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ABSTRACT

Schistosomiasis is considered as one of the most important trematode disease of man. The most.
important goal of the present study is to use the natural plants as cheaper and available sources
for snail control. The present investigation concerned with the evaluation of toxicological, biclogical
and physiclogical effects of water suspension, cold water and boiled water extracts of Agave filifera
whole plant, Ammi majus flowers and leaves and Canna indica flowers and leaves comparing with
the effect of different sulphate compounds. The present work revealed that, copper sulphate as well
as the water suspension of Ammi majus flowers and leaves disclosed the most potent effect on the
cumulative mortality after 8 weeks exposure periods. Also, egg laying capacity and egg hatchability
of Biomphalaria alexandrina snails were affected with the exposure to CuS0O, and water
suspension of Ammi majus flowers. The sublethal doses (LC,)) of copper sulphate and water
suspension of the tested plants reduced the total protein and total lipid contents of the hemolymph
of B. alexandrina snails. The activity of transaminases enzymes as well as acetylcholinesterase
had been affected by the exposure to the sublethal doses of copper sulphate and the water
suspension of the tested plants. Also, histopathological changes were recorded in hermaphrodite
gland of B. alexandrina snails post 6 weeks of exposure,

Key words: Biomphalaria alexandrina, Sulphate salts, Agave filifera, Ammi majus, Canna
indica, toxicological, biological, biochemical effects

INTRODUCTION

Schistosomiasis is considered on of the most fatal and drastic disease of human (Mostafa and
(rad, 1997). It 1s also one of the most prevalent endemic diseases in tropical and subtropical regions,
where it is spreading as the cultivated areas increase (Ernould et al., 2004). It is estimated to infect
about, 207 million people worldwide and 700 million pecple are at risk in 74 endemie countries and
more than 80% of all people infected with schistosomes are in sub-saharan Africa (WHO, 2010).

Schistosomiasis mainly affects the genito-urinary and gastrointestinal systems and produces
a variety of clinical syndromes depending on the anatomic location of the adult worms and the egg
released. Some symptoms of schistosomiasis include fever, arthralgias, abdominal pain, bloody
diarrhea and hematuria. Ultimately, patients develop hepatosplenomegaly, ascites and
lymphadenopathy (Nour, 2010). The disease i1s debilitating causing marked weakness, physical
and mental retardation, thus it is not only affecting the health but alse leads to reduction of the
income of the individual, the family and the national productivity in general (Sow ef al., 2002;
Anosike et al., 2003),
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In Egypt, schistosomiasis 1s not only a prime health problem, but it is also an economic one, as
it affects millions of farmers at the early age, diminishing their productivity and exerting a serious
sociceconomic problem (Yousif et al., 1998).

The causative agents of human disease are trematodes of genus schistosoma among which
there are five principal species; 5. haematobium, 5. mansoni, S. japonicum, 5. mekongt and
S, intercalation. S. haematobium affects both urinary and reproductive tract systems, where as the
four other species impact the hepatic and gastrointestinal system (Schmitt, 2006).

The species of schistosomes have similar life cycles and develop over sucecessive stages; egg,
miracidium, sporocyst, cercaria and adult. The basic life cycle has an alteration of generations; the
sexual generation of adult schistosomes in the definite vertebrate host and an asexual
multipheation in a mollusean intermediate host (Behrman, 2008). After passing ova into water by
the final host, the ova hatch in freshwater hberating free swimming miracidia, which penetrate the
suitable snail, where they metamorphose into primary and secondary sporocytes and finally
cercaria which are liberated into fresh water {(Jourdan et al., 1990),

In Egypt, schistosomiasis is transmitted to man by two intermediate hosts, Biomphalaria
alexandrina for Schistosoma mansoni and Bulinus truncates for Schistosoma haematobium
{Badran, 1996). Farghaly (1992) confirmed the endemicity of 5. mansoni and the low prevalence
of 5. haematobium infection in Delta region in Egypt. Also, according to Abdel-Wahab et al. (1990),
5. mansoni is a series endemic disease, affecting nearly half of the population.

Schistosomiasis control has been attempted in several ways, chemotherapy, vector elimination,
improved sanitation and health education (WHO, 2010). However, the successful control of this
problem should be based on an integral approach including the control of intermediate host snails
{Kenawy and Rizk, 2004; De S Luna et al., 2005),

Snail control may be achieved by physical (Me Cullough, 1986), chemical (Masola et al., 2003)
and biological methods (Kloos et al., 2001; Rashed, 2002).

Chemical control by molluscicides is performed by using different compounds (Tantawy, 2006;
Essawy et al., 2009; Kristoff ef al., 2010). However, high costs of chemical molluscicides, the possible
built up of snail resistance to molluscicides and their toxicity to non target organisms has drawn
much attention during recent years for the use of plant molluscicides. As reported by several
investigators, these represent cheap, safe, locally produced, biodegradable and effective agents
in rural areas of developing countries where schistosomiasis is endemic (Bakry et al., 2002;
Mantawy et al., 2004; Nihei et al., 2005; Jaiswal and Singh, 2008; Al-Daihan, 2010},

The present study was carried out in order to search for ideal source alternative to
chemotherapy and synthetic melluscicides. So we investigate the effect of some natural plants
{Agave filtfera whole, Ammi majus flowers and leaves and Canna indica flowers and leaves) as
molluscicidal agents and comparing their effects with sulphate salts (CuS0,, ZnS0O,, Fe, (30,), and
(NHp, 50) against Biomphalaria alexandrina snails,

