 10 pl syringe (Fried et al., 1991).
GLC analysis was performed in the National Research Center (Unit
of central services) Dokki, Cairo, Egypt.

Lipid analysis by GLC

The GLC analysis of fatty acid methyl esters was carried out using
a Hewlett-Packard Model 5890-A gas chromatograph fitted with a
polar (Supelcowax TM1o) fused silica capillary column (30 m x 0.32
mm) (Supelco, Inc., Bellefonte, PA), flame ionization detector, and
data processor. The helium carrier gas was used at a pressure of
12 psig, and the injection port, column, and detector temperatures
were maintained at 220, 210 and 220°C, respectively. GLC peaks
were identified by comparison with the retention times of fatty acid
methyl ester standards (obtained from Sigma Chemical Co., USA)
and cold liver oil fatty acid methyl esters.

Identification of peaks by GLC representing lipids with different
numbers of double bonds was confirmed by comparison of the Rr
values of standard and samples separated by argentation thin layer
chromatography (TLC) (Morris, 1962). Silica gel layers containing
9% (w/w) silver nitrate were developed with diethyl ether-hexane
(2:9) mobile phase, and lipid zones were detected by spraying the
plate with 2,7-dichlorofluorescein and inspection under 254 and 366
nm ultraviolet (UV) light. Quantitative results were determined by
area normalization, in which the percentage of each component
was calculated from the percent of the total area represented. Total
lipid of control and treated snails were estimated according to the
method of Zollner and Kirsch (1962).

Statistical analysis

Values of biochemical result were expressed as a meanz standard
error (SE). The obtained data were statistically analyzed for the
significance of differences between treated and control groups
using student "t" test (Goldstein, 1964).

To calculate percentage band in protein pattern sharing, the
bands observed in a given lane were compared with those in other
lanes of the same gel. Enlarged photographs of the gels with bands
of snails' protein pattern were examined and the principal bands
were scored. A similarity matrix was constructed on the basis of the
presence/absence of bands between all possible pairs in an
analysis group using the Dice similarity coefficient (Dice, 1945)
using the formula: S = 2a/2a + b + c; where a is the number of
bands shared between organisms 1 and 2, b is the number of
bands present in 1 but not in 2 and c is the number of bands
present in 2 but not in 1. Fatty acid profile was analyzed by one
way analysis of variance with Costat Computer Program.

RESULTS

From the present data (Table 1), it was noticed that, LCgg
values of the diazinon and profenofos were 4.9 and 1.5
ppm, respectively against B. alexandrina snails after 24 h
of exposure. It is seen, also, that profenofos as a
pesticide was more toxic to B. alexandrina snails than
diazinon by about three folds.

As shown in Table 2, the survival rates (Ly) of snails
exposed to LC1g of profenofos or diazinon were sharply
suppressed throughout the experimental period (4
weeks). Thus, Ly values of these snail groups were 0.2
(20% survival rate) post 3 weeks of exposure, compared
to 100% survival rate for control group (Lx = 1.0).

Moreover, no snail could survive at the tested
concentrations by the 4th week (100% death).

For snails' fecundity (My), it was highly reduced for

snails exposed to these pesticides, as the number of
eggs/snail/week at the 3rd week of the experiment was

0.2 and 0.5 eggs for snails exposed to LCs from diazinon
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Table 2. Survival rate (Lx) and fecundity (Mx) of Biomphalaria alexandrina snails after 4 weeks of continuous exposure to suble

Basudin and Selecron.

Concentration Observation period (week, x) Ro Y LxMx
(ppm) 1 2 3 4 (reproductiv
PP Lx Mx  LxMx  Lx Mx  LxMx Lx Mx LxMx  Lx Mx  LxMx rate)
Control 1.0 85 85 1.0 5.0 5.0 1.0 10 100 1.0 6.0 6.0 29.5
Basudin 0.46 1.0 0.0 0.0 06 1.5 0.9 04 05 0.2 0.0 0.0 0.0 1.1
1.4 1.0 0.0 0.0 05 1.0 0.5 02 1.0 0.2 0.0 0.0 0.0 0.7
Selecron 0.75 1.0 1.0 10 05 0.0 0.0 05 1.0 0.5 0.0 0.0 0.0 15
091 1.0 0.0 0.0 04 0.0 0.0 0.2 0.5 1.0 0.0 0.0 0.0 1.0

and profenofos, respectively, compared to 10
eggs/control snail. Moreover, treated snails
ceased egg-laying at the 4th week of the experi-
ment. Therefore, the reproductive rate (Ry) of
treated snails was highly reduced from that of the
control group. The reduction rates in this para-
meter (Ro) for snails treated with these pesticides
were > 94%, which means that the population size
of such treated snails will be minimized;
consequently hindering schistosomiasis
transmission is expected.

