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Dear Colleague:

That stiff and aching back... the bum knee that goes out when you hurry down the steps.. the relent-
less crick in the neck. In a greying population, these and other common symptoms of osteoarthritis will
become more and more prevalent and take an increasingly higher toll both financially and on life
quality.

Fortunately, new research has begun to yield more innovative approaches to this age-old malady.
Here, groundbreaking treatment avenues are addressed in “The Role of Glucosamine and Chondroitin
Sulfate in the Management of Arthritis,” by W. Marvin Davis, Ph.D., Professor, Department of Pharma-
cology; Research Institute of Pharmaceutical Sciences, School of Pharmacy, University of Mississippi.
Focusing on restoration of joint cartilage, the author begins by explaining cartilage’s function and
composition, then goes on to cover the new “matrix enhancement” method of rebuilding this crucial
tissue. To round out the discussion, he also addresses more conventional means of handling osteoarthri-
tis, including pain management and corticosteroid therapy.

We are pleased to be able to offer this outstanding continuing education presentation to the pharma-
ceutical community. We look forward to providing you with this valuable educational material.

Sincerely,

oSl

Harold E. Cohen, R.Ph.
Publisher
Drug Topics




The Role of Glucosamine and
Chondroitin Sulfate in the
Management of Arthritis

by W. Marvin Davis, Ph.D., Professor, Department of Pharmacology;
Research Institute of Pharmaceutical Sciences, School of Pharmacy,

University of Mississippi

Introduction

Joint disorders are among the
most frequently reported causes of
physical impairment in the adult
population of the United States.
According to the Arthritis Founda-
tion, An estimated 40 million
Americans are currently afflicted
with joint problems. It is estimated
that by the year 2020, 60 million
people will have the disease. A
variety of therapies are available to
reduce their symptoms. Pharmacists
can play a unique role in counsel-
ling patients on selection and use of
appropriate therapies. To this end, a
good basic knowledge of joint
structure and function is necessary
for such counselling to be con-
ducted with appropriate under-
standing.

The purpose of this article is to
provide an overview of joint disor-
ders and their management. This
will begin by reviewing the struc-
ture of joints and emphasizing the
important role of cartilage in both
normal and abnormal joint physi-
ology, and then describing cartilage
disorders and available therapies

Macroscopic Anatomy:
Structure of a Synovial
Joint 12

A joint is any junction of two or
more bones. Movable joints, known
as synovial joints, are structured to
allow smooth, controlled movement
while maintaining strength and
support. Component parts of a joint
include the participating bones
composed of dense cortical bone in
the shaft, and more spongy
trabecular bone in the marrow
cavity and at the ends of the bone.
Joints are held together by liga-
ments, which permit movement in
certain axes but prevent other
movements; the range of motion
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possible is characteristic of the
given joint. The surfaces of the
bones where they make contact
with each other are covered with
articular cartilage.

Surrounding the small space
between the two bones of a joint is
the joint capsule, which is com-
posed of a fibrous outer layer and
an inner layer of synoviocytes.
These are specialized cells that
secrete synovial fluid, which lubri-
cates and cushions the joint and
also enables nutrients to reach the
articular cartilage. Bone is covered
by a fibrous membrane called
periosteum (“around the bone”),
and the membrane surrounding
articular cartilage is the
perichondrium (“around the carti-
lage”).

Of all these component parts,
the articular cartilage plays assur-
edly the most important role in
joint function, reducing friction
during joint movement and absorb-
ing shock, while providing flexible
support. The functions of cartilage
are made possible by its structure,
which makes it unique among body
tissues.

Microscopic Structure of
Cartilage 2

Cartilage is a connective tissue
that is composed of two elements:
cartilage cells, or chondrocytes, and
the acellular matrix, which sur-
rounds the chondrocytes and com-
prises about 90% of articular carti-
lage. Mature chondrocytes use raw
materials such as amino acids,
carbohydrates and water, to pro-
duce the “building blocks” of the
cartilage matrix. The components
of the matrix are formed within the
cell and are then released from the
chondrocyte into the intercellular
space, where they spontaneously

self-assemble into a functional
matrix.