MATERIALS AND METHODS

Date and location of research: The research was conducted in Physiology Research lab of Prof,
Dr. Sayed Mohamed Rawi in Zoology Department, Faculty of Science, Cairo University, (ziza,
Egypt in the period between May 2009 and Dec. 2009,

Animals: Snails used in the present study were adult Biomphalaria alexandrina (12-15 mm in
diameter and 0.34-0.52 g in weight), the intermediate host of Schistosoma mansoni in Egypt. These
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snails were collected from the irrigation and drainage networks. The collected snails were kept,
under laboratory conditions according to the method described by Shoeb and El-Emam (1976) and
modified by El-Emam and Ebeid (1989), in dechlerinated tap water of pH = 720.4 for one month
before being used in experiments. Lettuce leaves were added daily as a food source.

Tested molluscicides

Chemical molluscicides: Copper sulphate (Cu80,5H,0), ferric sulphate (Fe, (50,),H,0), zine
sulphate (Zn50,.7H,0) and ammonium sulphate (NH_),S0,) are supplied by El-Nasr company for
chemicals and Drugs, Egypt. Stock solution of 1000 ppm of each sulphate salts was prepared in
distilled water on the basis of weight/velume and then series of concentrations were used in the
experiments.

Experimental plants: The experimental plants used in this study were:

Agave filifera: It belongs to family Agavaceae. It was collected during full growing seascn
(March-April) from El-Fayoum Governorate.

Ammi majus: It belongs to family Apiaceae. The plant was collected during the flowering stage
from KEl-Fayoum Governorate during March and Aprl.

Canna indica: It belongs to family Cannaceae. The plant flowers and leaves were collected from
certain localities arcund Giza Governorate during November and December.,

Experimental design: The various extracts of the tested parts of the chosen plants; Agave filifera
{(whole plant), Ammi majus (flowers and leaves) and Canna indica (flowers and leaves) were
prepared directly in a series of concentrations that permit the computation of L.C,, and LC,, value.
Also, stock solutions of sulphate salts were prepared according to the method described by
Oteifa et al. (1975) and then series of concentrations were used to determine LC,,. The exposure
period was 24 h.

Death of snails was determined by many ways (Oteifa ¢t al., 1975). The standard method in
which the snails were immersed two or three at a time in 15-20% scdium hydroxide in petri-dish
was used, if bubbles and bleod come out of the shell, it is recorded as alive, if not it is recorded as
dead snails.

The sublethal coneentration (LC,;)) of the most effective promising materials based on the
recorded LC,, values are used to study their long term effects (6 weeks) on different parameters
including survival and cumulative mortality, egg laying capacity, egg hatchability and some
biochemical parameters (Total protein, total lipid, transaminases and acetylcholinesterase) in
hemolymph. Contrel snails were maintained under the same experimental conditions without
exposure to the tested substances.

At the end of the experiment, hemolymph was pooled from 30 large snails as described by
Figueiredo ef al. (1973). The snails were wipped dry with a cloth, a small window was scratched in
the shell in the vicinity of the heart, the mantle was pierced with a needle and the hemolymph
collected with a pipette to which a small rubber bulb had been attached (Abdel-Kader and
Tantawy, 2000). The snails were dissected and hermaphrodite glands were removed and fixed for
histological examination.
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Methods
Handling and preparation of plant materials: The plant used Agave filifera (whole plant),
Ammi majus (flowers and leaves) and Canna indica (flowers and leaves) were collected from the
field then transferred to the laboratory. The samples left to dry in air and then in an oven at 50°C
and powdered by a mixer.

For determination of plant toxicity, the following extracts were prepared:

Water suspension: For each plant part, weight amounts of the powdered material were added to
1000 mL of dechlorinated tap water to make up the desired of weight/volume concentrations

{Hashem, 1999).

Preparation of cold water extract: For each plant part, a stock extract was prepared by soaking
ten grams of the powdered plant part in 250 mL of dechlorinated tap water for two days at room
temperature, This suspension was occasicnally shaken every 24 h. The suspension was filtered
through filter paper and cold dechlorinated tap water was added to adjust the filtrate at specific
volume and replenish any water loss. The adjusted filterate was used as stock extract to made series
of conecentrations (converted to dry weight of plant material before extraction) using appropriate

dilutions (Hashem, 1999),

Preparation of boiled water extract: For each plant part, a stock extract was prepared by
soaking ten grams of the powdered plant part in about 400 mL of dechlorinated tap water, the
suspension then warmed at 100°C for cne hour. Beiling tap water was continually added to
repelenish the evaporated part. The suspension then left to cool at room temperature and filtered
through filter paper. The filterate was used as stock to make series of concentrations {converted to
dry weight of plant material before extraction) using appropriate dilutions (Hashem, 1999).

Establishment of toxicity regression lines of the tested materials: Ten snails were immersed
in 1000 mL of the experimental concentrations. Three replicates were prepared for each
concentration. The exposure pericd was 24 h. After each period snails were removed, washed
thoroughly with dechlorinated tap water and transferred to containers with fresh decholinated tap
water. Percentage of mortality was calculated against the concentration used. The LC,, and LC,
values of the tested plants and the sulphate salts were determined acecording to Litchfield and
Wileoxon (1949). The L.C,, (sublethal concentration) was determined.