The pattern of protein profile identified by
sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) for tissues of B.
alexandrina snails exposed to diazinon and
profenofos pesticides is as shown in Figure 3.
Data in Tables 3 and 4 as well as in Figure 3 show
that the protein profile of untreated B. alexandrina
composed of 16 protein bands. This profile
reduced to 13 and 11 bands after treatment of B.
alexandrina with diazinon and profenofos,
respectively. The molecular weights of these
bands for snails treated with diazinon ranged from
113.3 to 25.06 KDa and those for profenofos
treatment ranged from 114.58 to 27 KDa.

Table 3 and Figure 3 show the appearance of

bands in treated snail groups and disappearance
of others in comparison with control group. For
snails treated with diazinon, 10 bands dis-
appeared (116.75, 105.75, 102.63, 93.84, 80.50,
53.68, 47.18, 44.16, 38.41 and 27.5 KDa), while 9
bands appeared (113.3, 90, 61.22, 50.76, 46.58,
42.49, 37.98, 27 and 25.06 KDa). Similar pattern
was recorded for snails treated with profenofos as
8 bands appeared (114.58, 90, 82.68, 50.76,
43.36, 39.73, 36.10 and 27 KDa). There are four
shared bands (72.53, 56.04, 36.10 and 30.87
KDa) that appeared in protein profile of the control
and snails treated with diazinon, while three
shared band (69.25, 56.04 and 40.49 KDa)
appeared in protein profile of the control and
snails treated with profenofos. The shared bands
seemed not to be affected by the pesticides in
spite of the variation shown in their percentage of
protein. The present results showed qualitative
and quantitative differences in protein pattern
between treated and control snails.

The current results (Table 4) indicated that the
similarity index (S) was higher in the case of
snails treated with diazinon than those treated
with profenofos (0.28 and 0.22, respectively)
indicating that profenofos had strong effect than

diazinon on prot
Results listed in
that the data
significant inhibi
and a significa
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Table 3. Tissues protein fractionation of Biomphalaria alexandrina snails treated for 4 weeks with

Basudin and Selecron (pesticides).

Marker (KDa) Control Basudin (1.9 ppm) Selecron (0.75 ppm)
KD % KD % KD % KD %
- - 116.75 8.62 - - - -
116 12.2 - - - - - -
- - - - - - 114.58 14
- - - - 113.3 14 - -
- - 105.75 2.05 - - - -
- - 102.63 2.07 - - - -
- - 93.84 2.86 - - - -
90 13.7 - - 90 10.2 90 14.3
- - 80.50 14.2 - - - -
- - - - - - 82.68 3.77
- - 72.53 3.50 72.53 10.10 - -
- - 69.25 4.55 - - 69.25 15.55
- - - - 61.22 2.10 - -
58 20.7 - - - - - -
- - 56.04 13.3 56.04 3.63 56.04 15.11
- - 53.68 7.0 - - - -
- - - - 50.76 10.72 50.76 7.71
- - 47.18 13.40 - - - -
- - - - 46.58 3.84 - -
45 19.5 - - - - - -
- - 44.16 1.81 - - - -
- - - - - - 43.36 5.5
- - - - 42.49 3.34 - -
- - 40.49 5.34 - - 40.49 5.34
- - - - - - 39.73 15.26
- - 38.41 2.67 - - - -
- - - 37.98 14.06 - -
36.5 9.20 - - - - - -
- - 36.10 2.52 36.10 12.02 - -
- - - - - - 36.10 2.86
- - 30.87 5.46 30.87 2.46 - -
- - 275 10.35 - - - -
- - - - 27 12.2 27 13.2
26.6 24.1 - - - - - -
- - - - 25.06 13.93 - -
Suminlane 100 - 100 - 100 - 100
Bands - 16 - 13 - 11 -

species. In general the major component of the FFA
fraction were Cis.0, C16:0, C16:1, C17:0, Cis:1, Cig:2, Cig:3 and
Ca0:0. It was shown that, control snails have ten saturated fatty
acids: Cg, Cg, C10, C12, C14, C15, C16, C17, C18 and Coo and five
polyunsaturated fatty acids: C14:1, C16:1, C18:1,

Cis:2 and Cig:3. Exposure of snails to LC1o of diazinon
and profenofos induced remarkable alterations in the

percentages of fatty acids contributions in their tissues.
Thus, the area percentages of some fatty acid in snails'

tissues were significantly elevated than those of the
control group, e.g. the saturated fatty acids C12:0, C14:0,
Ci7:0 and Cig:0, While the profile of sex fatty acids were
significantly reduced, three are saturated Cg.o, Co:0 and
Ci1s:0 and the others are polyunsaturated C1g:1, C1g:2 and
Cig:3. Furthermore, one saturated (Cis:0) and two
polyunsaturated (C14:1 and C16:1) fatty acids were not

detected in tissues of snails treated with diazinon and
profenofos. The current data indicate that, the mean
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Table 4. Dice’s similarity coefficient (*S) of the protein profile bands
between control snails and snails treated for 4 weeks with Basudin and
Selecron (pesticides).

