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A B S T R A C T   

Schistosomiasis is a tropical disease that widely neglected. Schistosoma mansoni reproduce asex-
ually within the freshwater snail, Biomphlaria alexandrina. Sodium hypochlorite (NaOCl) is a 
widely used disinfectant, so its effect against gainst B. alexandrina snails was evaluated. The 
present results showed that NaOCl has a molluscicidal activity against adult B. alexandrina snails 
at LC50 1.25 ppm. Hemocytes displayed varied morphological forms after being exposed to the 
LC10 and LC25 concentrations of NaOCl in B. alexandrina snails, and the phagocytic index of 
B. alexandrina snail’s hemocytes significantly increased. The phagocytic potency of exposed he-
mocytes to charcoal showed ruptured plasma membrane, engulfed particles, vacuolation in the 
cytoplasm and degeneration of nuclei. When B. alexandrina snails were treated with sublethal 
concentrations of NaOCl, transaminases (AST & ALT), alkaline and acid phosphatase activities 
were significantly increased. In contrast, the total protein, albumin concentrations, Testosterone 
(T) and 17β Estradiol (E) showed a significant decrease (p ≤ 0.05) as compared to the control 
groups. The molecular docking interaction showed high efficiency for the ligand, NaOCl against 
the receptor binding sites of the acid phosphatase, alanine aminotransferase, estrogen and 
testosterone. The present results showed that NaOCl could be used as an effective molluscicide 
against B. alexandrina snails but more attention should be paid to investigate the side effects on 
the non-target organisms living in the freshwater environment.   

1. Introduction 

Trematode infections include Schistosomiasis and fascioliasis (Ibrahim and Bakry, 2019). According to recent estimates, 243 
million persons globally have infected with Schistosoma species (WHO, 2022). The parasite infection may have systemic impacts on a 
patient’s metabolism, seriously affecting their ability to grow, eat, and develop cognitively (Ezeamama et al., 2005). In terms of 
morbidity and mortality in humans, it is one of the most significant helminthic illnesses (Friedman, 2005). Schistosomiasis is the 
infection with the trematode worm, Schistosoma spp. that transmitted through cercarial penetration of human skin, around the world 
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(Ibrahim and Kamal, 2019; Ibrahim and Nasr, 2019). Certain freshwater snail species, such as Biomphalaria spp. snails served as the 
intermediate hosts in the life cycles of Schistosoma spp. The role of Biomphalaria spp. snails as intermediate hosts for Schistosoma 
mansoni is extremely important in medicine (Ibrahim et al., 2023; Morad et al., 2023) because it helps in the disease transmission. The 
interactions between Biomphalaria spp. snails and Schistosoma spp. have drawn a lot of attention in this regard (Morad et al., 2023) 
because the infection of Biomphalaria spp. with schistosomes caused loss of fertility or even parasitic castration (Alberto-Silva et al., 
2015). 

Praziquantel is a widely used anthelmintic against parasites that proved efficiency against trematodes and cestodes and is the only 
approved drug against schistosomiasis (Ibrahim et al., 2019; Ibrahim et al., 2022b). Praziquantel has efficacy against adult worms, but 
poorly active against juvenile stages and for that reason, it must be periodically applied for effective treatment and control (Ibrahim 
et al., 2019). The heavy use of Praziquantel for treatment of schistosomiasis, resulted in high-resistance as reported in the study 
conducted by (Ismail et al., 1994) who reported that despite the use of praziquantel in some cases, the infection persisted. So, the huge 
uses of Praziquantel in humans and domestic animals treatments (Xavier et al., 2020) raise a considerable issue regarding the need for 
finding out a new drug for these parasites (Lago et al., 2017). 