Cartilage is an unusual tissue in
that it contains no nerves, blood
vessels or lymphatics. All nutrients
needed by the chondrocytes are
supplied by diffusion from the
blood supply in the underlying
trabecular bone, from the periph-
eral perichondrium, or from the
synovial fluid. All waste products
are removed by diffusion as well.
This fact has important effects on
the dynamics of cartilage matrix
repair and maintenance. Just as
cartilage is of fundamental impor-
tance to joint function, the matrix is
fundamental to cartilage function;
it is the microscopic and molecular
structure of the matrix that gives
articular cartilage its flexible resil-

GOAL: To review the
anatomy, pathophysiology and
pharmacotherapy of arthritic
joint disease and to explore
new approaches to treatment
of this common problem.

OBJECTIVES: Upon
completion of this article, the
pharmacist should be able to:

¢ Describe the pathological
changes in joint anatomy in
osteoarthritis
Describe the biochemical
changes in cellular
functions believed to be
responsible for the
anatomical degeneration
Describe the principal
pharmacotherapeutic
approaches to therapy of
osteoarthritis
Describe the new,
nonclassical interventions
to provide relief of
symptoms of osteoarthritis.




ient strength. Healthy joints depend
upon a healthy matrix.

At the light microscopic level
with routine histochemical staining,
the matrix looks like a smooth
homogeneous gel, but it is actually
biphasic, being composed of a web
of collagen fibers and the gel-like
material known as “ground sub-
stance” in which the collagen fibers
are embedded. Thus, the
chondrocytes are surrounded and
supported by their own products,
the collagen fibers and ground
substance that make up the matrix

Molecular Structure of
the Matrix

Collagen is the single most
abundant protein in the body.
There are fifteen types of collagen,
each distinct from the others on the
basis of its molecular structure and
configuration. The molecular
structure of the matrix (Fig. 1)
largely determines the physical
characteristics of each type of
collagen. Articular cartilage con-
tains large amounts of collagen
type IT and smaller amounts of
collagen type DC, combined in a
single rope-like fiber.

The ground substance in which
the collagen fibers are embedded is
composed of carbohydrates called
glycosaminoglycans (GAGs), which
are long chains of repeating
disaccharide units (an acid sugar
followed by an amino sugar). These
polysaccharide molecules have
numerous attached carboxyl and
sulfate groups that are negatively
charged at physiologic pH, and
therefore give an overall negative
charge to the glycosaminoglycan
chain. Because of their negative
charge, the polysaccharide chains
strongly repel each other, and are
highly hydrophilic. These physical
characteristics of the GAGs are the
basis for the resilient and flexible
nature of cartilage as will be de-
scribed.

There are six major types of
GAGs present in the body:
chondroitin sulfate, keratan sulfate,
hyaluronic acid, dermatan sulfate,
heparin, and heparan sulfate.
Except for hyaluronic acid, all
glycosaminoglycans are covalently
bound to a linear core protein. The
resulting structure is called a
proteoglycan monomer (Fig. 1).
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Numerous GAG chains attach to
the core protein, and their negative
charges cause them to be repelled
by each other; resulting in a “bottle
brush” configuration. In cartilage,
proteoglycan monomers primarily
contain two GAGs, chondroitin
sulfate and keratan sulfate.

Proteoglycan monomers in turn
are bound ionically to a linear
molecule of hyaluronic acid, form-
ing proteoglycan aggregates. The
bonds of proteoglycan monomers
with the hyaluronic acid molecule
are stabilized by small link pro-
teins. The proteoglycan aggregates
intermesh and bond with the
adjacent collagen fibers in the
matrix (Fig. 2). In fact, the stability
and functioning of the matrix
depends to a large extent on the
bonding between the individual
GAGs (especially chondroitin
sulfate), and hyaluronic acid and
collagen. Collagen provides the
tensile strength to cartilage and the
proteoglycans provide compressive
strength.3

When a joint is unloaded (non-
weight bearing), the matrix in the
articular cartilage is not com-
pressed, and the negative charges
on the GAGs cause them to sepa-
rate from each other; the negative
charges also cause water present in
the joint space to be drawn into the
spaces between the GAGs. The
linkages between collagen, the
GAGs and the hyaluronic acid
molecules limit the extent to which

the GAGs can separate, and there-
fore also limit the amount of water
that can be absorbed.