Parameter Control Basudin Selecron
Control 1 0.28 0.22
Basudin 0.28 1 0.33
Selecron 0.22 0.33 1

*S = 2 a/l2a + b + ¢, where: a = the number of shared bands between two
individuals; b = the bands present in the 1st and not in the 2nd, and ¢ = the
bands present in the 2nd and not in the 1st.

E Basudin H Selecron
80 -
Q |
? 60
§ m 40 T
— : 20 .
S (&)
f:% °\° 0 T T T T T T |
) -20 -
-40 -
-60 i | —— | —— L e— | ——  ——
SOD CAT GR LP TrxR SDH

Figure 2. Changes (%) of some antioxidant enzymes, (thioredoxin reductase (TrxR ),
sorbitol dehydrogenase ( SDH ), superoxide dismutase (SOD), catalase (CAT), glutathione
reductase (GR) and lipid peroxides(LP) in soft tissues of Biomphalaria alexandrina
exposed to LCio of Basudin and Selecron (pesticides) for 4 weeks.

Figure 3. Tissues protein fractionation of Biomphalaria alexandrina snails treated with Basudin
and Selecron (pesticides) for 4 weeks. A= Snail treated with 1.9 ppm Basudin pesticide, B =
Snails treated with 0.75 ppm Selecron pesticide, C = Cotrol and M= Marker KDa.
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Table 5. Antioxidant enzymes in tissues of Biomphalaria alexandrina snails post 4 weeks of continuous exposure to Basudin and

Selecron (pesticides).

Control 1.9 ppm Basudin 0.75 ppm Selecron
Parameter
Mean+SD Mean+SD Change (%) Mean+SD Change (%)

Superoxide dismutase (SOD) 0.068+0.12 0.052+0.05 23.53 0.035+0.08** 48.53
Catalase (CAT) 77.2+4.3 62+5.8* 19.69 43+2.3£0.4** 44.30
Glutathione reductase (GR) 0.44 +0.6% 0.22+0.3** 50 0.17+0.5* 61.36
Lipid peroxides (LP) 10.4+0.45 13.8+0.84* -23.69 16.2+0.66** - 55.77
Thioredoxin reductase (TrxR)| 0.48+0.08 0.22+0.04* 54.17 0.13+0.05*** 72.92
Sorbitol dehydrogenase (SDH)[ 0.031+0.07 0.020+0.062** 35.48 0.0084+0.043** 72.90

*P<0.05; *P<0.01; ***P<0.001. Values are means+SD of six replicates. Values are pmol/min/mg protein while lipid peroxide is in ug/g tissue.

Table 6. Area percent of fatty acid contributions in tissues of B. alexandrina
snails treated for 4 weeks with Basudin and Selecron (pesticides).

. Basudin Selecron
Fatty acid (%) Control 1.9 ppm 0.75 ppm
Caprylic (Cso) 0.62+0.22  0.25:0.01*  0.19+0.02%
Pelargonic (Coo) 0.12¢0.06  0.085:0.003"* 0.070+0.001*
Capric (C10:0) 0.14+0.03  0.31:0.05%*  0.148+0.06*
Louric (C120) 0.27+0.01  8.00+1.33%+  3.00+0.19%*
Myristic (C140) 023011  5.100£0.67%*  50£1.00
Myristolic (Cia4:1) 3.97+0.50 N.D N.D
Pentadecylic (Ciso) ~ 10.90+8.22  2.904#0.56 **  2.50£0.45
Palmatic Cico 19.65 +4.80 N.D N.D
Palmitoleic Cis:1) 8.47+0.79 N.D N.D
Margaric (C170) 27.78+2.38  40.23+2.90*  44.0+4.90%*
Stearic (Cis.) 2753:0.20  5.52+1.88%%*  7.10+ 0.90%*
Oleic (Cis:1) 11.60+3.10  3.66£0.22¢*  2.092+0.80%
Lenoleic (Cis:2) 11.89+2.18  5.40+1.10%*  11.00+1.90%
Lenolenic (Cis:3) 9.08+1.3 3.00:0.80*  2.30+0.5 5+
Arachidonic (Coo0) ~ 5.98+0.80  1.5040.40%%  0.10£0.006""
Chain length” 14.43:058  10.99+0.99*  10.67+0.87**
us*® 64.16+ 11.58°  44.90+12.30*  45.45+10.10*
Total lipid 0.45:0.01°  0.090.002%  0.09+0.003*