Despite molluscicide use is an efficient, rapid, and practical intervention technique to limit the spread of these infectious species in 
endemic areas (Ibrahim et al., 2022a; Ibrahim and Abdalla, 2017; Zheng et al., 2021), But on the other side, the widespread usage of 
various synthetic molluscicides was accompanied by serious environmental contamination and safety issues (Coelho and Caldeira, 
2016). Sodium hypochlorite (NaOCl), which is chemically created from aqueous sodium chloride solutions, is the most practicable 
source of active oxygen. It can be used in drinking water without being hazardous (Taha et al., 2014). It can easily pass cellular 
membranes and is quickly expelled due to its small size and low molecular mass (Eventov et al., 1998). NaOCl is commonly known as 
powerful disinfectant, and its remedies successfully lessen the contagious potential of a variety of viruses, bacteria, and fungus (Peeters 
et al., 2008). Sodium hypochlorite has effective antimicrobial mechanisms, tissue dissolution capacity and showed a biological 
compatibility in less concentrated solutions (Abadias et al., 2008; Gerba and Denise, 2007). The study aimed to investigate the action 
of sodium hypochlorite against snails, B. alexandrina the intermediate host of S. mansoni, and elucidate its role as a control agent 
against B. alexandrina snail’s immunological and hepato-endocrine alterations with in-silico molecular docking. 

2. Materials and methods 

2.1. Experimental animals 

Biomphalaria alexandrina (9–10 mm) snails were reared in Medical Malacology Laboratory, Theodor Bilharz Research Institute 
(TBRI), Giza, Egypt. It was housed in 15 × 24 × 10 cm plastic aquariums with blue green algae (Nostoc muscorum) and dechlorinated 
aerated tap water and oven dried lettuce leaves (10 snails/ L). Egg masses were collected using polyethylene sheets, and the water in 
the aquariums was changed once a week. 

2.2. Sodium hypochlorite (NaOCl) 

A commercial bleaching solution Clorox® (6.0% NaOCl solution) was used in this study. The stock solution was prepared on the 
basis of V/V using distilled water (1000 ppm). 

2.3. Molluscicidal effects 

To determine LC50 and LC90, serial dilutions (0.5, 1, 1.5, and 2 ppm) of the NaOCl stock solution were made with dechlorinated 
tap water. For each concentration, ten snails (9-10 mm) were maintained in each aquaria (WHO, 1983). Control snail group of the same 
size in dechlorinated water was assessed side by side with the tested solutions. Each concentration and control group underwent three 
replications, after 24 h of exposure and another 24 h of recovery. The percentages of mortalities were monitored and calculated by 
Probity analysis (Finney, 1971). 

2.3.1. Immunotoxin effects 
Hemolymph was collected after B. alexandrina snails were treated with sublethal concentration of NaOCl according to (Nduku and 

Harrison, 1980). Where, a capillary tube was used to draw hemolymph from a small opening above the snail’s heart.  

a- Hemocytes monolayers: 
A glass slide with 10 μl of hemolymph was placed on it, and it was left at room temperature for 15 min to dry. Absolute methanol 

was used to fix hemocytes for 5 min, and 10% Giemsa stain (Aldrich) was used to stain them for 20 min., then examined under light 
microscope (Abdul-Salam and Michelson, 1980).  

b- Phagocytic activity 
Hemocyte suspension (100 μl) was collected from each exposed and control groups, then It was applied on glass slides and left to 

sit for one hour at 37 ◦C in a humid environment to test for cell adhesion. Hemocytes were challenged with activated charcoal 
particles and incubated for 1 h at 37 ◦C in order to measure their phagocytic efficacy. The cells were then stained with Giemsa after 
incubation, air dried, fixed with methanol, and viewed under a light microscope. Both in control and exposed snails, various stages 
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of hemocyte phagocytosis of charcoal particles were identified. To estimate phagocytic index, the following formula was applied 
according to (Guria, 2018). 