Phytochemical sereening of the tested plants

¢ Test for carbohydrates andfor glycosides: according to the method of Molish (1963, Monatsh
Chem., 7.197)

¢ Test for cardenoclides: according to the method of Geissman (1962) and Tadres (1979)

+ Test for saponins: according to the method of Wolfrom et al. (1940) and Wall et al. (1954)

¢ Test for sterols and/or triterpenes: according to the method of Fieser and Fieser (1949) and
Wall et al. (1954)

¢ Test for tannins: according to the method of Wall ef al. (1954) and Trease and Evans (1978)

*  Test for catchin: according to the methof of Trease and Evans (1978)

¢ Test for flavonoids: according to the method of Wall et al. (1954) and Geissman (1962)
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Survival and cumulative mortality: Five replicates were prepared for each test. Ten snails were
immersed in 1000 mL of sublethal concentration (I.C,.,) of each of the tested compounds. The
exposure period lasts 6 weeks at room temperature (2242°C). Renewing the experimental
concentrations was done weekssly to minimize the change in the nature of the tested materials
{(Rawi et al., 1994; Abdel-Kader and Tantawy, 2000).

Egg laying capacity: The egg laying capacity was deterrmned according to the method described
by Oliver and Haskins (1960). Six replicates were used for each test. Ten adult snails being
immersed in 1000 mL of each experimental concentration. A control group of untreated normal
snails were maintained only in dechlorinated water under the same experimental conditions. The
jars containing snails were provided by thin plastic sheets for egg deposition. The egg laying
capacity 1s expressed in the form of the number of eggs per snail per week (E/S/W) and this was
determined by dividing the total number of laid eggs in any week by the total number of living
snails.

Egg hatchability: The egg clutches from the previous experiment were collected and transferred
into another jars containing the same experimental concentrations of the tested materials and the
control groups were maintained into dechlorinated water. The egg hatching was observed and

determined as percentage difference relative to the total number of eggs.

Biochemical analysis: Total protein was determined according to the method of Gornall ef al.
(1949) using kits purchased from Biodiagnostic (Egypt). Total lipid was determined according to the
method of Knight et al. (1972) using kits purchased from Biodiagnostic (Egypt).

Transaminases (AST and ALT) activities were determined in the snail hemclymph using
reagent kits purchased from Biocon Chemical Company (Germany) according to the method of
Reitman and Frankel (1957). Acetylcholinesterase activity was determined in hemelymph of snails
by a moedified method of Ellman et al. (1961) as described by Gorun et al. (1978).

Histological examination: For histological examination, hermaphrodite gland were remaoved,
fixed 1in 10% neutral buffered formalin, embedded in paraffin and sectioned. The sections were

stained with haematoxyline and eosin (Carleton, 1976).

Statistical analysis: The obtained data were analyzed for the Meantstandard error (SE).
Student (t) test was applied in the present study as reported by Campbell (1989) and Bailey (1995).

RESULTS AND DISCUSSION

Toxicological studies

Influence of sulphate salts: The influence of sulphate salts on mortality rate of normal
B. alexandrina snails is represented in Table 1 and illustrated in Fig. 1. Data recorded showed
the molluscicidal efficacy of copper sulphate against B. alexandrina after 24 h exposure period
as compared with the other tested sulphate salts. The recorded LL.C,, values were 1.79, 54, 420 and
490 ppm for copper sulphate, zine sulphate, ferric sulphate and ammonium sulphate,

respectively.
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Table 1: The influence of sulphate salts on the mortality rate of normal B. elexendrina snails

Metal LCg (ppm) Ly, (ppm) Slape (ppmy)
CuSQ, 1.79 6.54 3.70
ZnS0, 54 80 1.36
Fex(S0,); 420 500 1.15
(NH,), SO, 490 800 1.47
180+
1604 CuSO, R’ = 0.9647

Slope=3.70

Mortality (%)
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w
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w
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Fig. 1: The molluscicidal toxicity of tested sulphate salts against Biomphalaria alexandring snails
after 24 h exposure. NoEC: No observed effect; LoEC: Lowest observed effect; L.C,,;: Median
lethal concentration at 24 h

Influence of plant extracts: The influence of different plants extracts on mortality rate of normal
B. alexandrina snails after 24 h is shown in Table 2 and illustrated in Fig. 2-4. The recorded data
showed that water suspension has more potent effect than cold and boiled water extracts of the
same plant part. The potency increased in the order of Agave filifera (whole plant), Ammi majus
leaves, Ammi majus flowers, Canna indica leaves and Canna indica flowers with LC,; values
42.30, 738.27, 747.66, 7219.60 and 7600.87 ppm, respectively.
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Table 2: The influence of different plant extracts on the mortality rate of normal B. alexandrina snails

