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Abstract: In this study, the most effective agent was Difenoconazole (Score) followed by Asparagus 
densiflours then Oreopanax guatemalensis plants against Biomphalaria alexandrina snails. The high 
concentrations of the three tested agents caused a remarkable reduction in hatchability percent of B. 
alexandrina eggs than the low concentrations. The sublethal concentrations (LC10 and LC25) of both A. 
densiflorus and Score have more destructive effect on the survival, growth and reproductive rates of 
the juvenile snails than the corresponding concentrations of O. guatemalensis plant. Different sublethal 
concentrations (LCo and LC5) of the three agents caused a remarkable elevation in the activity of 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT) enzymes of the snails after the 
1st week of the exposure. The sublethal concentration LC5 of the three tested agents caused pronounced 
effect on the alkaline phosphatase (ALP) and acid phosphatase (ACP) activities after the 2nd weeks of 
the exposure. Total protein, albumin, globulin and albumin/ globulin (A/G) ratio in hemolymph of 
snails exposed to sublethal concentration LCo of the three tested agents, are differently affected after 
the 1st and 2nd week of the exposure. The histological examinations demonstrated a severe damage in 
both secretory cells and digestive cells especially in case of Asparagus densiflours and Score. 

 
Key words: Biomphalaria alexandrina snails, fungicide, plant molluscicides, hatchability,  
                     biochemical parameters and histopathology of the digestive gland. 
 

INTRODUCTION 
 

 The plants with molluscicidal properties are inexpensive, potentially biodegradable in nature and 
appropriate for focal control of the snails’ vector (Sturrock, 1995 and Singh et al., 2010). Most of the promising 
plants for the potential control of schistosomiasis are Phytolacca dodecandra, Swartzia madgascariensis and 
Tetrapleura tetraptera, but unfortunately their saponins are unable to kill the developing snails within egg 
masses (Hostettmann and Marston, 1995). Bakry and Sharaf El-Din (2000) reported that the older embryonic 
stages of B. alexandrina eggs were more susceptible than freshly laid one, and that LC25 of Bayluscide caused 
significant reduction in hatchability of B. alexandrina eggs than LCο and LC10 concentrations. Al-Qormuti 
(2008) found that hatchability of B. alexandrina eggs, exposed to two herbicides was 88% for Roundup and 
93.3% for Topik compared to 98.3% of the control group.  
 Also many authors study the efficiency of molluscicides against survival, growth rates and egg laying 
capacity of snails. The sublethal concentrations of Atriplex halimus caused reduction in survival rate, longevity 
and egg production of B. alexandrina. Tantawy (2002) and Sakran (2004) proved that the survival rate of snails 
continuously exposed to LC25 (3.8 ppm) of  Butachlor showed a decrease up to 7 weeks of the experiment, 
reaching 18% which is significantly lower than that of the control group. For snails exposed to LC25 (6.2 ppm) 
of Fluazifop-p-butyl, their survival rate was diminished till 7 weeks of the experiment, reaching 24%. The egg 
production of snails exposed to LC25 of the two herbicides is significantly reduced. On the other hand, Serrano 
et al. (2002) reported that B. glabrata snails exposed to Hydrocortisone had long survival periods than control. 
Abdel-kader et al. (2004) showed that the butanol extract of Agave lophantha plant has markedly affected the 
survival and egg production of snail vectors, where it caused 100% mortality among the exposed B. 
alexandrina, B. truncatus and L. natalensis and 90% mortality for B. glabrata snails after 4 weeks of exposure 
to low concentration (1/10 LC50). The egg production was 100% inhibited at the end of the exposure period to 
the tested sublethal concentrations of the butanol extract of Agave lophantha.  
 The prolonged exposure to sublethal concentration (LC50) of Dithane M45, Cuprosan 311, Lannate 90, 
DDT and Sumithion showed marked inhibition of aspartate transaminase (AST) and alanine transaminase 
(ALT) activities in the hemolymph during the exposure period. 2, 4-D and Sumicidin inhibited ALT activity, 
while Diuron and Gramaonol showed decline in the enzyme activity almost before the B. alexandrina snail 
death (El- Gindy et al., 1991). Tantawy (2006) noticed that, snail subjected to sublethal concentrations of 
Fenitrothion suffered from reduction in hemolymph total protein while alkaline phosphatase activity was 
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slightly increased. ALT enzyme activity in hemolymph of the treated groups was higher than control groups, 
while its activity in tissue showed lower values. AST enzyme activity was higher in hemolymph and tissue of 
treated groups than in control ones. Abdel Raouf (2007) concluded that, the sublethal concentrations of the three 
agents (Hinosan, Whipsuper and Tribulus terrestris) were evaluated on some biochemical parameters in 
hemolymph of B. alexandrina snails. The total protein, albumin, globulin, A/G (albumin/ globulin) ratio and 
transaminases activities (AST and ALT) exhibited decreasing values in groups treated with the synthetic 
pesticides. However, the group exposed to the plant showed depression in transaminase values only.  
 The present study aimed to evaluate the molluscicidal and ovicidal properties of Asparagus densiflours and 
Oreopanax guatemalensis plants and Difenoconazole fungicide by determination of development stages of B. 
alexandrina snails, survival, growth rate and reproductive rate. Also to determine biochemical changes of AST, 
ALT, ALP, ACP, total protein, albumin, globulin and albumin/globulin (A/G) ratio in hemolymph of snails. In 
addition, we supported by histopathological examination on the digestive gland of the exposed adult snails.  

