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ABSTRACT 

An alternative osteo-healing formulation with osteo-healing properties was formulated 

by combining gentamicin and Nigella sativa oil (NSO) in a form of gentamicin-N. 

sativa fusion emulsion (GNFE). This work aims to formulate a stable emulsion and to 

study the effects of GNFE on UMR-106 osteoblast-like rat osteosarcoma cell line in 

vitro and its related mechanisms of bone healing and regeneration. Emulsion A, B, C 

and D had been formulated, with final concentration of gentamicin was made constant 

at 0.1%, whereas NSO concentration was varied at 32.5%, 35.0%, 40.2% and 46.4% 

in all formulations respectively. Stability studies of emulsion A, B, C and D were 

performed at different storage conditions (8°C, 25°C and 50°C), followed by in vitro 

study of MTT assay, Alizarin Red S (ARS) staining, von Kossa staining and 

quantification, alkaline phosphatase (ALP) quantification and quantitation of collagen 

type-1 and osteocalcin (qPCR). Results showed that all emulsions were stable at 

storage temperature of 8°C. In vitro results showed that emulsion D produced the 

highest cell viability (97.1%) at 72 hours of post-incubation. The highest mineral 

deposits (2.64 ± 0.05) and ALP activity (2.19 ± 0.3 nmol) was produced by emulsion 

D at day 21. Lastly, the highest expression of collagen type-1 (29.4 ± 1.01 folds) and 

osteocalcin (1.8 ± 0.51 folds) were expressed by the cells treated with emulsion C. 

Thus, stable GNFE may have the ability to promote bone formation. 
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 خلاصة البحث
 

 

تم تصنيع صيغة بديلة لعلاج العظام ذات خصائص شافية للعظم من خلال مشاركة الجنتامايسين مع 
زيت الحبة السوداء بشكل مستحلب اندماجي. يهدف هذا البحث إلى تصنيع مستحلب اندماجي 

 UMR-106ى خلايا سرطان العظم ثابت من الجنتامايسين وزيت الحبة السوداء ودراسة تأثيراته عل
، ب، ج ود، بتركيز نهائي ثابت 1في الزجاج وكذلك آليات شفاء العظم وتجديده. صنعت المستحلبات 

% 40.2%، 35.0%، 32.5%، بينما تركيز زيت الحبة السودار كان 0.1من الجنتامايسين قدره 
ب، ج ود في ظروف تخزين مختلفة أجريت دراسة الثباتية على المستحلبات ا، % على الترتيب. 46.4و
درجة مئوية(، وأتبعت بدراسة السمية الخلوية في الزجاج، صباغ الأليزارين الأحمر س،  50و 25، 8)

صباغ الفونكوسا مع التحديد الكمي، التحديد الكمي للفوسفاتاز القلوية و التحديد الكمي للكولاجين 
. أظهرت النتائج أن كل المستحلبات كانت ثابتة والأوستيوكالسين )ال بي سي ر الكمي( 1-من النوع

مئوية. النتائج في الزجاج أظهرت أن المستحلب د أدى إلى أعلى نسبة من حيوية  8في درجة الحرارة 
( 0.05 ± 2.64ساعة من الحضن. أعلى نسبة من الترسب المعدني ) 72%( بعد 97.1الخلايا )

. 21ومول( تم الحصول عليها من المستحلب د في اليوم نان 0.3 ± 2.19وفعالية الفوسفاتاز القلوية )
 1.8مرة( والأوستيوكالسين ) 1.01 ± 29.4) 1-في النهاية، أعلى نسبة تعبير مورثي للكولاجين نوع

ستحلب مرة( تمت مشاهدتها في الخلايا المعالجة بالمستحلب ج. وبهذا يمكن أن نستنتج أن الم 0.51 ±
ايسين وزيت الحبة السوداء يمكن أن يكون له القدرة على تحريض تشكل الاندماجي الثابت من الجنتام

 العظام.
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ABSTRAK 

Suatu formulasi alternatif untuk rawatan ortopedik dengan ciri-ciri penyembuhan 

tulang telah dihasilkan dengan menggabungkan gentamicin dan minyak dari Nigella 

sativa (NSO) dalam bentuk emulsi gentamicin-N. sativa (GNFE). Kajian ini bertujuan 

untuk menghasilkan emulsi yang stabil dan untuk mengkaji kesan GNFE pada sel 

osteoblast UMR-106 secara in vitro serta mekanisme berkaitan penyembuhan tulang. 