This limitation is important, as
excessive water in the matrix would
make its consistency too soft. When
the joint is loaded, the force of
loading compresses the matrix, and
the GAGs are pressed toward each
other, thus squeezing water out of
the matrix. The proximity of the
GAGs to each other intensifies the
electrostatic charge between them,
and causes a change in the matrix
pH. The pH change in turn has a
stimulatory effect on the
chondrocytes, causing them to
make more matrix components,
which is important in maintaining
the matrix in the face of normal
wear and tear. When the joint is
unloaded, the negatively-charged
GAGs soon resume their original
configuration and reabsorb water.
Because of its role in maintaining
normal cartilage function, the
importance of matrix integrity
cannot be overstated.*

Another aspect of normal joint
function that depends on normal
GAGs and cartilage matrix is
reduction of friction. Broadly speak-
ing, there are two mechanisms of
lubrication that occur in the
synovial joint. One is “boundary
lubrication.” In this mechanism, a
thin film of lubricant separates two
congruent surfaces. The lubricant
minimizes, but does not completely
eliminate, wear between the two

Figure 1. Schematic view of molecular components of
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Schematic diagram presenting on the left a model of the collagen
molecule and a collagen fibril, on the right a model showing the GAG
molecules joined with a core protein to form a proteoglycan monomer;
and showing binding sites for hyaluronic acid. (From Ross MH, Romrell
L], Kaye GL. Histology - a Text and Atlas, 3rd edition, Williams &

Wilkins: Baltimore, 1995.)




surfaces. In joints, this mechanism
is primarily important in minimiz-
ing friction arising from the joint
capsule rubbing against itself or
other joint tissues. The synovial
fluid produced by the synovial
membrane provides this lubrica-
tion; the viscous, slimy quality of
synovial fluid derives from the
negative charges on the GAGs that
are present in the fluid, especially
hyaluronic acid.* Whenever two
GAGs approach each other, their
negative charges repel and they
“slip” past each other just as would
two magnets of the same polarity.

The second mechanism of lubri-
cation is “fluid film lubrication.” In
this mechanism, in addition to the
thin film of synovial fluid, lubrica-
tion is also provided by water that
is squeezed out of the articular
cartilage matrix as the joint is
loaded. This water separates the
joint surfaces and prevents virtually
all wear.

Cartilage is so remarkably
adapted to its purpose that joint
function is practically frictionless
when cartilage is normal. Problems
arise when cartilage, synovial fluid,
and other joint components become
abnormal. Often the problem is best
understood by considering what is
happening at the cellular
(chondrocyte) or molecular level
(matrix, GAG, and collagen).
Cartilage and joint dysfunction is
our next focus.

Cartilage and Joint
Function

The molecular and microscopic
structure of cartilage enables it to
reduce friction and transmit forces
while absorbing shock. Because of
cartilage, synovial joints can with-
stand tremendous forces and repeti-
tive motions that would quickly
destroy many man-made materials.
However, cartilage does have
limitations. All body cells, including
chondrocytes, must undergo repair
Constantly to keep pace with break-
down that occurs in tissues during
normal daily activity.

Cartilage is a relatively acellular
tissue; only 10% of the volume of
cartilage consists of chondrocytes.
the remaining 90% is matrix. Under
ideal conditions, the chondrocytes
are able to produce enough matrix
to maintain functionality, but any

factor that increases the ratio of
matrix-loss to matrix-production
will reduce cartilage health. .Such
factors include acute trauma, joint
immobilization, inflammation,
ischemia, chronic overuse, and
aging.*® Exercise that is not exces-
sive or of high-impact type is not
thought to be an injurious factor.

Acute trauma occurs when
cartilage or other joint structures
are suddenly subjected to forces
beyond their strength, such as
excessive compressive loads or
twisting, shearing forces. Visible
fragments of cartilage may be
displaced by such injuries, or liga-
ments may be torn, allowing the
joint to assume abnormal positions.
Bleeding may occur into the joint
space from the joint capsule. Intra-
articular haemorrhage is a source
of major joint injury in
haemophilic patients. Damage to
the subchondral bone is also poten-
tially serious. Because cartilage
depends on the subchondral bone
for support and for a portion of its
blood supply, and the bone depends
on its covering of cartilage for
protection from the forces generated
in joint movement, damage to
either tissue will lead directly to
injury in the other tissue. Acute
trauma can also occur on the
microscopic. level. When shearing
forces tear collagen fibers, the GAGs
in the matrix are free to separate
and imbibe increased amounts of
water. As the matrix swells, it
becomes softer and more vulnerable
to further injury.*¢

It is easy to conceptualize how
trauma injures joint tissues. Per-

haps surprisingly, immobilization
can also injure cartilage. When a
joint is immobilized, such as when
placed in a cast, the normal cycles
of loading and unloading are
diminished or eliminated. When
immobilization is prolonged, the
resulting decrease in chondrocyte
stimulation and metabolism will
lead to a decrease in proteoglycan
synthesis, and the articular carti-
lage will lose matrix. If no addi-
tional injury occurs, the cartilage
can survive (and subsequently
replace) a loss of up to 50% of its
original matrix volume (Fig 3).
This loss of matrix is responsible for
the fact that articular cartilage is
particularly vulnerable to injury
when it returns to function after a
period of immobility.

