
 

            
Studies of the genetic and physiological alterations in 

cadmium-resistant Biomphalaria alexandrina: 

Implication of susceptibility to molluscicides and 

Schistosoma mansoni infection. 

“A Thesis Submitted in Partial Fulfillment of the Requirements for the 

Master Degree of Science”  

 

In  

 

Zoology  
 

By 

  

Dina Gamal Tawfik Ahmed 

B.Sc. (2009( 

Under supervision of:- 

Prof. Dr. Hanaa Mahmoud Mohamed 

El -Khayat 
Professor of Environmental Research and 

Medical Malacology 

Theodor Bilharz Research Institute 

 

Prof Dr. Shadia Hassan Mohamed 
 

Professor of Parasitology 

Zoology department 

Faculty of Science 

Ain Shams University

 

Dr. Samia Mahmoud Fawzi 
Assistant Professor of Parasitology 

Zoology department 

Faculty of Science 

Ain Shams University 

 
 

 

Department of Zoology 

Faculty of science  

Ain Shams University 

2018  

 

 



 

            
Committee of supervision 

 

 
Student Name: Dina Gamal Tawfik Ahmed 

 

Thesis Title: Studies of the genetic and physiological alterations in 

cadmium-resistant Biomphalaria alexandrina: Implication of 

susceptibility to molluscicides and Schistosoma mansoni infection. 

 

Degree: Master of Science in Zoology (Invertebrate- Parasitology). 

 

This thesis has been supervised by: 

 

Prof. Dr. Shadia Hassan Mohamed 
Professor of Parasitology 

Zoology Department 

Faculty of Science  

Ain Shams University  

 

Prof. Dr. Hanaa Mahmoud Mohamed El-Khayat 

Professor of Environmental Research  

and Medical Malacology 
Theodor Bilharz Research Institute  

 

Dr. Samia Mahmoud Fawzi 
Assistant Professor of Parasitology 

Zoology Department 

Faculty of Science 

Ain Shams University 

 



 

 

 

Declaration  

 

I declare that this thesis has been composed by me, and that the work of 

which is a record has done by me. It has not been submitted for a 

degree at this or any other university. 

 

Sincerely  

Dina Gamal Tawfik 

 



 

 

 

Dedication 

 

To my dear parents and brothers  

To my beloved husband, daughter and son  

To my all family and friends  

To my all professors and teachers  

I dedicate this to you and I hope you will be proud of me. 

 



                                 Contents                                     Page No. 
  

Acknowledgment   ……………………………………………   i 

 

Abstract     ……………………………………………………. iii  

 

List of abbreviations     ………………………….…………… v  

 

List of tables    ………………………………………………..  vii  

 

List of figures    ………………………………………………… x  

 

Introduction   …………………………………………………... 2  

 

Aim of the work   ……………………………..……………….. 6  

 

Review of literature ……………………………………….…... 8        
 

    Schistosomiasis   ………………………………….………………. 8  

 

Schistosomiasis control   ……..….……………….………….…… 9     

 

Water pollution    ……………………………………………...... 10  

 

Susceptibility of Biomphalaria to molluscicides    ….…….....… 14  

 

Biomphalaria susceptibility to Schistosoma infection   …..….... 15  

 

Haematological change as a response to stress …...…………... 17  

 

Biochemical change as response to toxic substance…….….…. 18  

 

Biomphalaria as a Bio-indicator in environmental studies …... 22  

 

Biomphalaria mating system and isolation of snail lines ...…...  24  

 

Genetic studies………………………………………………........26  

 
Protein analysis ..............................................................................26   

Molecular analysis   ……………………………………………….26 



  Page No.  

Material and methods    …………….……………………....... 31 

     Chemicals and molluscicides  ...............................................….. .31 

     Snail samples  .........................................................................….. 31 

     Estimation of cadmium (Cd) toxicity   ……………………..….32 

    Studies between selected third generation and non- selected   

Biomphalaria alexandrina snails…….....………………….…….34  

1- Estimation of toxicity of other heavy metals and molluscicide ...34 

2- Susceptibility to Schistosoma mansoni infection…….…….....…..35  

3- Physiological parameters     ...…………………………….….…..35 

 Haematological parameters ………………………….…………...….36 

 Biochemical parameters………………………….……………..…….36 

      Genetic Study…………………………………………...……    37 

Protein analysis …..………………………………………...… 37 

Molecular analysis ………………………………………….....41 

Results …………………………………………….…………... 46 

 Toxicity Studies   ……………………………………………...46 

1- Toxicity to cadmium (Cd) against parent Biomphalaria 

alexandrina snails and their progenies  …...……………….…..46 

2-  Toxicity of molluscicides and other heavy metals against the 

selected Cd-tolerant third generation and non-selected lab and 

field Biomphalaria alexandrina ……...………...……………….49  

Susceptibility to Schistosoma mansoni infection ….…………53  

Physiological parameters as response to Cd-toxicity against    

B. alexandrina ………………………………………………..…55 

1. Haematological criteria   …………….…….…………….…..55  

2. Biochemical parameters  ……..………....…………….……..60  

Liver functions   ……………………………………………….60 

Kidney functions ….…………………………………………...64 



  Page No.  