Emulsi A, B, C dan D telah dihasilkan dengan kepekatan akhir gentamicin ialah 0.1%, 

manakala kepekatan NSO telah dimanipulasi pada 32.5%, 35.0%, 40.2% dan 46.4% 

dalam setiap rumusan. Kajian kestabilan emulsi A, B, C dan D telah dijalankan pada 

keadaan penyimpanan yang berbeza (8°C, 25°C dan 50°C), diikuti dengan kajian in 

vitro iaitu MTT assay, pewarnaan Alizarin Red S (ARS), pewarnaan dan kuantifikasi 

von Kossa, kuantifikasi alkaline phosphatase (ALP), dan kuantitatasi gen collagen 

type-1 dan osteocalcin (qPCR). Hasil kajian menunjukkan bahawa semua emulsi 

adalah stabil pada suhu penyimpanan 8°C. Keputusan in vitro menunjukkan bahawa 

emulsi D menghasilkan daya maju sel tertinggi (97.1%) pada 72 jam selepas inkubasi. 

Penghasilan tertinggi deposit mineral (2.64 ± 0.05) dan aktiviti ALP (2.19 ± 

0.31nmol) telah dihasilkan oleh emulsi D, pada hari ke-21. Akhir sekali, penghasilam 

tertinggi collagen type-1 (29.4 ± 1.01 folds) dan osteocalcin (1.8 ± 0.51 folds) telah 

dihasilkan oleh sel-sel yang dirawat dengan emulsi C. Oleh itu, GNFE yang stabil 

telah dihasilkan dan berkemungkinan mempunyai keupayaan untuk menggalakkan 

pembentukan tulang. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

v 

 

APPROVAL PAGE 

I certify that I have supervised and read this study and that in my opinion, it conforms 

to acceptable standards of scholarly presentation and is fully adequate, in scope and 

quality, as a dissertation for the degree of Master of Health Sciences (Biomedical 

Science). 

 

………………………………….. 

Mohd Affendi Mohd Shafri  

Supervisor 

 

………………………………….. 

Nazri Mohd Yusof  

Co-Supervisor 

 

………………………………….. 

Farahidah Mohamed  

Co-Supervisor 

 

 

I certify that I have read this study and that in my opinion it conforms to acceptable 

standards of scholarly presentation and is fully adequate, in scope and quality, as a 

dissertation for the degree of Master of Health Sciences (Biomedical Science). 

 

………………………………….. 

Mardhiah Mohammad 

Internal Examiner 

 

………………………………….. 

Wan Safwani Wan 

Kamarulzaman 

External Examiner 

 

 

This thesis was submitted to the Department of Biomedical Science and is accepted as 

a fulfilment of the requirement for the degree of Master of Health Sciences 

(Biomedical Science). 

 

………………………………….. 

Ibrahim Adham Taib 

Head, Department of Biomedical 

Science 

 

 

This thesis was submitted to the Kulliyyah of Allied Health Sciences and is accepted 

as a fulfilment of the requirement for the degree of Master of Health Sciences 

(Biomedical Science). 



 

vi 

 

 

DECLARATION 

I hereby declare that this thesis is the result of my own investigation, except where 

otherwise stated. I also declare that it has not been previously or concurrently 

submitted as a whole for any other degrees at IIUM or other institutions.  

 

Fathin Athirah Binti Yusof  

 

 

Signature………………….     Date ….................. 



 

vii 

 

 

INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA 

DECLARATION OF COPYRIGHT AND AFFIRMATION OF 

FAIR USE OF UNPUBLISHED RESEARCH 

I declare that the copyright holder of this thesis is jointly owned by the student and 

IIUM. 

Copyright © 2015 by Fathin Athirah Yusof and International Islamic University Malaysia. All rights 

reserved. 

No part of this unpublished research may be reproduced, stored in a retrieval system, 

or transmitted, in any form or by any means, electronic, mechanical, photocopying, 

recording or otherwise without prior written permission of the copyright holder except 

as provided below. 

1. Any material contained in or derived from this unpublished research may 

be used by others in their writing with due acknowledgement. 

 

2. IIUM or its library will have the right to make and transmit copies (print 

or electronic) for institutional and academic purposes.  

 

3. The IIUM library will have the right to make, store in a retrieval system 

and supply copies of this unpublished research if requested by other 

universities and research libraries.  

 

By signing this form, I acknowledged that I have read and understand the IIUM 

Intellectual Property Right and Commercialisation policy. 

 

 

 

Affirmed by Fathin Athirah Binti Yusof 

 

 

 

 

……..……..……………   ………………….. 

Signature     Date 

 



 

viii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To my beloved family, friends and teachers, 

 

To the inspired, 

 

To everyone who’s ever tried, 

 

To those who hope, 

 

To each of you, 

 

Thank you.



 

ix 

ACKNOWLEDGEMENT 

Alhamdulillahi rabbil ‘aalamin, peace and blessing are upon our beloved Prophet 

Muhammad S.A.W. First and foremost, my deepest gratitude to Allah S.W.T for His 

blessings and will in completing this research and thesis successfully. 