Phagocytic index =
Counted cells with phagocytosed charcoal particle

Total number of cells
× 100   

2.3.2. Biochemical examinations 

2.3.2.1. Tissue preparation. Snails were dissected from each control and exposed groups to the sublethal concentrations of NaOCl, then 
forceps were used to separate the soft tissues of digestive and the hermaphrodite glands from the shells. After weighing the soft tissues 
(1 g tissue/10 ml phosphate buffer), they were homogenised in a glass Dounce homogenizer. The supernatants from the centrifugation 
of the homogenates at 3000 rpm for 10 min were employed in the tests. The aspartate and alanine aminotransferase (AST; ALT) 
activities were measured using the (Reitman and Frankel, 1957) technique. Total protein was determined according to (Lowry et al., 
1994). Albumin levels were measured according to (Gustafsson, 1976). Acid and alkaline phosphatase (ACP/ALP) were measured by 
the method of (Bergmeyer, 1985) modified by (Singh and Agarwal, 1991). 

2.3.3. Endocrine disruption 
Tissues of the hermaphrodite glands of ten snails were used in this experiment. Testosterone (T) and estradiol hormones (E) 

concentrations were measured for all groups according to the manufacturer’s recommendations, for testosterone EIA kit (Enzo Life 
Science, Michigan, USA, ADI-900-065) and for estradiol EIA kit (Cayman Chemical Company, Michigan, USA, item no. 582251). 25 μl 
of each standard, control, and samples (serum) in duplicate were dispensed with new disposable tips into appropriate wells on a 
microplate coated with T or E monoclonal antibody. After that, each microplate well was filled with 200 μl enzyme conjugate, 
thoroughly mixed, and then incubated for 60 min at room temperature. Following this, the microplates were treated and absorbance 
was measured (Gholib et al., 2020). 

2.3.4. The molecular docking interaction analysis 
To study the action of sodium hypochlorite on snail exposure, acid phosphatase, ALT, estrogen and testosterone activities were 

selected to predict the action of NaOC The structure of several compounds, such as acid phosphatase (1D2T) from Escherichia blattae 
(Ishikawa et al., 2000) and ALT (1XI9) from Pyrococcus furiosus (Zhou et al., 2004) Estrogen (1iol) (Azzi et al., 1996), and Testosteron 
(1I9J) (Valjakka et al., 2002) were collected and encoded using Protein Data Bank (PDB). The programme, Molecular Operating 
Environment (MOE 2014.09) was used to conduct this investigation. After selecting the appropriate order for each molecule, and 
hydrogens were added then, the energy of the ligand, NaOCl, was minimized, and the partial charges were determined. 

Table 1 
Molluscicide effect of NaOCl against B. alexandrina snails (24 h exposure, followed by 24 of recovery).  

Concentration (ppm) LC10 LC25 LC50 LC90 Slope 

Biomphalaria alexandrina 0.78 1.004 1.25 1.71 1.1  

Fig. 1. Molluscicide activity of NaOCl against B. alexandrina snails by Probity analysis.  
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2.4. Statistical analysis 

Using probability analysis, lethal concentration values were established (Murray, 1981). Student’s t-test was used for data analysis 
in order to compare the means of the experimental and control groups (Finney, 1971).Values were expressed as mean ± S.D. 

3. Results 

The present study elucidated the molluscicide activity of 24 h of exposure NaOCl against adult B. alexandrina snails followed by 
another 24 h for recovery (Table 1). It showed the toxic effect of NaOCl on B. alexandrina snails at LC50 (1.25 ppm) (Fig. 1). 

In the current study, there are three hemocytes types detected in the untreated group; small (undifferentiated); granulocytes and 
hyalinocytes (Fig. 2). After treatment of B. alexandrina snails with the LC10, the granulocytes showed a large number of granules and 
many pseudopodia with shrunk nucleus were formed. Also, some hyalinocytes’ nuclei have shrunk, while others have deteriorated 
(Fig. 2. C; D). The extensive morphological alterations were detected after exposure to LC25 where hyalinocytes enlarged in their size 
with irregular cell membrane and had many pseudopodia. The granulocytes were more active, enlarged, and more granulation 
appeared (Fig. 2.E, F). 

The current findings demonstrated that exposure to LC10 and LC25 of NaOCl considerably raised the phagocytic index of the he-
mocytes of B. alexandrina snail (Fig. 3). 

