
 

CHITOSAN MICROSPHERES AND ULTRAFLEXIBLE 

LIPOSOMES AS INTRANASAL DELIVERY SYSTEMS 

OF VERAPAMIL HYDROCHLORIDE 

A Thesis submitted in Partial Fulfillment of the Requirement for the 

Master Degree of Pharmaceutical Sciences (Pharmaceutics) 

By 

Mamdouh Abdel Mouez Mohamed Abdel Hadi 

Bechelor of Pharmaceutical Sciences, June 2006, Ain Shams University 

 

Under the supervision of 

 

Prof. Dr. Ahmed Shawky Geneidi 

Professor of Pharmaceutics and Industrial Pharmacy 

Faculty of Pharmacy, Ain Shams University 

 

Prof. Dr. Samar MansourHolayel 

Professor of Pharmaceutics and Industrial Pharmacy 

Faculty of Pharmacy, Ain Shams University 

 

Dr. Maha Nasr Sayed 

Lecturer of Pharmaceutics and Industrial Pharmacy 

Faculty of Pharmacy, Ain Shams University 

 

Ain Shams University 

Faculty of Pharmacy 

Department of Pharmaceutics and Industrial Pharmacy 

Cairo, Egypt 

2016 





 

 

 

 

 بسم الله انرَّحْمَهِ انرَّحِيمِ

وَأَوزَلَ انهّهُ عَهَيْكَ انْكِتَابَ " 

وَانْحِكْمَةَ وَعَهَمَكَ مَا نَمْ تَكُهْ 

تَعْهَمُ وَكَانَ فَضْمُ انهّهِ عَهَيْكَ 

 ظيمصدق الله انع             " عَظِيمًا

 (113سورة انىساء اية )





Acknowledgment 

First and foremost, thanks to God by the grace of whom this work was 

completed. 

I would like to express my sincerest appreciation to Prof.Dr.Ahmed 

Shawky Geneidi,Professor of Pharmaceutics and Industrial Pharmacy, Faculty of 

Pharmacy, Ain Shams University, for continuous guidance, precious advise,great 

help, continuous encouragement and support throughout the development of this 

work. 

I could never express my gratitude and sincere appreciation to Prof.Dr. 

Samar Mansour,Professor of Pharmaceutics and Industrial Pharmacy, Faculty of 

Pharmacy, Ain Shams University, for her great help, instructive supervision, 

valuable advice, continuous encouragement, support and generous attitude 

throughout the development of this thesis. 

I would like to express my wholehearted gratitude to Dr.MahaNasr, 

lecturer of Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Ain 

shams University,for her supervision, quality advice and insight through the work. 

Dr.Maha has taught me how to criticize my own work and be Picky about every 

word in this thesis .She has kept me on my theoretical toes with her much needed 

questions.In many ways I have learnt much from her.I can never pay her back for 

all the help she has provided me, the experience she has helped me gain and the 

precious time she spent making sure my thesis is always on the right track.This 

work wouldn’t have been possible without her supervision and her keen interest. 

She helped me a lot, provided me with facilities, materials to work with, great 

knowledge and valuable suggestions during the entire period. 



I would also like to thank Dr. Noha Zaki, lecturer of Pharmaceutics and 

Industrial Pharmacy, Faculty of Pharmacy, Ain Shams University, for supervising 

the first chapter of this thesis. 

No word can ever express my profound gratitude and sincere appreciation to 

my dear mother for the great effort, kind help and continuous moral support 

throughout the whole work. 



 

 

 

 

Dedication 

 

I dedicate this thesis to my great 

lovely Mother, Sisters, wife and 

to the soul of my father. 

  

 

 

 





I 
 

List of Contents 

Page Item 

 

VI List of abbreviations 

 

VII List of tables 

 

X List of figures 

 

XIII Abstract 

 

1 General introduction 

 

23 Scope of work 

 

 Chapter I: Preparation and characterization of verapamil 

HCl loaded chitosan microspheres. 

24 Introduction 

 

27 Experimental 

 

27 Materials 

 

28 Equipment 

 

29 Methodology 

 

29 Spectrophotometric Studies of Verapamil HCl 

 

29 Determination of λmax of Verapamil HClin Methanol and 

phosphate buffer saline (PBS) pH 7.4 

29 Construction of Calibration Curve of Verapamil HCl in methanol 

and PBS (pH 7.4) 

 

29 Preparation of Verapamil HClLoaded Chitosan Microspheres 

 

29 Preparation of Verapamil HCl Loaded Chitosan Microspheres by 

Spray Drying Method 

30 Preparation of Verapamil HClLoaded Chitosan Microspheres by 

Coacervation precipitation Method 

 



II 
 

32 Characterization of Verapamil HCl Loaded Chitosan 

Microspheres 

 

32 Particle Size Analysis of the prepared microspheres 

 

32 Microsphere Production Yield 

 