Genetic study …………………...………………………………67 

1. Protein separation by SDS-PAGE technique ……..……67 

2. Molecular analysis by ISSR-PCR   …………..……....…72  

Discussion ………………………………………….………… 84  

Conclusions…………………...……………….………….….. 98 

Recommendations……………………………………..…….. 100   

Summary    ………………………………………………….. 102  

References …………………………………………………... 106 

 ٤  …………………………………………………… الملخص العربً

 ۲ .……...……………………………………...………… المسحخلص

 

 



 

i 
 

Acknowledgement  

First, I would like to thank God so much for what he has done to 

me from achieving my first steps towards my great dream and ask Him 

to always help me for what He loves and desires. 

 

I would like to express my deepest thanks to my supervisor Prof. 

Dr. Shadia Hassan Professor of Parasitology -Faculty of Science- Ain 

Shams University for her patience guide, continuous encouragement, 

constructive academic advice, and useful comments from which I have 

learnt the fundamental knowledge of how to research. 

 

I would like to extend my respect and appreciation to Dr. Samia 

Mahmoud Fawzi Assistant Professor of Parasitology-Faculty of 

Science- Ain Shams University for her efforts in reviewing the research 

and her patience support to correct my mistakes and guidance for the 

fundamental knowledge of how to write. 

 

I would like to show my grateful and express my sincere thanks to 

Prof. Dr. Hanaa El-Khayat Professor of Environmental Research and 

Medical Malacology Theodor Bilharz Research Institute, whom I owe 

my technical knowledge for her beautiful advice, her supervising and 

guidance the practical work step by step patiently and her continuous 

encouragement . 

 

This journey began from a dark tunnel; this work would not have 

been possible without their help, encouragement, support and their 

knowledge which lit up my dark road.  

 

Also special thanks for Dr. Hanan Mossalem assistant professor of 

Medical Malacology in Theodor Bilharz Institute for the support with 

technical knowledge and laboratory tools. 

 

Finally, I am very thankful to my friends and co-workers in the 

Environmental Researches and Medical Malacology labs for 

understanding and rich conversations Rasha Ezzat, Alaa Youssef, 

Suzan Shams and Hassan Flefel. 



 

i 
 

 
 

 

 

 

 

 

 

Abstract 

 



     

 

iii 
 

Abstract 

Biomphalaria alexandrina snails were examined for their 

tolerance to cadmium (Cd) toxicity through three generations produced 

by self-fertilization by exposing snails to serial concentrations of Cd 

and selection for the most tolerant ones through the successive 

generations. Results showed a gradual increase in the LC50 and LC90 

values through successive generations indicating tolerance upgrading 

phenotype.  Also, the selected Cd-tolerant third generation snails (G3),  

non-selected laboratory breeding snails and field snails were examined 

for the toxicity of chemical and plant molluscicides, bayluscide and 

Anagallis arvensis, respectively and other heavy metals, zinc (Zn), 

copper (Cu) and  lead (Pb). The selected Cd-tolerant third generation 

(G3) showed higher LC50 and LC90 values for A. arvensis and Cu than 

each of non-selected laboratory breeding and field groups.  

         The selected and non-selected snails were examined for their 

susceptibility to Schistosoma mansoni infection and physiological 

criteria (haematological and biochemical). The selected snails showed 

refractory tendency and a significant increase in haemocytes; 

granulocytes; which indicated that their defence mechanism was 

stronger than non-selected ones. Biochemical criteria indicated that 

selected Cd-tolerant group had stable liver enzymes and protein levels 

while had increase in the levels of urea (significant) and creatinine 

(non-significant) indicating that the liver cells were still intact while 

renal cells were affected. On the other hand, field group was the most 

affected followed by laboratory one.  
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          Dendrogram based on similarity matrices of both protein 

fractions separated by SDS-PAGE and ISSR-PCR banding patterns 

resulted with ten random primers, showed that the selected Cd-tolerant 

3
rd

 generation was the most divergent group among the other examined 

snail groups (1
st
 generation, 2

nd
 generation, parent and laboratory 

breeding groups). So, the present mating system and selection 

succeeded in the evolution of Cd-tolerant snail isolate that 

characterized genetically, physiologically, and showed refractory 

tendency to S. mansoni infection. 

 

Keywords:  

  Biomphalaria alexandrina, toxicity curve, cadmium-tolerance, 

genetic selection, isolates, bayluscide, Anagallis arvensis, heavy 

metals, biochemical response, haemocytes, Schistosoma mansoni, 

infection, SDS-PAGE, ISSR-PCR, similarity, dendrogram.  
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