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Mefenamic acid (MFA) is a member of non-steroidal anti-inflammatory drugs 

(NSAIDs) with anti-inflammatory, anti-nociceptive and febrifugal properties. The 

poor aqueous solubility of this drug constitutes a major challenge in developing stable 

and effective formulations for the children in the pharmaceutical market. In light of 

this, this study was conducted to enhance the solubility and the therapeutic index of 

MFA using liposomes encapsulation technology. Various formulations of MFA-

loaded liposomes including MFA-liposomes, MFA-Tween 80 liposomes and MFA-

soduim diethyldithiocarbamate (DDC) liposomes were prepared using the 

proliposomes method and were subjected to various in-vitro characterizations. The in 

vivo toxicity and therapeutic efficacy of these liposomes was evaluated in 

experimental rats using the oral and intraperitoneal routes at selected doses (0, 20, 40 

and 80 mg/kg). The animals were observed for toxicity signs and were used in a 

number of selected biochemical, histological and ultrastructural investigations. The 

anti-inflammatory, anti-nociceptive and febrifugal efficacies were determined using 

carrageenan-induced paw edema model, carrageenan-induced thermal hyperalgesia 

test, yeast-induced pyrexia test and lipopolysaccharides-induced systemic 

inflammation model. The finding of the present study demonstrated that MFA-loaded 

liposomes showed different physicochemical properties, storage stability and 

reproducibility. In particular, MFA-DDC liposomes were homogeneous 

(polydispersity index was around 0.2) vesicles with smaller particles size (ranging 

from 157.50 to 177.14 nm) and higher entrapment efficiency (up to 94.08 %) 

compared to other formulations used in the present study. Also, MFA-DDC liposomes 

were physically stable when stored at the room temperature (18-22 ͦ C) and refrigerator 

(2-8 ͦ C) for a period of at least 28 days. In addition, these liposomes were reproducible 

with a relatively low coefficient of variation (not more than 7.2 %) between different 

prepared batches at all tested parameters. The maximum tolerated dose of the 
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intraperitoneally administered MFA-loaded liposomes was 20 mg MFA/kg, whereas 

for those oral administration was up to 80 mg MFA/kg. The repeated administration 

of MFA-DDC liposomes caused significant elevation of serum alanine 

aminotransferase and aspartate transaminase at high oral dose (80 mg MFA/kg). on 

the other hand, blood levels of total bilirubin, alkaline phosphatase, triglycerides, 

cholesterol, total proteins, glucose, uric acid, blood urea nitrogen and creatinine, and 

uric acid as well as urine physicochemical parameters were not statistically affected. 

In contrast to MFA-DDC liposomes, the repeated administration of free MFA and 

MFA-Tween 80 liposomes resulted in hepatorenal histological and ultra-structural 

alterations in dose-dependent manner. Administration of MFA-DDC liposomes 

caused significantly higher inhibition in paw edema, pain sensation and fever than 

those of free MFA and MFA-Tween 80 liposomes administration. Results obtained 

from lipopolysaccharides-induced systemic inflammation revealed that MFA-DDC 

liposomes exhibited a significantly stronger suppression of serum proinflammatory 

mediators (PGE2, NO, IL-1beta, IL-6 and L-selectin) than that of free MFA and MFA-

Tween 80 liposomes dosage (80 mg MFA/kg). The findings of the present study 

showed that MFA-DDC liposomes have higher entrapment efficiency, smaller 

particles size, more reproducible and stable during storage than those of MFA 

liposomes and MFA-Tween 80 liposomes. MFA-DDC liposomes are also much safer 

and more suitable than MFA-Tween 80 liposomes for delivering of MFA in vivo.  
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Mefenamic acid (MFA) tergolong dalam kumpulan ‘non-steroidal anti-inflammatory 

drugs (NSAIDs)’ dengan sifat anti-inflammasi, anti-nosiseptif dan ‘febrifugal’. Kadar 

kelarutan yang rendah di dalam larutan akueus pada kompaun ini menghasilkan 

cabaran yang besar dalam menghasilkan formulasi yang stabil dan efektif untuk 

kanak-kanak di dalam pasaran farmaseutikal. Oleh itu, kajian ini dijalankan untuk 

meningkatkan kadar kelarutan dan indeks terapeutik MFA dengan menggunakan 

teknologi liposom-berkandungkan MFA. Beberapa formulasi melalui teknologi 

‘liposomes encapsulation’ termasuk MFA-liposom, MFA-Tween 80 liposom dan 

MFA-soduim diethyldithiocarbamate (DDC) liposom telah dihasilkan dengan kaedah 

proliposom dan dikaji dengan pelbagai pencirian karakter melalui in vitro. Kadar 

ketoksikan dalam kajian in vivo dan kadar keberkesanan terapeutik liposom ini 

ditentukan dengan menggunakan tikus di dalam pemberian oral dan intraperitoneal 

dengan menggunakan dosej (0, 20, 40 and 80 mg/kg). Gejala ketoksikan yang terhasil 

terhadap tikus kemudiannya dikaji dan digunakan di dalam kajian biokimia, histologi 

dan ultrastruktur terpilih. Keberkesanan ubat terhadap tindakan anti-inflammasi, anti-

nosiseptif dan anti-piretik dikaji melalui ujian edema kaki aruhan carrageenan, ujian 

hyperalgesia termal aruhan carrageenan, ujian pireksia aruhan brewer yis dan model 

inflammasi sistemik aruhan lipopolisakarida. Kajian ini mendapati komposisi kimia 

liposom-berkandungkan MFA menunjukkan sifat yang berbeza dari segi fizikokimia, 

kestabilan penyimpanan dan kebolehan penghasilan semula. Lebih terperinci, ia 

didapati homogenus (iaitu poli-sebaran indeks berada dalam lingkungan 0.2), dengan 

vesikel yang mempunyai partikel yang lebih kecil (bermula dari aras 157.50 sehingga 

177.14nm) dengan efisiensi pemerangkapan yang lebih tinggi (sehingga 94.08%) 

berbanding formulasi lain yang digunakan di dalam kajian ini. MFA-DDC liposom 

juga mempunyai ciri-ciri fizikal yang stabil apabila disimpan pada suhu bilik (18-22 )ͦ 

dan disejukkan pada suhu (2-8 ͦ C) dalam jangka masa selama 28 hari. Selain itu, ia 
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didapati mempunyai sifat boleh dihasilkan semula dengan kadar pekali variasi yang 

rendah (tidak lebih daripada 7.2 %) di antara kesemua parameter yang telah diuji. Dos 

toleransi maksimum liposom-berkandungkan MFA melalui kaedah intraperitoneal 

ialah 20 mg MFA/kg BW, manakala melalui kaedah oral, dos yang diberi adalah 

sehingga mencapai 80 mg MFA/kg. Terdapat peningkatan signifikan amaun serum 

alanine aminotransferase dan aspartate transaminase melalui kaedah oral secara 

berkala pada dos yang tinggi (80 mg MFA/kg). Sementara itu, tiada perubahan statistik 

terhadap bacaan darah bagi keseluruhan bilirubin, alkaline phosphatase, trigeliserida, 

kolesterol, keseluruhan protein, glukos, blood urea nitrogen (BUN), kreatinin dan asid 

urik serta parameter fizikokimia terhadap urin. Berbanding MFA-DDC liposom, 

pemberian berulang kumpulan tanpa MFA dan MFA-Tween 80 liposom 

menghasilkan perbezaan histologi hepatorenal dan kepelbagaian ultrastruktur dengan 

mengikuti aras dos. Pemberian MFA-DDC liposom terhadap tikus kajian 

menunjukkan peningkatan yang signifikan terhadap perencatan edema kaki, sensasi 

rasa sakit dan demam berbanding kumpulan tanpa MFA dan MFA-Tween 80 liposom. 