**P<0.01; ***P<0.001. Values are meanszSD of six replicates. Values are
expressed as moles percentages. Total lipid is expressed in mg/dl. Mean chain

length

: is defined as }fi ci, where fi is the mole fraction and ci is the number of

carbon atoms of fatty acids. USI™ Unsaturation index and is defined byy mi ni,
where mi is the mole percentage and ni is the number of carbon —carbon double

bonds of fatty acids.

chain lengths, unsaturation index and total lipid content
were significantly reduced in tissues of B. alexandrina
snails post pesticides treatments.

DISCUSSION

At present, control of the snail intermediate host of
schistosomiasis by molluscicides is the best available

method for effective and quick reduction of the disease
transmission. Although there are many chemicals applied
to control the snails' hosts of schistosomiasis, the ideal
molluscicide had not yet been found (WHO, 1965). This
makes the search for an acceptable new molluscicidal
agent an essential target.

The present results showed profenofos to be more toxic
to the snails than diazinon. This data agreed with Youssef
(2010) observations on the toxicity of profenofos
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and diazinon to B. alexandrina snails. This difference in
the efficacy of the tested pesticides against the snails
could be due to the differences in their pathways of
penetration inside the treated organism, as well to
differences in their mode of action on the target organ
(Etges and Guilberton, 1966).

The survival rates of adult B. alexandrina snails were
markedly reduced post continuous exposure for 4 weeks
to the sublethal concentrations of the present tested
pesticides (Profenofos and Diazinon). Similar observa-
tions were noticed by Sharaf EI-Din et al. (2004) using the
herbicide dithiopyridine carboxylic acid, by Mahmoud
(2006) using the insecticides: regent and mimic, by Abdel
Raouf (2007) using the insecticide, by Esmaeil (2009)
using the fungicide. However, Serrano et al. (2002)
reported that Biomphalaria glabrata snails exposed to
hydrocortisone had long survival periods than control
group.

The reproductive rate (Ro) and fecundity (My) of adult
B. alexandrina snails, in the present study, were sharply
decreased by their exposure for 4 weeks to profenofos
and diazinon. The reduction of these parameters for
treated snails could be attributed to their high mortality
rates, different periods of ceasing oviposition during the
experimental period and deteriorations in the activities of
antioxidant enzymes (SOD, CAT, GR, peroxidation, TrxR
and SDH), fatty acid profile and protein patterns in snails'
tissues which means a damage to the snails' cells that
interrupt their physiological activities, suppressing their
oviposition (My) and the reproductive rate (Ro) (El-Ansary
et al., 2001; Ibrahim, 2006; Youssef, 2010).

The present results indicated that LC1g of diazinon (1.9
ppm) and profenofos (0.75 ppm) had qualitative and
guantitative effects on the protein patterns of snails' soft
tissues. The electrophoretic pattern of the native proteins
revealed difference in the number and molecular weights
of protein bands compared to control snails. These
differences indicated that the tested pesticides caused
intensive molluscicidal effects that induced fractionation
of the native protein. This report was previously recorded
by Bakry et al. (2011) who found that deltamethrin and
malathion had qualitative and quantitative effect on the
protein patterns of Helisoma duryi snails. Furthermore,
treated groups with the present pesticides showed less
number of protein bands indicating that the pesticides
were thought to induce damage for these snails. Protein
changes due to snail treatment with plant extracts were
previously detected by many authors (Rawi et al., 1993;
Aly et al., 2004; El-Sayed, 2006). Accordingly, the
fractionation of native proteins into bands different from
that of the control may be attributed to changes that
occurred in DNA of the treated snails (El-Sayed, 2006).

The present study showed a significant reduction in
SOD, CAT, and GR with a significant increase in lipid
peroxidation activities in the tissue of snails treated with
diazinon and profenofos. Since the complex mechanism

of lipid peroxidation is known to require the participation
of highly reactive oxygen and other reactive metabolites
in the chain of biochemical reaction, thus, in any part of
the body where these free radicals are produced, lipid
peroxides are in turn increased. Such phenomenon was
previously reported by El-Rigal et al. (2006) and Botros et
al. (2007).