 

An honourable gratitude goes to my mother, Jawahir Ahmad and all my 

siblings for their understanding, endless prayer, love and care. Also to my late father 

who taught me love and the meaning of life, because “The love of a family is life’s 

greatest blessing”.  

 

My deepest appreciation goes to my supervisor; Asst. Prof. Dr. Mohd Affendi 

Mohd Shafri and co-supervisors; Assoc. Prof. Dr. Nazri Mohd Yusof and Assoc. Prof. 

Dr. Farahidah Mohamed for the continuous encouragement and support. They inspired 

and conveyed a spirit of adventure in the research.  

 

The gratitude also goes to project teammates, Br. Khairul Ikhwan Yaakob and 

Br. Ahmad Fahmi Harun Ismail, who cooperated together to work towards the same 

goal. Also, the appreciation goes to Sr. Nurul Hafizah for being my teacher in tissue 

culture works and Sr. Putri Nur Hidayah for guiding me throughout the qPCR 

experiments. 

 

In addition, I would like to thank all science officers and laboratory assistants 

from Department of Biomedical Science (Kulliyyah of Allied Health Sciences) and 

Department of Pharmaceutical Technology (Kulliyyah of Pharmacy) for their help and 

guidance as well as for providing me a good environment and facilities in completing 

this research. 

 

Finally, to all friends in my adversity I shall cherish most; Dr. Abd AlMonem, 

Br. Salahuddin, Br. Anugerah, Br. Tg. Faris, Dr. Amalina Ahmad Kamal, Sr. Nur 

‘Izzati, Sr. Nik Nur Asyikin, Sr. Maryam Saadah, Sr. Huwaida, Sr. Nurlaili Najmie, 

Sr. Adilah, Sr. Hanisuhana and Sr. Syafinaz. I treasure those friends who helped to 

relieve the gloom of my dark hours and those who are ready to enjoy with me the 

sunshine of my prosperity. May Allah shower all of you with His blessing, Insha 

Allah. 

  



 

x 

TABLE OF CONTENTS 

Abstract .......................................................................................................................... ii 
Abstract in Arabic ......................................................................................................... iii 

Abstrak .......................................................................................................................... iv 

Approval page  ............................................................................................................... v 

Declaration.....................................................................................................................vi 

Copyright Page ............................................................................................................. vii 
Acknowledgement ........................................................................................................ ix 

List of Tables .............................................................................................................. xiii 

List of Figures .............................................................................................................. xv 

List of Equations ....................................................................................................... xxiv 

List of Abbreviations..................................................................................................xxv 

 

CHAPTER 1: INTRODUCTION................................................................................1 

1.1 Background of Study .................................................................................... 1 

1.2 Research Objective ....................................................................................... 7 

1.2.1 General Objective............................................................................... 7 

1.2.2 Specific Objectives............................................................................. 7 

1.3 Research Hypotheses .................................................................................... 7 

1.4 Problem Statement ........................................................................................ 8 

1.5 Literature Review ......................................................................................... 9 

1.5.1 Gentamicin ......................................................................................... 9 

1.5.2 Nigella sativa ................................................................................... 12 

1.5.3 Pharmaceutical Emulsion ................................................................. 13 

1.5.3.1 Advantages of Emulsion ........................................................ 16 

1.5.3.2 Emulsion Stability ................................................................. 17 

1.5.3.3 Emulsion Instabilty ................................................................ 18 

1.5.3.4 Emulsifying Agent ................................................................. 20 

1.5.3.5 Gentamicin-N. sativa Fusion Emulsion ................................. 23 

1.5.4 Bone Development ........................................................................... 23 

1.5.5 Bone Infection .................................................................................. 25 
1.5.5.1 Osteomyelitis ......................................................................... 26 

1.5.5.2 Septic Arthritis ....................................................................... 27 

1.5.5.3 Bone Healing and Regeneration ............................................ 27 

1.5.5.4 Osteoblastic Marker Genes .................................................... 31 

 

CHAPTER 2: FORMULATION AND STABILITY TESTS OF GENTAMICIN–

N. SATIVA FUSION EMULSIONS FOR OSTEOHEALING APPILCATION . 32 
2.1 Introduction................................................................................................. 32 

2.2 Materials ..................................................................................................... 33 
2.3 Methods ...................................................................................................... 33 

2.3.1 Preliminary Emulsification Process ................................................. 33 
2.3.2 Stability Tests ................................................................................... 35 

2.3.2.1 Organoleptic Characteristics ................................................. 35 

2.3.2.2 Centrifugation Test ................................................................ 35 

2.3.2.3 Freeze-Thaw Cycle ................................................................ 36 



 

xi 

2.3.2.4 Particle Size Measurement .................................................... 36 

2.3.2.5 Zeta-potential Analysis .......................................................... 36 

2.3.2.6 pH Determination .................................................................. 37 