Extract
Water-suspension Cold water Boiled water
Plant. Plant, part, Ly (ppm)y Ly (ppm)  Slope  LCs (ppm)  LCy (ppm)  Slope LCg (ppm) LCy, (ppm)  Slope
Agave filifera Whole plant 42.30 8562 1.4 462.96 692.71 1.4 256.99 328.91 1.2
Ammi majus Flowers 747 .66 1370.30 1.7 2126.51 6775.19 2.6 944 .85 1394.14 13
Leaves 738.27 1157.22 14 4731.72 1037711 2.3 1364.92 2537.36 1.6
Canna indica  Flowers 7600.87 1380093 1.6 =10,000 -- -- 4172.12 5160.02 1.2
Leaves 7219.60 14105.26 1.6 >10,000 -- -- 7434.80 9071.57 1.2
804 3 .
70 'Weter suspension R'=03426
Slope=1.4
= 60~
i 50 I.C
19 LoEC "
g 304 A
= 20 NoEC A
104
G L] L T T U U T T L 1
0 5 10 15 20 2% 30 35 40 45 50
Concentration {(ppm)
70+
60 Cold water extract R*=0.918
Slope=1.4
g 50
E3 LCy
2 40
% 307 LoEC
E 20" NDEC
10+ A
G L] L] T T T 1
1] 100 200 300 400 500 600
Concentration {ppm}
90+
g0 Hot water extract R*=099
.. 70 Slope=1.2
£ 60
2 50
B 40 LoEC L
s 30
2 20 NoEC|
10- |
0

0 50 100 150 200 250 300 350
Concentration {(ppm}

Fig. 2: The molluscicidal toxicity of Agave filifera whole plant against Biomphalaria alexandrina
snails after 24 h exposure. NoEC: No observed effect; LoEC: Lowest observed effect:
LC,;: Median lethal concentration at 24 h

Phytochemical screening of the tested plants: Table 3 represents the phytochemical sereening
of Agave filtfera (whole plant), Ammi majus (flowers and leaves) and Canna indica (flowers and
leaves) using the plant powder. As recorded in the Table 2, the results disclose the presence of
carbohydrates, tannins, catechin and saponin in all the tested plant parts. On the other hand, all
the tested plant parts are free from flavonoids, stercls and cardenclides.
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90 100
40- Flower water extract  R*=0.9701 ag Teaves water R =0.9653
Slope=1.7 suspension Slope=14
70 804
~— . ~ 70'
é 60 A E 60-
2 50 z
£ LCy £ 50
40+ LC,
30 40+ LoEC A
LoEC 304 NoEC
20- NoEC 204
10+ 10+ A
c T T 1 1 1] 1 e T T T T T 1
0 200 400 600 BOO 1000 1200 0 200 400 &00 800 1000 1200
Concentration (ppm) Concentration (ppm)
90 90+
804 Flower cold water R?=10(.8283 304 Leaves cold water R?=10).9084
Slope =26~ 4 Slope=2.3
704 70+ A
F 60 A g 60 R
z 5 LC & 50
T 40 B E 40 LoEC LCs
g LoEC
= 30-N A = 304
[}
201 N 20-| NOEC i
10+ 10-
n [1}
1] T T 1) T 1 T T 1 el T T T T T T 1
0 50010001500 2000250030003500 40004500 0 1000 2000 3000 4000 5000 6000 7000 3000
Concentration (ppm) Concentration (ppm}
100+ 100
Flower hot water R'=0.9221 Leaves hot water  R*=(.9587
907 Slope=13 4 90 Slope=1.6
80- ope= 80- ope
= 10 o 707
£ 60 % 60-
£ 50 A g 50 A
g 40+ LokCc / |LC, E 404 LoEC /A| LCa
30 NoEC A 304
204 204 NoEC A
10+ 104 | A
i ] 0O
bl T ) T T T T 1 d T T T T 1
0 200 400 600 800 1000 1200 1400 0 500 1000 1500 2000 2500
Concentration (ppm) Concentration (ppm)

Fig. 3: The molluscicidal toxicity of Ammi majus flowers and leaves against Biomphalaria
alexandrina snails after 24 h exposure. NoEC: No cbserved effect; LoRC: Lowest observed
effect; LC,,: Median lethal concentration at 24 h

Cumulative effect of the sublethal doses: The sublethal coneentration (L.C,;) of the most
effective materials based on the recorded LC,, values including CuSO,, water suspension of
Agave filifera (whole plant) and Ammi majus (flowers and leaves) are used to study their long term
effects on:

Survival and cumulative mortality: Data recorded in Table 4 showed that the sublethal
concentration of copper sulphate and water suspension of Ammi majus flowers and leaves disclose
the most potent effect on the cumulative mortality after 6 weeks with percentage difference 19.2%,
10 and 6.8%, respectively.

Egg laying capacity and egg hatchability: Table 5 represents the data for the effect of
prolonged exposure to sublethal concentration of the tested compounds on egg laying capacity and
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Plant
Ammi majus Canna indica
Agave filifera
Test {whole plant) Flowers Leaves Flowers Leaves
Carbohydrates +ve +ve +ve +ve +ve
Tannins +ve +ve +ve +ve +ve
Catechin +ve +ve +ve +ve +ve
Flavonoids
(a) -ve -ve -ve -ve -ve
(h) -ve -ve -ve -ve -ve
Saponin +ve +ve +ve +ve +ve
Sterols -ve -ve -ve -ve -ve
Cardenolides -ve -ve -ve -ve -ve
+ve: Presence of active principals, -ve: Absence of active principals
701 70
Flowem waler supension  R?=0.9259 Leaves water suspension  R?=0.8856
601 Slope=1.6 /A 60 Slope=146 /4
- 50 1C, - 50 A 1.0,
€ €
E 30 a E 30 LoEC &
LoBC =
204 20+ NoEC
NeEC
10+ A 10+ A
G T T T T T T ¥ T T 1 0 ] T T T T T T T 1
0 1000 20603000 4000 5000 6000 7000 80009000 16000 0 1000 2000 3000 4000 5000 6000 7000 BOOD 9000
Concentration (ppm) Concentration (ppm)
1207 1207
Flowems hot water extract ~ R*=0,9211 Leaves hot water extract  R*=0(,9317
1001 Blope=12 /4 100- Slope=1.2
~ 80+ o~ B0
£ £
Z E oo
i1, A
40- LeEC = 0 LaEC /| 1o
/y
201 NoEC 20 NoEC
A
0 ¢

