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Osteoarthritis (OA) is characterised by progressive degeneration of articular cartilage, 

subchondral bone changes and synovium inflammation. Animal models are important 

and can demonstrate different features depending on method of induction which can 

resemble primary and secondary OA in humans. The choice of animal models used is 

based on the type and duration of research and outcome measurements. Currently, the 

goals for OA treatment mainly focus to alleviate disease signs and symptoms. Numerous 

natural products including Edible Bird’s Nest (EBN) have been studied extensively in 

order to create potential therapies for inflammatory disorders such as arthritis. Previous 

studies have reported the antioxidative, anti-inflammatory and bone-strengthening 

effects of EBN. This study is divided into two parts. The first study is aimed to compare 

subchondral bone and articular cartilage changes and proteome profiles for surgically 

induced and chemically induced rabbit model of osteoarthritis at different time points. 

Based on the first study, more suitable model is chosen for the second study which is 

aimed to observe the effects of EBN in ameliorating OA development at different time 

points. For the first part of the study, New Zealand white rabbits underwent either 

anterior cruciate ligament transection (ACLT) procedure or injected intra-articularly 

with monosodium iodoacetate (MIA, 8 mg) into the right knee and were further divided 

into week 4 (n=5), week 8 (n=5) and week 12 (n=5) groups. The joints were subjected 

to micro-computed tomographic (micro-CT) analysis and histological evaluation. The 

synovial fluid were subjected to MALDI TOF/TOF analysis. Bone volume over tissue 

volume for surgically induced group increased in femur (35.35%) and tibia (32.82%) 

during week 12 which suggested bone remodelling whereas chemically induced group 

showed persistent bone resorption with decreased value of BV/TV in femur (27.12%) 

and tibia (26.82%). For histopathological grading of articular cartilage in femur and tibia, 

surgically induced group showed minimal changes during week 12 with median values 

of 1 and 2 in femur and tibia, respectively. As for chemically induced group, more severe 
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changes were recorded with median values of 4.5 and 5 with significant difference with 

control group (p=0.0184, 0.0208) in femur and tibia, respectively. Micro-CT and 

histopathological analysis revealed that subchondral bone remodelling precede articular 

cartilage damage in surgically induced group, and vice versa in chemically induced 

group. Proteome profiles showed peak OA progression during week 12 for surgically 

induced group with upregulation of gelsolin and serotransferrin protein which involved 

in advanced OA. For chemically induced group, OA progression is the highest during 

early stage indicated by high upregulation of apolipoprotein I-IV precursor and serpin 

peptidase inhibitor protein during week 4 but were later downregulated. The results 

showed different pathogenic mechanisms for both induction method. For the second part 

of the study, New Zealand white rabbits were chemically induced (MIA, 8 mg) and 

divided into four groups; (1) negative control (n=9): non-treated osteoarthritis, (2) 

positive control (n=15): OA + diclofenac sodium 2 mg/kg daily orally, (3) low dosage 

(n=15): OA + 75 mg/kg hydrolysed EBN, (4) high dosage (n=15): OA + 150 mg/kg 

hydrolysed EBN. The joints were subjected to micro-CT analysis and histological 

evaluation and the synovial fluid subjected to LCMS/MS analysis. Micro-CT analysis 

showed a 22% increase in BV/TV value and 10% decrease in total porosity (PO) in 

treatment group that showed bone integrity improvement. Histopathological results 

revealed comparable changes between positive control group and EBN treatment group. 

There was upregulation of annexin-1, a protein involved in resolution of inflammation 

and downregulation carbonic anhydrase II, a protein associated with bone resorption 

process. Overall, morphology evaluation showed that EBN supplementation can inhibit 

osteoclastic activity but have no effect on cartilage damage. Protein expression showed 

action of several proteins involved in bone resorption inhibition and resolution of 

inflammation via several signalling pathways which includes toll-like receptor (TLR) 

and NF-κB signalling pathways. 
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Osteoartritis dikenalpasti melalui kemerosotan progresif rawan artikular, perubahan 

tulang subkondral dan keradangan sinovium. Model haiwan adalah penting dan boleh 

menunjukkan ciri-ciri tertentu bergantung kepada kaedah induksi yang boleh 

menyerupai osteoarthritis jenis primer atau sekunder dalam manusia. Pemilihan model 

haiwan adalah bergantung kepada jenis dan tempoh masa kajian dan juga hasil yang 

ingin dikenalpasti. Pada masa ini, tujuan rawatan OA lebih terfokus kepada pengurangan 

simptom dan kesan penyakit. Beberapa produk semulajadi termasuk sarang burung walit 