2.3.2.7 pH Titration Analysis ............................................................ 37 

2.4 Results and Discussion ............................................................................... 37 

2.4.1 Preliminary Formulation of Emulsions ............................................ 37 

2.4.2 Stability Tests ................................................................................... 41 
2.4.2.1 Organoleptic Characteristics ................................................. 41 

2.4.2.2 Centrifugation Test ................................................................ 44 

2.4.2.3 Freeze-Thaw Cycle ................................................................ 46 

2.4.2.4 Particle Size Measurement .................................................... 48 

2.4.2.5 Zeta-potential Analysis .......................................................... 56 

2.4.2.6 pH Determination .................................................................. 63 

2.4.2.7 pH Titration Analysis ............................................................ 69 

2.5 Conclusion .................................................................................................. 70 

 

CHAPTER 3: EFFECTS OF GENTAMICIN - N. SATIVA FUSION 

EMULSIONS ON BONE CELL VIABILITY AND OSTEOGENESIS OF UMR-

106 RAT OSTEOSARCOME CELL LINE ............................................................ 71 
3.1 Introduction................................................................................................. 71 

3.2 Materials ..................................................................................................... 71 

3.2.1 Chemicals and Solvents ................................................................... 73 

3.2.2 Disposable Items .............................................................................. 73 

3.2.3 Cell Line ........................................................................................... 73 

3.3 Methods ...................................................................................................... 73 

3.3.1 Establishment of Cell Culture .......................................................... 73 

3.3.2 Cell Morphometric Analysis ............................................................ 74 

3.3.3 Cell Viability Assay ......................................................................... 75 

3.3.3.1 Trypan Blue Staining ............................................................. 75 

3.3.3.2 MTT Assay ............................................................................ 76 

3.3.4 Confirmation of Osteogenic Differentiation .................................... 78 

3.3.4.1 Alizarin Red S Staining ......................................................... 78 

3.3.4.2 Von Kossa Staining ............................................................... 79 

3.3.4.3 Quantification of Extracellular Mineralisation ...................... 80 

3.3.4.4 Quantification of Alkaline Phosphatase ................................ 81 

3.3.5 Statistical Analysis ........................................................................... 82 

3.4 Results and Discussions .............................................................................. 83 

3.4.1 Cell Morphometric Analysis ............................................................ 83 
3.4.2 Cell Viability Tests .......................................................................... 90 

3.4.2.1 Trypan Blue Staining ............................................................. 90 

3.4.2.2 MTT Assay ............................................................................ 97 

3.4.3 Confirmation of Osteogenic Differentiation .................................. 104 
3.4.3.1 Alizarin Red S Staining ....................................................... 104 

3.4.3.2 Von Kossa Staining ............................................................. 105 

3.4.3.3 Quantification of Mineralisation ......................................... 108 

3.4.3.4 Quantification of Alkaline Phosphatase .............................. 113 

3.4.4 Discussions ..................................................................................... 119 
3.5 Conclusion ................................................................................................ 123 

 



 

xii 

CHAPTER 4: QUANTITATION OF OSTEOBLASTIC MARKER GENES .. 124 
4.1 Introduction............................................................................................... 124 

4.2 Materials ................................................................................................... 125 

4.2.1 Chemicals and Solvents ................................................................. 125 

4.2.2 Disposable Items ............................................................................ 125 

4.2.3 Primers and Probes ......................................................................... 126 

4.3 Methods .................................................................................................... 126 
4.3.1 Application of Cell Treatment ....................................................... 126 

4.3.2 RNA Isolation ................................................................................ 129 
4.3.3 Quantitation and Purity Assessment of RNA................................. 130 
4.3.4 Quantitative Real Time Polymerase Chain Reaction (qPCR)........ 130 
4.3.5 Evaluation of Relative Quantitation of Collagen Type-1 and 

Osteocalcin Normalised to gapdh and 18srRNA .................................... 131 

4.3.6 Statistical Analysis ......................................................................... 132 

4.4 Result and Discussion ............................................................................... 133 

4.4.1 Quantitation and Purity Assessment of RNA................................. 133 
4.4.2 Relative Quantitation of Collagen Type-1 and Osteocalcin 

Normalised to gapdh and 18srRNA ........................................................ 133 
4.5 Conclusion ................................................................................................ 135 

 

CHAPTER 5: GENERAL DISCUSSION ............................................................. 138 

 

CHAPTER 6: CONCLUSION ................................................................................ 144 
6.1 Limitation of Current Study...................................................................... 144 

6.2 Conclusion ................................................................................................ 146 

6.3 Future Study ............................................................................................. 147 

 

BIBLIOGRAPHY.....................................................................................................148 

 

APPENDIX I ............................................................................................................ 163 

 

APPENDIX II............................................................................................................164 

 

  

  



 

xiii 

LIST OF TABLES 

Table No.  Page No. 