 
MATERIALS AND METHODS 

 
Experimental Plants: 
Asparagus densiflours: it belongs to Family: Asparagaceae, (formerly Liliaceae). 

Oreopanax guatemalensis: it belongs to Family: Araliaceae. 
 The two plants were dried in air at room temperature and powdered by electric Mill (Mahran et al., 1977), 
then stored in clean, dark and dry cupboard till use.  

 
Synthetic Fungicide: 
 Difenoconazole (Score) 250 E.C. belonging to Azoles compounds, within  a group triazole that play a key 
role as antifungal in agricultural purposes. 
  
Snails Screening and Evaluation tests:  
 Biomphalaria alexandrina snails (the intermediate hosts of Schistosoma mansoni in Egypt) were collected 
from a canal in Abu-Rawash, Giza governorate. The molluscicidal activities of sublethal concentrations (LCo, 
LC5, LC10 and LC25) and lethal ones (LC50 and LC90) of the two plants and the fungicide were previously 
determined (El-Deeb et al., 2011). The LC90 values after 24 hrs of exposure reached 2.5, 102 and 188 ppm, for 
Difenoconazole, Asparagus densiflours and Oreopanax guatemalensis, respectively. While the LC50 values 
were 1.9, 75 and 160 ppm respectively. 
 
Effect of the Molluscicidal Solutions on Egg Hatchability of b. Alexandrina snails:  
 The egg masses of (one and seven) days age were collected and the experiments were done according to 
(El-Deeb, 1996). 
  
Effect of Sublethal Concentrations of the Three Tested Agents on Survival, Growth and Reproductive Rates  
of Juvenile b. Alexandrina Snails: 

 This experiment was designed to explore the effect of prolonged exposure to sublethal concentrations (LCο, 
LC5, LC10, and LC25) of the tested materials on growth of Biomphalaria alexandrina snails. Juvenile specimens 
(2.2 ± 0.05 mm in shell diameter) were exposed to two plants and (3.08 ± 0.05 mm in shell diameter) were 
exposed to synthetic fungicide. For each concentration of the tested agents, three replicates, each of 10 snail /L. 
Another group of snails was maintained in clean water as control. The survival rate (LX) was recorded and shell 
diameter was measured weekly throughout the experimental period using a caliper. The experiment extends to 
involve the fecundity (MX) and the reproductive rate (LXMX) of exposed snails.  
 
