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INTRODUCTION:

Osteoarthritis

Osteoarthritis is a degenerative disorder characterized by regression
of cartilage and formation of osteophytes. The symptoms of
osteoarthritis include soreness and stiffness in joints, swollen and
tender joints, nodes formation with restricted movements. The
hyaluronic acid present in the articular cartilage contributes to the
viscoelastic properties by acting as a lubricant. Osteoarthritis is
mainly caused due to the imbalance between matrix synthesis and
degeneration in articular cartilage. The hyaluronic acid levels
decreases thereby resulting in reduction or narrowing of joint space.
Recent investigations reveal the involvement of DDR-2 receptors in
the pathogenesis of Osteoarthritis. Angiogenesis in osteoarthritis is
induced by various factors like Vegetative endothelial growth factor,
Tumor  Necrosis  factor-a, MIF, Leukotrienes,  Matrix
metalloproteinases. Disrupted circadian rhythms are also considered
as a novel risk factor for Osteoarthritis with the involvement of SIRT
1 gene. Disrupted SIRT 1 decreases the number of chondrocytes and
cartilage leading to Osteoarthritis serving as a new therapeutic
strategy in Osteoarthritis. The present review focuses on the
symptoms, risk factors, pathogenesis and herbal treatment of
Ostearthritis which can be incorporated for research as the future

therapeutic targets in effective treatment of osteoarthritis.

known as females whereas after the age of 55 years it

degenerative arthritis is a pro-inflammatory
degenerative disorder characterized by the
degeneration of cartilage and formation of
osteophytes. It is common in weight bearing
joints such as spine and hips. It occurs when
the cushion i.e articular cartilage breaks down
leading to pain, swelling and stiffness in joints.
(M- Osteoarthritis occurs more frequently with
increase in age. Before 45 years of age
osteoarthritis is common in males than in

occurs more frequently in females than in
males. ' ¥ Geographically it is frequent in
Japanese population whereas it is less frequent
in South African blacks, East Indians and
Southern Chinese ™" Signs and Symptoms of
osteoarthritis vary from patient to patient. The
primary symptoms include soreness and
stiffness, swelling, creaking, pain, heberden
nodes in joints B! The joints often affected
are knees, lower back, groin, hip joint etc.
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The Risk factors contributing to OA

include:

Family history or heredity contributes
to the risk of OA. The gene responsible for the
heredity is not yet known.

Age: OA prevalence increases in old age
especially after the age of 65yrs.

Sex: Before the age of 55, men are more
prevalent to get OA. After the age of 55,
women are more prone to get OA due to the
hormonal changes in  women during
menopause.

Diet: Diet is also a considerable risk factor for
OA. The important nutritional factor for OA is
Vitamin D. Deficiency of Vitamin D makes
the bone thin, brittle and misshapen which
inturn increases the risk of OA ™!

Disease conditions: Conditions like congenital
sublaxation, Legg-Calvé-Perthes disease, and
slipped capital femoral epiphysis increases the
risk of hip OA in later life & Other risk factors
include obesity, damage to a bone or ligament,
occupation in which there is excess of
mechanical stress also contributes to
Osteoarthritis.

Types of Osteoarthritis:

Primary Osteoarthritis:

It is considered as degenerative or
“wear and tear” arthritis which is caused due
to unknown predisposing factor. It is age
related arthritis and is commonly diagnosed
after the age of 55yrs.

It is again classified as:

Localized Osteoarthritis: It involves one or
two sites.

Generalized Osteoarthritis: It involves three
or more sites.

Secondary OA:

It is considered as a degenerative
arthritis that is caused due to a predisposing
condition like trauma, obesity, etc that has
adversely affected the articular cartilage of the
joints. It often occurs in relatively young
individuals.

Stages of osteoarthritis:
Acute Osteoarthritis:

Occasional joint pain is the main
characteristic feature of acute osteoarthritis.
Minor stiffness in joints and painful mobility
is seen for short period of time.

Sub acute osteoarthritis:

Localized joint pain is the main
characteristic feature with excessive pain and
stiffness in the fingers.

Chronic osteoarthritis:

In this type, the movement of joints is
limited. It is characterized by severe pain in
joints.