1.1 Order of systemically used nephrotoxic aminoglycosides. 1 

is the most toxic, 5 is the least toxic (Decker & Molitoris, 

2008). 

11 

1.2 Extrinsic and intrinsic factors that influenced the stability of 

pharmaceutical products (Novak, 2010). 

17 

1.3 Types of emulsifying agents with examples (Mahato, 2007). 22 

2.1 Preliminary formulation of gentamicin-N. sativa fusion 

emulsions. 

40 

2.2 Gentamicin-N. sativa fusion emulsion A, B, C and D with no 

phase separation observed. 

41 

2.3 Colour changes observation of gentamicin-N. sativa fusion 

emulsion A, B, C and D stored at different storage 

conditions, observed at day 0, 7,14 and 30. 

43 

2.4 Phase separation observation of gentamicin-N. sativa fusion 

emulsion A, B, C and D stored at different storage 

conditions, observed at day 0, 7,14 and 30. 

44 

2.5 Effect of centrifugation on gentamicin-N. sativa fusion 

emulsion A, B, C and D stored at different storage 

conditions, observed at day 0, 7, 14 and 30. Changes of 

phase separation can be observed after centrifugation at 

5000rpm for 5 minutes. 

46 

2.6 Phase separation observation of freshly prepared gentamicin-

N. sativa fusion emulsion A, B, C and D during freeze-thaw 

cycle. 

48 

3.1 Chemicals and solvents used in the study of effects of 

gentamicin-N. sativa fusion emulsions on bone cell viability 

and osteogenesis of UMR-106 osteoblast-like rat 

osteosarcoma cell line. 

72 

   

   



 

xiv 

Table No.  Page No. 

3.2 Disposable items used in the study of effects of gentamicin-

N. sativa fusion emulsions on bone cell viability and 

osteogenesis of UMR-106 osteoblast-like rat osteosarcoma 

cell line. 

73 

3.3 Scoring for intensity of black nodules produce by treated 

UMR-106. 

105 

4.1 Chemicals, solvents and kit used in the study to determine 

osteoblastic marker genes in treated UMR-106 osteoblast-

like rat osteosarcoma cell line. 

125 

4.2 Disposable items used in the study to determine osteoblastic 

marker genes in treated UMR-106 osteoblast-like rat 

osteosarcoma cell line. 

125 

4.3 5’ to 3’ sequence of primers and probes for osteocalcin and 

collagen type-1 used in this study to detect the expression 

during osteogenesis in treated UMR-106 osteoblast-like rat 

osteosarcoma cell line. 

128 

4.4 Reaction mix preparation of qPCR. The volume of each 

component was for 25µL final concentration. 

131 

4.5 Thermal cycling programme for 1-Step qRt-PCR kit. 131 

4.6 RNA concentration (ng/µL), total RNA yield, absorbance 

reading at 260nm and 280nm and ratio of the absorbance 

reading at 260nm and 280nm (A260/280) measured from 

RNA extracted from few samples. Those samples were 

untreated cell, cell treated with emulsion C, NSO (N. sativa 

oil) C, 0.1% of gentamicin, 1% of dimethyl sulfoxide 

(DMSO) and 10
-5

M of dexamethasone. 

133 

4.7 qPCR efficiencies and standard curve regression coefficients 

for collagen type-1, osteocalcin, gapdh and 18S rRNA genes. 

 

135 

 

 

 

  



 

xv 

LIST OF FIGURES 

Figure No.  Page No. 

1.1 Schematic illustration of different types of emulsion 

(Mahato, 2007). 

15 

1.2 Schematic illustration of multiple emulsions, which are  (a) 

water-in-oil-in-water (w/o/w) emulsion and (b) oil-in-water-

in-oil (o/w/o) emulsion (Mahato, 2007). 

15 

1.3 Schematic illustration of different types of instability of 

emulsion (Mahato, 2007). 

19 

1.4 Types of cells in bone tissue. Osteogenic cells undergo cell 

division and develop into osteoblasts, which secrete bone 

extracellular matrix (Tortora, 2009). 

25 

1.5 Osteoblast differentiation which begins with periosteal cells 

or marrow stromal cells development. The main 

transcription and growth factors that promote osteoblast 

differentiation are illustrated (Karsenty, 2009). 

29 

1.6 Chondrocyte differentiations which begin with periosteal 

cells development. The main transcription and growth 

factors that promote chondrocyte differentiation are 

illustrated (Karsenty, 2009). 

30 

2.1 Surfactants used in preliminary formulation of gentamicin-

N. sativa fusion emulsions. TWEEN
 
20 or TWEEN

 
80 or 

Span
 

20 were used as independent surfactant and 

combination of TWEEN
 
20-TWEEN

 
80 or TWEEN 80-

Span 20 or TWEEN
 
20-Span 20 as surfactant and co-

surfactant. 

