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ABSTRAK

Osteoartritis (OA) ialah penyakit sendi degeneratif yang dicirikan oleh kemerosotan
rawan, kesakitan, and gangguan fungsi. Kedua-dua campuran tokotrienol and alfa-
tokoferol telah dicadangkan mempunyai kesan perlindungan terhadap OA. Walau
bagaimanapun, kos campuran tokotrienol yang lebih tinggi memerlukan perbandingan
langsung dengan alfa-tokoferol bagi giustifikasi penggunaannya. Kajian ini bertujuan
untuk membandingkan keberkesanan campuran tokotrienol sawit and alfa-tokoferol
dalam model tikus OA yang diaruh oleh monosodium iodoasetat (MIA) serta menilai
kesannya terhadap fungsi sendi, histologi rawan, and isyarat Wnt. Tikus jantan Sprague-
Dawley berumur tiga bulan (~250 g) diagihkan secara rawak kepada kumpulan kawalan
normal (sham), kumpulan OA, kumpulan glukosamin sulfat (250 mg/kg/hari),
kumpulan campuran tokotrienol sawit (100 mg/kg/hari), atau kumpulan alfa-tokoferol
(100 mg/kg/hari). OA diaruh melalui suntikan intra-artikular MIA pada semua
kumpulan kecuali kumpulan sham sebelum rawatan dimulakan. Kumpulan kawalan
normal and OA menerima air minuman sepanjang tempoh eksperimen, manakala
kumpulan rawatan menerima rawatan oral masing-masing selama empat minggu.
Sepanjang tempoh rawatan, fungsi sendi dinilai setiap minggu menggunakan aktiviti
menegak tikus, kekuatan cengkaman digital, and ujian dawai jaring terbalik. Berikutan
proses eutanasia and penuaian sendi, integriti rawan dinilai melalui analisis histologi,
manakala perubahan molekul dalam lapisan rawan dikaji menggunakan PCR masa
nyata kuantitatif and analisis Western blot. Kajian mendapati bahawa kumpulan OA
menunjukkan gangguan fungsi yang ketara (peningkatan lebar sendi and kehilangan
kekuatan cengkaman) and kemerosotan rawan (skor struktur Mankin) berbanding
dengan kumpulan sham (p<0.05). Tokotrienol sawit memperbaiki histologi rawan and
mengurangkan pengekpresan gen Mmpl3 and [l1b, manakala kebanyakan penanda
berkaitan Wnt menunjukkan perubahan yang terhad pada penamat kajian (p<0.05).
Walau bagaimanapun, alfa-tokoferol meningkatkan pengekpresan mRNA Sost (p<0.05
berbanding semua kumpulan lain) and Mmp13 (p<0.05 berbanding OA), manakala
perubahan ini tidak pemerhatian dalam kumpulan tokotrienol sawit. Kesimpulannya,
tokotrienol sawit and alfa-tokoferol menunjukkan kesan yang berbeza pada tikus
dengan OA yang diaruh oleh MIA. Tokotrienol sawit dikaitkan dengan pemeliharaan
struktur rawan yang lebih baik, peningkatan fungsi sendi, and pengekpresan gen
Mmpl13 yang lebih rendah, manakala alfa-tokoferol menunjukkan kesan yang lebih
ketara terhadap pengekpresan gen Sost. Penemuan ini mencadangkan bahawa kedua-
dua isomer vitamin E mungkin mempengaruhi OA melalui mekanisme yang berbeza.
Kajian lanjut diperlukan untuk lebih memahami mekanisme ini and potensi peranan
mereka dalam pengurusan OA.
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ABSTRACT

