
  
 

 

 

 

 

 

Anti-Angiogenic Efficacy of Chitosan Nanoparticles on Mice 

Bearing Ehrlich Carcinoma and Subjected to Gamma radiation 

 

A Thesis 

Submitted in Partial Fulfillment of the Requirements for the 

Master Degree of Science in 

Zoology  

 

By 

 

Manal Ahmed Mohamed Ahmed 

B.Sc. Zoology / Chemistry Department  

(2003) 

 

Under Supervision of 

Prof. Dr. Nefissa H. Meky    

Professor of  Physiology,Zoology 

Department, Faculty of Science 

Ain Shams University 

                                      

Prof. Dr. Ussama Z. Said 

Professor of Physiological 

Chemistry, National Center for  

Radiation  Research and 

Technology, Atomic Energy 

Authority 

 

 

Prof. Dr. Neamat H. Ahmed 

Professor of Cell Biology and Histology, 

National center for Radiation Research and Technology, 

Atomic Energy Authority 

 

2018 

  



 

 

 

 

 

 

Anti-Angiogenic Efficacy of Chitosan Nanoparticles on Mice 

Bearing Ehrlich Carcinoma and Subjected to Gamma radiation 

 

 

A Thesis 

Submitted in Partial Fulfillment of the Requirements for the 

Master Degree of Science in 

Zoology  

 

 

By 

 

Manal Ahmed Mohamed Ahmed 

B.Sc. Zoology / Chemistry Department 

 (2003) 

 

 

 

 

Faculty of Science 

Zoology Department 

2018 

 

 

 

 

 

 

 

 



 

 Thesis Entitled 

 

Anti-Angiogenic Efficacy of Chitosan Nanoparticles on Mice Bearing 

Ehrlich Carcinoma and Subjected to Gamma radiation 

 

Thesis Supervisors: 

 

 

Prof. Dr. Nefissa H. Meky    

Professor of Physiology, Zoology Department, Faculty of Science 

Ain Shams University 

 

 

Prof. Dr. Ussama Z. Said 

Professor of Physiological Chemistry, National Center for  Radiation  

Research and Technology, Atomic Energy Authority 

 

 

Prof. Dr. Neamat H. Ahmed 

Professor of Cell Biology and Histology, National center for Radiation 

Research and Technology, Atomic Energy Authority 

 

 

 

 

 

 

 



 

Approval sheet 

 

Name: Manal Ahmed Mohamed Ahmed 

Title: Anti-Angiogenic Efficacy of Chitosan Nanoparticles on Mice 

Bearing Ehrlich Carcinoma and Subjected to Gamma radiation 

 

Scientific dgree: Master Degree of Science in Zoology (physiology) 

 

Approved by: 

 

Professor Dr. Tahany Amar Mohamed 

Professor of physiology, faculty of science, El Mansoura University 

 

Professor Dr. Sameir Mostafa Abd El Aziz 

Professor of Radiation Biochemistry, the middle East regional center 

for Radioisotopes for Arabic countries  

 

Prof. Dr. Nefissa H. Meky    

Professor of  Physiology,ZoologyDepartment, Faculty of Science, 

Ain Shams University 

 

Prof. Dr. Neamat H. Ahmed 

Professor of Cell Biology and Histology, National center for Radiation 

Research and Technology, Atomic Energy Authority 

 

 

 

 

 

 



 

ACKNOWLEDGMENTS 

First of all, I am deeply thankful to almighty ALLAH for 

showing me the right path and helping me to complete this work. 

 

I would like to express my deep thanks and my grateful to Prof. 

Dr. Nefissa H. Meky. Professor of Phsiology, Faculty of Science Ain 

Shams University for her supervision, continuous encouragement, 

moral support, instructive guidance and for her faithful help. 

 

I am sincerely grateful to Prof. Dr. Ussama Z. Said, Professor 

of physiological chemistry, Radiation Biology Department, National 

Center for Radiation Research and Technology (NCRRT), Egyptian 

Atomic Energy Authority, Egypt, for his supervision and continuous 

encouragement.  