Hasil kajian daripada inflammasi sistemik aruhan lipopolisakarida menunjukkan 

kumpulan MFA-DDC liposom menghasilkan kadar penghalangan yang tinggi 

terhadap mediator pro-inflammasi (PGE2, NO, IL-1beta, IL-6 dan L-selectin) 

berbanding kumpulan ketiadaan MFA dan MFA-Tween 80 liposom dengan dosej (80 

mg MFA/kg). Hasil kajian mendapati MFA-DDC liposom mempunyai kadar efisiensi 

pemerangkapan yang lebih tinggi, saiz partikel yang lebih kecil, lebih tinggi kadar 

penghasilan semula dan stabil semasa penyimpanan berbanding kumpulan MFA-

liposom dan MFA-Tween 80 liposom. MFA-DDC liposom juga lebih selamat dan 

lebih sesuai digunakan di dalam penggunaan MFA in vivo berbanding MFA-Tween 

80 liposom. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

v 

 

ACKNOWLEDGEMENTS 

 

 

I thank greatly my God who gave me the power, knowledge and will to do the present 

project successfully with a limited frame of time. 

 

 

I am very thankful to my main supervisor Prof. Dr. Mohammad Nazrul Hakim who 

gave the opportunity to make this project, which helped me to do a lot of research and 

I become know many new things about the field of Pharmacology and Toxicology. 

Also, I would like to thank Prof. Hakim for the continuous encouragement, motivation, 

patience, constructive comments and immense knowledge. His trust and faith in me 

gave me the power and enthusiasm in all aspects of the research and in writing the 

thesis. I am so much lucky to have Prof. Hakim as a supervisor and mentor for the 

study of my Ph.D. The product of this research would be impossible without him. 

 

 

Besides my supervisor, my sincere thanks and appreciation are also due to the rest of 

my thesis committee: Dr. Manraj Singh Cheem and Dr. Zainul Amiruddin Zakaria for 

their insightful comments and assistance. 

 

 

Thanks are also due to the staff of UPM for giving me the opportunity to join their 

team and for allowing me to utilize their various facilities that were put at my disposal.  

 

 

I would like to express my thanks to Ministry of Higher Education (Malaysia) for 

providing financial support (Grant # 5524239). 

 

 

I am particularly thankful for the assistance given by Dr. Mohd Khairi Hussain who 

provided me with an extensive practical course regarding laboratory animal handling 

training. Because of his invaluable assistance, I smoothly conducted the animal work 

of this project, and become confident to share my experience with all my juniors. 

 

 

I am much thankful always to my family especially to my father who provides me the 

moral and financial support and offered invaluable detailed advice on the course of 

this work. 

 

 

Thanks are also due to my labmates who shared their experience during the work 

period in the laboratory of pharmacology and toxicology. 

 

 

May God bless each and every one of you. 

 

 



© C
OPYRIG

HT U
PM



© C
OPYRIG

HT U
PM

vii 

This thesis was submitted to the Senate of the Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Doctor of Philosophy. The 

members of the Supervisory Committee were as follows: 

Muhammad Nazrul Hakim bin Abdullah, PhD 

Professor 

Faculty of Medicine and Health Sciences  

Universiti Putra Malaysia  

(Chairman) 

Zainul Amiruddin bin Zakaria, PhD  

Associate Professor 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia  

(Member) 

Manraj Singh Cheema, PhD  

Senior Lecturer 

Faculty of Medicine and Health Sciences 

Universiti Putra Malaysia  

(Member) 

ROBIAH BINTI YUNUS, PhD 

Professor and Dean  

School of Graduate Studies  

Universiti Putra Malaysia 

Date: 



© C
OPYRIG

HT U
PM

viii 

Declaration by graduate student 

I hereby confirm that: 

 this thesis is my original work;

 quotations, illustrations and citations have been duly referenced;

 this thesis has not been submitted previously or concurrently for any other degree

at any institutions;

 intellectual property from the thesis and copyright of thesis are fully-owned by

Universiti Putra Malaysia, as according to the Universiti Putra Malaysia

(Research) Rules 2012;

 written permission must be obtained from supervisor and the office of Deputy

Vice-Chancellor (Research and innovation) before thesis is published (in the form

of written, printed or in electronic form) including books, journals, modules,

proceedings, popular writings, seminar papers, manuscripts, posters, reports,

lecture notes, learning modules or any other materials as stated in the Universiti

Putra Malaysia (Research) Rules 2012;

 there is no plagiarism or data falsification/fabrication in the thesis, and scholarly

integrity is upheld as according to the Universiti Putra Malaysia (Graduate

Studies) Rules 2003 (Revision 2012-2013) and the Universiti Putra Malaysia

(Research) Rules 2012. The thesis has undergone plagiarism detection software

Signature:        Date: 

Name and Matric No: Qais Bashir Mahmoud Jarrar, GS38722



© C
OPYRIG

HT U
PM

 

 

ix 

 

Declaration by Members of Supervisory Committee 

 

 

This is to confirm that: 

 the research conducted and the writing of this thesis was under our  supervision; 

 supervision responsibilities as stated in the Universiti Putra Malaysia (Graduate 

Studies) Rules 2003 (Revision 2012-2013)  were adhered to. 

 

 

 

 

Signature:   

Name of  Chairman  

of Supervisory 

Committee: 

 

 

Professor Dr. Muhammad Nazrul Hakim bin Abdullah 

 

 

 

 

Signature: 

  

Name of  Member 

of Supervisory 

Committee: 

 

 

Associate Professor Dr. Zainul Amiruddin bin Zakaria 

 

 

 

 

Signature: 

  

Name of  Member 

of Supervisory 

Committee: 

 

 

Dr. Manraj Singh Cheema 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

x 

 

TABLE OF CONTENTS 

 

 

Page 

 

ABSTRACT      i 

ABSTRAK iii 

ACKNOWLEDGEMENTS v 

APPROVAL vi 

DECLARATION viii 

LIST OF TABLES                                                                                                        xiv 

LIST OF FIGURES                                                                                                     xvii 

LIST OF APPENDICES xxvi 

LIST OF ABBREVIATIONS xxvii 

  

  

CHAPTER  

 

 

1 INTRODUCTION AND OBJECTIVES OF THE STUDY 1 

1.1 Introduction 1 

1.2 Problem statement 3 

1.3 Research hypothesis 3 

1.4 Objectives 3 

1.4.1 General objectives 3 

1.4.2 Specific objectives 3 

 

 

