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ABSTRACT 
 

 

 

 

Treating articular cartilage defect remains a major orthopaedic predicament. Being a 

simple structure that is avascular and aneural, articular cartilage has little ability to 

repair itself when damaged.  Cartilage tissue engineering provides an alternative 

technique for restoring and regenerating damaged cartilage tissues. This study 

attempts to (1) evaluate and compare the growth of bone marrow mesenchymal stem 

cells (BMSCs) aspirated from rabbits‟ iliac crest and femur in two different culture 

media; α-Minimum Essential Medium (α-MEM) and a mixture of 1:1 Ham‟s F12 

Nutrient Mixture (F12) and Dulbecco‟s Modified Eagle Medium (DMEM) or FD, (2) 

to evaluate the in vitro and in vivo cartilaginous tissue formation using BMSCs-seeded 

poly(lactic-co-glycolic acid) PLGA/Fibrin scaffolds and (3) to explore the bioethical 

issues within the Islamic perspective in relation to tissue engineering and regenerative 

medicine (TERM). Growth kinetic assessments were performed on monolayer-

cultured BMSCs harvested from two locations and cultured in two different media. 

Constructs fabricated from BMSCs seeded onto PLGA/Fibrin were cultured for three 

weeks and thereafter were implanted in rabbit model. The in vitro cartilaginous 

engineered constructs were evaluated by gross inspection, cell proliferation assay, 

gene expression, sulphated glycosaminoglycan (sGAG) production and histology at 

week 1, 2 and 3 while the in vivo construct were harvested at week 6 and week 12 

post-implantation. It was observed that BMSCs harvested from the iliac crest region 

and cultured in FD significantly promoted BMSCs growth. The in vitro study showed 

that after 3 weeks of culture, the PLGA/Fibrin construct exhibited significantly higher 

cell viability, higher sGAG content and better histo-architecture and cartilaginous 

extracellular matrix (ECM) compound in concert with the positive glycosaminoglycan 

accumulation when compared to the PLGA only construct. Post implantation, the 

osteochondral defects treated with PLGA/Fibrin/BMSCs constructs showed better 

repair, more cartilaginous extracellular matrix, higher sGAG content, superior 

compressive strength and greater expression of chondrogenic marker genes than 

PLGA/BMSCs group. COL2A1 which is the specific cartilage marker, ACAN, 

COL9A1 and SOX9 genes were expressed both in the in vitro and in vivo. This study 

suggested that PLGA/Fibrin when seeded with pluripotent BMSCs that underwent 

optimum manipulation may serve as a prospective construct to be developed as 

functional tissue engineered cartilage. This study may also act as a platform to spark 

the initiative in integrating Islamic bioethics in providing “middle of the road” 

approach moderating between science and religion. Debates on TERM must comprise 

on religious and ethical view considering there are still many grey areas that requires 

Islamic input. Based from the Islamic perspective, scientific researches in TERM are 

permitted, as long as it is not a threat to human being and applied within the 

permissible limits described by the Shari‟ah.  

  



 

iii 

 

 خلاصة البحث
ABSTRACT IN ARABIC 

ٗخ٘د , ٍغ ػذً  ٗمّ٘ٔ ٕٞنلاً تسٞطاً  .ػلاج خيو اىغضشٗف اىَفصيٜ ٝثقٚ ٍأصقاً مثٞشاً ىيؼظاً 

اىذٍ٘ٝح فاىغضشٗف اىَفصيٜ ىذٖٝا اىقيٞو ٍِ اىقذسج ػيٚ إصلاذ ّفسٔ  اىْسٞح اىؼصثٜ ٗػذً اسذثاطٔ تالأٗػٞح

ػْذاىريف. ٗذقذً ْٕذسح أٗ ذقْٞح الأّسدح اىغضشٗف ذقْٞح تذٝيح لاسرؼادج ٗذدذٝذ أّسدح اىغضشٗف اىراىفح. 