1 ¥ T T T
1000 2000 3000 4000 5000
Concentration {ppim)

T 1
6000 7000

Concentration (ppm)

T T T T T T T T T 1
0 10002000 3000 4000 5000 6000 7000 80009000 10000

Fig. 4. The melluscicidal toxicity of Canna indica flowers and leaves against Biomphalaria
alexandrina snails after 24 h exposure. NoEC: No cbserved effect, LoEC: Lowest observed
effect; L.C,: Median lethal concentration at 24 h

egg hatchability. The recorded data revealed that copper sulphate and Ammt majus flowers were
effective in reducing the egg laying capacity of the snails, while the water suspensions of Agave
filifera whole plant and Amm: majus leaves promote the capacity of the snails to lay more eggs.

Regarding to the egg hatchability, the sublethal doses (LC,,) of copper sulphate and water
suspensions of Agave filifera whole plant and Ammi majus flowers and leaves reduced the egg
hatchability of the snails.
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Table 4. Effect of prolonged exposure to sublethal concentration (L.Cy,) of copper sulphate and water suspension of Agave filifera

(whole plant) and Ammi majus (flowers and leaves) on the survival and cumulative mortality of B. alexendrina snails

Exposure period (6 weeks)

Parameters LC,, (ppm) NDS Mortality (%)
Control -- 9.00 3.6
CuS0, 0.18 48.00 19.2
Agave filifera (whole plant) 4.23 8.00 3.2
Ammi majus

(flowers) T4.77 25.00 10.0
Ammi majus

(leaves) 73.83 17.00 6.8

NDS: No. of dead snails out of 250 in each experiment

Table 5: Effect of prolonged exposure to sublethal concentration (LCig) of copper sulphate and water suspension of Agave filifera
(whole plant) and Ammi majus (flowers and leaves) on egg laying capacity and egg hatchability of B. alexandring snails

Exposure period (6 weeks)

Kgz laying capacity Kgz hatchability
Parameters LCy, (ppm) E/SW Difference (%) No. of egg laid Hatchability (%)
Control - 20.70 - 1242 624 (50.24%)
CuSO, 0.18 14.61 -20.42 877 256 (29.19%)
Agave filifera (whole plant) 4.23 24.60 18.84 1476 509 (40.58%)
Ammi majus (flowers) 74.77 17.17 -17.05 1030 481 (46.69%)
Ammi majus (leaves) 73.83 21.18 2.32 1271 512 (40.28%)

E/S/MW: No. of eggisnail/week, % difference was calculated relative to the control, Hatchability % was calculated relative to the number
of egz laid

Table 6: Effect of prolonged exposure to sublethal concentration (L.Cy,) of copper sulphate and water suspension of Agave filifera

(whole plant) and Ammi majus (lowers and leaves) on some biochemical parameters of hemolymph of B. alexandrine snails

Exposure period (6 weeks)

Biochemical parameters

Total protein Total lipid ASBT ALT AchE (uMSH/

Groups LCy, (mg mL) (mg mL) (UL™ (UL™ min/100 mL)
Control - 5.18+0.11 0.954+0.02 114.2046.73 119.60+£3.01 8.98+0.3
CuS0, 0.18 4.60+0.16% 0.27+0.04* 143.40+£2.04* 114.40+6.01 6.4940.5*

-11.20% -71.58% 2657% -4.35% -27.73%
Agave filifera 4.23 4.8340.08* 0.78£0.04* 140.44+1 .90* 127.40+8.30 7.60£0.10*
(whole plant) -6.76% -17.89% 22.97% 6.52% -15.73%
Ammi majus (flowers) T4.77 3.41+011* 0.82+0.04* 208.00+£33.82% 170.00+£28.81* £.9540.19*

-34.17% -13.68% 160.95% 42.14% -22.61%
Ammi majus (leaves) 73.83 4.37+0.30* 0.93+0.04* 202.00+£30.72% 212.00+15.30% 7.31+0.12*

-15.64% -2.11% 76.88% 77.26% -18.59%

No. of snails is 50 (5 replicates) in each experiment, Data are expressed as Meant+SE, Significant different from control; p<0.05, %

difference was calculated relative to the control
Biochemical effects: The effect of prolonged exposure to sublethal concentrations (L.C ) of the

tested compounds on some biochemical parameters of the hemolymph of B, alexandrina snails is
shown in Table 6.
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Total protein: The prolonged exposure to copper sulphate and water suspension of Agave filifera
whole plant, Ammi majus flowers and leaves reduced the total protein content of the hemolymph

of B. alexandrina. The maximal decrease (-34.17%) was noticed on using Ammi majus flowers.