Osteoarthritis (OA) is a degenerative joint disease characterised by cartilage
deterioration, pain, and functional impairment. Both tocotrienol mixtures and o-
tocopherol have been suggested to exert protective effects against OA. However, the
higher cost of tocotrienol mixtures necessitates direct comparison with a-tocopherol to
justify its use. This study aimed to compare the efficacy of palm tocotrienol mixture
and a-tocopherol in a monosodium iodoacetate (MIA)-induced rat model of OA and to
evaluate their effects on joint function, cartilage histology, and Wnt signalling. Three-
month-old male Sprague—Dawley rats (~250 g) were randomly assigned to a normal
control (sham) group, an OA group, a glucosamine sulphate group (250 mg/kg/day), a
palm tocotrienol mixture group (100 mg/kg/day), or an a-tocopherol group (100
mg/kg/day). OA was induced by intra-articular injection of MIA in all groups except
the sham group before the treatments commenced. The normal control and OA groups
received drinking water throughout the experimental period, whereas the treatment
groups received their respective oral treatments for four weeks. Throughout the
treatment period, joint function was assessed weekly using rats’ rearing activity, digital
grip strength, and inverted-mesh wire tests. Following euthanasia and joint harvest,
cartilage integrity was evaluated by histological analysis, while molecular changes in
the cartilage layer were examined using quantitative real-time PCR and Western blot
analysis. The study found that the OA group exhibited significant functional impairment
(increased joint width and loss of grip strength) and cartilage degeneration (Mankin’s
structural score) compared with the sham group (p<0.05). Palm tocotrienol improved
cartilage histology -and reduced Mmpl3 and Il1b gene expression, while most Wnt-
related markers showed limited changes at the study endpoint (p<0.05). However, a-
tocopherol upregulated Sost (p<0.05 vs all other groups) and Mmp 13 mRNA expression
(p<0.05 vs OA), whereas these changes were not observed in the palm tocotrienol
group. In conclusion, palm tocotrienol and a-tocopherol showed different effects in rats
with MIA-induced OA. Palm tocotrienol was associated with better preservation of
cartilage structure, improved joint function, and lower Mmpl3 gene expression,
whereas a-tocopherol showed a more noticeable effect on Sost gene expression. These
findings suggest that the two vitamin E isomers may influence OA through different
mechanisms. Further studies are needed to better understand these mechanisms and
their potential role in OA management.
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CHAPTER I

INTRODUCTION

RESEARCH BACKGROUND

Osteoarthritis (OA) is a degenerative condition characterized by gradual
degeneration of articular cartilage. This degeneration results in persistent joint
discomfort, stiffness and limited range of motion, all of which take away from patients'
quality of life (Rehman et al. 2024). In the advanced stages, OA typically requires total
knee replacement surgery, an expensive and invasive process linked to significant
hazards; including infection and postoperative difficulties (Aabedi et al. 2025).
Pharmacological approaches currently available for the treatment of OA primarily
target symptom management rather than disease progression modification (Cai et al.
2021; Grassel & Muschter 2020). NSAIDs (non-steroidal anti-inflammatory drugs), the
most prescribed drugs, are linked to side effects such as gastrointestinal irritation,
cardiovascular events and renal dysfunction, which may limit their long-term use Again
along the same lines, slow-acting symptomatic drugs, such as glucosamine, chondroitin,
and diacerein, have shown variable clinical efficacy and inconsistent protective effects
for cartilage tissue. (Honvo et al. 2019). Consequently, numerous patients with
advanced OA at last require total knee arthroplasty, placing an additional burden on

health systems (Klug et al. 2021)



The classical understanding of OA as a purely mechanical “wear-and-tear”
disorder has been revised to incorporate the role of molecular and cellular mediators in
disease pathogenesis (Tong et al. 2022). Proinflammatory cytokines, matrix
metalloproteinases (Mmps), and key intracellular signalling pathways, such as Toll-like
receptors and Wnt/B-catenin, have been implicated in chondrocyte hypertrophy,
cartilage matrix degradation, subchondral bone remodelling, and osteophyte formation
(Tat et al. 2010; Zhou et al. 2017) Among these, dysregulation of the Wnt signalling
pathway is increasingly recognised as a central mechanism contributing to OA
progression, particularly through its role in promoting cartilage degradation and

aberrant osteogenesis (Chin et al. 2022; Lories & Monteagudo 2020).

Given these mechanisms, interest has grown in nutraceuticals with both anti-
inflammatory and antioxidant properties. Vitamin E, in particular, has attracted
attention as a potential chondroprotective agent. Vitamin E is a group of fat-soluble
compounds consisting of tocopherols and tocotrienols. Both groups exist in four
isoforms (o, B, y and &), which differ in their chemical structure and biological activities.
Palm oil is one of the major natural sources of vitamin E, particularly tocotrienols. Due
to their antioxidant and anti-inflammatory properties, vitamin E isomers have been
widely studied for their potential protective effects against various chronic diseases,
including OA (Wong et al. 2020; Pang et al. 2021). While both a-tocopherol and
tocotrienols-belong to the vitamin E family, they differ structurally and functionally.
Alpha-tocopherol is widely used due to its availability and affordability. However,
tocotrienols, found abundantly in palm oil, have demonstrated superior antioxidant and
anti-inflammatory activity in various models (Wong et al. 2020). Recent reports suggest
that tocotrienol-rich fractions may help preserve cartilage structure and slow the

progression of OA (Liyana et al. 2023; Pang et al. 2021).

