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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; a-Minimum Essential Medium (o-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 Kkinetic 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 sSGAG 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.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Avrticular 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



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



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; Tsali, Li, & Chen, 2000), heart valve (Flanagan