2 LITERATURE REVIEW 5 

2.1 Liposome encapsulation technology 5 

2.1.1 Overview 5 

2.1.2 Applications of liposomes 6 

2.1.3 Basic components of liposomes 7 

2.1.3.1 Phospholipids 7 

2.1.3.2 Sterols 12 

2.1.3.3 Non-ionic surfactant 12 

2.1.4 Fluidity of phospholipids membrane of liposomes 13 

2.1.5 Classification of liposomes 14 

2.1.6 Methods of liposomes preparation 15 

2.1.7 Fate of liposome in the GIT and their role in improving    

 the bioavailability of drugs 16 

2.1.8 Fate of liposome in the circulation and their role in    

 tissues targeting 17 

2.1.9 Toxicity of liposomes 19 

2.2 Inflammation 20 

2.3 NSAIDs 24 

2.4 MFA 25 

2.4.1 Historical background 25 



© C
OPYRIG

HT U
PM

 

 

xi 

 

2.4.2 Clinical indications 25 

2.4.3 Pharmacokinetics and bioavailability 26 

2.4.4 Pharmacodynamics 27 

2.4.5 Toxicity of MFA 28 

 

 

3 PREPARATION AND IN VITRO CHARACTERIZATION    

 OF MEFENAMIC ACID-LOADED LIPOSOMES 32 

3.1 Introduction 32 

3.2 Materials and Methods 33 

3.2.1 Apparatus 33 

3.2.2 Reagents 33 

3.2.3 Preparation of MFA-loaded liposomes 33 

3.2.3.1 Choice of organic solvent in liposomes    

 preparation 34 

3.2.3.2 Preparation of MFA liposomes 34 

3.2.3.3 Preparation of MFA-Tween 80 liposomes 34 

3.2.3.4 Preparation of MFA-DDC liposomes 34 

3.2.3.5 Preparation of sonicated MFA-DDC liposomes 35 

3.2.3.6 Preparation of lyophilized MFA-DDC liposomes 35 

3.2.4 Physicochemical characterization of liposomes 36 

3.2.4.1 MFA analysis 36 

3.2.4.2 Drug entrapment analysis 37 

3.2.4.3 Particle size analysis 37 

3.2.4.4 Size reduction analysis 37 

3.2.4.5 Drug release at different pH media 38 

3.2.4.6 Storage study 38 

3.2.4.7 Reproducibility 38 

3.2.4.8 Transmission electron microscopy (TEM) 38 

3.2.5 Statistical analysis 39 

3.3 Results 39 

3.3.1 Determination of MFA solubility in various organic solvent 39 

3.3.2 Spectroscopic method validation 39 

3.3.2.1 Wave length selection 39 

3.3.2.2 Linearity (calibration curve) 40 

3.3.2.3 Precision and accuracy 41 

3.3.2.4 Sensitivity 41 

3.3.3 In vitro characterization of the liposomes 41 

3.3.3.1 Drug entrapment profile (capacity and    

 efficiency) 41 

3.3.3.2 Particle size analysis 43 

3.3.3.3 Effect of sonication and lyophilization on    

 drug entrapment and size parameters of    

 liposomes 46 

3.3.3.4 Effect of pH on drug release properties 47 

3.3.3.5 Effect of storage conditions on drug entrapment    

 and particle size of liposomes 48 

3.3.3.6 Reproducibility testing 49 



© C
OPYRIG

HT U
PM

 

 

xii 

 

3.3.3.7 TEM observations of liposomes 50 

3.4 Discussion 51 

3.5 Conclusion 56 

 

 

4 IN VIVO INVESTIGATION ON THE TOXICITY OF    

 LIPOSOMES ENCAPSULATED MEFENAMIC ACID 58 

4.1 Introduction 58 

4.2 Experimental work 59 

4.2.1 Materials 59 

4.2.2 Preparation of liposomal samples 59 

4.2.2.1 Preparation of  MFA-Tween 80 liposomes 59 

4.2.2.2 Preparation of MFA-DDC liposomes 59 

4.2.3 Experimental animals 60 

4.2.4 Acute toxicity procedure 60 

4.2.4.1 Observing toxicity signs for selection of MTD 60 

4.2.4.2 Biochemical analysis 60 

4.2.5 Repeatitive dosing procedure 61 

4.2.5.1 Dosage and body weights measurement 61 

4.2.5.2 Body condition scoring 62 

4.2.5.3 Urine collection for analysis 62 

4.2.5.4 Blood glucose determination 64 

4.2.5.5 Serum biochemical analysis 64 

4.2.5.6 Harvesting of body organs 64 

4.2.5.7 Assessment of gastric lesion 64 

4.2.5.8 Histopathological investigation 65 

4.2.5.9 Ultrastructural investigation 65 

4.2.6 Statistical analysis 66 

4.3 Results 66 

4.3.1 Acute toxicity study 66 

4.3.1.1 Toxicity signs after single dose treatment 66 

4.3.1.2 Serum biochemical elevations after single    

 dose treatment 69 

4.3.2 Repeated dose toxicity study 73 

4.3.2.1 Toxicity signs observation 73 

4.3.2.2 Body weight gain evaluation 74 

4.3.2.3 Scoring of body condition 74 

4.3.2.4 Urine output analysis 75 

4.3.2.5 Blood glucose levels 76 

4.3.2.6 Gross examination 77 

4.3.2.7 Biochemical analysis 80 

4.3.2.8 Histological alterations 84 

4.3.2.9 Ultrastructural alterations 114 

4.4 Discussion 139 

4.5 Conclusion 147 
 

 



© C
OPYRIG

HT U
PM

 

 

xiii 

 

5 IN VIVO EVALUATION ON THE THERAPEUTIC EFFICACY    

 OF MFA -LOADED LIPOSOMES 149 

5.1 Introduction 149 

5.2 Materials and methods 149 

5.2.1 Materials 149 

5.2.2 Liposomal samples preparation 150 

5.2.2.1 Preparation of MFA-Tween 80 liposomes 150 

5.2.2.2 Preparation of MFA-DDC liposomes 150 

5.2.2.3 Experimental animals 150 

5.2.2.4 Experimental tests 150 

5.2.2.5 Data Statistical analysis 154 

5.3 Results 154 

5.3.1 Carrageenan-induced paw edema test 154 

5.3.2 Carrageenan-induced hyperalgesia test 155 

5.3.3 Brewer yeast induced hyperthermia test 158 

5.3.4 Lipopolysaccharides induced systemic inflammation 160 

5.3.4.1 Body temperature measurements 160 

5.3.4.2 Serum concentration of the inflammatory    

 mediators 160 

5.4 Discussion 165 

5.5 Conclusion 169 

 

 

6 GENERAL DISCUSSION, SUMMARY OF THE STUDY AND    

 FUTURE RECOMMENDATIONS 170 

 

 

REFERENCES 175 

APPENDICES 204 

BIODATA OF STUDENT 215 

LIST OF PUBLICATIONS 216 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xiv 

 

LIST OF TABLES 

 

 

Table                  Page 

 