Degenerative osteoarthritis:

In this type the cartilage is completely
lost with terrible pain. It is characterized by
complete loss of cartilage surrounding the joint
and terrible pain of rubbing on bone.
PATHOPHYSIOLOGY:

Osteoarthritis can occur in four
components of joints namely meniscus,
articular cartilage, subchondral bone and
synovial membrane . Meniscus is the piece
of cartilage which is found where two bones
meet. It protects and forms cushion at the joint
surface. It is made up of fibro cartilage where
its ECM is constituted by proteoglycans,
Collagen and water. Articular cartilage
provides surface for the movement of synovial
joints. It is made up of hyaline cartilage and its
ECM is composed of proteoglycans (aggrecan)
and Type Il Collagen. Subchondral bone is
the region similar to epiphyseal plate present
just below the covering of articular cartilage. It
is composed of type | Collagen and it gives
support to the joint. Synovial membrane is the
inner layer of synovial capsule which produces
synovial fluid. It consists of two types of cells-
fibroblasts and macrophages. Fibroblast
produces synovial fluid whereas macrophages
are activated during inflammation. Even
though all these components play a role in
osteoarthritis, articular cartilage plays a central
role in initiation and progression of
Osteoarthritis due to its mechanical properties
(19 Cartilage is composed of specialized cells
called chondrocytes that produces elastic
fibres, extra cellular matrix and matrix
degrading enzymes. The ECM s rich in
proteoglycans (aggrecans) and collagenous
proteins (Type Il Collagen). Aggrecan
provides negative charge to the matrix and
collagen imparts viscoelastic compressive
properties to the cartilage. In healthy
individuals, the joint space is filled with
synovial fluid that is composed of hyaluronic
acid which acts as a lubricant. In OA patients,
the hyaluronan concentration is less providing
less lubrication which in turn reduces or
narrows the joint space. This may lead to
rubbing of bones against each other leading to
inflammation. This inflammation contributes
to the swelling and pain in the joints. Various
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inflammatory  mediators like  cytokines,
Interleukins, TNF- alpha are released which in
turn produces proteolytic or degradative
enzymes % In healthy adult bones, articular
cartilage is not static but it undergoes
regeneration process in which the worn out
matrix is degraded and replaced. In normal
conditions, the matrix synthesis (anabolism)
and matrix degeneration (catabolism) will be
balanced and the volume of cartilage will be
maintained thereby maintaining homeostasis.
The catabolism is promoted by Bone
morphogenetic protein-2, Insulin like growth
factor-1,  Transforming  growth  factor.
Proteolysis of cartilage is stimulated by Matrix
metalloproteinases  namely  collagenases
(MMP-1, MMP-8, MMP-13), stromelysins
(MMP-3), gelatinases, Tumor necrosis factor.
Tissue inhibitors of metalloproteinases restrain
the catabolic actions of MMPs and thereby
contribute in maintaining the balance. In
Osteoarthritis, this balance is disturbed due to
many factors. The important factors are age,
mechanical stress and heredity which lead to
significant changes in the composition and
mechanical properties of cartilage. In early
stages of the disease the cartilage contains
more water content and less proteoglycan
content. There will be decreased synthesis of
type 1l Collagen and increased break down of
pre existing collagen. Due to the increase in
the levels of certain molecular messengers like
IL-1, TNF, NO in OA, chondrocyte apoptosis
and prostaglandin synthesis also increases. In
response to all these changes the chondrocytes
present in the deeper layers proliferates and
synthesizes new collagen and proteoglycans.
Although this compensatory mechanism
initially compensates for the loss of cartilage,
degradation of cartilage predominates in the
later stages. As the disease progresses the
cartilage dehydrates, becomes brittle cracking
the cartilage called as fissuring. As the number
of cracks increases, cartilage flakes away. The
bone will be left uncovered and the bones
move against each other. Recent investigations
reveal that DDR-2 (Discoidin domain
receptor-2), a cell membrane tyrosine kinase
receptors for type Il collagen are involved in
the pathogenesis of OA. DDR-2 is located on
the cell surface of chondrocytes. In healthy
cartilage, these receptors are inactive and are
masked by aggrecans preventing their contact
with collagen. As damage to the cartilage
triggers the aggrecans, DDR-2 is exposed to