34 

2.2 Schematic diagram of gentamicin-N. sativa fusion emulsion 

formulation. The process begins with dilution of gentamicin 

sulfate powder, followed by mixing the surfactants and 

NSO. Lastly, the emulsions were homogenised with 

homogeniser (Fathin Athirah et al., 2014). 

34 

   

   



 

xvi 

Figure No.  Page No. 

2.3 Preliminary formulation of gentamicin-N. sativa fusion 

emulsions. Formulation 1 to 20 showed phase separation 

after centrifugation at 25°C, 5000 rpm for 5 minutes, while 

no phase separation identified in formulation 21, 22, 23 and 

24. 

39 

2.4 Gentamicin-N. sativa fusion emulsions observed as milky-

white in colour. Emulsion A, B, C and D has strong odour 

and taste of NSO. The texture of the emulsions was oily and 

sticky. 

43 

2.5 Measurement of particle size of gentamicin-N. sativa fusion 

emulsion A stored at different storage conditions, measured 

at day 0, 7, 14 and 30 (n=3). Data presented in mean ± 

standard deviation. 

52 

2.6 Measurement of particle size of gentamicin-N. sativa fusion 

emulsion B stored at different storage conditions, measured 

at day 0, 7, 14 and 30 (n=3). Data presented in mean ± 

standard deviation. 

53 

2.7 Measurement of particle size of gentamicin-N. sativa fusion 

emulsion C stored at different storage conditions, measured 

at day 0, 7, 14 and 30 (n=3). Data presented in mean ± 

standard deviation. 

54 

2.8 Measurement of particle size of gentamicin-N. sativa fusion 

emulsion D stored at different storage conditions, measured 

at day 0, 7, 14 and 30 (n=3). Data presented in mean ± 

standard deviation. 

55 

2.9 Measurement of zeta-potential of gentamicin-N. sativa 

fusion emulsion A stored at different storage conditions, 

measured at day 0, 7, 14 and 30 (n=3). Data presented in 

mean ± standard deviation. 

59 

2.10 Measurement of zeta-potential of gentamicin-N. sativa 

fusion emulsion B stored at different storage conditions, 

measured at day 0, 7, 14 and 30 (n=3). Data presented in 

mean ± standard deviation. 

60 

   

   



 

xvii 

Figure No.  Page No. 

2.11 Measurement of zeta-potential of gentamicin-N. sativa 

fusion emulsion C stored at different storage conditions, 

measured at day 0, 7, 14 and 30 (n=3). Data presented in 

mean ± standard deviation. 

61 

2.12 Measurement of zeta-potential of gentamicin-N. sativa 

fusion emulsion D stored at different storage conditions, 

measured at day 0, 7, 14 and 30 (n=3). Data presented in 

mean ± standard deviation. 

62 

2.13 Measurement of pH-changes in gentamicin-N. sativa fusion 

emulsion A stored at 8°C, 25°C and 50°C of storage 

conditions, measured at day 0, 7, 14 and 30 (n=3). Data 

presented in mean ± standard deviation. 

65 

2.14 Measurement of pH-changes in gentamicin-N. sativa fusion 

emulsion B stored at 8°C, 25°C and 50°C of storage 

conditions, measured at day 0, 7, 14 and 30 (n=3). Data 

presented in mean ± standard deviation. 

66 

2.15 Measurement of pH-changes in gentamicin-N. sativa fusion 

emulsion C stored at 8°C, 25°C and 50°C of storage 

conditions, measured at day 0, 7, 14 and 30 (n=3). Data 

presented in mean ± standard deviation. 

67 

2.16 Measurement of pH-changes in gentamicin-N. sativa fusion 

emulsion D stored at 8°C, 25°C and 50°C of storage 

conditions, measured at day 0, 7, 14 and 30 (n=3). Data 

presented in mean ± standard deviation. 

68 

2.17 pH titration range and zeta-potential (mV) of freshly 

prepared gentamicin-N. sativa fusion emulsion A, B, C and 

D (n=3). 

70 

3.1 Time line of cell seeding and cell treatment for cell viability 

assay of UMR-106 osteoblast-like rat osteosarcoma cell 

line. Cells were seeded at 0 hour to 48 hours and treated for 

24 hours, 48 hours, 72 hours and 96 hours. Subsequent tests 

were done at 24 hours, 48 hours, 72 hours and 96 hours. 

77 

   

   



 

xviii 

Figure No.  Page No. 

3.2 Time line of cell seeding and cell treatment for confirmation 

of osteogenic differentiation of UMR-106 osteoblast-like rat 

osteosarcoma cell line. Cells were seeded at 0 hour to 48 

hours and treated for 7 days, 14 days and 21 days. 

Subsequent tests were done at day-7, day-14 and day-21. 