ٍِ ( اىَسرْشق BMSCs( ذقٌٞٞ ٍٗقاسّح َّ٘ اىخلاٝا اىدزػٞح ّخاع اىؼظاً اى٘سٞطح )1ٗذساٗه ٕزٓ اىذساسح )

( α-MEMاىذّٞا الأساسٞح اىَر٘سطح )-αػشف اىسشقفح الأساّة ٗػظٌ اىفخز ٍْٖا فٜ ٗسٞيرٜ اىثقافح اىَخريفرِٞ. 

، FD( أٗ DMEMىرؼذٝو اىْسش اىَر٘سطح ) Dulbecco( F12ٗاىَغزٝاخ خيٞظ ) F12ٕاً  1: 1ٗخيٞظ ٍِ 

ت٘ىٜ )زَض اىيثْٞل، شاسك فٜ ( ىرقٌٞٞ فٜ اىَخرثش ٗاىَدشاج ذنِ٘ٝ الأّسدح اىغضشٗفٞح تاسرخذاً 2)

( لاسرنشاف قضاٝا أخلاقٞاخ اىؼيً٘ اىسٞ٘ٝح 3ٗ ) BMSCs / اىيٞفِٞ اىَصْف تـ PLGAاىديٞن٘ىٞل( اىسقالاخ 

 اىرقَٞٞاخ اىَْ٘ أخشٝد(. TERMفٜ ٗخٖاخ اىْظش الإسلاٍٞح فَٞا ٝرؼيق تْٖذسح الأّسدح ٗاىطة اىردذٝذٛ )

. فٜ ٗسٞيرٜ اىثقافح اىَخريفرِٞ ٍٗثقف ٍ٘قؼِٞ اىرٜ ذسصذ ٍِاى٘ازذج  اىطثقح  راخ BMSC ػيٚ اىَثقفح اىسشمٞح

 فٜ صسػٖا ذٌتؼذ رىل ٗ ىَذج ثلاثح أساتٞغ ذثقف ماّد اىيٞفِٞ / PLGA ٍيفقح ػيٚ  BMSCs ٍِ ثْٞحاىَ اىَصْفح

ٌّ فٜ اىَخرثش.  ٗقذ َّ٘رج أسّة اىرؼثٞش  اىفسص، ذناثش اىخلاٝا الإخَاىٜ، تاىرفرٞش اىَثْٚ ذقٌٞٞ غضشٗفٜ ذ

فٜ  ذٌ زصادٕا فٜ زِٞ 3 ٗ 2ٗ  1 الاسث٘ع فٜ ٗالأّسدح( sGAG) اىَنثشخ إّراج غينسَْٞ٘غينِ، اىدْٜٞ

ػشف  اىَْطقح سص٘د ٍِاىَ BMSCs . ٗى٘زع أُ اىضسع تؼذ أسث٘ع 12 ٗ 6 الأسث٘ع فٜ ٝثْٜ اىدسٌ اىسٜ

أساتٞغ  3 أّٔ تؼذ فٜ اىَخرثش دساسح أظٖشخ. مَا BMSCs َّ٘ ػضصخ تشنو مثٞش FDاىَثقف فٜ ٗ اىسشقفح

ػَاسج أفضو ٗ sGAG، ٗاسذفاع ٍسر٘ٙ أػيٚ تقاء اىخيٞح تنثٞش أظٖشخ اىيٞفِٞ / PLGAتْٞاخ اىضسع، ٗ ٍِ

تاىَقاسّح ٍغ  إٝداتٜ خلاٝناُ ذشامٌ تاىرْسٞق ٍغ ٍدَغ( ECM) اىَصف٘فح خاسج اىخيٞحاىغضشٗفٞح ٗ الأّسدح

 اىيٞفِٞ / PLGA تْٞاخ رؼاٍو ٍغاىَ اىؼظَٞح اىغضشٗفٞح اىؼٞ٘بٗ اىضسع، فقظ. ٗأظٖشخ آخش PLGA تْاء