Nevertheless, a comparative study assessing the effects of palm tocotrienol versus a-
tocopherol in an identical OA model, as well as their individual impacts on Wnt

signalling in articular cartilage, has yet to be performed.

The purpose of the current study was to address this research gap by directly

comparing palm-derived tocotrienols with a-tocopherol in a rat model of MIA-induced



OA. In addition to evaluating structural and symptomatic outcomes, the study examines
the expression of key regulators in the Wnt pathway, such as f-catenin, Sost, and Dkk-
I (Chin et al. 2022). In order to confirm this pathway contribution at the protein level,
Western blot analysis was conducted to measure Wnt signalling activation in articular
cartilage. This integrative approach strives for a comprehensive understanding of the
effects of vitamin E isoforms on joint health and, more importantly, whether palm
tocotrienol provides mechanistic advantages over a-tocopherol that could be beneficial

for the prevention of OA.

PROBLEM STATEMENT

OA is a progressive degenerative joint disorder characterised by cartilage
degradation, subchondral bone remodelling, synovial inflammation, and functional
impairment. Although oxidative stress and inflammatory mediators such as //-15 and
TNF-a are recognised contributors to disease progression, current pharmacological
therapies remain largely symptomatic and do not effectively modify the underlying
molecular mechanisms driving cartilage degeneration. Increasing evidence indicates
that dysregulation of intracellular signalling pathways, particularly Wnt/B-catenin
signalling, plays-a central role in chondrocyte hypertrophy, matrix degradation, and
abnormal bone remodelling in OA. However, the interaction between oxidative stress

and Wnt signalling in OA cartilage remains incompletely clarified.

While a-tocopherol is widely used due to its availability and lower cost, palm-
derived tocotrienols exhibit greater antioxidant potency and additional gene-regulatory
effects. Nevertheless, existing studies have not directly compared palm tocotrienol and
a-tocopherol within the same experimental OA model, particularly with respect to their
effects on Wnt signalling regulators such as B-catenin, Dkkl, and Sost in vivo.
Furthermore, it remains uncertain whether modulation of these molecular markers

translates into measurable improvements in joint function and cartilage integrity.

Therefore, a controlled comparative in vivo study integrating functional

assessment, histological evaluation, gene expression analysis, and protein



quantification is required to clarify whether palm tocotrienol offers mechanistic and

therapeutic advantages over a-tocopherol in the prevention of OA progression.

RESEARCH QUESTION

Is palm tocotrienol better than a-tocopherol in improving joint health in rats with MIA-

induced osteoarthritis?

RESEARCH OBJECTIVE

1.4.1 Main Objective

To compare the efficacy and mechanism of action of palm tocotrienol and o-

tocopherol in preventing OA in rats with osteoarthritis induced by MIA.

1.4.2 Specific Objectives

1  To compare the effects of palm tocotrienol and a-tocopherol on joint function
(rearing and crossing activity, grip strength (inverted mesh wire and T-bar), joint

width and body weight in rats with OA induced by MIA.

2 To compare the effects of palm tocotrienol and a-tocopherol on cartilage histology

in rats with OA induced by MIA.

3 To compare the effects of palm tocotrienol and a-tocopherol on gene expression
related to inflammation (//1b, 1l6 and Tnfo) and metalloproteinases (Mmp9 and
Mmp13) in cartilage in rats with OA induced by MIA.

4 To compare the effects of palm tocotrienol and a-tocopherol on the protein
expression levels of Wnt signalling markers (Wnt, Ctnnbl, Dkkl and Sost) and the
activation of this pathway by the ratio of phosphorylated/total B-catenin in cartilage
in rats with OA induced by MIA.



HYPOTHESIS

1.

Palm tocotrienol is better than a-tocopherol in protecting joint function (rearing
activity, crossing activity, grip strength, digital grip test), improving body
weight, and reducing joint width in rats with OA induced by MIA.

Palm tocotrienol is better than a-tocopherol in protecting cartilage histology in

rats with OA induced by MIA.

Palm tocotrienol is better than a-tocopherol in reducing gene expression related
to related to inflammation (///b, 1/6 and Tnfa) and metalloproteinases (Mmp9
and Mmp13) in rats with OA induced by MIA.

Palm tocotrienol is better than a-tocopherol in suppressing the expression levels
of Wnt and Ctnnbl, increasing the expression of Dkkl and Sost, thereby
inhibiting activation of this pathway by reducing the ratio of

phosphorylated/total B-catenin in cartilage in rats with OA induced by MIA.
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