
                                                                         
 

Ain Shams University 

Faculty of Pharmacy 

Department of Pharmaceutics and Industrial Pharmacy 

(2017) 

 

“Optimizing the nutraceutical formulations of chondroitin sulphate and 

glucosamine sulphate using certain pharmaceutical technologies” 

 

A Thesis Submitted By 
 

Ahmed Mohamed Mohamed Agiba 
R&D Department, SIGMA Pharmaceutical Industries, Egypt 

 
For partial fulfilment of the requirements for Master Degree in 

Pharmaceutical Sciences 

 

Under The Supervision Of  
 

Dr. Ahmed Shawky Geneidi 
Professor of Pharmaceutics and Industrial Pharmacy 

Faculty of Pharmacy, Ain Shams University 

Dr. Maha Nasr Sayed 
Associate Professor of Pharmaceutics and Industrial Pharmacy  

Faculty of Pharmacy, Ain Shams University 

Dr. Sameh Mohamed Abdelhamid 
Lecturer of Pharmaceutics and Industrial Pharmacy  

Faculty of Pharmacy, Ain Shams University 



 
 

This thesis is dedicated to 
The spirit of my lovely father 

My lovely compassionate mother 
My lovely brother and sister 



Acknowledgment 
First and foremost, all praise and thanks to Allah by the grace of whom 

this work was properly accomplished. 

To my dear supervisors, there are no enough words I can say to express 

my heartfelt gratitude and sincere appreciation, thanks and appreciation for all 

of the hard work that you did to keep things in perspective. 

I would like to express my sincere gratitude to Prof. Dr. Ahmed Shawky 

Geneidi, Professor of Pharmaceutics and Industrial Pharmacy, Faculty of 

Pharmacy, Ain Shams University, for giving me the opportunity to be one of the 

few fortunate ones to carry out their research under his supervision. He was a 

true role model of what a professor, scientist and mentor should be. He was like 

a second father to me with his instructive advice, technical support and 

encouragement, generous attitude and constructive supervision, enthusiasm in 

reading and guidance in research that enabled me to prepare this work to the 

fullest extent possible. 

No words would ever express my deepest gratitude and sincerest 

appreciation to Dr. Maha Nasr, Associate Professor of Pharmaceutics and 

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

extraordinary effort that she exerted all over this work, enthusiasm in reading 

and criticizing the thesis, as well as her support that enabled me to prepare this 

work properly. I can never return back all the help and support she has given to 

me, the experience she has added and helped me to gain, and the precious time 

she spent to make sure that my thesis is always on the right track. Following her 

guidance, I successfully overcame many challenges and obstacles; besides, I 

learned so many things from her. This work would not ever be possible without 

her supervision, deep care, loyalty and compassion. She helped me along the 

way, provided me with materials and facilities, training, knowledge, and 

https://www.researchgate.net/profile/Ahmed_Geneidi?_sg=IE2zRPAKYysHepNKBJ_igIfBhvizj5IAxHtN98HEKdtKmaL9FTnbLh1b-l49M4jJ
https://www.researchgate.net/profile/Ahmed_Geneidi?_sg=IE2zRPAKYysHepNKBJ_igIfBhvizj5IAxHtN98HEKdtKmaL9FTnbLh1b-l49M4jJ


valuable suggestions during the entire research period. I am extremely indebted 

to her. Thank you for being a blessing! May God always bless you. 

I would also like to thank Dr. Sameh Abdelhamid, Lecturer of 

Pharmaceutics and Industrial Pharmacy, Faculty of Pharmacy, Ain Shams 

University for his supervision, instructive guidance and help throughout the 

thesis. 

My deepest prayers and thanks to Prof. Dr. Abdelhamid El-Shamy (God 

bless his soul) Professor of Pharmaceutics and Industrial Pharmacy, Faculty of 

Pharmacy, Ain Shams University, for everything he has done for me. He was 

such a good teacher and mentor, such a wonderful example of how to live a life 

of faith, love and success. 

I would like to acknowledge SIGMA Pharmaceutical Industries for their 

technical support and for kindly providing the facilities and materials that I 

needed in this work. 

Special thanks to Dr. Ahmed Badr Eldin, Methodology Manager, 

Research and Development Department, SIGMA Pharmaceutical Industries, for 

his help, particularly in the analysis part, Dr. Omaima Soror and Dr. Abla Abd 

El-Aziz, R&D Managers, Research and Development Department, SIGMA 

Pharmaceutical Industries, for their help and support. 

Special thanks to Dr. Sherif Lashin, R&D Director, Research and 

Development Department, SIGMA Pharmaceutical Industries, for his generous 

support. I really appreciate it! 

I am also deeply thankful to Roquette Pharma, France for supplying 

some of the pharmaceutical ingredients used in this work. 

My grateful thanks to all my colleagues in Research and Development 

Department, SIGMA Pharmaceutical Industries, and in Faculty of Pharmacy, 

Ain Shams University (ASU), for helping and encouraging me throughout the 

whole thesis. 

 



I would like to express my deep love, special thanks and great 

appreciation to my Father (May Allah bless his soul and make his eternity to 

the paradise) and my Mother who were, and still, always encouraging and 

helping me to pursue my scientific career. Really, I cannot explain with words 

what they have done and still doing for me. I would also like to express my 

thanks to my Brother and Sister, for their continuous support, enthusiasm, 

dedication and passion. 

 

 



Abbreviations 

 

 

 

1L-1 Interleukin-1 

APIs Active pharmaceutical ingredients 

COA Certificate of analysis 

COX-2 Cyclooxygenase-2 

CPC Cetylpyridinium chloride 

CS Chondroitin sulphate 

DJD Degenerative joint disease 

DSC Differential scanning calorimetry 

ECGC Epigallocatechin-3-Gallate 

EE% Entrapment efficiency percent 

FAV Fatty acid vesicles 

FDA US Food and Drug Administration  

FDTs Fast dissolving tablets 

FTIR Fourier transmission infrared  

GAGs Glucosaminoglycans 

GIT Gastrointestinal tract 

GluS Glucosamine sulphate 

LOD Limit of detection 

LOQ Limit of quantification 

LUVs Large unilamellar vesicles 

MCP-1 Monocyte chemoattractant protein-1 

MLVs Multilamellar large vesicles 

NO Nitric oxide 

NSAIDs Non-steroidal anti-inflammatory drugs  

OA Osteoarthritis  

ODTs Oral disintegrating tablets 

PDI Polydispersity index 

PGE2 1L-1β-induced prostaglandin E2 
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PS Particle size 

SEDDs Self-emulsifying drug delivery systems 

SEM Scanning electron microscope  

SSNEs Solid self-nanoemulsifying systems 

SUVs Small unilamellar vesicles 

TEM Transmission electron microscope 

TNFα Tumor necrosis factor 

WHO World Health Organization 

β-CD Beta-cyclodextrin 
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