Total lipid: Copper sulphate and the water suspension of both Agave filifera whole plant
and Ammi majus flowers induced significant reduction in the total lipid content of the
homolymph of the snails, the maximal reduction was obtained for copper sulphate exposure
{-71.58%), while the water suspension of Ammi majus leaves induced non significant, change in

total lipid content.

Aspartate aminotransferase (AST) activity: Copper sulphate, water suspensions of Agave
filifera whole plant and Ammi majus flowers and leaves induced significant elevation in AST
activity after 6 weeks of exposure, the maximal value (160.95%) was recorded after exposure to

Ammi majus flowers.,

Alanine aminotransferase (ALT) activity: The water suspension of both Ammi majus flowers
and leaves induced significant elevation in ALT activity after 6 weeks of exposure. On the other
hand, the prolonged exposure to copper sulphate and Agave filifera whole plant had non-
significant effect on ALT activity.

Acetylcholinesterase activity: The prolonged exposure to sublethal doses of copper sulphate
and the selected plant extracts induced significant reduction in AChE activity. The maximal
reduction (-27.73%) was recorded post CuS0, treatment.

Histopathological effects: Microscopical examination of the gonadal tissue of the control snails
revealed the presence of male and female gonads surrounded with an outer capsule of fibroplastic
connective tissue bound the gonadal tubule. The structure of male and female gonadal cells 1s
illustrated in Fig. 5.

Effect of copper sulphate: The treatment of normal B. alexandrina snails with sublethal
concentration (LC,)) of CuS0O, for 6 weeks caused marked necrobiotic changes and shrinkage,
partial destruction in the follicular membrane, the nuclei of the ova become faint in staining and

in most cells, the nucleolus are disappeared (Fig. 64).

Effect of Agave filifera whole plant: The prolonged exposure for 6 weeks to water suspension
of Agave filifera whole plant induced higher incidence of gonadal changes. The gonadal cells lost
their normal architecture. Irregular arrangement, and vacuoclation was partly recognized in some
of the examined sections. Also, some of the cocytes are degenerated or with shrinked evum and/or

cytoplasmic vacuolation (Fig. 6B).

Effect of Ammi majus flowers: The treatment with sublethal concentration (LC,.) of Ammi majus
flowers water suspension for 6 weeks caused destruction in the inter acinar connective tissue
and disappearance of follicular cavity around the mature ova and destruction in their nuclech

(Fig. 6C).
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Fig. 5: A photomicrograph of the hermaphrodite gland of normal B. alexandrina snail
showing the mature ova (Ov) with large nuclei (N), round nucleclus (Nu) and
surrounded by a follicular membrane (Flm) and follicular cavity (Flc). A varying
number of flattened cells called nurse cells Ne) adhere to the follicular membrane.
The male gonadal cells are also presented as sperms at different developmental stages
collected around sertoli cells (Sc). (HE, X40)

Fig. 6: Photomicrographs of hermaphrodite glands of B. alexandrina after 6 weeks exposure
for sublethal concentrations (LCi0) of the tested compounds. (A): Photomicrograph of
hermaphrodite gland of B. alexandrinatreated with CuSQO4 showing destruction in the
fallicular memberane, mature ovum loses its nucleolus and others has faint staining
nucleus (N). (HE, X40), (B): Photomicrograph of hermaphrodite gland of BE.
alexandrina treated with Agave filifera showing congested tubules with foci of
coagulative necrosis, destructed nucleus (arrow) and a reduction in the size of the
follicular cavity (HE, X40), C: Photomicrograph of hermaphrodite gland of BE.
alexandrinag treated with Ammi majus flowers showing a disappearance of the
fallicular cavity, a destruction in the nucleolus (arrow) and irregularity of the nuclear
membrane (HE, X40), (D): Photomicrograph of hermaphrodite gland of B. alexandrina
treated with Ammi majus leaves showing destruction in the intra follicular connective
tissue, mature ova with necrotic nucleus and disappearance of the follicular cavity
(HE, X840)
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Effect of Ammi majus leaves: The micrograph illustrates the effect of sublethal coneentration
of Ammi majus leaves post 6 weeks showed only little number of the gonadal cells and degeneration
of acinar connective tissue. In female gonadal acini, most of the recognized ova being irregular in
shape and without nuclei or nucleclus (Fig. 61).

DISCUSSION

The environmental and economic problems arised with the use of synthetic molluscicides
encouraged the search for substituents of plant origin. At present, increasing attention is currently
given to the study of plant molluscides in hope that may prove less toxie, cheaper, readily available
and easily applicable by simple technique. Se, the present investigation is intended to search for
ideal molluscicide of plant origin on the basis of dosage response for combating B. alexandrina
snails.

From the established regression lines of the tested sulphate salts, the molluscicidal activity was
similar to that illustratd by Swaileh and Ezzughayyar (2000) and Ebenso (2004) against terrestrial
land snail and Iglesias et al. (2000) and Reddy ef al. (2004) against aquatic snails including
B. alexandrina. In the present study, the tested sulphate salts are descendingly arranged based
on their molluscicidal efficiency in the following order CuS0,, ZnS0,, Fe, (50,), and finally (NH,),
50, respectively.

Furthermore, the toxicity of the tested metal has been shown to increase as the concentration
increase. The observed sensitivity of adult B. alexandrina towards CuS0, and ZnS0, is consistent
with KErdely et al. (1998). As reported by several investigators elevated copper and zine
concentrations have been associated with an aggravated toxic response for several aquatic species.