 ٗصٝادج اىؼاىٞح ق٘ج اىضغظ، sGAG، ٗاسذفاع ٍسر٘ٙ اىغضشٗفٞح اىَصف٘فح خاسج اىخيٞح أمثش، أفضو إصلاذ  

 الأساسٞح اىثشٗذِٞ ٗأػشب ػِ. PLGA ٍدَ٘ػح ٍِ اىَ٘ىذج ىيغضشٗف اىرؼثٞش ػِ ػلاٍاخ اىدْٞاخ

aggrecan ،خِٞ اىراسغ، لاخِٞاىن٘ ّ٘ع sox9 َِٞسذدجاى اىغضشٗف ػلاٍح اىزٛ ٕ٘، اىْ٘ع اىثاّٜ ٗاىن٘لاخ 

 BMSCs ٍغ اىرصْٞف ػْذ اىيٞفِٞ / PLGA اىذساسح إىٚ أُ ٗاقرشزد ٕزٓ. ٗاىَدشاج فٜ مو  ٍِ اىَخرثش

اىغضشٗف  ٗظٞفٞحّسدح ٝدشٛ ذط٘ٝشٕا لأ اىَسرَيِٞ تْاء ٝنُ٘ تَثاتح قذ الأٍثو اىرلاػة اىرٜ خضؼد اىَسفضج

 أخلاقٞاخ ػيً٘ الأزٞاء دٍح اىَثادسج فٜ لاشؼاه مَْصح أٝضاً  ٕزٓ اىذساسح َٝنِ أُ ذؼَومَا  اىَْٖذسح.

ْٕذسح  ٝدة أُ ذنُ٘ اىَْاقشاخ ز٘ه ٗاىذِٝ. تِٞ اىؼيً٘ الاػرذاه ّٖحٍْرصف اىطشٝق" " فٜ ذ٘فٞش الإسلاٍٞح

ُّ اىذْٜٝ ٗ ػيٚ ٗخٖح ّظش ذشَو (TERMالأّسدح ٗاىطة اىردذٝذٛ )  اىنثٞش ٍِ اى٘خ٘ٓ اىرٜ ْٕاكالأخلاقٜ إر أ

ْٕذسح الأّسدح ٗاىطة ٍثو  الأتساز اىؼيَٞح سَر، ذاىَْظ٘س الإسلاٍٜ ػيٚ أساط ٍِ. ٗالإسلاٍٜ ذرطية إدخاه

ٌّ ذطثٞقٖاّساُ لا ذشنو ذٖذٝذا ىلإ أّٖا طاىَا ،(TERMاىردذٝذٛ ) اىرٜ زذّدٕا  ضَِ اىسذٗد اىَسَ٘ذ تٖا ٗذ

  الإسلاٍٞح. اىششٝؼح
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Articular cartilage is a specialized connective tissue populated by highly specialized 

designed cells of mesenchymal origin.  Being a unique structure, articular cartilage is 

known to have a very d capacity for self-repair. This is because it lacks blood vessels, 

lymphatic and nerve supply (Pearle, arren, & Rodeo, 2005). Hence, nutrients‟ supply 

and repair activities could not be done completely it is injured. Due to its poor blood 

supply and poor capacity of self renewal, treating damaged articular cartilage remains 

a challenging surgical procedure in the orthopedic world (Tanideh, Nazhvani, Jaberi, 

Mehrabani, & Rezazadeh, 2011).  

The architecture and function of articular cartilage can be damaged with 

regular wear and tear which results from a bad fall or probably a traumatic sport 

injury. Most people treat joint pains as part and parcel of ageing and do not see the 

urgency to seek treatment immediately. However, after experiencing the agony of 

joint pains which affect their daily chores will they then consult a doctor.  However, 

once articular cartilage is damaged and left untreated, the condition may lead to 

osteoarthritis (OA). Osteoarthritis is the most prevalent form of arthritis, affecting 

millions of people around the world. It happens when the joint cartilage breaks down 

frequently because of repeated mechanical stress over a period of time. With age, the 

protective cartilage which covers the bony surface and acts as a cushion for weight 

bearing, wears down and expose the underlying bone to direct pressure which later 

can progress into OA. In the Global Burden of Disease 2010 study, it was reported 

that approximately 251 million people suffered from knee OA worldwide (Murray et 
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al., 2013).  Since OA is a degenerative disease, it is prevalent in the ageing population. 

