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1.Introduction

Osteoarthritis (OA) is a prevalent degenerative joint disorder that affects millions of
individuals worldwide. It is the most common form of arthritis and a leading cause of pain
and disability, posing a significant burden on affected individuals, their families, and
healthcare systems. This chronic condition primarily affects the articular cartilage,
synovium, and subchondral bone, leading to joint pain, stiffness, and functional

impairment(Lespasio et al., 2017).

Osteoarthritis is not an inflammatory disease, but inflammation can be a result of cartilage
degradation, affecting the growing part of the elderly population compromised by the age
group 50-70 years. The physiology of osteoarthritis is very complex than simple wear and
tear or aging(Hussain et al., 2016). It is a multifactorial joint disorder associated with
chronic degeneration of cartilage. OA was primarily considered an articular cartilage
disease, but recent studies have shown that the disease involves the whole joint(Armiento

etal., 2018).

The pathophysiological alterations that are seen in osteoarthritic joints are articular
cartilage degradation, subchondral bone plate thickening, the formation of peripheral

osteophytes, synovitis, and narrowing of the joint space. (Giorgino et al., 2023).

The pathogenesis of osteoarthritis involves a progressive degradation of the articular
cartilage, which acts as a cushioning and load-bearing structure in joints. The loss of
cartilage integrity triggers an inflammatory response within the joint, leading to the release
of pro-inflammatory cytokines, matrix metalloproteinases (MMP’s), and other mediators
that perpetuate cartilage breakdown and induce structural changes in the surrounding
tissues. As aresult, individuals experience symptoms of joint pain, stiffness, and functional
limitations, which significantly impact their overall quality of life. Given the rising
prevalence of osteoarthritis and its substantial impact on global healthcare systems,
effective management strategies are of paramount importance (Kan et al., 2019). The
management of osteoarthritis typically encompasses a multidisciplinary approach,
involving lifestyle modifications, physical therapy, pain management, and, in severe cases,
surgical interventions such as joint replacement. Non-pharmacological interventions,
including exercise, weight management, and assistive devices, play a crucial role in
improving joint function and reducing pain. Pharmacological therapies for osteoarthritis

primarily focus on pain relief and inflammation control. Analgesics, nonsteroidal anti-



inflammatory drugs (NSAIDs), and intra-articular corticosteroid injections are commonly
used to alleviate symptoms. However, it is important to balance the benefits of these
medications with potential side effects, especially in individuals with comorbidities.
However, further research is required to establish their long-term efficacy and safety. This
thesis aims to provide a comprehensive analysis of osteoarthritis, exploring its
pathogenesis, identifying key risk factors, and evaluating various management strategies

(Martin & Buckwalter, 2012).

Elucidating the intricate interplay between these factors holds the potential to identify novel
therapeutic targets and develop tailored interventions that address the underlying molecular
abnormalities in OA. Furthermore, the advent of high-throughput technologies, such as
genomics, proteomics, and metabolomics, has paved the way for the identification of
biomarkers associated with OA. These biomarkers not only aid in early diagnosis and
disease stratification but also provide insights into the molecular processes occurring within
affected joints. The integration of these molecular profiling techniques with clinical data
holds immense promise for precision medicine approaches, enabling personalized

treatment strategies for individuals with OA.

The prevalence of osteoarthritis (OA) is considerable, exerting a significant impact on a
substantial segment of the worldwide populace, with a particular emphasis on the elderly.
The epidemiology of OA is influenced by various factors such as age, gender, genetic
predisposition, and lifestyle choices. Understanding the epidemiological characteristics of
OA is crucial for effective prevention, early diagnosis, and appropriate management
strategies. According to the Global Burden of Disease Study, as of 2020, OA was the 11th
leading cause of years lived with disability globally(Michael et al., 2010).