In the present study, the observed correlation between the survival rate of B. alexandrina and
the dose level can be explained on the basis of metals bicaccumulation, physiclogical alterations and
histological damage caused by a particular stressor. According to Gamot and Pihan (1997),
Kirichuk et al. {(2002) and Regoli ef al. (2006), there is great tendency of the bioaccumul ation of
copper and zinc in different snail types. These findings, were also, recommended by Abdel-Moata
and Farag (1991) who postulated 58 times copper bicaccumulation in the freshwater gastropod,
Lantstes bolteni chemnitz after exposure to different concentrations of copper salts. Similarly,
according to the same author about 20-30% of the ingested zinc is abscrbed and Zn contents in the
soft parts was 34 times higher than in control and the most abundant amounts was found in
viscera. The less toxcity of ammonium sulphate in the studied snail species can be explained on the
basis of its deposition. Ammonia is toxic substance and because of its toxicity ammonia must be
excreted as rapidly as it is formed. As reported by many investigators (Stadnichenke and Kirichulk,
2000; Mummert et al., 2003), many invertebrate appear to be more tolerant of ammonia. From the
present study it would appear that metal bioaccumulation could be particular in t he longevity of
B. alexandrina. Some species, however, had a much greater tendency to accumulate one toxicant
than the other (Dallinger et af., 2000). Such differences are mainly related to the mode of exposure,
rate of adsorption, species differences and the physiological and histopathological effects induced
by the tested metals.

Exclusion and the excretory mechanisms are also important factors in the processes of
bicaccumulation. George and Pirie {1980) stated that Zn excretion would be independently of the
route of uptake. The bicaccumulation may decrease after long exposure due to saturation of
binding capacities (Coeurdassier ef al., 2005), Onest of mortality can also be explained on the basis
of the effect of the accumulated salts on pH, water contents and the respiratory behavior of the
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exposed snails. According to Stadnichenko et al. (1994), exposure to heavy metals causing an acid-
base disturbances, net branchial ion loss and decrease in body mass and hemolymph volume and
the oxidative phosphorylation of mitochondrial respiration. Crespe and Kanaky (1983) reported
that, zinc inhibited chloride transport across the isolated opercular epithelium of Fundulus
heteroclitus, possibly as a consequence of its inhibitory effect in vitro upon Na', K" and ATP.

In the present study, the molluscicidal potency of water suspension, cold and boiled water
extracts of Agave filtfera, Ammi majus and Canna indica on the longevity of B. alexandrina was
also evaluated. From the established regression lines, the molluscicidal activity based on LC,, values
falls within the range of other plants that have been Judged as promising molluscicides
{Abdel-Kader and Sharaf El-Din, 2000; Abdel-Hamid, 2003; De S Luna et al., 2005). The recorded
data showed that water suspension had more potent effect than cold and boiled water extracts of
the same plant part, the potency increased in the order of Agave filifera (whole plant), Ammz: majus
leaves, Ammt majus flowers, Canna indica leaves and Canna indica flowers.

The recorded toxic effects on the lengevity of the studied snails mainly attributed to several
factors including plant specific differences of the extracted active ingredient, types of extracted
products, differences in their mode of action, method of penetration and the behavioral
characteristics of the studied animal (Mantawy ef al., 2004). It i1s now well established that in
many plants including the tested plants, the activity is due to the presence of saponin contents
{(Rawi et al., 1996; Singh and Singh, 2009), tanmins compounds (Bezerra et al., 2002), triterpenoid
and alkaloid components (Singh et al., 2010).

The present study also showed the presence of saponin, catechin and tannins in all the tested
plant extracts. Such compounds, however, were responsible for their molluscicidal activity. The
increased mortality rate with water suspension also can be explained on the basis of environmental
changes as reported by Landis and Yu (1995) and Oliveria-Filho et al. {1999). Apparently,
suspended material may be in the form of droplets or particles, all of these may absorbed or become
in contact with the animal surface that may affect the animal respiratory rate. The suspended
particles may still on the surface or may be carried down leading to faster depletion of water oxygen
concentration.

Exposure time is another important determination of toxic effects, so the present investigation
1s gaining in populatory to establish the effect of prolonged exposure for 6 weeks to the sublethal
concentration (I.C ;) of the tested compound on the longevity, biological activity and biochemical
constituents of the studied snails.

Regarding to the survival rate and cumulative mortality after 6 weeks exposure to sublethal
doses, the present work showed the highest effect after exposure to CuS0, (19.2%) followed by
Ammi majus flowers water suspension (10%) and Ammi majus leaves water suspension (6.8%) in
a descending order, respectively. These changes are in agreement with Abdel-Hamid and Mantawy
{1999) and Tantawy (2002), as they showed a reduction in the survival rate of B. alexandrina after
prolonged exposure to sublethal concentrations of different plants molluscicides as well as copper
sulphate. The present finding can be explained on the basis of storage depots, metabolic,
physiological and bicchemical hazardous effects of the accumulated doses.

In the light of the encouraging results obtained on the mortality rates as a result of the
prolonged exposure to sublethal doses, it seems important to study the mechanisms of action of the
studied promising molluscicides on snail’s fertility. At sublethal doses CuSQ, and Ammi majus
flowers water suspension proved to most effective in suppressing egg laying capacity, while
exposure to Agave filifera whole plant and Ammi majus leaves water suspension positively affected
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the egg laying capacity. The tested materials also decreased the egg hatchability. These findings
agree with the data reported by Rawi ef al. (1995) and El-Ansary et al. (2001) who showed
inhibition or increased rate of egg laying production based on the type of the tested molluscicides.