2.1 Liposomes applications in various disciplines. Adopted from Damitz and 

Chauhan (2015) and Lasic (1998)      6 

2.2 Commercially available liposomal drugs approved by FDA. Adopted  

from Weissig et al. (2014)       7 

2.3 Synthetic derivatives of phospholipids. Adopted from Li et al. (2015)  

and van Hoogevest and Wendel (2014)     10 

2.4 Physiological functions of common phospholipids    11 

2.5 Effects and applications of Tween 80 and Tween 20 in liposomal drug 

delivery systems        12 

2.6 Major inflammatory mediators involved in inflammatory responses,  

Adopted from Larsen and Henson (1983)     21 

2.7 Clinical features of acute and chronic inflammation,  modified from Garg  

et al. (2013)         22 

2.8 Classification of NSAIDs based on their chemical structures and  

selectivity towrds inhibition of COXs isoforms    24 

2.9 Clinical uses of MFA        26 

2.10 Pharmacokinetic data of MFA      27 

2.11 Pharmaceutical methods used to enhance dissolution rate of MFA  27 

3.1 Chemical and physical treatments used in preparation of different  

liposomes         35 

3.2 MFA solubility in various organic solvents     39 

3.3 Intraday and interday precision and accuracy of the spectrophotometric 

method used for MFA analysis      41 

3.4 Drug entrapment and particle size parameters of liposomes exposed to 

sonication and lyophilization techniques     47 

3.5 Amount of drug (mg/g pro Lipo Duo) and percent entrapped (%) in  

different liposomes at different time points during the storage study 49 

3.6 Particles size (nm), PDI and ZP (mv) of different liposomes at different  

time points during the storage study      49 



© C
OPYRIG

HT U
PM

 

 

xv 

 

3.7 Reproducibility of different liposomes at various drug entrapment and 

particles size parameters       50 

4.1 Criteria for body condition score in rats (Hickman & Swan, 2010)  63 

4.2 Criteria for macroscopic lesion score in stomach (Adinortey et al., 2013) 65 

4.3 Toxicity signs observed after single dosage of different treatments  67 

4.4 Extrapyramidal symptoms induced by intraperitoneal administration of 

MFA-DDC liposomes        68 

4.5 Toxicity signs observed in various experimental groups after repeated  

dosage          73 

4.6 Effect of different treatments on body weight gain during repeated dose 

procedure         74 

4.7 Body condition score of various experimental groups during repeated  

dose procedure        75 

4.8 Urine volume of experimental groups during repeated dose procedure 76 

4.9 Blood glucose concentrations of various experimental groups during  

repeated dose procedure       77 

4.10 Effect of various treatments on AST, ALT, ALP, total proteins, total 

bilirubin, cholesterol and triglycerides serum levels after repeated doses 

toxicity study         83 

4.11 Effect of various treatments on serum level of BUN, creatinine and uric  

acid after repeated doses toxicity study     84 

4.12 Severity and frequency of microscopic alterations observed in liver of  

rats used in repeated doses toxicity study     99 

4.13 Severity and frequency of microscopic alterations observed in the  

kidney of rats used in repeated doses toxicity study             109 

4.14 Microscopic alterations observed in the stomach of rats used in the  

repeated doses toxicity study                113 

4.15 Summary of acute and sub-acute toxicity profile of various MFA  

treatments                 148 

5.1 Criteria for motility score in rats, adopted from Amdekar et al  

(2012)                  152 

5.2 Paw edema volume and percentage inhibition in carrageenan-induced  

paw edema test                156 



© C
OPYRIG

HT U
PM

 

 

xvi 

 

5.3 Withdrawal latency time and percentage inhibition in carrageenan- 

induced thermal hyperalgesia test              157 

5.4 Gait score and percentage inhibition of hyperalgesia after carrageenan 

injection                 158 

5.5 Rectal temperature change and inhibition percentage after brewer yeast 

injection                 159 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xvii 

 

LIST OF FIGURES 

 

 

Figure               Page 

 

1.1 Flow chart of the study design       4 

2.1 Structure of individual liposome particle and phospholipid molecules  5 

2.2 Chemical structures of common natural phospholipids. The backbone of 

phospholipids is either glycerol or sphingosine (or its related base) moiety:  

at carbon 3, hydroxyl group is esterified to phosphoric acid which can be 

further esterified to a varity of alcohols (e.g. glycerol, choline,  

ethanolamine, serine and inositol). On the otherhand, hydroxyl group  

at carbon 1 and carbon 2 are esterified with two long fatty acid chains  

(0-6 doble bound and 10-24 carbon atoms in each chain)     8 

2.3 Types of phospholipids reaction in bilayer membrane.   13 

2.4 Effect of temperature on fluidity and permeability of phospholipid  

bilayer          14 

2.5 Schematic illustration of liposomes classification depending on size and 

lamellarity.         15 

2.6 Phases of liposomes formulation in aqueous media    16 

2.7 Mechanisms of intracellular drug delivery via liposomes   19 

2.8 Arachidonic acid pathway       23 

 2.9 Chemical structure of Mefenamic acid     26 

2.10 Molecular mechanism of NSAIDs-induced enteropathy   29 

3.1 UV spectrum of MFA at wavelengths range from 200-360 nm  40 

3.2 Calibration curve of MFA by UV-Visible spectrophotometric technique 40 

3.3 Percent of MFA entrapped in different liposomes when different  

hydration times were employed. (a) Indicates significant difference  

between MFA liposomes and MFA-Tween 80 liposomes. (b) Indicates 

significant difference between MFA-Tween 80 liposomes and MFA-DDC 

liposomes. (c) Indicates significant difference between MFA liposomes  

and MFA-DDC liposomes       42 

 

 



© C
OPYRIG

HT U
PM

 

 

xviii 

 

3.4 Amount of MFA entrapped in different liposomes when different  

hydration times were employed. (a) Indicates significant difference  

between MFA liposomes and MFA-Tween 80 liposomes. (b) Indicates 

significant difference between MFA-Tween 80 liposomes and MFA- 

DDC liposomes. (c) Indicates significant difference between MFA  

liposomes and MFA-DDC liposomes      43 

3.5 Particles size of different liposomes when different hydration times were 

employed. (a) Indicates significant difference between blank liposomes  

and MFA liposomes (b) Indicates significant difference between Tween  

80 liposomes and MFA -Tween 80 liposomes. (c) Indicates significant 

difference between DDC liposomes and MFA-DDC liposomes  44 

3.6 PDI of different liposomes when different hydration times were  

employed. (a) Indicates significant difference between blank liposomes  

and MFA liposomes (b) Indicates significant difference between Tween  

80 liposomes and MFA -Tween 80 liposomes. (c) Indicates significant 

difference between DDC liposomes and MFA-DDC liposomes  45 

3.7 ZP of different liposomes when different hydration times were employed.  

No significant difference was seen between groups    46 

3.8 Percent of MFA released from liposomes at different pH (1.2, 5.4 and 7.4) 

media. (a) Indicates significant difference between MFA-DDC liposomes  

and MFA-Tween 80 liposomes. (b) Indicates significant difference  

between drug release at pH (1.2) and pH (5.4). (c) Indicates significant 

difference between drug release at pH (1.2) and pH (7.4). (d) Indicates 

significant difference between drug release at pH (5.4) and pH (7.4) 48 

3.9 Micrograph of the liposomal samples demonstrates size and structure of 

Tween 80 liposomes (A), MFA-Tween 80 liposomes (B) DDC liposomes  

(C) and MFA-DDC liposomes (D). Arrows indicates the spherical  

liposomes of deformed bilayers      51 

4.1 Effect of different treatments on serum AST of rats used in acute  

toxicity study. (*) indicates significant difference (p<0.05) between test  

and control groups        69 

4.2 Effect of different treatments on serum CK of rats used in acute toxicity 

study. (*) indicates significant difference (p<0.05) between test and  

control groups         70 

4.3 Effect of different treatments on serum LDH of rats used in acute toxicity 

study. (*) indicates significant difference (p<0.05) between test and  

control groups         71 

4.4 Effect of different treatments on serum Na of rats used in acute toxicity  

study          71 



© C
OPYRIG

HT U
PM

 