Effect of Sublethal Concentrations of the Tested Molluscicides on Snail’s Hemolymph: 
Collection of Snail’s Hemolymph: 
 The snails (12-15 mm shell diameter) were prepared, exposed to sublethal concentration (LCο and LC5) of 
the tested agents, for 1 or 2 weeks intervals according to (Cheng, 1979).  
 
Biochemical Assays: 
 The biochemical assay tests were carried out on snail’s hemolymph as follows:  
 Total protein was determined according to the method of Domas (1975).  Albumin was determined according to 
Gustafsson (1976). Calculation of globulin was determined by subtracting the amount of albumin from the total 
protein and then calculating the albumin/ globulin (A/G) ratio. Activities of aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) were determined using the Reitman and Frankel (1975) technique. Acid 
phosphatase (ACP) was determined following Moss methods (1984), and alkaline phosphatase (ALP) according 
to Bason et al. (1966) technique. 
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Histological Study:  
 This was carried out to record the histological changes in the digestive gland of treated snails (8-10 mm in 
shell diameter) exposed to (LC5) sublethal concentration of each plant and synthetic fungicide, i.e. 40 ppm for A. 
densiflorus, 125ppm for O. guatemalensis and 1.2 ppm for Difenoconazole (Score) for two successive weeks 
sections were prepared according to (El-Nahas and El- Deeb, 2007). 
 
Statistical Analysis: 
 The hatchability percent and survival rate were analyzed by Chi-square values of contingency tables 
(Southwood, 1978). The data of growth rate were statistically analyzed for the significance of differences 
between treated and control group by using “t” test and values were expressed as means ± S.D. Values of 
biochemical parameters were expressed as mean ± S.D and the obtained data were statistically analyzed using 
“t” test and analysis of variance (ANOVA) to determine the significant differences in means between the control 
and the two concentrations, using the statistical program for windows (SAS, 2000).  

 
RESULTS AND DISCUSSION 

 
 Asparagus densiflours and Oreopanax guatemalensis plants showed great variations in their molluscicidal 
activities that could be attributed mainly to the difference in nature of their active constituents. To the best of 
our knowledge this is yet the first report of the molluscicidal effect of Score fungicide. Score showed a powerful 
effect against B. alexandrina snails. 
  
Effect of the Tested Agents on Egg Hatchability of b. Alexandrina Snails: 
 Data in tables (1, 2 and 3) showed slight decrease in hatchability percentage when 1-day-aged eggs were 
exposed to LC50 of each of the A. densiflours and O. guatemalensis for 1-day, while the result with Score 
fungicide was very highly significant at (p< 0.001), where Zero% of hatching was obtained at the same 
concentration and time of exposure.  
 By increasing the concentrations of each of both plants and the exposure period for continuous 7-days, a 
highly significant results were gained (p< 0.01) and amazing results are shown with all sublethal and lethal 
concentrations of Score where, all embryos were dead. Later, the 7-days-aged eggs that were exposed for only 
1-day (and/or) continuous 7-days, the hatchability % showed gradual decrease with all the three treated agents.  
 These results agree with Bakry and Sharaf El- Din (2000) on Bayluscide and Tantawy (2002) on Atriplex 
halimus against B. alexandrina eggs. Another notice in this study is that the early aged eggs were more sensitive 
to all concentrations of Score fungicide than the older eggs, during the two exposure periods. This agrees with 
Massoud and Habib (2003) on Myrrh. In the present work, decreasing the hatchability percent may be attributed 
to the Score constituents passing through the egg wall, causing malformation in developmental stages of embryo 
or mix with yolk layer changing its constituent leading to forbid the embryos from developing or hatch, while at 
older stage the embryo is already completed and became able to hatch even if with a little percent. Also, our 
results are in accordance with Tadros et al. (2008) who reported that the saponin-containing fraction of 
Dracaena fragrans preventing eggs hatchability when exposed to LC50, or even smaller concentrations. 
 