(EBN) telah dikaji secara mendalam dan berpotensi untuk rawatan gangguan keradangan 

seperti penyakit artritis. Kajian lepas telah melaporkan kesan EBN seperti anti-oksidatif, 

anti-radang dan penguatan tulang. Kajian ini dibahagikan kepada dua bahagian. Kajian 

pertama bertujuan untuk membuat perbandingan diantara kaedah induksi secara 

pembedahan dan induksi secara bahan kimia untuk menghasilkan model arnab 

osteoartritis dalam beberapa tempoh masa yang berbeza. Seterusnya, berdasarkan hasil 

kajian bagi kajian pertama, model induksi yang lebih sesuai dipilih untuk kajian bahagian 

kedua yang bertujuan untuk melihat kesan EBN dalam memperbaiki perkembangan OA 

juga dalam beberapa tempoh masa yang berbeza. Untuk kajian bahagian pertama, arnab 

putih New Zealand menjalani sama ada pembedahan transeksi ligament krusiat anterior 

(ACLT) atau disuntik secara intrasendi dengan monosodium iodoacetate (MIA, 8mg) di 

lutut kanan dan dibahagikan lagi kepada kumpulan minggu 4 (n=5), minggu 8 (n=5) dan 

minggu 12 (n=5). Tulang sendi yang diperolehi akan melalui proses mikro-CT dan 

penilaian histologi. Cecair sinovial akan dianalisa menggunakan MALDI TOF/TOF. 

Nisbah isipadu tulang dan isipadu tisu (BV/TV) dalam kumpulan induksi secara 

pembedahan menunjukkan peningkatan di femur (35.35%) dan tibia (32.82%) pada 

minggu ke-12 yang mencadangkan permodelan semula tulang manakala kumpulan 

induksi secara bahan kimia menunjukkan penyerapan semula tulang yang konsisten 

diwakili oleh pengurangan nilai BV/TV dalam femur (27.12%) dan tibia (26.82%). Bagi 

penskoran histopatologi rawan artikular dalam femur dan tibia, kumpulan induksi secara 
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pembedahan menunjukkan perubahan yang tidak ketara dengan nilai median 1 dan 2 

dalam femur dan tibia pada minggu ke-12. Bagi kumpulan induksi secara bahan kimia, 

perubahan yang lebih ketara telah direkodkan dengan nilai median 4.5 dan 5 yang 

mempunyai perubahan signifikan berbanding kumpulan kawalan (p=0.0184, 0.0208) 

dalam femur dan tibia. Analisis mikro-CT dan histopatologi menunjukkan bagi 

kumpulan induksi secara pembedahan, permodelan semula tulang berlaku sebelum 

kerosakan rawan artikular dan perkara sebaliknya berlaku dalam kumpulan induksi 

secara bahan kimia. Profil protein menunjukkan progres OA yang tertinggi berlaku 

ketika minggu ke-12 bagi kumpulan induksi secara pembedahan dengan peningkatan 

ekspresi protein gelsolin dan serotransferrin yang terlibat dalam OA peringkat akhir. 