 

xix 

 

4.5 Effect of different treatments on serum k of rats used in acute toxicity  

study          72 

4.6 Effect of different treatments on serum Cl of rats used in acute toxicity  

study          72 

4.7 Blood glucose levels of healthy rats in pilot study    76 

4.8 Stomach of rat treated with 80 mg/ kg free MFA showed well-defined  

ulcers on the corpus (arrows indicate ulcers, score=2)   77 

4.9 Liver of rat treated with 80 mg/ kg MFA–Tween 80 embedded with fat 

tissues (arrows)        78 

4.10 Effect of different treatments on liver weight of rats used in acute toxicity 

study. (*) indicates significant difference (p<0.05) between test and  

control groups         79 

4.11 Effect of different treatments on kidneys weight of rats used in acute  

toxicity study. (*) indicates significant difference (p<0.05) between test  

and control groups        79 

4.12 Effect of different treatments on kidney weight of rats used in acute  

toxicity study. (*) indicates significant difference (p<0.05) between test  

and control groups        80 

4.13 Microphotograph sections in the hepatic tissues of control animals  

showing: (a) Hepatic tissues with normal architecture. H&E stain. x75  

(b) Normal hepatocytes H&E stain. x350     85 

4.14 Microphotograph section in the hepatic tissues of animals subjected to  

Tween 80 liposomes demonstrating normal hepatocytes (arrows). H&E  

stain. x620         86 

4.15 Microphotograph section in the liver of rat subjected to oral dose of DDC 

liposomes demonstrating normal hepatocytes (arrows). H&E stain. x540 86 

4.16 Microphotograph section in the hepatic tissues of animals subjected to 

intraperitoneal dose of DDC liposomes demonstrating normal hepatocytes 

(arrows). H&E stain. x540       87 

4.17 Microphotograph sections in the hepatic tissues of animals exposed to free 

MFA demonstrating hydropic degeneration (stars). (a) - Rat exposed to 20 

mg/kg free MFA. H&E stain. x150. (b) - Rat exposed to 40 mg/kg free  

MFA H&E stain. x300, (c) - Rat exposed to 80 mg/kg free MFA. H&E  

stain. x420         88 

 



© C
OPYRIG

HT U
PM

 

 

xx 

 

4.18 Microphotograph section in the liver of animals exposed to MFA- 

Tween 80 liposomes (80 mg/kg) showing occasional hydropic  

degeneration (arrows) in comparison with that seen in Figures (4.17c).  

H&E stain. x220        89 

4.19 Microphotograph sections in the liver of rats subjected to MFA-DDC 

demonstrating no evidence of hydropic degeneration. H&E stain.  

x350. (a) Oral administration, 80 mg MFA/kg, (b) Intraperitoneal 

administration, 20 mg MFA/kg. H&E stain. x420    90 

4.20 Microphotograph section in the liver of rat subjected to free MFA  

(80 mg/kg) showing sinusoidal dilatation (arrows). H&E stain. x150 91 

4.21 Microphotograph section in the liver of rat subjected to MFA-Tween 80 

liposomes (80 mg/kg) demonstrating less sinusoidal dilatation (arrows)  

than that seen in Figure 4.20. H&E stain. x300    92 

4.22 Microphotograph section in the liver of rat subjected to free MFA  

(80 mg/kg) demonstrating Kupffer cells hyperplasia (arrows). H&E  

stain. x220         93 

4.23 Microphotograph section in the liver of rat subjected to MFA-Tween 80 

liposomes (80 mg/kg) where Kupffer cells hyperplasia (arrows) are more 

prominent than that seen in Figure 4.22 of free MFA. H&E stain. x220 93 

4.24 Microphotograph section in the liver of rat subjected to MFA-Tween80 

liposomes (80 mg/kg) demonstrating fatty changes (arrows). H&E stain. 

x420          94 

4.25 Microphotograph section in the liver of rat subjected to MFA-Tween 80 

liposomes (80 mg/kg) demonstrating large number of mitotic figures 

(arrows). H&E stain. x220       95 

4.26 Microphotograph section in the liver of rat subjected to free MFA  

(80 mg/kg) demonstrating mitotic figures but less that seen in Figure  

4.25 (arrows). H&E stain. x350      95 

4.27 Microphotograph section in the liver of rat subjected to MFA-Tween 80 

liposomes (80 mg/kg) demonstrating apoptotic hepatocytes (stars). H&E 

stain. x750         96 

4.28 Microphotograph section in the liver of rat subjected to free MFA  

(80 mg/kg) demonstrating bile duct hyperplasia (arrow). H&E stain.  

x320          97 

4.29 Microphotograph section in the hepatic tissues of animals subjected to  

free MFA (80 mg/kg ) demonstrating pericentral inflammatory cell 

infiltration (arrow). H&E stain. x320      98 



© C
OPYRIG

HT U
PM

 

 

xxi 

 

4.30 Microphotograph in the kidney of control rat showing normal  

glomeruli (yellow stars) and renal tubules (black stars). H&E stain.  

x480                   100 

4.31 Microphotograph in the kidney of control rat revealing normal  

collecting tubules (arrows) and Loop of Henle. H&E stain. x80           101 

4.32 Microphotograph section in the kidney of rat received Tween 80  

liposomes demonstrating normal kidney. H&E stain. x80            101 

4.33 Microphotograph section in the kidney of rat exposed to orally DDC 

liposomes showing normal glomerulus (yellow stars) and renal tubules  

(black stars). H&E stain. x640               102 

4.34 Microphotograph section in the kidney of rat exposed to intraperitoneal  

doses of DDC liposomes showing normal cortex and medulla  

components. H&E stain. x80 102 

4.35 Microphotograph section in the kidney of rat subjected to free MFA  

(80 mg/kg) demonstrating glomeruli atrophy (arrows). H&E stain. x160   103 

4.36 Microphotograph section in the kidney of rat subjected to MFA-DDC 

liposomes (80 mg/kg) demonstrating normal glomeruli (arrows) and  

normal renal tubules (stars). H&E stain. x160             104 

4.37 Microphotograph section in the kidney of rat subjected to free MFA (80 

mg/kg) demonstrating renal tubules degeneration (stars). Mallory  

trichrome stain. x400                 105 

4.38 Microphotograph section in the kidney of rat subjected to liposome  

MFA-Tween 80 liposomes (80 mg/kg) demonstrating renal tubules 

degeneration (stars). Mallory trichrome stain. x400             105 

4.39 Microphotograph section in the kidney of rat subjected to MFA-Tween  

80 liposomes (80 mg/kg) demonstrating loss of the brush borders from  

some proximal convoluted tubules (stars). Trichrome stain. x640           106 

4.40 Microphotograph section in the kidney of rat subjected to free MFA (80 

mg/kg) demonstrating collecting tubules degenerative changes (stars).  