1.2.4 Objectives of the study:

1. In-vitro study to analyse osteoarthritic pathophysiology in Dexamethasone treated

chondrocytes

2. To study an in-vivo ACLT model that mimics human osteoarthritic condition.



2. Review of Literature:

Osteoarthritis (OA) is a degenerative joint disease that is characterized by the breakdown
of cartilage in the joints. Cartilage is a smooth, rubbery tissue that cushions the ends of
bones in a joint. When cartilage breaks down, the bones rub against each other, causing
pain, stiffness, and inflammation. OA is the most common form of arthritis, affecting an
estimated 30% of adults over the age of 65(Whirl-Carrillo et al., 2012). It is more common
in women than men, and the risk increases with age. OA can also be caused by injury,
overuse, or certain medical conditions. There is no definite cure for OA, but there are
treatments that can help relieve pain and improve function. These treatments include:
Medications, such as nonsteroidal anti-inflammatory drugs (NSAIDs) or pain relievers,
physical therapy, injections, such as cortisone or hyaluronic acid or surgery, in some cases
The goal of treatment is to relieve pain and improve function so that people with OA can

continue to live active lives.

Normal

articular cartilage erosion
growth plate : -
synovial hyperplasia
abnormal angiogenesis
articular cartilage
synovial inflammation
subchondroal bone disturbance
synovial membrane
ligaments and tendons instability

joint stiffness
subchondral bone

Fig 1: Phenotypes of Osteoarthritis (OA). Clinic evidence shows that the majority of OA
patients have a diversity of OA phenotypes, including articular cartilage erosion, synovial
hyperplasia, abnormal angiogenesis, synovial inflammation, subchondral bone
disturbance, ligaments and tendons instability, and joint stiffness. Left-half side shows the
structure of the normal synovial joint. Right-half side showed the possible alterations of

synovial joint structure and symptoms in osteoarthritis.

Image source: Qing yao, Xiahao Wu et.al. Osteoarthritis: pathogenic signaling pathways

and therapeutic targets. (2023)



2.1 Cartilage:

Cartilage is a type of dense connective tissue with specialised characteristics. Semi-rigid
construction is designed to offer stability, support weight, and endure torsion, bending, and
tension. It lacks blood vessels and nerve innervation. Cartilage can undergo both
appositional and interstitial growth. The tissue contains single-cell chondrocytes that are
embedded in an amorphous matrix composed of collagen and fibres. Cells are primarily

composed of intracellular components.

Hyaline, elastic, and fibrocartilage are three distinct types of cartilage distinguished by their

collagen content and presence of elastic fibres. (Fujii et al., 2022).
2.2 Types of cartilage

Hyaline, elastic, and fibro cartilage are the three types of cartilage that are classified
according to the cellular matrix makeup. The most prevalent and distinctive kind of

cartilage is hyaline cartilage.

1) Hyaline cartilage: Glass is the Greek word for hyaline cartilage. The chondrocytes build
the hyaline cartilage matrix. The term "perichondrium" refers to the thin layer that covers

hyaline cartilage.

2) Elastic cartilage: This type of cartilage resembles hyaline cartilage in certain ways, but
the matrix also contains type-2 collagen fibres and more elastic fibres. The cartilage is

covered by a perichondrium. There is an increased number of cells.

3. Fibrocartilage: This type of cartilage is made up of bundles of collagen fibres that are
hardly covered by matrix. Normally, cells are positioned singly between collagen fibre

bundles. There is no perichondrium covering it.
2.3 Ultra-structure of articular cartilage

According to Martin and Buckwalter, chondrocytes in cartilage combine secretory
elements, peptidoglycan, collagen, and non-collagenous proteins in a highly specialized
manner. The position of chondrocytes in the depth of the cartilage affects their structure,
composition, and functions. There are five morphological zones based on the distance from

the cartilage's surface(Martin & Buckwalter, 2012).



2.3.1 Superficial zone:

It is the thinnest layer compared to all the other zones. It has ellipsoid and flattened cells.
They are shielded by a thin synovial fluid barrier known as lubricin and are situated parallel
to the joint surface. The thin superficial zone of cartilage, which makes up 10 to 20% of the
thickness of articular cartilage, protects deeper layers from shear forces. The superficial
zone of cartilage has the largest concentration of water among the other zones because

chondrocytes produce a lot of collagens there but little proteoglycan.