Bagi kumpulan induksi secara bahan kimia, progress OA adalah yang tertinggi ketika 

peringkat awal yang ditunjukkan oleh peningkatan ekspresi protein apolipoprotein I-IV 

precursor dan serpin peptidase inhibitor pada minggu ke-4 namun kemudiannya 

menurun. Hasil kajian menunjukkan mekanisme patogenik yang berbeza bagi kedua-dua 

kaedah induksi. Untuk kajian bahagian kedua, arnab putih New Zealand disuntik secara 

intrasendi dengan monosodium iodoacetate (MIA, 8mg) dan dibahagikan kepada empat 

kumpulan; (1) kawalan negatif (n=9): osteoartritis yang tidak dirawat, (2) kawalan positif 

(n=15): OA + diclofenac sodium 2mg/kg setiap hari secara oral, (3) dos rendah (n=15): 

OA + 75 mg/kg hydrolysed EBN, (4) dos tinggi (n=15): OA + 150 mg/kg hydrolysed 

EBN. Tulang sendi yang diperolehi akan melalui proses mikro-CT dan penilaian 

histologi manakala cecair sinovial akan dianalisa menggunakan LCMS/MS. Analisis 

mikro-CT menunjukkan peningkatan isipadu tulang sebanyak 22% dan penurunan 

jumlah keliangan tulang sebanyak 10% dalam kumpulan rawatan yang menunjukkan 

kesan EBN dalam peningkatan kekuatan tulang. Hasil analisis histopatologi 

menunjukkan hasil yang agak sama bagi kumpulan kawalan positif dan juga kumpulan 

rawatan EBN. Terdapat peningkatan ekspresi protein annexin-1 yang terlibat dalam 

resolusi keradangan dan pengurangan ekspresi protein carbonic anhydrase II yang 

terlibat dalam proses penyerapan tulang. Penilaian secara morfologi menunjukkan 

penambahan EBN merencatkan aktiviti osteoklas namun tidak mempunyai apa-apa 

kesan terhadap kerosakan rawan. Ekspresi protein menunjukkan kesan beberapa protein 

yang terlibat dalam perencatan proses penyerapan tulang dan resolusi keradangan 

melalui beberapa laluan pengisyaratan yang termasuk laluan pengisyaratan toll-like 

receptor (TLR) dan NF-κB. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background and hypothesis 

 

 

Osteoarthritis (OA) is characterised by degeneration of the articular cartilage, changes in 

the subchondral bone, and inflammation of the synovium (Li et al., 2013). OA affects up 

to 15% of the global human population (Johnson & Hunter, 2014) and about 20% of the 

canine population over the age of a year (Johnson, 2015). Since one of the traditional OA 

characteristics is articular cartilage degradation, OA was previously thought to be a 

disease affecting only articular cartilage (Buckwalter & Mankin, 1998; Pitsillides & 

Beier, 2011). However, recent findings suggested that subchondral bones are also 

importantly involved in OA pathogenesis (Mahjoub et al., 2012; Peters et al., 2018). 

Subchondral bones and articular cartilage are complementarily involved in 

biomechanical load-bearing joints (Li et al., 2013). 

 

 

OA is characterised into primary (idiopathic) OA which is due to degenerative changes 

at the joint, mainly because of aging and secondary OA which related to risk factors that 

will cause OA such as obesity, joint injury, trauma and congenital disease (Chen et al., 

2017). Many factors contribute to the onset of OA, including biomechanical, 

biochemical, genetics and also biomolecular and signalling feedback mechanisms (Shirai 

et al., 2011). Osteoarthritic changes are caused by cartilage matrix degradation, which 

culminates from disruption in the bone remodelling phase, causing further catabolic 

processes to outnumber anabolic processes, resulting in articular cartilage degradation, 

osteophytosis and functional limitations (Permuy et al., 2015). 

 

 

In understanding this disease, animal models serve an important complement and 

simulation for human OA studies. Several small and large animal models such as horses, 

dogs and rabbits were developed and being used to study OA, specifically for articular 

cartilage and subchondral bone changes. The choice of animal models used is depending 

on the type and duration of research, husbandry costs and measurements of the outcome 

(Kuyinu et al., 2016b). While different induction method proved to successfully develop 

OA, the pathogeneses and progression are different in each of the model. The difference 

in time-dependent progression between induction methods is suggested to be caused by 

different pathogenesis between two types of OA. In depth knowledge of the different 

pathophysiology of the disease are important in planning targeted therapeutic strategies 

and specifically monitor disease and treatment outcome. 