Effect of Sublethal Concentrations of the Three Tested Agents on Survival, Growth and Reproductive rates 
Of juvenile b. Alexandrina Snails after Prolonged Exposure for 27 weeks: 

Survival rate (lx) of the Juvenile snails: 
 Regarding the accumulative effect of the sublethal concentrations of the tested agents, it is clear from 
figures (1, 5 & 9) that the survival rate was decreased by increasing the exposure period and the applied 
concentrations. It was also noticed that the high sublethal concentrations (LC10 and LC25) of A. densiflorus plant 
have more destructive effects on the survival rate of juvenile snails than the corresponding concentrations of O. 
guatemalensis plant, where the survival rate of the treated snails with the latter plant is characterized by a 
gradual slow reduction with many steady periods. On the contrary, the survivorship of the snails that were 
exposed to A. densiflorus was very sharp ended by sudden death after only one week of the experiment as well 
as in case of Score-treated snails at LC25 concentration. This means that the snails could adapt to low 
concentrations (LCo and LC5) of the molluscicides and tolerate their effects through the exposure period. These 
results agree with Abdel Hafez et al. (1997) on low concentrations of Azolla pinnata which almost have no 
effect on the survival of B. alexandrina snails. On the other hand, low concentrations of Atriplex halimus caused 
a sharp decline in the survival of the same snail species Tantawy (2002). Later, El-Nahas and El-Deeb (2007) 
noticed that LC25 of both Hedera canariensis and Pittosorum tobira varigatum plants had more sharp effects 
than LCo and LC10 on the survival rates of both juvenile and adult B. alexandrina snails. The present findings 
can also be explained on the basis of storage depots as well as metabolic, physiological and biochemical 
hazardous effects of the accumulated doses. 
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Fig. 1: Survivorship of juvenile Biomphalaria alexandrina snails after prolonged exposure (27 weeks) to      
      sublethal concentrations of Asparagus densiflours. 
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Fig. 2: Growth rate of juvenile Biomphalaria alexandrina snails after   prolonged exposure (27 weeks) to  
      sublethal concentrations of Asparagus densiflours 
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Fig. 3: Fecundity of juvenile Biomphalaria alexandrina snails after prolonged exposure (27 weeks) to sublethal  
      concentrations of Asparagus densiflours. 
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Fig.  4: Total reproductive rate of juvenile Biomphalaria alexandrina snails after prolonged exposure (27  
     weeks) to sublethal concentrations of Asparagus densiflours. 
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Fig. 5: Survivorship of juvenile Biomphalaria alexandrina snails after prolonged exposure (27 weeks) to  
     sublethal concentrations of Oreopanax guatemalensis. 

 

0

10

20

30

40

50

60

T
ot

al
 r

ep
ro

d
u
ct

iv
e

 r
at

e

Control LCo LC5 LC10 LC25

Sublethal concentrations of 
A. densiflours

Control 
LCo

LC5
LC10
LC25

 
Fig. 6: Growth rate of juvenile Biomphalaria alexandrina snails after prolonged exposure (27 weeks) to  
     sublethal concentrations of Oreopanax guatemalensis. 
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Fig. 7: Fecundity of juvenile Biomphalaria alexandrina snails after prolonged exposure (27 weeks) to sublethal  
    concentrations of Oreopanax guatemalensis.   
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Fig . 8: Total reproductive rate of juvenile Biomphalaria alexandrina snails after prolonged exposure (27  
      weeks) to sublethal concentrations of Oreopanax  guatemalensis. 
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Fig. 9: Survivorship of juvenile Biomphalaria alexandrina snails exposed to sublethal concentrations of Score. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Growth rate of juvenile Biomphalaria alexandrina snails exposed to sublethal concentrations of Score. 
 