 

Grateful thanks are expressed to Prof. Dr. Neamat H.Ahmed, 

Professor of cell biology and histology, National Centre for Radiation 

Research and Technology, Atomic Energy Authority, Egypt, for her 

unlimited efforts, for giving me the opportunity to perform this work 

under excellent working atmosphere, her encouragement, patience and 

interest that she showed in my work during the study period. 

    

 Manal Ahmed 

 

 

2018 



Contents 
 

CONTENTS 

 Contents Page 

 Abstract  

 List of Abbreviations  ------------------------------------- I 

 List of Figures ---------------------------------------------- III 

 List of Tables  ---------------------------------------------- XI 

 Introduction  ---------------------------------------------- 1 

 Aim of the work  ------------------------------------------ 5 

1. Review of Literature  

1.1. Cancer  ------------------------------------------------------ 6 

1.1.1. Factors Involved in Cancer Development -------------- 8 

1.1.2. Types of cancer  ------------------------------------------- 14 

1.1.3. Cancer Progression ---------------------------------------- 16 

1.1.3.1. Angiogenesis ----------------------------------------------    16 

1.1.3.2. The mechanism of angiogenesis ------------------------- 17 

1.1.3.3. Tumor angiogenesis --------------------------------------- 18 

1.1.3.4. Regulation of angiogenesis ------------------------------- 19 

1.1.4. Types of cancer therapy ---------------------------------- 26 

1.2. Chitosan ---------------------------------------------------  31 

1.2.1. Chitosan structure -- ------------------------------------- 32 

1.2.2. Basic characteristics of chitosan------------------------- 33 

1.2.3. Biological properties of chitosan------------------------- 34 

1.2.4. Applications of chitosan nanoparticles -----------   36 

1.3. Chitosan and cancer ---------------------------------------  42 

1.3.1. Antitumor effect of chitosan ----------------------------- 41 

2. Materials and Methods  

2.1. Materials   

2.1.1. Experimental Animals ------------------------------------  45 

2.1.2. Radiation Facilities ---------------------------------------  45 

2.1.3. Ehrlich Ascites Carcinoma Cell Line (EAC) ----------  46 

2.1.4. Chitosan -----------------------------------------------------  46 

2.1.5. Preparation of different molecular weights of CS by 

γ-rays ------------------------------------------------------  

46 

2.1.6. In vitro study Chemo-sensitivity of nanoparticles ---- 46 

2.1.7. Experimental Design ------------------------------------   47 

2.1.8. Samples preparations --------------------------------------  48 

2.2. Methods  

2.2.1. Measurement of Tumor size ----------------------------- 49 



Contents 
 

2.2.2. Assessment of systemic inflammation ------------------  49 

2.2.2.1. Determination of serum tumor necrosis factor-alpha 

level -------------------------------------------------------- 

 

49 

2.2.2.2. Determination of serum vascular endothelial cell 

growth factor level ---------------------------------------  

 

54 

2.2.2.3. Determination of serum platelet-derived growth 

factor level------------------------------------------------  

 

59 

2.2.3. Assessment of oxidative stress and antioxidant   

2.2.3.1. Determination of lipid peroxidation level -------------   65 

2.2.3.2. Determination of Reduced Glutathione Content ------  67 

2.2.4. Histopathological Examination --------------------------  68 

2.2.5. Apoptosis and necrosis examination -------------------- 68 

2.2.6. Statistical analysis -----------------------------------------  70 

3. Results  

 3.1. Characterization of nanoparticles ------------------------  71 

3.2. Chemosensitivity of chitosan nanoparticles on 

Ehrlich ascite  carcinoma cells ---------------------------      

 

72 

3.3. Monitoring of Ehrlich tumor size as affected by 

chitosan     nanoparticles either alone or combined 

with low doses of γ-irradiation--------------------------- 

 

 

75 

3.4. Effect of chitosan nanoparticles and/or low doses of 

γ- irradiation on angiogenic markers             

 

3.4.1. Tissue necrosis factor-α  level in different animals 

groups-------------------------------------------------------  

 

78 

3.4.2. Platelet-derived growth factor  level in different 

animals groups --------------------------------------------- 

 

81 

3.4.3. Vascular endothelial growth factor level in different 

animals groups ---------------------------------------------  

 