The parallel-arranged fibrils that deliver the highest tensile strength. Alterations in the
superficial zone of articular cartilage contribute to changes in its mechanical properties,
thereby facilitating the progression of osteoarthritis. The layer also acts as a protective
barrier against immune system activity and synovial tissue, preventing macromolecules

from reaching the cartilage.
2.3.2 Transitional zone:

The cells exhibit a spherical shape and their reduced density is primarily attributed to their
incorporation within an extracellular matrix. The collagen fibres in this region exhibit
disorganised arrangement with large diameters. Proteoglycan aggrecan concentrations are
higher in this particular zone. The superficial zone of this area is alternatively referred to

as its superficial tangential zone.
2.3.3 Middle zone:

Cells are spherical and arranged perpendicular to the surface. With the biggest diameter of
collagen fibres, this region contains the highest concentration of proteoglycans. The zone's

cell density is still low, though.
2.3.4 Deep zone:

The columnar orientation of chondrocytes in the deep zone is parallel to the collagen fibres
and perpendicular to the line of the knee joint. Roughly 30% of the volume of articular
cartilage comes from the deep zone. The chondrocyte population in this region exhibits

hypertrophy.
2.3.5 Calcified cartilage zone:

The calcified zone exhibits low metabolic activity, as evidenced by a limited number of

cells surrounded by a calcified matrix. The cells in this region exhibit a unique ability to



synthesise type X collagen, which collaborates with the subchondral bone beneath it to
maintain essential structural integrity and function as a shock absorber. The chondrocytes
in this region exhibit hypertrophy and reduced activity. (Buckwalter, 2002). Tidemark is
the distinct line that can be seen separating the fourth and fifth layers. It prefers simple
colours like toluidine blue. This region offers a crucial transition to the subchondral bone

beneath.

Articular Surface Superficial Zone

| - Articular surface
Transition Zone < .
Articular Cartilage /
> - Superficial zone
saag ‘A die by & aiake o o

|
Q? lDeepZone
1

Calcified Cartilage

b Cement Line

Transitionzone - Articular cartilage

" | Deep zone

Calcified Cartilage
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Bar=200um
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Fig 2: Cross sectional image of healthy articular cartilage and cellular arrangement in the

healthy articular cartilage.

Image source: George Jacob et. al. Osteochondral Injury, Management and Tissue

Engineering Approaches (2020) doi: 10.3389/fcell.2020.580868.
2.4 Composition of Articular Cartilage:

Cartilage is hydrated in nature so that it can absorb mechanical load. It has the following

composition:

2.4.1 Water: Water alone makes up 65-80% of the cartilage's total wet weight. The water
content of the cartilage zone varies with its depth. According to Newman, the superficial
zone includes 80% water while the deep zone only has 65% (Newman, 1998). It serves as
a lubricating medium and creates a gliding surface with low friction, which primarily serves
as a shock absorber and feeds the cartilage. Due to increased permeability and disturbance
in the matrix, the water content increases in disease conditions, rising to over 90%.
According to Carballo, changes in permeability and matrix composition result in a drop in
modulus of elasticity and a corresponding alteration in the articular cartilage's ability to

absorb shock (Carballo et al., 2017).
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Fig 3: The high content of water in proteoglycan helps the cartilage to act as a shock

absorber.
Image source: Ross A. Hauser et. al. Journal of Prolotherapy (2010)

2.4.2 Collagen: It contains between 10 and 20 percent of the articular cartilage's moist
weight. The majority (90-95%) of the component, type II collagen, gives the articular
cartilage its tensile strength. Cartilage contains various types of collagens, including
collagen II. Additionally, collagen type VI is present in the pericellular matrix, where it
assists chondrocytes in adhering to the matrix. (Armiento et al., 2018). The surface of the
macro fibril, which possesses tensile characteristics and connects to the inter-fibrillar, is
crosslinked with collagen type IX. The hypertrophied cells of the calcified cartilage layer,
which sustain structural integrity and aid in cartilage mineralization, are associated to
collagen type-X. The presence of collagen type-XI within or on macro fibrils serves to

initiate the development of fibrils (Hayes et al., 2001).
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Fig 4: The organization of matrix component in articular cartilage and subchondral bone.

Image source: Rebecca L. Davies et. al, Bioengineering (2019).

2.4.3 Proteoglycans: Protein-containing polysaccharide molecules are known as
proteoglycans. This gives the cartilage a 10-20% moist weight and gives the cartilage
compressive strength. Articular cartilage contains two primary categories of proteoglycans:
large aggregating proteoglycan monomers known as biglycans, and smaller proteoglycans
including decorin, biglycan, and fibromodulin. Chondrocytes synthesise and subsequently
release proteoglycans into the extracellular matrix of cartilage. Glycosaminoglycans
(GAGs) are the subunits of proteoglycans. Mandelbaum and Elattrache identified two
primary types of disaccharide 