Fig. 2. Photomicrographs show B. alexandrina snails hemocytes. A,B) Control B. alexandrina snails hemocytes showing small hemocytes (S), 
granulocytes (G) and hyalinocytes(H). C, D) B. alexandrina snails hemocytes exposed to LC10 of NaOCl showing granulocytes (G) with numerous 
granules, and hyalinocytes had shrunk nucleus and small extending pseudopodia (PS). E, F) B. alexandrina snails hemocytes treated with LC25 of 
NaOCl revealing hyalinocytes with many pseudopodia, the granulocytes showed granulation. G: Granulocyte, H: Hyalinocyte, N: Nucleus, S: Round 
Small, PS: Pseudopodia. Magnification power (x40). 
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The effect of sublethal concentrations of LC10 and LC25 of NaOCl on in vitro phagocytic activity of B. alexandrina hemocytes against 
charcoal after two weeks of the exposure are presented in Fig. 4. Results showed that cells of exposed snails to LC10 and LC25 of NaOCl 
showed ruptured plasma membrane, vacuolation in the cytoplasm and degeneration of nuclei (Fig. 4 B, C, and D). Some granulocytes 

Fig. 3. Phagocytic percent of B. alexandrina snail’s hemocytes after exposed to sublethal concentrations of NaOCl. * Significantly different as 
compared to control at p < 0.05. 

Fig. 4. Photomicrographs showing phagocytic activity of B. alexandrina snails. (A), Control snail hemocytes challenged with charcoal only. (B) 
Biomphlaria alexandrina snail hemocytes exposed to LC10 of NaOCl and then challenged with charcoal showing many vacuolation (V) in the 
granulocytes. (C, D) Biomphlaria alexandrina snail hemocytes exposed to LC25 of NaOCl showing enlarged granulocytes, with the engulfed charcoal 
particles and formed membrane blebs. H: hyalinocytes; G: granulocytes; S: small cells; Nucleus (N), Ch (charcoal) and vacuoles (V). Magnification 
power (x 40). 
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Fig. 5. The effect of LC10 and LC25 NaOCl exposure on B. alexandrina snails. A, B) transaminases (AST and ALT) concentrations after exposure to 
LC10 and LC25 NaOCl. C, D) the total protein, and albumin concentrations after exposure to LC10 and LC25 NaOCl. E, F) alkaline and acid phos-
phatases levels after exposure to LC10 and LC25 NaOCl. * = significant compared to control group at p < 0.05. ** = highly significant compared to 
control group at p < 0.01. 
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enlarged, had engulfed the charcoal particles and some formed membrane blebs. Hyalinocytes had shrunk nucleus with vacuoles in the 
cytoplasm (Fig. 4C) than that of the control group (Fig. 4.A). 

The biochemical analysis of LC10 and LC25 of NaOCl exposure to B. alexandrina snails showed a significant elevation of trans-
aminases (AST & ALT), alkaline and acid phosphatase (p ≤ 0.05) in contrast, the activities of total protein and albumin showed a 
considerable decrease (p ≤ 0.05) as compared to the control groups (Fig. 5). 

After two weeks of exposure to sub lethal concentrations (LC10 and LC25) of NaOCl, the levels of testosterone (T) and 17 estradiol 
(E) were dramatically decreased (p < 0.05) as compared to control group (Fig. 6). 

The molecular docking interactions were performed to investigate the action of NaOCl. Acid phosphatase (AP), alanine amino-
transferase (ALT), Estrogen (E), and testosterone (T) were chosen. The tested docking interaction showed high efficiency for the ligand, 
NaOCl against the receptor binding sites of the selected structures. The docking score, also known as interaction-free energy, was used 
to analyse the inhibitory effect. NaOCl showed docking interaction ability through 2H-acceptor and 2 metals scores (− 6.1,-0.9, − 1.1 
and − 4.6 Kcal/mol) against acid phosphatase (Fig. 7A), and through 2 metals score (− 0.9, and − 2.4 Kcal/mol) against ALT (Fig. 7B), 
while this interaction appeared through 2 metals score (− 1.1, and − 3.6 Kcal/mol) with estrogen (Fig. 7C), and finally through 2 
metals scores (− 0.8, and − 1.5 Kcal/mol) (Table 2) with testosterone (Fig. 7 D). 