collagen and is activated. Active DDR-2
increases the activity of MMP-13 which in
turn damages the collagen &2 [*3)
Neovascularization in OA: Growth of new
blood capillaries from pre existing vasculature
is called as neo vascularization or
angiogenesis. It is a physiological process
during embryogenesis, wound healing and
menstrual cycle. It is a pathological process in
conditions like chronic inflammatory diseases,
growth of tumors. ™. Angiogenesis in
Osteoarthritis is regulated by numerous growth
factors which are listed in (table 1 and table 2):
131 Angiogenesis in osteoarthritis is induced by
VEGF, hypoxia and inflammation P
Articular cartilage is unique in being
avascular.  Inflammation is the major
contributor of pain in  Osteoarthritis.
Biochemical changes and cartilage destruction
in OA may lead to synovial inflammation
called synovitis. Synovitis plays an important
role in the pathology of OA. Synovitis leads to
alterations in  chondrocyte  functioning,
enhanced angiogenesis and changes in bone
turnover.  Synovitis is characterized by
invasion and activation of macrophages and
lymphocytes, release of pro inflammatory and
procatabolic mediators and alteration in
vascularity of synovial membrane. Activated
macrophages produce many factors which can
directly or indirectly induce angiogenesis.
Indirect action is due to secretion of factors
that in turn stimulate other cells to release
angiogenic factors like VEGF. Macrophages
themselves also release TNF- o which is an
angiogenic factor. In synovitis, hypoxia is
induced due to high metabolic demands of the
synovial cells. In hypoxia conditions, the
macrophages increases in number which in
turn promotes angiogenesis as described
earlier. Macrophages also express Macrophage
migration Inhibitory factor (MIF) which
induces the release of different angiogenic
agents like TNF-a, IL-1, IL-6, IL-8 and
MMPs. Hypoxic tissues also induce Hypoxia
inducible factor-1 o (HIF-1a)) ?2. This factor
in turn induces synovial cells, macrophages
and other inflammatory cells to produce
VEGF.

Role of leptin in Osteo arthritis:

Leptin is a cytokine like hormone secreted by
adipocytes. Leptin influences food intake and
energy expenditure by negative feedback
mechanism in hypothalamus. It is involved in
different physiological functions like lipid
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metabolism,  hemopoiesis,  angiogenesis,
ovarian function, reproduction, inflammation,
immune system modulation etc @ It also
plays a significant role in the regulation of
bone mass. Leptin acts both centrally and
peripherally and shows anabolic action on
bone stimulating the bone formation. Role of
leptin provides the missing link between
obesity and osteoarthritis. Recent
investigations reveal that obese patients have
high levels of leptin in synovial fluid. Leptin
receptors ob-R are over expressed in cartilage.
Leptin also induces the production of matrix
metalloproteinases, pro inflammatory
mediators and Nitric oxide in chondrocytes.
The cartilage of obese patients also exhibit
great sensitivity to leptin highlighting its role
in the pathophysiology of osteoarthritis.
Circadian rhythm and Osteoarthritis:
Disturbed circadian rhythms are considered to
be the novel risk factor for osteoarthritis.
Circadian rhythms play a vital role in
maintaining homeostasis. Physiologically the
circadian rhythm is highly organized in a 24hr
cycle and is regulated by Supra chiasmatic
nucleus present in hypothalamus.
They deal with the cyclic changes occurring in
day and night which depends on absence and
presence of light. These rhythms can be
influenced by environmental factors such as
sunlight, temperature, etc. Recent studies
suggest the role of disrupted circadian rhythms
in the pathology of osteoarthritis. Due to
modern lifestyle, the circadian rhythm is
disrupted due to excessive night-time exposure
to light and physical activity.
Chondrocytes play a very significant role in
the pathology of osteoarthritis. Age is a
common risk factor for osteoarthritis. Efforts
were kept in recent years to demonstrate the
contribution of aging in the pathology of
osteoarthritis. Recent investigations suggest
that chondrocytes which play an important role
in maintaining bone homeostasis are regulated
by autonomous biological clock. This
autonomous clock is found to be disrupted as
age increases. This aging in turn is regulated
by the SIRT1 gene which is under expressed
during aging %

It is also observed that disruption of the gene
SIRT1takes place during osteoarthritis.