82 

3.3 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with emulsion A for 24 hours. Arrow indicates 

epithelial shape cell. A combination of flat epithelial and 

cuboidal shaped cells can be observed. Cells formed 

monolayer arrangement and clustered dispersion. 

84 

3.4 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with emulsion B for 24 hours. Arrow indicates 

epithelial shape cell. A combination of flat epithelial and 

cuboidal shaped cells can be observed. Cells formed 

monolayer arrangement and clustered dispersion. 

84 

3.5 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with emulsion C for 24 hours. Arrow indicates 

epithelial shape cell. A combination of flat epithelial and 

cuboidal shaped cells can be observed. Cells formed 

monolayer and scattered dispersion. 

85 

3.6 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with emulsion D for 24 hours. Arrow indicates 

single fibroblast shape cell. A combination of flat epithelial 

and cuboidal shaped cells can be observed. Cells formed 

monolayer and scattered dispersion. 

85 

3.7 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with NSO A for 24 hours. Arrows indicate 

single cuboidal shape cell in a cluster of cells. Most of the 

cells formed monolayer arrangement and clustered 

dispersion. 

86 

3.8 
Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with NSO B for 24 hours. Arrow indicates 

single cuboidal shape cell in a cluster of cells. Most of the 

cells formed monolayer arrangement and clustered 

dispersion. 
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3.9 
Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with NSO C for 24 hours. Arrows indicate 

combination of flat epithelial and cuboidal shape cell in a 

cluster of cells. Most of the cells formed monolayer 

arrangement and clustered dispersion. 
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3.10 
Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with NSO D for 24 hours. Arrows indicate 

combination of flat epithelial and cuboidal shape cell. Most 

of the cells formed monolayer arrangement and clustered 

dispersion. 

87 

3.11 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with 0.1% (w/v) of gentamicin for 24 hours. 

Arrow indicates thin, flattened epithelial and cuboidal shape 

cell. The cells were densely packed and formed monolayer 

arrangement and clustered dispersion. 

88 

3.12 Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with 1% (v/v) of DMSO for 24 hours. Arrows 

indicate large cuboidal shaped of the cells. Cells formed 

monolayer arrangement and clustered dispersion. 

88 

3.13 
Morphology of UMR-106 osteoblast-like rat osteosarcoma 

cells treated with 10
-5

M of dexamethasone for 24 hours. 

Arrows indicate large cuboidal shaped of the cells. Cells 

formed monolayer arrangement and clustered dispersion. 

89 

3.14 Morphology of the untreated UMR-106 osteoblast-like rat 

osteosarcoma cells for 24 hours. Arrows indicate 

combination of flat epithelial and cuboidal cell morphology. 

The cells were densely packed and form monolayer 

arrangement. 

89 

3.15 Cell viability was measured using trypan blue staining at 24 

hours of cell treatment. * showed that there was significant 

difference in percentage of cell viability between treated 

cells and untreated cells (One-Way ANOVA, post-hoc 

Tukey’s test, p< 0. 05). The viability percentage of 

untreated cells was assumed as 100%. 
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3.16 Cell viability was measured using trypan blue staining at 48 

hours of cell treatment. * showed that there was significant 

difference in percentage of cell viability between treated 

cells and untreated cells. The viability percentage of 

untreated cells was assumed as 100% (One-way ANOVA, 

post-hoc Tukey’s test, p<0.05). 

93 

3.17 Cell viability was measured using trypan blue staining at 72 

hours of cell treatment. * showed that there was significant 

difference in percentage of cell viability between treated 

cells and untreated cells. The viability percentage of 

untreated cells was assumed as 100% (One-way ANOVA, 

post-hoc Tukey’s test, p<0.05). 

94 

3.18 Cell viability was measured using trypan blue staining at 96 

hours of cell treatment. * showed that there was significant 

difference in percentage of cell viability between treated 

cells and untreated cells. The viability percentage of 

untreated cells was assumed as 100% (One-way ANOVA, 

post-hoc Tukey’s test, p<0.05). 

95 

3.19 Cell viability was measured using Trypan blue staining at 

24, 48, 72 & 96 hours of cell treatment. Data presented in 

mean ± standard deviation. There was significant difference 

in percentage of cell viability between untreated cells and 

treated cells (*). Viability of untreated cells was assumed as 

100% (One way ANOVA, post-hoc Turkey’s test, p<0.05). 

96 

3.20 Cell viability was measured using MTT assay at 24 hours of 

cell treatment. There was no statistically significant 

difference in percentage of cell viability between treated 

cells and untreated cells. Viability percentage of untreated 

cells was assumed as 100% (One-way ANOVA, post-hoc 

Tukey’s test, p<0.05). 