The World Health Organization (WHO) had estimated that 524 million people were 

aged 65 or older in the year 2010. Fast forward 40 years to come, this number is 

expected to triple, amounting to 16% of the world‟s population by 2050 (World 

Health Organization, 2011). In the midst of evolving to be a developed country, it was 

estimated that 13.1% of the Malaysian population were aged 55 or older in 2014 and 

the life expectancy has dramatically increased to 70 years or older (Index Mundi, 

2014). Looking at this scenario, it is likely to say that Malaysia will reach an ageing 

nation status. As age is one of the risk factors for OA, the incidence of this condition 

will undoubtedly increase. According to Sockalingam, (2011) the number of OA cases 

in Malaysia is escalating  and it was estimated that 60% of the population will suffer 

from some form of arthritis by the age of 60, with more than 20% of the cases 

involved OA (Lim, 2008).  Indeed OA is considered as one of the major causes for 

morbidity around the world which has physical, emotional, social and economical 

pressure that could impinge upon one‟s daily life.  

As there is no cure for OA yet, numerous trials of research and study involving 

drugs and surgical interventions have been done to treat damaged articular cartilage 

(Hauser, 2010; Malemud, 2013). Normally, drugs such as paracetamol, conventional 

non-steroidal anti-inflammatory drugs (NSAIDs),  diacerein, glucosamine, and 

chondroitin sulphate are widely used to reduce the pain among osteoarthritis patients 

(Falah, Nierenberg, Soudry, Hayden, & Volpin, 2010). Patients with moderate to 

severe OA are given steroid and viscosupplementation injections (Stanos, 2013). In 

spite of that, non-surgical treatment options may only support short-term alleviation. 

In more severe cases, patients who do not respond to conservative treatment are 

subjected to surgery. These surgical interventions include osteochondral autograft 
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transplantation, mosaicplasty, microfractures and autologous chondrocytes 

implantation (ACI). Intervention mainly depends on the size of the lesion, age of the 

patient and availability of treatment (Rozlin , Nor Azlina, & Munirah, 2013). 

Although these techniques have varying success rates, some long-term follow-ups 

have reported unsatisfactory outcomes (Bentley et al., 2003; Jakob, Franz, Gautier, & 

Mainil-Varlet, 2002; Mithoefer, McAdams, Williams, Kreuz, & Mandelbaum, 2009; 

Seo et al., 2009). The gold standard in treating articular cartilage disease is to restore 

the joint surface with suitable tissues, provide pain relief and most importantly to put a 

halt in further joint degeneration. To date, it still remains a challenge for surgeons and 

researchers to create a replacement that bears a resemblance to the native cartilage in 

terms of its structure and composition. 

Over the past few decades, articular cartilage restoration has witnessed a great 

deal of improvement in the area of tissue engineering. Made possible by Langer & 

Vacanti (1993), tissue engineering aims to repair, regenerate and restore the functional 

and mechanical properties of a native articular cartilage. It is rather intricate to say 

exactly when tissue engineering was first introduced because its principles have been 

applied since the ancient times (Kretlow & Mikos, 2010). Probably one of the earliest 

examples of tissue engineering was an ancient Egyptian text illustrating sutured 

closure of wounds for healing dated between 2600-2200 B.C. Around 600 B.C, the 

first written record on the earliest use of autologous tissue for restorative purposes was 

provided by Sushruta, an Indian professor who used a rotational flap to reconstruct 

mutilated nose (Bhishagratna, 1916). Fast forward to the 21st century, the tissue 

engineering field has witnessed significant advancements where more established 

researches using three dimensional (3D) engineered tissues to regenerate new tissues 

such as cornea (Shimmura et al., 2003; Tsai, Li, & Chen, 2000), heart valve (Flanagan 