Various experimental data suggests that
increase in SIRT1 increases the number of
chondrocytes, hence cartilage. Disrupted
SIRT1decreases the chondrocytes and
cartilage leading to Osteoathritis. SIRT1
influences circadian rhythm by acting on
hypothalamic nuclei (SCN). This serves a new
therapeutic strategy to target SIRT1 in
Osteoarthritis %!
DIAGNOSIS
OA can be diagnosed by the following
methods
Arthrocentesis: In this the synovial fluid is
collected at the joint and is analyzed for the
presence of crystals or any other bone
deterioration.
Blood tests: Blood tests are performed to
exclude other diseases that can cause
secondary osteoarthritis.
X-Rays: OA can be diagnosed by the loss of
joint cartilage, narrowing of the joint space
between adjacent bones and bone spur
formation.
Arthroscopy: It is a surgical technique
whereby a viewing tube is inserted into a joint
space. Abnormalities and damage can be
detected and can also be repaired.
TREATMENT OF OSTEOARTHRITIS
The goal of osteoarthritis treatment includes
alleviation of pain and improvement of
functional status. Therefore patients should
receive a combination of non pharmacological,
pharmacological and surgical therapy.
Non pharmacologic treatment:
Physical therapy:
Physiotherapy reduces pain and fatigue,
improves mobility, fitness and alleviates
depression.
Heat and Cold therapy:
Heat causes vasodilation and increases the
blood supply, circulation thereby reducing the
muscle spasm. It also alters the sensation of
pain.
Cold helps in reducing the swelling, decrease
pain by constricting the blood flow to the
inflamed joint (%
Weight loss:
Overweight increases the risk of Osteoarthritis
by 4 times in women and by 5 times in men.
Even small amount of weight loss reduces the
risk of osteoarthritis.

S. no Stimulators of angiogenesis in Mechanism
Osteoarthritis
1 Hypoxia Prolonged hypoxia in cartilage leads to the expression of
hypoxia induced factor o (HIF-a)) which is a positive
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stimulator of VEGF

2 Fibroblast Growth Factor Promotes proliferation and differentiation of endothelial
cells, smooth muscle cells and fibroblasts
3 Vegetative Endothelial Growth Alters permeability of blood vessels
Factor
4 Neuropilin-1 It is a co receptor for VEGF
5 Angiopoietin-land Important for vessel maturation, adhesion, migration and
Angiopoietin-2 survival
6 Platelet Derived Growth Factor PDGF secreted by ECs acts as a ligand for PDGF receptor
located on the pericyte membrane, causing pericytes to
produce and secrete VEGF that signals through the
endothelial VEGF receptor.
7 Transforming growth factor — 8 Induces VEGF expression in vascular endothelial cells
8 Chemokine c-c motif ligand-2 Recruits monocytes, memory T cells, dendritic cells to the
site of inflammation
9 Histamine Alters vascular permeability
10 Integrins Facilitates growth and survival of new blood vessels
Table 1: Stimulators of Angiogenesis
S.no Anti angiogenic Mechanism
factors
1 Angiostatin Inhibits endothelial cell migration, proliferation, and induction of
apoptosis. M7 |t also targets the krebs cycle in mitochondria
2 Endostatin Inhibits phophorylation of kinase, interacts with cell surface
receptors, inhibits wnt-signalling, blocks VEGF signaling, inhibits
metalloproteinases. &1
3 Thrombospondin Induce CD36 independent growth arrest via p53-p21 induction

thereby inducing apoptosis and preventing angiogenesis. !

Table 2: Inhibitors of Angiogenesis

Muscle
weakness

Occupation

Diseases

Gender

Obesity

Injury

Fig 1: Risk factors of Osteoarthritis
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Cytokines
Interleukins
TNF-q,

Hypoxic tissue

ANGIOGENESIS

Fig 3: Angiogenesis in hypoxic tissue
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Fig 4: Angiogenesis
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Fig 4: Angiogenesis pathways in Osteoarthritis

Patient education: The patient must be
educated with the risk factors and preventive
measures involved in osteoarthritis. Their
weight should be assessed and different weight
loss programs should be advised. Their diet
should be reviewed and progress should be
monitored with regular follow-ups.

Exercise: Exercise or physical activity is the
best non pharmacological treatment for
osteoarthritis.

Pharmacological treatment: Analgesics —

NSAIDs, Anti depressants, Intra articular
corticosteroid, Nutraceuticals- glucosamine/
chondroitin, Topical agents. Non-steroidal

anti-inflammatory drugs (NSAIDs) are the

drug of choice for osteoarthritis, rheumatoid
arthritis and gout. The most common form of
arthritis is osteoarthritis and because of
increasing joint pain, the quality of life of the

patients is impaired. NSAIDs effectively
relieve pain and increase mobility in
osteoarthritic  patient.  Commonly  used
NSAIDs are: Acetaminophen, Ibuprofen,

Naproxen and Diclofenac.
HERBS USED IN THE TREATMENT OF
OSTEO ARTHRITIS:

The conventional drug therapy for
osteo arthritis most commonly involves the use
of Non steroidal anti inflammatory agents.
These drugs sometimes become ineffective in
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some patients and they often have serious
adverse effects. Gastro intestinal toxicity and
nephrotoxicity is of major concern. Therefore
an alternate approach of using herbal
medicines which are more effective with less
adverse effects is the need of the hour in
osteoarthritic patients. The herbs which can be
used in alleviating the symptoms of
Osteoarthritis are:

Boswellia: It possess anti inflammatory, anti
arthritic, analgesic, hepatoprotective action
due to the presence of boswellic acids. They
inhibit theactivity of LOX enzyme thereby
inhibiting the formation of leukotrienes.
Aflapin and 5- Loxin present in boswellia are
said to have both chondroprotective and anti
inflammatory action. They also inhibit MMP-3
activity. Because of these activities it can be
used in the treatment of osteoarthritis "
Capsaicin: Capsaicin is a naturally occurring
alkaloid which is the main chemical
constituent of Capsicum genus (hot chilli
pepper or cayenne pepper). It is used as an
analgesic agent. It relieves pain in
Osteoarthritis by depleting the levels of
substance P by acting on transient receptor
potential vanilloid 1 (TRPV1) receptor which
Es]involved in sensing warmth, pain, heat etc
28].

Flax seed: Linum usitatissisum or flax seed
contains high amount of omega -3 fatty acids
such a linolenic acid, lignans such as
matairesinol, pinoresinol, lariciresinol, and
isolariciresinol.  Lignans have estrogenic,
antiestrogenic,anti inflammatory, anti
carcinogenic properties. It reduces pain in
osteoarthritis by triggering opiod receptors on
cells by releasing serum beta-endorphin levels
which are analgesic physiologically
Ginger: Ginger (Zingiber officinalis) consists
of complex of compounds like gingerols,
shogoals and paradols which are responsible
for anti inflammatory or pain relieving
activity. They show this activity by inhibiting
COX (COX-2 preferably), and LOX pathway.
They inhibit the expression of Tumor necrosis
factor-a in synoviocytes thereby can be used in
treating Osteoarthritis %

Kalonji:

According to Islam, it can cure all
diseases except death. It has antioxidant, anti
inflammatory, anti cancer, anti bacterial, anti
fungal, anti parasitic properties. The main
constituents of these seeds are thymoquinone
(TQ), dithymquinone (DTQ),

thymohydroquinone (THQ), and thymol
(THY). Thymoquinone is said to have anti
inflammatory properties acting by inhibiting
COX activity, thereby can be used to reduce
the pain in osteoarthritis. It also suppresses the
production of NO which is an added advantage
in OA Bl

Aswagandha:

It contains alkaloids such as
isopelletierine,  anaferine,  cuseohygrine,
anhygrine etc; steroidal lactones such as
withanolides and withaferins; and saponins. It
is said to have anti stress, anti arthritic, anti
helminthic and stimulant. It is used as
gg]tringent, aphrodisiac, narcotic, diuretic etc
Cat’s claw:

Cat’s claw (Uncaria tomentosa)
inhibits TNF activity and acts as anti
inflammatory agent. It reduces the pain in
physical activity but not the pain at rest. It
causes headache, dizziness, vomiting and
hypotension  hence  contraindicated in
hypertensive patients !

Curcumin:

It is a yellow pigment obtained from
the rhizomes of Curcuma longa. It has anti
inflammatory and anti oxidant properties
because of which it can be used in the
treatment of osteoarthritis
Resveratrol:

It is a stilbenoid, a natural phenol
which is obtained from red wine. It is thought
to b as an anti inflammatory agent as it inhibits
the activation of NF-kB and reduces the levels
of Nitric oxide (NO) induced by cytokines
therefore acting as an anti arthritic agent *
Soya bean:

Soya bean or Glycine max is also
called as golden bean. It is rich in healthy oil
and proteins. Soy proteins contain genistin,
isoflavones and diadzin. They have anti
carninogenic, anti  oxidant and anti
inflammatory properties. It reverses the
process of bone degradation and stimulates
bone formation helping in the treatment of
osteoarthritis ¥+
Olive ail:

Olive oil is obtained from olive seeds
(Olea europaea). The main components in
olive oil are monounsaturated fatty acids
(mainly oleic acid) which are essential to
maintain bone health. It is a potent COX
inhibitor and also decreases the release of NO
in the joints and hence can be used in
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osteoarthritis. It also contains phenols like
oleuropein, tyrosol and hydroxytyrosol which

give

olive oil its

antioxidant, anti

inflammatory and clotting properties B
CONCLUSION:

symptoms,

The present review focuses on the
risk factors, pathogenesis and

treatment of Ostearthritis which can be

included

in the research as the future

therapeutic targets in effective treatment of
osteoarthritis.
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