84 

3.5. Effect of chitosan nanoparticles and/or low doses 

of γ-irradiation on remarkable changes in Ehrlich 

carcinoma bearing mice                                              

 

3.5.1. Tumor tissue  

3.5.1.1. Tumor lipid peroxidation (LPO) level in different 

animals groups --------------------------------------------   

 

87 

3.5.1.2. Tumor glutathione peroxidase (GSH) level in 

different animals groups----------------------------------  

 

90 

3.5.1.3. Histopathological examination of EC tumor tissue 

indifferent animal group ----------------------------------  

 

93 

3.5.1.4. Apoptotic and necrotic examination of Ehrlich 

carcinoma in different experimental group------------- 

 

95 



Contents 
 

3.5.2. Liver tissue  

3.5.2.1. Liver lipid peroxidation (LPO) level in different 

animals groups --------------------------------------------  

 

98 

3.5.2.2. Liver glutathione peroxidase (GSH) level in different 

animals groups --------------------------------------------- 

 

101 

3.5.2.3. Histopathological Examination of Liver Tissue-------- 104 

3.5.2.4. Apoptotic and necrotic examinations in liver tissue of 

mice bearing Ehrlich carcinoma -------------------------  

 

107 

3.5.3. Kidney tissue  

3.5.3.1. Kidney lipid peroxidation (LPO) level in different 

animals groups ---------------------------------------------  

 

110 

3.5.3.2. Kidney glutathione peroxidase (GSH) level in 

different animals groups ---------------------------------   

 

113 

3.5.3.3. Histopathological examination of kidney tissue of 

mice bearing Ehrlich carcinoma -----------------------    

 

116 

3.5.3.4. Apoptotic and necrotic examination in kidney tissue 

of the Ehrlich carcinoma ----------------------------------  

 

119 

3.5.4. Spleen tissue  

3.5.4.1. Spleen lipid peroxidation (LPO) level in different 

animals groups --------------------------------------------- 

 

123 

3.5.4.2. Spleen glutathione peroxidase (GSH) level in 

different animals groups ----------------------------------  

 

126 

3.5.4.3. Histopathologecal examination of spleen tissue of 

mice bearing Ehrlich carcinoma ------------------------- 

 

129 

3.5.4.4. Apoptotic and necrotic examination of spleen tissue 

in female mice bearing Ehrlich carcinoma -------------  

 

134 

4. Discussion -------------------------------------------------- 138 

5. Summary and Conclusion ------------------------------  151 

6. References ------------------------------------------------- 157 

7. Arabic Summary  
 

 

 

 

 

 



List of abbreviations 
 

I 
 

LIST OF ABBREVIATIONS 

 

Abbrev. 

 

Full term 

AMD Age Related Muscular Degeneration 

ATI After Tumor Inoculation 

CS Chitosan 

CD4 Cluster of Differentiation- 4 

CD8 Cluster of Differentiation- 8 

CNPs Chitosan nanoparticles 

DNA Deoxyribonucleic Acid 

EAC Ehrlich Ascites Carcinoma 

EAT Ehrlich Ascites Tumor 

EC Ehrlich Carcinoma 

ECM Extracellular Matrix 

EDTA Ethylene Diamine Tetra Acetic Acid 

ELISA Enzyme Linked Immune Sorbent Assay 

GSH Reduced Glutathione 

Gy Gray 

H2O2 Hydrogen Peroxide 

i.p Intraperitoneal 

IR Ionizing Radiation 

KGy Kilo Gray 

LDR Low-dose radiation 

LPO Lipid Peroxidation 



List of abbreviations 
 

II 
 

LPL Lipoprotein Lipase 

M Mean 

MMP Metalloproteinases 

NF-κB Nuclear Factor kappa-B 

NK Natural killer cell 

NO Nitric Oxide 

NCI National Cancer Institute 

NC Normal Control group 

NVC Non-Viable cells 

O.D Optical Density 

PDGF Platelet Derived growth factor 

RBCs Red Blood Cells 

RNS Reactive Nitrogen Species 

ROS Reactive Oxygen Species 

r.p.m Revolutions Per Minute 

S.C. Subcutaneously 

SOD Superoxide Dismutase 

SE Standard Error 

TBARS Thiobarbituric Acid Reactive Species 

TEM Transmission Electron Microscopy 

Th T-helper cell  

TNF-α Tumor Necrosis Factor-Alph 

Treg Regulatory T cell 

VEGF Vascular Endothelial Growth factor 

   



List of figures 
 

 
 

III 
 

LIST OF FIGURES 

Figure Title Page 

Figure 1 Factors involved in cancer development------------. 