4. Discussion 

The snail population control is the key factor in the limiting spreading of schistosomiasis worldwide (Ibrahim and Hussein, 2022). 
The purpose of this study was to detect the molluscicide action of high biocide activity, sodium hypochlorite that was widely used for 
water disinfection as well as residential, industrial, medicinal, and research purposes (Emmanuel et al., 2004). The present study 
indicated a molluscicide ability for NaOCl against B. alexandrina snails with LC50 at 1.25 ppm and LC90 at 1.71 ppm. The present results 
are in agreement with the findings previously obtained by (Taha et al., 2014) who found that effects of NaOCl on the mortality of the 
L. natalensis snails were concentration- and time-dependent and after 30 min of incubation, fatal effects at concentrations of 20, 30, 40, 
and 50 ppm ranged from 30% to 60%. None of the snails treated lived after 4 days. 

Hemocytes, which are in charge of phagocytosis, make up the majority of the snail immune system in mollusks (Baroudi et al., 
2020). In the present study, when hemocyte monolayers were examined, three different cells were detected; round, tiny, hyalinocytes, 
and spreading hemocytes and there were many alterations specially pseudopodia formation after exposure of B. alexandrina snails to 
NaOCl. These pseudopodia are working with other snail’s innate immune system to eliminate any aquatic contaminants (Donaghy 
et al., 2010). 

The present results are in accordance with the investigations obtained by (Morad et al., 2022) who found that various changes, 
including the development of pseudopodia and an increase in granules, were seen in the hemocytes of treated snails with selenium 
nanoparticles. Such adaptations could result from the insecticide’s molluscicide properties as well as from adjustments to intercellular 

Fig. 6. The endocrine level changes, testosterone (T) and 17β Estradiol (E) in the tissue homogenate of B. alexandrina snails after exposure to sub 
lethal concentrations of LC10 and LC25 of NaOCl. Values are represented as mean ± S.D. 
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adhesion molecules that are sensitive to the absorption of foreign materials, increasing granulocytes’ phagocytic activity (Matricon- 
Gondran and Letocart, 1999). 

One of the many activities of hemocytes is phagocytosis, a general immunological response to foreign substances (Hooper et al., 
2007). Hemocyte activity for immunological response includes the ingestion of foreign particles into an endocytic vacuole by ingestion 
of the particle, creation of pseudopods, and invagination of the cell membrane (Ladhar-Chaabouni, 2016).The present investigation 
showed that NaOCl treatment significantly increased the mean phagocytic index of the hemocytes of exposed snails challenged with 

Fig. 7. 3D and 2D docked interaction map for the ligand (NaOCl) with the binding sites of Acid phosphatase (A, A1), alanine aminotransferase (B, 
B1), Estrogen (C, C1), and testosterone(D, D1), respectively. 
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charcoal that may indicate the increase in the mortality index is indication of the Cell death or apoptosis (Guria, 2018). After exposure 
to different particles, the phagocytic capability of hemocytes from different mollusks species can increase, decrease, or stay the same 
(Ladhar-Chaabouni, 2016). Our results are consistent with a recent study found that the phagocytic index of hemocytes increased after 
the treatment of Planorbarius corneus and Biomphalaria glabrata with various chlorpyrifos (Garate et al., 2020). 

Aspartate and Alanine Aminotransferases (AST and ALT) were important in various stressful situations and were utilised as bio-
markers for water pollution (Masola et al., 2003)(Khalaf, 2008). The results of the current study revealed that these two enzymes were 
significantly more active in all groups who received NaOCl treatment. This is a reflection of the harm NaOCl has done to liver cells. 
These findings are consistent with a prior study (El-Deeb et al., 2017) that discovered an increase in AST and ALT activity in the 
hemolymph of five species of fresh water snails subjected to LC10 and LC25 Nicodamid The observed modifications could be the result 
of animal experiments to balance amino acids in various body parts. Similarly, Beltagi et al., 2010 reported a significant increase in the 
levels of ALT and AST in the exposed land snails to LC25 and LC50 thymol. On contrary, (Abdel Salam et al., 2022) found that thymol 
could inhibit the release of ALT and AST in the hemolymph of exposed snails. According to the effectiveness of molluscicides as a toxic 
agent that induced rupturing and inflicted injuries in many snail organs, may explain the changes in the activities of AST and ALT 
exposed B. alexandrina snails (Ahmed et al., 2012). 