Ischemia, or poor blood supply,
is harmful to any living tissue.
because cartilage has no internal
capillaries, it is especially vulner-
able to this type of injury.

When blood supply is deficient,
the chondrocytes so not receive
adequate amounts of raw materi-
als, and cellular waste products
accumulate. This obviously limits
the cells’ ability to produce matrix.

As previously stated, trauma to
the subchondral bone can reduce
blood supply. Systemic diseases such
as diabetes mellitus, athersclerosis,
and heart disease can contribute to
ischemia in joints as well as in
other peripheral tissues.’

Inflammation in joints can result
from septic injuries, autoimmune
processes such as lupus, or as a
physiologic response to injury of
any kind. Within certain limits,

components

Figure 2. Schematic view of ground substance
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Schematic depiction showing the structure of ground substance of carti-
lage-hyaluronic acid with attached proteglycans forming an aggregate
with a network of collagen fibrils. (Source same as for Fig. 1.)
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Table 1.

A. Primary

OA and RA)
B. Secondary

Ischemic necrosis of bone
Arthropathy of haemophilia

Nog~whE

Post-traumatic, acute or chronic
After inflammatory joint disease (e.g., RA or infectious arthritis)
Metabolic disorders (gout, hemochromatosis)

Classification of Osteoarthritis

1. Localized (one joint or joint-group)
2. Generalized (male: female ratio = 1:10)
3. Erosive osteoarthritis (somewhat intermediate between typical

Congenital disorders of bone or cartilage
Chronic intra-articular corticosteroids

inflammation is a natural part of
the healing process, but inflamma-
tion may become a self-perpetuat-
ing injurious process that leads to
tissue destruction. Damaged cells
may release lytic enzymes into the
cartilage, synovial fluid and other
articular tissues.®® Such enzymes
may destroy collagen, other pro-
teins, and GAGs, thereby intensify-
ing and prolonging the cycle of
injury. Unless kept in check, inflam-
mation can become a major factor
in some forms of joint disease.

Chronic overuse is probably the
single most common factor in
cartilage injury.® Whether resulting
from long-term overloading, as in
obesity, or from repetitive motion as
occurs in a baseball pitcher’s shoul-
der, chronic overuse increases the
rate of cartilage breakdown beyond
the ability of chondrocytes to
achieve replacement.

Aging is usually attended by a
decline in joint structure and func-
tion. One reason is that as
chondrocytes age, the matrix
components that they produce
change. In adulthood, chondrocytes
produce less chondroitin sulfate and
more keratan sulfate. Because
keratan sulfate does not form the
same tenacious linkages with
collagen that chondroitin sulfate
does, this change results in a matrix
with less tensile strength. As aging
continues, chondrocytes also pro-
duce proteoglycans with an in-
creased proportion of dermatan
sulfate, which is even less adhesive
than keratan sulfate; consequently,
the matrix becomes even softer and
more vulnerable to injury.

The end result of these varied
pathogenic mechanisms is pain
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and loss of function in the affected
joint, a condition usually referred to
as “arthritis.” However, there actu-
ally are several different types of
arthritis, each having distinctive
features of causation and changes
produced in the affected tissues.®®
The most common form of arthritis
in the United States is osteoarthritis
(OA), while rheumatoid arthritis
(RA) is the next most common, but
much less so than OA.

RA is a chronic systemic inflam-
matory disease that may affect
many body tissues in addition to
the joints. The underlying mecha-
nism in this disease is
autoimmunity.® Specifically, the
arthritis is an immune system-
medicated attack on the synovial
membrane. Its peak incidence
occurs at ages 30 to 50 years, but it
can begin at any age, whereas the
incidence of OA rises progressively
with aging. Women are three times
more likely than men to be affected.
Like many other autoimmune
diseases, RA progresses with a
fluctuating pattern of exacerbations
and remissions affecting the hands
and feet first, usually bilaterally,
and later extending to the wrists,
ankles, elbows, and knees. The hip
joints and lower spine are usually
spared by RA but not by OA. RA is
not common, but it is a highly
significant disease because it is very
debilitating, and there presently is
no cure. Treatments are aimed at
reducing pain and minimizing the
inflammatory process, sometimes
by the use of agents that suppress
immune functions.®