 

13 

Figure 1 Factors involved in cancer development.------------ 

 

13 

 

Figure 2 

 

VEGF functions in tumors ---------------------------------- 

 

 

22 

 

Figure 3 

 

The downstream signaling pathways of TNF-α. 

The TNF-α canactivate different pathways to 

induce apoptosis, cell survival or inflammation.---- 

 

 

 

24 

 

Figure 4 

 

Diagrammatic representationshowing role of 

VEGF and PDGF in angiogenesis. Uncontrolled 

angiogenesis further leads to cancerprogression 

and abnormal angiogenesis can lead to ocular 

neovascular disorders such as age-relatedmacular 

degeneration.------------------------------------------- 

 

 

 

 

 

 

25 

 

Figure 5 

 

Chitosan structure.-------------------------------------- 

 

 

32 

 

Figure 6 

 

Acid responsive drug delivery using chitosan 

nanoparticles.------------------------------------------- 

 

 

 

 

37 

 

Figure 7 

 

Schematic representations of the benefits of 

chitosan wound dressing.------------------------------ 

 

 

 

39 

 

Figure 8 

 

Anti-tumor activity of chitosan nanoparticles------- 

 

 

44 

   



List of figures 
 

 
 

IV 
 

Figure 9 Standard curve of TNF-α------------------------------- 54 

   

 

Figure 10 

 

Standard curve of VEGF------------------------------- 

 

59 

 

Figure 11 

 

Morphology and size of chitosan nanaoparticles.---  

 

 

71 

 

Figure 12 

 

The effect of Chitosan nanoparticles (CNPs) on the 

viability of Ehrlich asciet carcinoma ----------- 

 

 

74 

 

Figure 13 

 

Effect of Chitosan nanoparticles and/or γ-radiation 

on tumor size of Ehrlish carcinoma bearing group - 

 

 

 

77 

 

Figure 14 

 

Percent of change in TNF-α level in mice-bearing 

Ehrlish carcinoma (EC) treated CNPs and/or γ-

irradiation compared to EC. group.------------------- 

 

 

 

80 

 

Figure 15 

 

Percent of change in PDGF level in mice-bearing 

Ehrlish carcinoma (EC) treated CNPs and/or γ-

irradiation compared to EC group.--------------------  

 

 

 

83 

 

Figure 16 

 

Percent of change in VEGF level in mice-bearing 

Ehrlish carcinoma (EC) treated CNPs and/or γ-

irradiation compared to EC group.-------------------- 

 

 

 

86 

 

Figure 17 

 

Percent of change in LPO level in tumor tissue of 

mice-bearing Ehrlish carcinoma (EC) treated 

CNPS and/or γ-rradiation compared to EC group.-- 

 

 

 

 

89 

 

Figure 18 

 

Percent of change in GSH level in tumor tissue of 

mice-bearing Ehrlish carcinoma (EC) treated 

CNPS and/or γ-rradiation compared to EC group.- 

 

 

 

 

92 

 

Figure 19 

 

Photomicrograph represents control Ehrlich 

 

 



List of figures 
 

 
 

V 
 

carcinoma in mice (A), treated by Chitosan 

nanoparticles (B), exposed to low doses of γ- 

radiation (C) and treated by Chitosan nanoparticles 

with low doses of γ- irradiation (D).------------------ 

 

 

 

94 

 

Figure 20 

 

Fluorescent imaging of sections in Ehrlich 

carcinoma stained by Acridine orange / propidium 

iodide stain.--------------------------------------------- 

 

 

 

96 

 

Figure 21 

 

Fluorescent imaging of sections in Ehrlich 

carcinoma stained by Acridine orange / propidium 

iodide stain. A&B: Section in Ehrlish carcinoma 

(EC) of mice treated by Chitosan nanoparticles. C: 

Section in EC of mice subjected to γ- radiation.---- 

 

 

 