H&E stain. x640                 107 

4.41 Microphotograph section in the kidney of rat subjected to MFA-Tween  

80 liposomes showing protein precipitate in the lumina of renal tubules  

(80 mg/kg) (stars). Mallory trichrome stain. x400             107 

4.42 Microphotograph section in the kidney of rat subjected to MFA-Tween  

80 liposomes (80 mg/kg) demonstrating renal cells karyopyknosis and  

renal tubules degeneration (stars). H&E stain. x640             108 



© C
OPYRIG

HT U
PM

 

 

xxii 

 

4.43 Microphotograph in the stomach of control animals exhibiting: (a) 

Forestomach .H&E stain. x150, (b) Glandular stomach. Note that the  

gastric wall consists of the following layers: mucosa (m) (epithelial  

lining), submucosa (sm), muscularis (mu) and adventia (arrow). H&E  

stain. x220                  110 

4.44 Microphotograph sections in the stomach of: a- Rat subjected to free  

MFA (80 mg/kg) demonstrating coagulative necrosis (arrow). H&E  

stain. x400 , b- Rat exposed to free MFA (80 mg/kg) demonstrating  

ulcer bed (stars). H&E stain. x320, c Rat subjected to MFA-Tween  

80 liposomes (80 mg/kg) for 28 days demonstrating almost normal  

mucosal gastric lining with no ulcerative changes. H&E stain. x320 ,  

d- Rat treated with MFA-DDC liposomes (80 mg/kg) demonstrating  

normal stomach structure. H&E stain. x400              112 

4.45 Transmission electron micrograph of control rat hepatocyte  

demonstrating normal ultrastructure: nucleus (N),  mitochondrium  

(M), glycogen particles (G) and roug&ndoplasmic reticulum (RER)  

loaded with bounded ribosomes. 8000x              114 

4.46 Transmission electron micrograph demonstrating hepatocyte of rat  

exposed to free MFA (80 mg/kg) demonstrating sinusoidal dilatation  

(star). 5000x                  115 

4.47 Transmission electron micrograph demonstrating hypertrophied  

Kupffer Kupffer cells (arrow) of rat exposed to free MFA (80 mg/kg) 

for 28 days. 5000x                 116 

4.48 Transmission electron micrograph demonstrating hepatocyte of rat  

exposed to free MFA (80 mg/kg) demonstrating mitochondrial swelling  

and cristolysis (stars). Note lipid droplets (L), lysosomes (ly) and  

pyknotic nucleus. 1000x                117 

4.49 Transmission electron micrograph demonstrating hepatocyte of rat         

exposed to free MFA (80 mg/kg) demonstrating lytic necrosis (ln).  

Note that the nucleus (N) is less affected. 8000x             118 

4.50 Transmission electron micrograph demonstrating hepatocyte of rat  

exposed to MFA-Tween 80 liposomes demonstrating lipid droplets (L), 

lysosomes (ly) and peroxisomes (arrow). Note that the mitochondria are  

less affected. 3000x                 119 

4.51 Transmission electron micrograph demonstrating a portion of hepatocyte  

of rat exposed to MFA-Tween 80 liposomes together with Kupffer cells 

enlargement and activation (arrow). Note steatosis (numerous lipid  

droplets) (L) and large lysosome (ly) in the hepatocytes next to the  

Kupffer cells. 10000x                 120 



© C
OPYRIG

HT U
PM

 

 

xxiii 

 

4.52 Transmission electron micrograph demonstrating hepatocyte of rat  

exposed to MFA-Tween 80 liposomes demonstrating multiple  

lysosomes (ly) with variable sizes filled with debris. Note partial  

engulfment of the nucleus by one lysosome (arrow) while the  

mitochondria are almost intact. 6000x              121 

4.53 a-Transmission electron micrograph demonstrating sinusoidal widening  

(sw) in liver of rats exposed to MFA-Tween 80 liposomes (80 mg/kg).  

The hepatocytes seen in this images demonstrate, lipid droplets (L),  

multiple lysosomes (ly) with many damaged mitochondria  

demonstrating crystolysis. Note steatosis of Kupffer cells (star). 3000x. 

 b- Normal sinusoid of control liver (arrow). 3000x             122 

4.54 Transmission electron micrograph of hepatocyte of rat exposed to  

MFA-Tween 80 liposomes demonstrating steatosis and apoptosis.  

Lipid droplets (L), lysosomes (ly),  irregular pyknoticnucleus (N)  

and small cytoplasmic vacuoles. Note the micronucleus (arrow).  

4000x                   123 

4.55 Transmission electron micrographs of MFA-Tween 80 liposomes- 

treated rat demonstrating hepatocyte with: (a) Necroapotosis and  

steatosis. Note the nuclear membrane irregularity with indentation  

(arrow) together with insulted mitochondria and numerous large  

lysosomes (ly) 8000x, (b): Partial autophagy of the lysosome and  

nucleus with almost partially affected mitochondria 6000x.            124 

4.56 Transmission electron micrograph of hepatocyte of MFA-Tween 80 

liposomes treated rat demonstrating hepatocyte with apoptotic nucleus 

(arrow) with polylysosomal structure (ly), mitochondrial damage (md)  

and vacuolization (v). Note clumping and margination of the nuclear 

chromatin. 12000x                 125 

4.57 Transmission electron micrographs of MFA-DDC liposomes-treated rats 

demonstrating no ultrastructural alterations in the hepatocytes: (a) Orally 

administered MFA-DDC liposomes 3000x (b) Intraperitoneally  

administered MFA-DDC liposomes 4000x              126 

4.58 Transmission electron micrograph of renal cell of control rat  

demonstrating oval nucleus (N) with dispersed nuclear chromatin  

material together with well-intact mitochondria (M) and normal  

basement membrane. 8000x                127 

4.59 Transmission electron micrograph of glomerulus of rat treated with  

free MFA demonstrating glomerular alterations mainly mesangial  

cells proliferation (star) and basement membrane thickening (arrow).  

6000x                   128 

 



© C
OPYRIG

HT U
PM

 

 

xxiv 

 

4.60 Transmission electron micrograph of renal cells of rat treated with  

free MFA demonstrating: (a) Lytic degeneration of the organelles  

(stars) 8000x, (b) Mitochondria swelling (Ms) with cristae destruction  

and lytic necrosis (ln). 20000x               129 

4.61 Renal cell TEM micrograph of animal treated with free MFA  

demonstrating cytoplasmic vacuolization (v). Several peroxisomes  

(P) are seen. 6000x                 130 

4.62 Renal cell TEM micrograph of animal treated with free MFA  

demonstrating mitochondrial damage (Md). 2000x             131 

4.63 Renal cell TEM micrograph of animal treated with free MFA  

demonstrating disorganized microvilli (mv). 12000x                        132 

4.64 Renal cell TEM micrograph of animal treated with free MFA  

demonstrating: (a) Irregular outer lining. Note the disorganized  

microvilli (mv). 15000x, (b) Irregular heterochromatin accumulation  

in the nuclear membrane as well as in the nucleoplasm. Note the  

presence of lipid droplets (L) and vacuolization (v). 20000x            133 

4.65 Renal cell of rat exposed to MFA-Tween 80 liposomes demonstrating  

well intact mitochondria (M). Note chromatin clumping in the nucleus  

(N), peroxisomes (P), cytoplasmic vacuoles (v) and lipid droplets (L). 