Growth Rate Of The Juvenile Snails: 
  Data in figures (2, 6 & 10) of the current work revealed that the net increase in mean shell diameter (N) 
was inversely proportional to all the applied concentrations of the two tested plants and the synthetic fungicide 
and it can also be noticed that the highest effective agent was Score followed by A. densiflorus then O. 
guatemalensis where the data illustrated that exposed juvenile snails could not survive or grow in the 
contaminated water with sublethal concentrations of Score more than few weeks. Also, despite of the different 
fluctuations in growth rates of juvenile snails treated with sublethal concentrations of the two tested plants 
during the observation periods, the percent increase in growth rate (R%) remain lower than the control groups 
by the end of the experiment. These results may be attributed to the disturbances in metabolism or physiology of 
the snails (Adel- Kader et al., 2005). It may also be related to inhibition of the growth hormone produced by 
endocrine or neuroendocrine organs of the snails (Tantawy, 2006). Our results are also, in accordance with the 
previous investigations on other synthetic or plant molluscicides made by El-Deeb (1996); Bakry and Hamdi 
(2006) and Ragab (2008). 
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Table 1:    Effect of the different concentrations of Asparagus densiflours on the hatchability of Biomphalaria alexandrina eggs after two  
   periods of exposure. 

 
Age of 
eggs 

 

 
Exposure period 

(days) 

 
Hatchability (%) of Biomphalaria alexandrina  eggs exposed to the following concentrations(ppm)  

LCo      
25 ppm 

LC5  
40ppm 

LC10 

47ppm 

LC25 

60ppm 

LC50  
75ppm 

LC90 

102ppm 

LC100  
124ppm 

Control 

One 
Day 

One 91.70 86.80 86.60 86.00 85.70 81.30 74.50 96.10 

Seven 89.10 88.90 86.00 84.60 83.10 82.8 74.2 98.20 

Seven 
Days 

One 93.70 93.10 91.70 89.90 86.10 74.40 65.20 99.00 

Seven 83.22 76.92 60.50 54.65 48.72 46.50 45.42 100 
 
Table 2: Effect of the different concentrations of Oreopanax guatemalensis on the hatchability of Biomphalaria alexandrina eggs after two  
   periods of exposure. 

 
Age of 
eggs 

 

 
Exposure period 

(days) 

 
Hatchability (%) of Biomphalaria alexandrina  eggs exposed to the following concentrations (ppm) 

LCo 

109ppm 

LC5 

125ppm
LC10 

133ppm
LC25 

146ppm
LC50 

160ppm
LC90 

188ppm
LC100 

210ppm 

Control 

One 
Day 

One 91.80 90.20 89.20 88.40 88.30 87.60 83.30 96.10 
Seven 91.90 91.80 91.60 86.80 86.40 82.40 81.50 98.20 

Seven 
Days 

One 93.90 90.50 84.60 83.10 80.80 78.60 77.30 99.00 
Seven 95.90 94.30 93.60 86.80 83.60 75.00 64.10 100 

 
Table 3: Effect of the different concentrations of Score on the hatchability of Biomphalaria alexandrina eggs after two periods of exposure. 

 
Age of 
eggs 

 

 
Exposure period 

(days) 

 
Hatchability (%) of Biomphalaria alexandrina  eggs exposed to the following concentrations(ppm) 

LCo             

0.96ppm 

LC5 

1.2ppm
LC10 

1.4ppm
LC25 

1.6ppm
LC50 

1.9ppm
LC90 

2.5ppm
LC100 

2.9ppm 

Control 

One 
day 

One 79.41 56.00 45.68 8.73 0.00 0.00 0.00 96.10 

Seven 0.00 0.00 0.00 0.00 0.00 0.00 0.00 98.20 

Seven 
days 

One 93.80 93.70 88.94 82.92 75.97 65.51     65.75 99.00 

Seven 84.70 82.14 70.47 65.74 33.98 2.94 0.00 100 
 
Table 4: Effect of some biochemical parameters in hemolymph of Biomphalaria alexandrina snails exposed to sublethal concentrations of Asparagus densiflours for different periods 

 
Data are presented as mean of six samples ± S.D, Each hemolymph sample collected from 10 adult snails. 
*, ** & *** Significant, highly significant and very highly significant between control and each dose of tested agent at (P<0.05), (P<0.01) and (P<0.001), respectively. 
F1- value: the effect among groups (One-way ANOVA). 
F2- value: the effect between the two exposure periods for each group (One-way ANOVA). 
F3- value: the effect among the groups and the two exposure periods (Two-way ANOVA). 
# & ## Significant highly significant at (P<0.05) and (P<0.01), respectively using ANOVA test.  
All values without any symbol are not significantly different at (P>0.05). 
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Plate 1: Section in the digestive gland of normal Biomphalaria alexandrina snails (Hematoxylin and Eosin 

stained).  A= X100    B= X200   TG: Tubular Glands,   CT: Connective Tissue,   DC: Digestive Cells,   
SC: Secretory Cells,     DF: Digested Food, L: Lumen. 