 

 

Current OA medications are palliative in nature, with the aim of reducing pain, which is 

the disease's primary symptom. Intra-articular injections of hyaluronic acids and steroids, 

as well as administration of nonsteroidal anti-inflammatory drugs (NSAIDs) are a few 

treatment strategies used in addressing this disease (Guo et al., 2021). However, these 

treatments come with several adverse effects such as renal toxicity, diarrhoea, vomiting, 

gastrointestinal disturbances, nausea, or increased cardiovascular risks (Crofford, 2013). 
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For the past decades, natural products are gaining a lot of attention as an alternative 

remedy for a variety of health problems because of their high level of effectiveness and 

low adverse effects (Goudarzi et al., 2018). Numerous traditional natural products 

including Edible Bird’s Nest (EBN) have been studied extensively in order to create 

potential therapies for inflammatory disorders such as arthritis (Kang et al., 2019). EBN 

is associated with wide range of high nutritional values and health benefits such as anti-

inflammatory, anti-oxidative, chondroprotective and bone strengthening effects. 

Therefore, EBN are hypothesized to exhibit anti-inflammatory, chondroprotective and 

bone strengthening effect in OA, and to reduce pain, cartilage degradation and 

subchondral bone alteration. 

 

 

1.2 Problem statement and justification 

 

 

OA is associated with high economy burden, largely attributable to the effects of 

disability, comorbid disease, and the expense of treatment. Additionally, OA is usually 

diagnosed at advanced stages where joint damage already immense and irreversible. 

Currently, there are no cost-effective diagnostic, treatment and prognostic method for 

OA in both human and veterinary medicine. 

 

 

Typically, most OA studies focused only on articular cartilage changes and there is a 

data paucity regarding the evaluation of changes in both articular cartilage and 

subchondral bones for different induction methods at different time. This information is 

useful in understanding the pathophysiology of the disease and subsequently planning 

targeted treatment strategies and to specifically monitor disease and treatment outcome. 

 

 

The available treatment of osteoarthritis available is based on reducing symptoms, 

recover function and delay the progression of the disease (Michael et al. 2010). Up to the 

present, it can be deduced that the treatments for OA are limited, and that the outcomes 

are poor due to the high occurrence of adverse side effects. The potential of new, novel 

non-surgical treatments approach for OA is reassuring and exciting to be explored and 

natural products such as EBN possess many health benefits that have the potential in 

ameliorating OA. 

 

 

1.3 Research objectives 

 

 

i. To evaluate the temporal changes of subchondral bone and articular cartilage in 

surgically and chemically induced osteoarthritis rabbit model using micro-

computed tomography (micro-CT) and histology. 

ii. To compare proteome profiles in surgically and chemically induced 

osteoarthritis rabbit model. 

iii. To evaluate the effects of Edible Bird’s Nest (EBN) treatment on subchondral 

bone and articular cartilage of osteoarthritic rabbit model using micro-

computed tomography (micro-CT) and histology. 

iv. To compare differential expression of proteins in synovial fluid of Edible Bird’s 

Nest (EBN) treated group and non-treated group in osteoarthritic rabbit model.  
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1.4 Summary of the chapters 

 

 

• Chapter 2 described a review on osteoarthritis, diagnostic methods, current 

treatment, proteomics research, Edible Bird’s Nest and other related topics to 

increase understanding of this study. 

• Chapter 3 evaluated the changes in subchondral bone and articular cartilage in 

surgically induced and chemically induced OA rabbit model. 

• Chapter 4 compared proteome profiles between surgically induced and 

chemically induced OA rabbit model. 

 

 

After determining that chemically induced rabbit model is more suitable in studying the 

effects of EBN in osteoarthritic rabbit model, we then proceeded to observe the efficacy 

of EBN in OA. 

 

 

• Chapter 5 evaluated the effects of EBN treatment in subchondral bone and 

articular cartilage. 

• Chapter 6 compared differential expression of proteins between EBN treated 

group and non-treated group. 

• Chapter 7 summarized the important findings and recommendations for future 

research.  
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