At the same time, GSH is drastically depleted in the
tissue such depletion is critical, as shown by the
increased cytotoxicity of H,O2 in endothelial cells, as a
result of inhibition of glutathione reductase, which keeps
glutathione in its reduced state (El-Rigal et al., 2006).

These results are in a good agreement with results of
Mittelstaedt et al. (2004) who suggested that, nuclei and
mitochondria acted as major targets of toxic action,
probably by increasing the generation of free radicals,
lipid peroxidation and DNA adducts formation.

Thioredoxin systems, involving redox active thiore-
doxins and thioredoxin reductases, sustain a number of
important thioredoxin-dependent pathways. These redox
active proteins support several processes crucial for cell
function, cell proliferation, antioxidant defense and redox-
regulated signaling cascades (Elias, 2009). Our data
showed a significant statistical inhibition of tissue enzyme
TrxR in treated shails as compared to the normal control
group, indicating cellular damage mainly due to leakage
of this enzyme from tissue into the hemolymph stream as
a result of liberation of free radical and oxidative process
(Soliman et al., 2007).

Quantitative analysis of the present study revealed the
presence of, 15 different fatty acids detected in treated B.
alexandrina with tested pesticides. In general, the major
components of the FFA fraction were Cis.0, C16:0, C16:1,
C17:0, C18:1, C18:2, C1s:3 and Czp.0. The present results
are concerned with marked depletion in the level of long
chain fatty acids (Cis:0, C18:1, C1s:2, C18:3 and C20:0), while
enhancement of C17:0 and C1g:¢ in either saturated or
unsaturated B. alexandrina snail post pesticide treat-
ments. Moreover, depletion of some long chain and short
chain fatty acids may be explained on the basis that
reduction in rates of glucose metabolism in the snails
was balanced through the stimulation of triglyceride
hydrolysis and fatty acid oxidation (Ahmed and El-
Ansary, 1994; Leo et al., 2010). These may be explained
on the basis that, these effective pesticides could have
immunosti-mulatory effect through induced lysine amino
acids which is considered as a critical importance in
inducing parasite killing by hemocytes of molluscicides-
treated snails (Soliman et al., 2007).

Intermediate host B. alexandrina snail was shown to
have high contribution of poly-unsaturated fatty acids
(PUFA) Cig:1, Ci1s:2 and Cig:3. These high contributions
of PUFA in B. alexandrina may be explained by the
presence of considerable elongation and instauration
activities in the snail. Treatment of the intermediate host
with the pesticides produced obvious reduction in these



fatty acid contributions which is considered as index of
disturbances in elongation, instauration process of fatty
acid and inhibition of activity of intermediate host (Abdel
Raouf, 2007). In addition, C1g:2 (linoleic acid) availability
is considered as an aspect of biochemical adaptation.
Being in an environment or medium rich with linoleic acid
may be considered as a prerequisite for the schistosoma
parasite to be transformed into Cercariae more efficient
for penetration and development in the final host
(Soliman et al., 2007; Randall et al., 1992; Marcel et al.,
1994) suggested that, polyunsaturated fatty acids and
prostaglandins play a role in the physiological response
to hypoxia. Reduced level of these contributions (C1g:1,
Cis:2, C1g:3) and lower unstaturation index (USI) in snail-
treated plants may be important to un-adapt condition
that prevent aerobic-anaerobic transition induced by the
schistosoma parasite.

It is well known that, fatty acid pattern of the molluscan
hosts is of great importance for developing parasite; in
this concern, Fukushima et al. (1993) reported that
arachidonic acid (Cog:0) metabolized to prostaglandin E2

(PGE>) by intermediate host B. alexandrina shail. PGE 2
is known to suppress the functions of mononuclear cells
and immune system of the intermediate host to enable
the development of parasite inside the host. Low
percentage contribution of arachidonic acid post different
treatment of pesticides leads to decrease in the level of
PGE> and enhancement in immune system of the host
that in turn overcome parasite development.

In conclusion, treatment of B. alexandrina snails with
sublethal concentrations of the two pesticides were
effective in altering the fatty acids profile of this snail
species which could contribute to the disturbance in
biochemical mechanisms and impairment of shail egg
laying capacity.

Conclusions

Aquatic environments can be contaminated with residues
of diazinon and profenofos pesticides that result from
their application in agricultural activities having toxic
effects on B. alexandrina snails. It may be concluded that
exposure of B. alexandrina snails to low concentrations of
diazinon and profenofos led to depletion of the fatty acid
profile and antioxidant enzymes in tissues of these snails.
Changes in physiological activities of snails are mostly
responsible for reduction of egg production and the high
rate of mortality in treated snails.
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