 

 

 

 
 
 
 
 
 
 
 
Plate 2: Section in the digestive gland of Biomphalaria alexandrina snails treated with sublethal dose (LC5) of 

Asparagus densiflours for two weeks (Hematoxylin and Eosin stained).  A= X100 B = X200 TG: 
Tubular Gland, CT: Connective Tissue, V: Vacuole, SC: Secretory Cells, VDC: Vacuolated Digestive 
Cell, RDC: Ruptured Digestive Cells, L: Lumen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 3: Section in the digestive gland of Biomphalaria alexandrina snails treated with sublethal dose (LC5) of 

Oreopanax guatemalensis for two weeks (Hematoxylin and Eosin stained). A= X100    B= X200   TG: 
Tubular Gland,    L: Lumen, DF: Digested Food, SC: Secretory cell, VDC: Vacuolated Digestive Cell, 
RDC: Ruptured Digestive Cells. 
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Plate 4: Section in the digestive gland of Biomphalaria alexandrina snails treated with sublethal dose (LC5) of 

Score for two weeks (Hematoxylin and Eosin stained).  A=X100     B=X200 VDC: Vacuolated 
Digestive Cell, RDC: Ruptured Digestive Cells, V: Vacuole, DDC: Degenerated Digestive Cells,   
TG: Tubular Gland,   SC: Secretory Cell. 

 
Snail’s Fecundity (Mx) and Reproductive Rate (LxMx) of the Juvenile Snails:  
 The encouraging results obtained on the mortality and inhibition of growth rate as a results of prolonged 
exposure to sublethal concentrations, made it important to study the mechanisms of action of the promising 
molluscicides against juvenile snails’ fertility. As was previously mentioned, the juvenile snails, treated with 
sublethal concentrations of Score, were dead after a few weeks of exposure and get out of the experiment 
without laying any eggs. The sublethal concentrations of powdered A. densiflorus water suspension proved to be 
the most effective in suppressing egg laying capacity.  
 The effect of the plant on the fecundity (Mx) and reproductive rate (LxMx) of all experimental groups was 
proportional to the concentrations used. The total (Mx) values by the end of the experiment were 42.35 and 
12.59 for (25 and 40 ppm) groups compared to 70.96 of the control snails. Therefore, the reduction ratio in the 
total reproductive rate recorded 52.42% and 99.26% of the treated and control snails by the end of the 
experiment, respectively (Figures 3 & 4). 
 This disturbance was related to the duration of exposure; concentration of the tested plant and probably to 
the rate of penetration of the tested material into snails. On the other hand, the exposure to low concentrations 
(LCo, LC5 and LC10) of O. guatemalensis water suspension did not inhibit oogenesis or oviposition. The 
recorded values showed an increase in the oviposition while by increasing the concentration up to (LC25) it 
caused a complete retardation in egg-laying capacity. So, no egg-laying was recorded through the whole 
observation period (Figures 7 & 8).  For snails treated with Score, all the experiment groups were dead before 
laying any eggs. Therefore, the fecundity (Mx) and reproductive rates (Lx Nx) recorded zero values throughout 
the whole observation period. These results are in agreement with the data of Bakry and Sharaf El- Din (2000); 
Rao and Singh (2000) and El-Nahas and El-Deeb (2007) using other molluscicidal agents. 
 