12000x                  134 

4.66 Renal cell of rat exposed to MFA-Tween 80 liposomes demonstrating 

:(a) Basement membrane (bm) thickening. Note the pyknotic nucleus  

(N) with condensed chromatin material and cytoplasmic infolding.  

8000x. (b) Basement membrane (bm) thickening consisting of three  

layers. Note the parapoptotic nucleus (N), peroxisomes (P) and  

swelling mitochondria (M). 20000x               135 

4.67 Renal cell of rat exposed to MFA-Tween 80 liposomes demonstrating  

very active autophagic degradation of most of its organelles with large 

number lysosomes (ly) (arrows). Note the membrane circumscribed the 

nucleus together with a number of mitochondria (m) surrounding the  

nucleus. Also, note that the circumscribed nucleus (N) and mitochondria  

look normal while the mitochondria outside the phagotized siege are  

injured. 10000x                 136 

4.68 Renal cell of rat exposed to MFA-Tween 80 liposomes demonstrating 

accumulation of large lipid droplets (L) in apoptotic cells. Note that  

the mitochondria (M) look like normal and few lysosomes (ly) and 

peroxisomes (P) with electron dense materials. 2000x            137 

4.69 Renal cell of rat exposed to MFA-Tween 80 liposomes (80 mg/kg) 

demonstrating apoptotic activity, partially lytic mitochondria (M)  

lysosomes (ly). 15000x                138 



© C
OPYRIG

HT U
PM

 

 

xxv 

 

4.70 Transmission electron micrographs of MFA-DDC liposomes-treated  

rats demonstrating normal renal cells: (a) Orally administered MFA- 

DDC liposomes 5000x (b) Intraperitoneally administered MFA-DDC 

liposomes 3000x                 139 

5.1 Body temperature of various experimental groups at several time  

points following LPS injection (a) Indicates Significant difference  

(P<0.05) between LPS-injected rats and untreated rats. (b) Indicates 

significant difference (P<0.05) when compared to LPS-injected rats          160 

5.2 Effect of different treatments on PGE2 level following LPS injection        161 

5.3 Effect of different treatmens on NO level following LPS injection           162 

5.4 Effect of different treatments on IL-beta level following LPS injection      163 

5.5 Effect of different treatments on IL-6 level following LPS injection           164 

5.6 Effect of different treatments on L-selectin level following LPS injection 165 

6.1 Possible mechanism of actions of MFA-DDC liposomes            172 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

file:///C:/Users/INTEL/Dropbox/MAYWONG%20SERDANG/2751.PHD.QAIS%20BASHIR%20MAHMOUD%20JARRAR/210818~QAIS%20BASHIR%20MAHMOUD%20JARRAR.docx%23_Toc522733989
file:///C:/Users/INTEL/Dropbox/MAYWONG%20SERDANG/2751.PHD.QAIS%20BASHIR%20MAHMOUD%20JARRAR/210818~QAIS%20BASHIR%20MAHMOUD%20JARRAR.docx%23_Toc522733990
file:///C:/Users/INTEL/Dropbox/MAYWONG%20SERDANG/2751.PHD.QAIS%20BASHIR%20MAHMOUD%20JARRAR/210818~QAIS%20BASHIR%20MAHMOUD%20JARRAR.docx%23_Toc522733991
file:///C:/Users/INTEL/Dropbox/MAYWONG%20SERDANG/2751.PHD.QAIS%20BASHIR%20MAHMOUD%20JARRAR/210818~QAIS%20BASHIR%20MAHMOUD%20JARRAR.docx%23_Toc522733992
file:///C:/Users/INTEL/Dropbox/MAYWONG%20SERDANG/2751.PHD.QAIS%20BASHIR%20MAHMOUD%20JARRAR/210818~QAIS%20BASHIR%20MAHMOUD%20JARRAR.docx%23_Toc522733993


© C
OPYRIG

HT U
PM

 

 

xxvi 

 

LIST OF APPENDICES 

 

Appendix                                                                                                           Page 

   

A Descriptive and comparative statistical analysis on blank liposomes, 

Tween 80 liposomes, DDC liposomes and MFA absorptions at 

various wavelengths of ultraviolet light 

204 

   

B Tukey's multiple comparison test results for particles polydispersity 

index of MFA-loaded liposomes 

205 

   

C Tukey's multiple comparison test results for particles polydispersity 

index of MFA-loaded liposomes 

206 

   

D Technical characteristics of ProlipoTMDuo 206 

   

E Approval letter from IACUC 207 

   

F Procedure for preparation of the microscope slides 208 

   

G Procedure for staining the microscope slides with Harris hematoxylin 

and eosin 

209 

   

H Procedure of specimen preparation for transmission electron 

microscopy 

210 

   

I PGE2 ELISA assay procedure 212 

   

J NO ELISA assay procedure 213 

   

K Magnetic Luminex assay procedure 214 

 

 

 

 
 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 

 

xxvii 

 

LIST OF ABBREVIATIONS 

 

 

ACUC Animal care and use committee 

  

ALP Alkaline phosphatase 

  

ALT Alanine aminotransferase 

  

ANOVA Analysis of variance 

  

AST Aspartate aminotransferase 

  

BUN Blood urea nitrogen 

  

COX Cyclooxygenase 

  

CV Coefficient of variation 

  

DDC Sodium diethyldithiocarbamate 

  

DMSO Dimethyl sulfoxide 

  

ELISA Enzyme-linked immunosorbent assay 

  

et al. Et alii (and others) 

  

e.g. Exempli gratia (for example) 

  

FDA Food and drug adminstration 

  

FMHS Faculty of Medicine and Health Sciences 

  

GIT Gastrointestinal tract 

  

H & E Hematoxylin and eosin 

  

IL Interleukin 

  

I.P. Intraperitoneal 

  

LOD Limit of detection 

  

LOQ Limit of quantification 

  

LPS Lipopolysaccharides 

  

LUV Large unilamellar vesicle 



© C
OPYRIG

HT U
PM

xxviii 

MFA Mefenamic acid 

MTD Maximum tolerated dose 

MVLs Multivesicular liposomes 

NO Nitric oxide 

NSAIDs Non-steroidal anti-inflammatory drugs 

N/A Not applicable 

OECD Organization of Economic Cooperation and 

Development 

OLV Oligolamellar vesicle 

PDI Polydispersity index 

PG Prostaglandin 

P.O. Per os (oral administration) 

ROS Reactive oxygen species 

rpm Rotation per minute 

S.E.M Standard error mean 

SUV Small unilamellar vesicle 

TEM Transmission electron microscopy 

v/v Volume to volume 

w/w Weight to weight 



© C
OPYRIG

HT U
PM

1 

CHAPTER 1 

1 INTRODUCTION AND OBJECTIVES OF THE STUDY 

1.1 Introduction 

Therapeutic agents should be formulated in pharmaceutical preparations that generate 

good patient compliance with safe and reproducible plasma concentrations 

(Hareendran et al., 2012). Manipulation of drug delivery system is a felicitous 

approach to enhance pharmaceutical and therapeutic properties of the drugs. The 

capability of such manipulation to alter drug performance in vitro and in vivo helps to 

identify novel molecular mechanisms and build new animal models for further 

pharmacological studies (Bhattachar et al., 2015).  