32 Microsphere Entrapment Efficiency and Loading Capacity 

 

 

33 In-vitroVerapamil HClRelease Study 

 

33 

 

34 

Scanning Electron Microscopy (SEM) 

Differential Scanning Calorimetry (DSC) 

 

34 X-Ray Diffraction (XRD) Study 

 

34 Statistical Analysis 

 

35 Results and Discussion 

 

35 Verapamil HClSpectrophotometric Study 

 

35 Determination of Verapamil HClλmax 

 

36 Calibration Curve of Verapamil HCl 

 

38 Preparation of Verapamil HClLoaded Chitosan Microspheres 

 

38 Characterization of Verapamil HCl Loaded Chitosan 

Microspheres 

 

38 Particle Size analysis of Verapamil HCl Loaded Chitosan 

Microspheres 

 

40 Production Yield of Verapamil HCl Loaded Chitosan 

Microspheres 

 

41 Entrapment Efficiency and Loading Efficiency of Verapamil 

HClLoaded Chitosan Microspheres 

43 In-vitroVerapamil HClRelease Study 

 



III 
 

 

49 

 

Scanning Electron Microscope imaging of Verapamil HClLoaded 

Chitosan Microspheres  

50 Differential Scanning Calorimetry (DSC)  

 

51 X-Ray Diffraction (XRD) Study 

 

53 Conclusion 

 

 Chapter II:  Preparation and characterization of verapamil 

HCl loaded ultraflexible vesicles 

55 Introduction 

 

58 Experimental 

 

58 Materials  

 

59 Equipment 

 

60 Methodology 

 

 

60 Preparation of Verapamil HCl Loaded Vesicles 

 

62 Separation of the unentrapped drug from the prepared Verapamil 

HClvesicles  

 

62 Characterization of the prepared formulae 

 

62 Determination of the pH of the formulae 

 

62 Determination of the particle size and zeta potential of formulae 

 

62 Determination of Verapamil HCl Entrapment efficiency in the 

formulae 

 

63 Determination of the viscosity of the formulae 

 

63 Determination of the relative deformability (elasticity) of the 

formulae 

 

64 Physical stability study of the prepared vesicles 



IV 
 

64 Determination of the morphology the selected vesicles using 

transmission electron microscope (TEM) 

65 In Vitro release of Verapamil HCl from the selected formulae  

 

65 Statistical analysis 

 

66 Results and Discussion 

 

66 Preparation of the vesicles 

 

66 Characterization of the prepared formulae  

 

66 Determination of the pH of the formulae 

 

67 Determination of the particle size and zeta potential of formulae 

 

70 Determination of Verapamil HCl Entrapment efficiency in the 

formulae 

 

72 Determination of viscosity of the formulae 

 

73 Determination of the relative deformability (elasticity) of the 

formulae 

 

75 Physical stability study of the prepared vesicles 

 

79 Determination of the morphology the selected vesicles using 

transmission electron microscope (TEM) 

 

81 In Vitro release of Verapamil HCl from the selected formulae 

 

83 Conclusion 

 Chapter III: Bioavailability of verapamil hydrochloride from 

selected chitosan microspheres and ultraflexible vesicles 

formulae after intranasal administration. 

85 Introduction 

87 Experimental 

 

87 Materials 

87 Animals 

88 Equipment 

 



V 
 

89 Bioavailability study 

98 Animal handling and drug administration 

 

91 Sample collection and analysis  

 

92 Data treatment and statistics  

 

94 Morphological study of rat nasal mucosa for Verapamil HCl-

loaded microspheres 

 

95 Morphological study of rabbit nasal mucosa for Verapamil HCl-

loaded ultraflexible vesicles 

 

96 Results and discussion 

 

96 Bioavailability study 

 

103 Morphological study of rat nasal mucosa 

 

105 Morphological study of rabbit nasal mucosa 

 

108 Conclusion 

 

109 Conclusion of thesis and future perspective 

 

110 Summary 

 

118 References 

 

145 Appendix 

154 Arabic Summary 

 

 





VI 
 

List of Abbreviations 

 

AUC Area under the concentration– time curves 

C.V.% Percent coefficient of variation 

Cmax Maximum serum drug concentration 

DSC Differential scanning calorimetry 

EE% Entrapment efficiency 

Fabs Absolute bioavailability 

HLB Hydrophilic-lipophilic balance 

HPLC High performance liquid chromatography 

K Elimination rate constant 

Ka Absorption rate constant 

LC% Loading capacity 

MAT 

MCC 

Mean absorption time 

Mucociliary Clearance 

Nasal-MPs Nasal VRP-loaded chitosan microspheres 

NS Intranasal solution 

OS Oral solution 

PBS Phosphate buffer saline 

PC Soybean Phosphatidylcholine 

PEVs Penetration enhancer vesicles 

R
2
 Coefficient of determination 

S.D. Standard deviation 