Efficiency Of The Tested Agents Against Some Biochemical Parameters Of Snails’  Hemolymph: 
 Biological markers have been defined as Xenobiotically- induced variations in cellular or biochemical 
components in any biological system. Ingested molluscicides are transported in the food mass and quickly 
absorbed by the oesophagus, then released into hemolymph, and are quickly transported to peripheral tissues 
and organs (Triebskorn, 1995).  Aspartate and Alanine aminotransferases (AST and ALT) played a critical role 
in many stressful conditions (El-Ansary and Al-Daihan, 2007). The AST and ALT as biomarkers of water 
pollution had the potential to detect the sublethal copper concentrations in Helisoma duryi and Lymnaea 
natalensis, since their activities were significantly altered by the low copper concentrations (Masola et al., 
2003).     
 The present work showed marked elevation in the activity of AST enzyme in all the treated groups with 
(LC0 and LC5) of the A. densiflorus, O. guatemalensis plants and Score fungicide (Tables 4, 5 & 6). This is 
reflecting the damages caused by the low concentration of the promising tested agents in hepatic cells and these 
results are in harmony with the previous study of El-Gindy et al. (1991) and Abdel Kader et al. (2004) who 
reported the severe damages introduced to snail vital activities by exposure to low doses of synthetic and natural 
molluscicides.  
 Also, the activity of the ALT enzyme elevated after the first week of exposure to the three tested agents 
then decreased after the second week. The recorded changes may be due to animal’s trials to restore the amino 
acid balance in different body organs or due to a destructive change in the hepatic cells and cardiac tissue (El-
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Emam and Ebied, 1989). Since transaminases are necessary in regulating the concentrations of keto amino acid; 
the high increase of AST activity as compared to ALT one, reflecting that the reduction involving pyruvate 
seems to gain more importance than others involving oxaloacetate (Morad, 2005). These findings however, are 
in accordance with the effect of Copper sulphate; Bayluscide; Uccmaluscide; Agave fanzosinii; Agave filifera 
and Agve attenuta (Abdel Kader et al., 2005); CuSo4, Agave filifera and Ammi majus (Morad, 2005). Also, 
Tadros et al. (2008) stated that saponin fraction of Dracaena fragrans led to an increase in the activity of 
aminotransferases AST and ALT. 
 Alkaline and Acid phosphatases (ALP and ACP) were recorded among the target enzymes which should be 
disturbed and may provide more accurate information on the molluscicide-induced stress on molluscs. 
Impairment of theses enzymes could be effective in affecting the feeding and reproductive competence at the 
mollusc population level (fertility, fecundity and reproductive rate). 
 The present work proved that sublethal concentrations of each of the two tested plants A. densiflorus and O. 
guatemalensis induced fluctuated alterations in the ALP enzyme after the first week. The significant decrease at 
high concentration (LC5) of A. densiflorus and moderate decrease at the same concentration of O. guatemalensis 
were obtained in the activity of this enzyme. These results are in agreement of Atlam (2000) on B. alexandrina 
exposed to E. peplus extract and he attributed this reduction to the acidity of hemolyph which led to the rupture 
of the cells and their organelles. This decline was followed by marked increase in snail’s hemolymph exposed to 
high concentrations of both tested plants after the second week. This may be attributed to the granular increase 
and lysosomal activity of snails’ haemocytes as reported by Atlam (2000) on L. carinatus snails. While treated 
snails with all sublethal concentrations of Score showed marked decrease post the first and the second weeks of 
exposure.  Also, these results agree with Abdel-Raouf (2007). 
 On the contrary, snail groups that are subjected to the sublethal concentrations of the two experimental 
plants showed significant elevation in the activity of ACP enzymes. This increase may be due to the 
participation of the defensive mechanism of this enzyme in the snails as reported by Cheng and Bulter (1979) in 
B. glabrata snails. Whereas fluctuated level are observed, when applying sublethal concentrations of Score, as 
an increase in the ACP activity at the first week then a highly significant decrease by the second week. These 
fluctuations in these enzymes may be due to the toxic effect of the compounds which interfere with the snail’s 
biology. Also, Mahmoud and El-Sayed (2004) attributed the decrease of ACP activity to the decrease of the 
defensive mechanism system due to increasing the sublethal dose of Niclosamide which led to an increase in the 
total protein in hemolymph of   B. alexandrina. 
 As to the effect of the three molluscicideal agents on the remaining parameters total protein, albumin, 
globulin and A/G ratio, the present study showed that snails responded variably towards the toxic effect of the 
currently studied molluscicides, where all these parameters showed insignificant effects after the second week of 
exposure at (LCo) concentration of all tested agents. These results agree with Ragab et al. (2003) who concluded 
that total protein of B. glabrata was generally not affected when exposed to certain chemical and plant 
molluscicides. The significant elevation changes in total protein content observed at (LC5) concentration of A. 
densiflours after the first week, followed by moderate decrease after the second week of exposure. This change 
might be due to a physiological adaptability of the animal to compensate the toxic stress. To overcome the 
stress, the animal requires high energy. This energy demand may have led to the stimulation of protein 
catabolism. On the other hand, a significant hyperproteinemia was observed after the second week of exposure 
to (LC5) of both O. guatemalensis and Score treatments. These results are coinciding with Mello-Silva et al. 
(2006) who recorded an increase in protein content of B. glabrata treated with sublethal concentration of 
Euphorbia splendens latex which could be related to the accelerations in the gluconoeogensis process. Similar 
results were obtained by Hassan et al. (2010) who found that, total protein content in both hemolymph and soft 
tissue of L. natalensis and B. alexandrina snails increased in response to treatment with butanol fraction of 
Meryta denhamii plant. 
 The major cause for the decline of albumin level after the first week of exposure may be due to the effect of 
the three tested agents on liver parenchyma, which is considered the site of albumin origin (El-Hawary, 1995). 
While the elevation of globulin level that was observed after the first week of exposure for the three tested 
agents, may be attributed to the increase of immunoglobulins synthesis as defense mechanisms which aim to 
protect the body from toxic effect of these toxic agents. On the other hand, the general decrease of 
albumin/globulin (A/G) ratio may be referred to the damage in liver parenchyma cells. Also these results agree 
with those obtained by El-Hawary (1995) on the other molluscicidal agents. 
 