99 

3.21 Cell viability was measured using MTT assay at 48 hours of 

cell treatment. There was no statistically significant 

difference in percentage of cell viability between treated 

cells and untreated cells. Viability percentage of untreated 

cells was assumed as 100% (One-way ANOVA, post-hoc 

Tukey’s test, p<0.05). 

100 
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3.22 Cell viability was measured using MTT assay at 72 hours of 

cell treatment. There was no statistically significant 

difference in percentage of cell viability between treated 

cells and untreated cells. Viability percentage of untreated 

cells was assumed as 100% (One-way ANOVA, post-hoc 

Tukey’s test, p<0.05). 
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3.23 Cell viability was measured using MTT assay at 96 hours of 

cell treatment. There was no statistically significant 

difference in percentage of cell viability between treated 

cells and untreated cells. Viability percentage of untreated 

cells was assumed as 100% (One-way ANOVA, post-hoc 

Tukey’s test, p<0.05). 

102 

3.24 Cell viability was measured using MTT assay at 24, 48, 72 

& 96 hours of cell treatment. Data presented in mean ± 

standard deviation. No statistically significant difference in 

percentage of cell viability between untreated cells and 

treated cells. Viability of untreated cells was assumed as 

100% (One-way ANOVA, post-hoc Turkey’s test, p<0.05). 

103 

3.25 Alizarin Red S (ARS) staining was performed at day 7, 14 

and 21 of cell treatment. Red colour staining indicates 

calcified mineral deposits. The stained area was more 

intense and broader in cell treated with positive control 

(Dexamethasone) followed by emulsion A, B, C and D as 

compared to untreated cells at day 21. 

106 

3.26 von Kossa staining was performed at day 7, 14 and 21 of 

cell treatment. Black stains indicate calcified mineral 

deposits. The stained area was more intense and broader in 

cell treated with positive control (Dexamethasone) followed 

by emulsion A, B, C and D as compared to untreated cells at 

day 21. 

107 

3.27 Quantification of mineralization was measured at day 7 of 

cell treatment. There was significant difference in value of 

optical density between treated cells and untreated cells (*) 

(One-way ANOVA, post-hoc Tukey’s test, p<0.05). 

109 
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3.28 Quantification of mineralization was measured at day 14 of 

cell treatment. There was significant difference in value of 

optical density between treated cells and untreated cells (*) 

(One-way ANOVA, post-hoc Tukey’s test, p<0.05). 
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3.29 Quantification of mineralization was measured at day 21 of 

cell treatment. There was significant difference in value of 

optical density between treated cells and untreated cells (*) 

(One-way ANOVA, post-hoc Tukey’s test, p<0.05). 
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3.30 Quantification of mineralization was measured at day 7, 14 

& 21 of cell treatment. Data presented in mean ± standard 

deviation. There was significant difference in value of 

optical density between treated cells and untreated cells (*) 

(One-way ANOVA, post-hoc Tukey’s test, p<0.05). 

112 

3.31 Alkaline phosphatase (ALP) activity was measured by 

concentration of p-nitrophenol released at day 7 of cell 

treatment. There was significant difference in quantity of 

released p-nitrophenol between treated cells and untreated 

cells (*) (One-way ANOVA, post-hoc Tukey’s test, 

p<0.05). 

115 

3.32 Alkaline phosphatase (ALP) activity was measured by 

concentration of p-nitrophenol released at day 14 of cell 

treatment. There was significant difference in quantity of 

released p-nitrophenol between treated cells and untreated 

cells (*) (One-way ANOVA, post-hoc Tukey’s test, 

p<0.05). 

116 

3.33 Alkaline phosphatase (ALP) activity was measured by 

concentration of p-nitrophenol released at day 21 of cell 

treatment. There was significant difference in quantity of 

released p-nitrophenol between treated cells and untreated 

cells (*) (One-way ANOVA, post-hoc Tukey’s test, 

p<0.05). 

117 

3.34 Quantification of ALP activity was measured at day 7, 14 & 

21 of cell treatment. Data presented in mean ± standard 

deviation. There was significant difference in quantity of 

released p-nitrophenol between treated cells and untreated 

cells (*) (One-way ANOVA, post-hoc Tukey’s test, 

p<0.05). 

118 
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4.1 Relative collagen type-1 expression normalised to gapdh 

and 18S rRNA (fold change). Result showed highest fold 

change of emulsion C (29-folds) when compared to 

untreated cells. There was significant difference in collagen 

type-1 expression between treated cells and untreated cells 

(*) (One-way ANOVA, post-hoc Tukey’s test, p<0.05). 

136 

4.2 Relative osteocalcin expression normalised to gapdh and 

18S rRNA (fold change). Result showed highest fold change 

of emulsion C (1.8-folds) when compared to untreated cells. 

There was significant difference in osteocalcin expression 

between treated cells and untreated cells (*) (One-way 

ANOVA, post-hoc Tukey’s test, p<0.05). 
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