 

 

 

97 

 

Figure 22 

 

Fluorescent imaging of sections in Ehrlich 

carcinoma stained by Acridine orange / propidium 

iodide stain. A&B: Sections in Ehrlish carcinoma 

(EC) of mice treated by Chitosan nanoparticles and 

subjected to low doses of γ- radiation.----------------                                             

 

 

 

 

 

97 

 

Figure 23 

 

Percent of change in LPO level in liver of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to normal control 

(NC) group.----------------------------------------------- 

 

 

 

 

 

100 

 

Figure 24 

 

Percent of change in LPO level in liver of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to EC group.--------- 

 

 

 

 

100 

 

Figure 25 

 

Percent of change in GSH level in liver of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to normal control 

(NC) group.----------------------------------------------- 

 

 

 

 

 

103 



List of figures 
 

 
 

VI 
 

 

Figure 26 

 

Percent of change in GSH level in liver of mice-

bearing  Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to EC group.--------- 

 

 

 

 

103 

 

Figure 27 

 

Photographs of sections in liver of mice.  A, B: 

Control sections showing the normal appearance of 

hepatocytes and the central vein (CV) in A and 

portal vein (PV) in B. C:  Normal appearance in 

Chitosan nanoparicles treated group. D, E:  Most 

hepatocytes represented a spongy structure and 

activation of Kupffer cells (arrow head) was also 

seen in irradiated group.------------------------------- 

 

 

 

 

 

 

 

 

105 

 

Figure 28 

 

Photographs of sections in liver of mice bearing 

Ehrlich carcinoma cells (ECs). F, G: Liver sections 

of mice bearing Ehrlich carcinoma represented 

accumulation of ECs (blocked arrow) around a 

congested portal blood vessel (star) with 

completely haemolysed RBCs.  H: Liver tissue 

represents great disappearance of metastatic ECs in 

Chitosan nanoparticles treated group. I, J:  Liver 

tissue represents some appearance of metastatic 

ECs (blocked arrow) around the portal blood 

vessel (PV) in irradiated group. K:  Widened CV 

(↔) and disappearance of metastatic ECs were 

observed in the liver of Chitosan nanoparticles and 

irradiation treated group.------------------------------- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

106 

 

Figure 29 

 

Fluorescent imaging of sections in in liver of mice 

bearing Ehrlich carcinoma stained by Acridine 

orange / propidium iodide stain. A&B: Section in 

normal liver. C&D: Sections in liver of mice 

bearing Ehrlich carcinoma. propidium 

iodide(living cells, green),  acridine orange(dead 

cells, red, astric).----------------------------------------- 

 

 

 

 

 

 

 

108 

 



List of figures 
 

 
 

VII 
 

 

Figure 30 

 

Fluorescent imaging of sections in in liver of mice 

bearing Ehrlich carcinoma stained by Acridine 

orange / propidium iodide stain. A: Section in liver 

of mice bearing Ehrlich carcinoma exposed to γ- 

radiation. B: Section in liver of mice bearing 

treated by CNPs. C&D: Section in liver of mice 

bearing EC treated by exposed to γ- radiation and 

treated by CNPs. ---------------------------------------- 

 

 

 

 

 

 

 

 

 

109 

 

Figure 31 

 

Percent of change in LPO level in Kidney of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to normal control 

(NC) group.----------------------------------------------- 

 

 

 

 

 

112 

 

Figure 32 

 

Percent of change in LPO level in Kidney of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to EC group.--------- 

 

 

 

 

112 

 

 

Figure 33 

 

Percent of change in GSH level in Kidney of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to normal control 

(NC) group.----------------------------------------------- 

 

 

 

 

 

115 

 

Figure 34 

 

Percent of change of GSH level in Kidney of mice-

bearing Ehrlish carcinoma (EC) treated CNPs 

and/or γ-irradiation compared to EC group.--------- 

 

 

 

 

115 

 

Figure 35 

 

Photomicrographs of sections in kidney of mice 

stained by Hx and E. A: Section in normal kidney 

represents normal glomerulus and convoluted 

tubules. B&C: Section in kidney of mice bearing 

Ehrlich carcinoma showing metastatic Ehrlich 

 

 

 

 

 

 