The insufficient water solubility of the drugs is one of the most intricate issues in drugs 

development that demand a deep understanding in the pharmaceutical chemistry of 

the drugs. In addition, the poor solubility is implicated directly in a number of clinical 

limitations such as poor absorption and bioavailability, insufficient solubility for 

parental dosing and demands frequent and high dose of administration (Savjani et al., 

2012). 

According to pharmaceutical classification, drugs can categorized into the following 

classes: high soluble-high permeable drugs (class I); low soluble-high permeable 

drugs (class II); high soluble -low permeable drugs (class III) and low soluble -low 

permeable drugs (class IV). Because most of the drugs belong to class II, enhancing 

their poor water solubility constitute a critical element to improve their bioavailability 

and enhance their curative efficacy (Hamaguchi et al., 1986; Nurhikmah et al., 2016; 

Shinkuma et al., 1984). 

NSAIDs is a large group of drugs which take a great attention in the clinical 

community owing to their wide applications in the treatment of inflammation, pain 

and fever (Cashman, 1996). In general, NSAIDs are inexpensive and widely available 

over the counter and with a doctor's prescription. The overall annual sales of NSAIDs 

is estimated at $18 billion worldwide (Petkova et al., 2014).  These drugs produce their 

anti-inflammatory effect by blocking prostaglandins biosynthesis through inhibition 

the activity of cyclooxygenase isoforms (Cashman, 1996).  

The therapeutic development of NSAIDs is an ongoing process since the 1950s and 

thereafter (Altman et al., 2015). Most of NSAIDs exhibit poor bioavailability as a 

result of their poor dissolution and low solubility in water. The researchers have made 

a lot of efforts to improve the solubility of NSAIDs as a key factor for improving their 

therapeutic responses.  
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Among NSAIDs, mefenamic acid (MFA) has widely been used in a number of 

countries including Philippine, Pakistan, Malaysia, Indonesia and China (McGettigan 

& Henry, 2013). Mefenamic acid is was introduced to the market by Parke-Davis in 

the 1960s and nowadays is available in the pharmacy as a single treatment or combined 

with other drugs (Asif, 2014). This drug was proved to exhibit potent anti-

inflammatory activities and unique pharmacodynamics properties in various in vitro 

models (Cimolai, 2013). However, MFA has low aqueous solubility and poor 

bioavailability that result in suboptimal in vivo performance. Previous studies 

indicated that elevating the clinical doses of MFA may result in serious adverse 

reactions such as gastrointestinal ulceration and bleeding, hepatic and renal toxicity, 

pancreatitis and extrapyramidal symptoms (Cremona-Barbaro, 1983; Somchit et al., 

2004; Wolfe et al., 1976). Considering these may suggest the necessity of improving 

the bioavailability of MFA using the approaches that have no or less potential to 

increase MFA toxicity. 

During the last decades, scientists have developed various insoluble drug delivery 

technologies which involve several physical and chemical modifications and 

miscellaneous methods (Kalepu & Nekkanti, 2015; Savjani et al., 2012). Among these, 

encapsulation of the therapeutic agents in nanocarriers (NCs) such as liposomes, 

micelles, carbon nanotubes, dendrimers, and magnetic NCs has gained great attention 

in various research applications (Kumari et al., 2014). 

Liposomes are tiny spherical vesicles consisting of at least one-phospholipid bilayers 

and studied extensively in the field of drug delivery. These particles have unique 

particle sizes (25-25000 nm) which render them selective carries for targeting 

inflamed and tumor tissues (Akbarzadeh et al., 2013). In addition, the amphiphilic 

structure of liposomes helps to entrap both of hydrophobic and hydrophilic drugs and 

to protect them from the surrounding environment (Bozzuto & Molinari, 2015). In the 

pharmacological point of view, liposomes improve the bioavailability, avoiding 

enzymatic degradation, provide sustain drug release and prolong the half-life of the 

drugs (Akbarzadeh et al., 2013; Bozzuto & Molinari, 2015).  

In a comparison with solid-based nanoparticles, liposomes exert superior advantages 

in term of safety owing to their biocompatibility and biodegradability. Also, liposomes 

are capable to reduce gastrointestinal tract (GIT) and systemic toxicity of drugs by 

providing sustained drug release profiles (O’brien et al., 2004; Soehngen et al., 1988). 

Thus, the fact that liposomes can carry multiple drugs and reduce their toxicity 

concomitantly may strongly suggest using of these particles as an ideal platform for 

developing talented combination therapies (Fukuta et al., 2017; Meng et al., 2016). In 

addition, liposomes are highly flexible in nature and can be decorated by biologically 

targeting ligands or attached by stabilizing agents (Lin et al., 2017).  
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Liposomes in vivo performance depends highly on their physicochemical properties 

including the chemical constituent of phospholipids as well as liposomes size, surface 

charge, pH sensitivity and drug release profile (Gatoo et al., 2014). Therefore, 

determining the in vitro characteristics of liposomes is important for detection the 

suitable route of administration and prediction the in vivo performance of liposomes.  

Numerous methods are used to prepare liposomes of variable characteristic. However, 

the pro-liposome method has been recently appreciated for developing various 

liposomal formulations using a rapid, simple and applicable procedure. Proliposomes 

are optimized mixtures of phospholipids that can spontaneously produce liposome 

upon controlled hydration condition. One of the major limitations of liposomes used 

in the pharmaceutical community is their low thermodynamic stability. It is, therefore, 

highly recommended to identify proper storage condition of the liposomes as a basic 

requirement in the liposomal researches (Toh & Chiu, 2013).  

1.2 Problem statement 

The poor aqueous solubility of MFA constitutes a major challenge in developing stable 

and homogenous formulations for the children in the pharmaceutical market. In 

addition, the insufficient solubility is a common limiting factor in the oral 

bioavailability of the hydrophobic drugs that reduces their therapeutic efficacy.   

1.3 Research hypothesis  

Liposome encapsulation can enhance the solubility, reduce the toxicity as well as 

improve the anti-inflammatory, anti-nociceptive and anti-pyretic efficacy of MFA. 

1.4 Objectives  

1.4.1 General objectives 

The primary goals of the present study are to prepare various formulations of MFA-

loaded liposomes, determine their physicochemical properties and investigate their in-

vivo toxicity and efficacy in comparison to the ones of free (nonencapsulated) MFA. 

1.4.2 Specific objectives 

1. To prepare homogenous, stable and reproducible aqueous formulation of MFA 

using liposomes encapsulation technology. 

2. To study the physicochemical properties of MFA-loaded liposomes using 

various in-vitro experiments.  
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3.  To investigate the in-vivo toxicity of MFA-loaded liposomes in rats via oral 

and intraperitoneal administrations. 

4.  To evaluate the anti-inflammatory, anti-nociceptive and anti-pyretic efficacy 

of MFA-loaded liposomes in rats via oral and intraperitoneal administrations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 :Flow chart of the study design 
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