According to the current investigation, the contents of total protein and albumin in the hemolymph of the snails subjected to 
sublethal doses of NaOCl (LC10 and LC25) were lower than those in the control group. This investigation was similar to a study 
conducted by (Mohamed, 2012) who mentioned that total protein and albumin concentrations in hemolymph significantly decreased 
after B. alexandrina snails were exposed to sublethal doses of the insecticides Regent and Mimic for 4 weeks. This decrease was brought 
on by the destruction and cellular degeneration of the treated snails’ ovotestis and digestive glands. 

Invertebrate endocrine systems control activities like development, growth, and reproduction that are also present in vertebrates 
and there are many particles that may lead to disrupting development and reproductive functions of invertebrate endocrine systems 
(Ford and LeBlanc, 2020). The current findings demonstrated that, in comparison to the control group, both testosterone (T) and 
estradiol (E) levels considerably decreased following exposure to LC10 and LC25 of NaOCl. This effect could be explained based on the 
damages occurred by NaOCl in hermaphrodite glands of treated snails (Ibrahim et al., 2018). Our results are in agreement with the 
study of (Omran and Salama, 2016) who investigated that the treatment of B. alexandrina snails with atrazine and glyphosate her-
bicides caused an inhibition in the levels of Testosterone (T) and Estradiol (E). In contrast, (Ibrahim and Hussein, 2022) Found that the 
exposure of B. alexandrina snails to organophosphorus Chlorpyrifos 48%EC pesticide could considerably increase levels of Testosterone 
(T) and Estradiol (E) in comparison to the control group. 

Molecular docking is a potential method for determining how well ligand molecules counteract the effects of specific proteins 
through receptor-ligand interactions. Acid phosphatase enzyme is involved in lysosomes, autolysis and necrosis in gastropods (Ibrahim 
and Bakry, 2019). The present study examined the interaction of NaOCl with acid phosphatase, ALT, estrogen, and testosterone. It 
revealed interactions between the ligand under study, NaOCl and acid phosphatase, ALT, estrogen, and testosterone. The interactions 
between NaOCl and acid phosphatase, ALT might resulted in their elevation. In contrast, this interaction could lead to inhibition of the 
endocrine enzymes, estrogen and testosterone. 

5. Conclusion 

Sodium hypochlorite affected the physiological and immunological characteristics of B. alexandrina snails, which is a good sign that 
it could be used as a powerful molluscicide. The freshwater zooplanktonic species as a non-target organism for toxicity evaluation in 
aquatic ecosystems located in habitat as B. alexandrina should be further studied to identify their influence on the genotoxic levels. 
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Table 2 
In-silico docking study of the investigated molecules, Acid phosphatase (AP), alanine aminotransferase (AST), Estrogen (E), and testosterone (T), with 
the ligand, NaOCl. Abbreviation; ALA: Alanin; ASN: Asparagine; ASP: aspartic acid; GLN: Glutamin; LEU: Leucine; THR: Threonine;  

PDB molecules Docking energy score (Kcal/mol) Kind of interaction residue of interacting amino acids 

Acid phosphatase (AP) 

− 6.1 H-acceptor GLN 137 
− 0.9 H-acceptor ASP 138 
− 1.1 Metal ALA 68 
− 4.6 Metal ASN 133 

alanine aminotransferase (ALT) 
− 0.9 Metal ASP 39 
− 2.4 Metal THR 242 

Estrogen (E) 
− 1.1 Metal LEU 95 
− 3.6 Metal ASN 152 

Testosterone (T) 
− 0.8 Metal LEU 109 
− 1.5 Metal GLN 171  
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