Inhibition or increased rate of egg production may arise from different modes of action of the
tested compounds on the stercid hormones or may be due to the harmful effects on male and female
genital tract (Rawi ef al., 1996) or due to metabolic discrders effect (Rawi et al., 1994),

The present findings can also be explained on the basis of gonadal histopathological changes
post treatments. The recorded effects are not completely similar but mainly depending on the type
of the tested compound. The major histopathological effects on the gonadal organs presented here
are recognized as shght and severe disintegration of the gonadal cells, gonadal acini are diminished
in size and decreased in number, fading of the boundaries between the reproductive units and
necrosis and vacuolation in some treatments were recorded. The type of injury depends on the
amount of toxicant that reaches or that is absorbed by these gonadal tissues. The problem of
transport is important because permeability barrier may prevent some of the botanical molluscicides
to reach to that site. As reported by Rashed (2002), lipophilic of botanical extracts will cbviously
affect the lipid layers of the membrane which destroy specific permeabihity properties and this may
lead to water loss causing dehydration which might lead to the encountered abnormalities of egg
laying capacity.

Results obtained from the biocchemical effects of the tested compounds showed that there was
significant decrease in total protein content in the hemolymph of the studied snails. The recorded
values are in accordance with Abdel-Kader and Tantawy (2000) who reported that exposure to
water suspension of Agave filifera and Agave attenuate caused significant decrease in total protein
content of B. alexandring hemolymph. Similar results were also obtained by Rawi ef al. (1996) and
El-Sayed (2006) using CuS0, and different plant molluscicides including Ammi majus flowers and
leaves.

Extensive work has been carried cut in order to determine how various toxic agents affect total
protein content. Refaie (2008) showed that a diminution of the rate of ATP synthesis and the
inhibition of RNA synthesis are the main causes of the decrease total protein content. As reported
by Singh and Singh (2004), the reduction in protein synthesis in infected B. glabrata mainly due
to the proteolysis of tissue protein. Also, according to Rawi ef al. (1995, 1998), protein leakage
during intoxication may arise from conversion of the protein to amino acids, the direct effect of the
tested compounds on the amino acid transport and degradation of protein to release energy.

Regarding to the total lipid content, the prolonged exposure to the tested doses of the selected
compounds showed noticeable decreases of hemoelymph total lipid. The present findings coincide
with Rajyvalakshmi ef al. (1996) and Abdel-Megeed (1999) using different molluscicides. According
to the last author, the tested compounds being moderately lipophilic, can penetrate external
membrane structure and rapidly affect the function of cells. Another explanation to decreased lipid
contents after treatment may be due to reduced synthesis of lipids or increased activity of lipase
invelved in the oxidation of lipid (EI-Wakil and Eadwan, 1991). Also, as recorded by the same
authors, decrease in total lipid may be due to drastic decrease in glycogen content in the same tissue
which induced by hypoxia, after glycogen depletion, lipid content may be used for energy
preduction.

In the present study, the prolonged exposure to the tested doses of the selected compounds
showed significant increase of AST activity. On the other hand, CuS0O, and Agave filifera have
insignificant effect on ALT activity, while Ammi majus flowers and leaves caused
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significant elevation in its level. There results are in accordance with Rawi et al. (1995) and Abdel-
Kader et al. (2005). The recorded changes, however, seems necessary for the animal to restore
amino acids balance since transaminases are necessary in regulating the concentration of keto and
amine acids. As reported by Rawi et al. (1996) and Kandeel (2004), such effects reflect damage of
parenchymal cells.

Acetylcholinesterase activity has the potential for serving as biochemical indicator in measuring
the effect of any toxic agents (Krstoff et al., 2008). In the present work, the alteration in Achk
activity was also investigated in hemolymph of B. alexandring. A significant inhibition of the
enzyme activity was recorded post prolonged exposure to sublethal concentration of the tested
compounds. The results are in accordance with Tripathi et af. (2004) and Essawy et al. (2009) using
different molluscicidal agents. Hassanein (2005) has postulated that the inhibitor (pesticide) serves
as pseudosubstrate and become attached to the active site of the enzyme. The hydrolysis of the
inhibited enzyme is slow and therefore the amount of AchE becomes lesser which lead to
accumulation of acetylcholine at the nerve endings. Thus toxicity depends on the affinity of the
enzyme for inhibitor as well as hydrolysis rate. The relative degree of each effect may well depend
upon the rate of absorption, the permeability of membrane and the resistance to attack.

From the present study, it 1s concluded that the water suspension of the tested plants have a
highly molluscicidal effect on B. alexandrina snails than cold or hot water extracts comparing with
CuB0, as a control molluscicides. The survival rate, fecundity and the physiclogical parameters
were much affected by the water suspension of Ammi majus flowers, as it inhibited the egg laying
capacity and affected the longevity; also, it reduced the total protein and total lipid contents of the
hemolymph of B. alexandrina snails. The transaminases and actylcholinesterase activity were also
affected by the prolonged exposure to the water suspension of Ammi majus flowers,

In future, more attention must be paid to the efficient extraction, mode of action and application
techniques for use in rural communities.
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