Histological Examinations of the Adult Biomphalaria Alexandrina Snails: 
 Since, all the tested agents induced histopathological changes of the digestive gland. The most prominent 
severe damage in the digestive cells was clear in case of A. densiflours plant and Score fungicide as epithelial 
cells lost their regular shape, having many vacuoles and ruptured tips also the secretory cells became denser in 
color and increased in number and the connective tissue between digestive tubules shrink, as shown in Plates 2 
and 4 (A&B). These results agree with Morad (2005) and El-Deeb and El-Nahas, (2005) on Euphorbia nubica 
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and Sesbania sesban plants which caused epithelial necrosis and abnormal increase in the ratio of secretory to 
digestive cells. 
 Bode (1996) observed an increase in the number of secretory cells and a reduction in the number of 
digestive cells in the digestive gland, besides an intense autolysis of membranous structure in B. glabrata treated 
with extract of T. tetrapetra. The author attributed these changes to the release of a large quantity of proteins 
from tissues. This suggestion agrees with our obtained data. Meanwhile, Alcanfor (2001) observed histological 
changes with a degeneration of digestive gland in B. glabrata treated with molluscicidal plant extract without 
elevation in total protein. On the other hand, the subjected snails to sublethal concentration of O. guatemalensis 
plant showed a moderate effect in the digestive gland and the secretory cells. These observations support the 
previous results that were obtained from survival and growth rates for each tested agent against B. alexandrina 
snails, clear in Plate 3 (A&B).  
 Also, Guayacum officinalis; Atriplex stylosa and Euphorbia splendens methanol extract on the digestive 
gland of Biomphalaria alexandrina snails were studied by Bakry (2009) who obtained the same observations in 
the gland of B. alexandrina post two weeks of exposure to LC25 of the tested plant’s extract.  
 So, we can conclude that the recorded effects are not completely similar but they depend on the type of the 
tested agent, where a gradual damage was shown in the gland.  
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