However, our main focus for this
lesson is Osteoarthritis, also called
degenerative joint disease. At times

the alternative term
“osteoarthrosis” is used to indicate
that its pathogenesis is not truly
that of inflammatory disease, like
RA, although there is likely to be
secondary inflammation at some
stages of the disease. OA is defi-
nitely the most common joint
disease in humans (Table 1). It is
primarily chatacterized by the
progressive loss of articular carti-
lage. OA may result from repeated
injury to joints (whether from
trauma or chronic overuse) or from
underlying systemic disease (such
as diabetes mellitus). When there is
no known initiating cause, as often
is the case, the condition is called
primary OA.%¢8

In some cases, OA does indeed
occur in consequence to injuries to
joints in earlier life - accidental
trauma or chronic, low-grade
injury, as from athletic activities or
some types of work - but in most
cases no such factor is demonstra-
ble. There is a recent trend toward
modifying the view that OA is just a
degenerative response to the long-
term wear-and-tear of normal
activities, because a degenerative
process clearly occurs despite the
absence of evident provocative
factors. A prime example is the OA
in joints of the fingers (see Fig. 4).
Thus, we must ask, what are the
determining factors? Some observa-
tions suggest that there may be one
or more hereditary factors of sus-
ceptibility.

A 1997 paper by Slemenda et al.’
turns certain suppositions about OA
on their head. It has long been
known that weakness of the
quadriceps muscles commonly
accompanies OA of the knees. It
has been supposed that OA was
somehow responsible for such
quadriceps weakness. However, the
authors hypothesized the opposite,
that perhaps quadriceps weakness
arises first and promotes the devel-
opment of OA of the knees. Their
clinical studies supported the propo-
sition that a muscle dysfunction
and quadriceps weakness may be a
primary problem and a risk factor
for OA of the knee.

Because of its health signifi-
cance, OA has been widely studied,
and much has been written about
its pathogenesis. However, under-
standing of the exact causation of
OA is so limited that some say that




it is unknown, or a mystery.* The
principal joints affected by OA are
the knees, hips, hands, neck, and
lower back. Men and women both
are at risk. It typically is more
slowly progressive than is RA.

Many researchers believe that
degenerative changes in the carti-
lage appear first at the molecular
level, with decreased amounts of
GAGs in the matrix and a corre-
sponding increase in the propor-
tion of water.®#'°This results in a
softening of the matrix termed
“chondromalacia.” As the charac-
teristics of the matrix change, some
chondrocytes are unable to adapt to
the altered environment, and they
die. Others, which are injured, or
remaining unimpaired
chondrocytes, may proliferate and
produce an immature or abnormal
collagen that weakens the matrix
and contributes to a further loss of
matrix strength.

The net result is a continuing
diminution in the amount of articu-
lar cartilage and its ability to
function. A vicious cycle is initiated,
which, if unchecked, eventually
may result in a complete loss of
cartilage with resulting exposure of
the subchondal bone. This exposed
bone will proliferate because of
traumatic stress, becoming more
dense and producing bony projec-
tions into the joint space, which are
called osteophytes. Osteophytes can
limit a joint’s range of motion, and
can impinge on the synovial lining,
causing pain. The synovial lining
itself often becomes thickened with
fibrovascular tissue, contributing to
pain and a further limitation in the
range of motion of the joint.

There are various treatments
currently available that can help to
reduce pain, to maximize function,
and to slow the progression of the
disease. These may be classed as
pharmaceutical or non-pharmaceu-
tical.

Pharmaceutical
Treatment of
Osteoarthritis

Drug therapy for osteoarthritis
consists mainly of the non-opioid
analgesics and the analgesic/anti-
inflammatory drugs.¢ Even though
inflammation is not a primary

process in OA, it can contribute to
pain; indeed, anti-inflammatory
medications have long been consid-
ered the OA treatment of choice.!!

Corticosteroid Agents

Steroidal anti-inflammatory
drugs may be given by a variety of
routes including systemically and
intrasynovially. They act by altering
the regulation of protein production
by a cell’s nucleus. Specifically, they
act to stabilize lysosomal mem-
branes within cells, to inhibit the
production of prostaglandins, to
depress the function of white blood
cells, and to block other inflamma-
tory processed such as capillary
dilation and fibrin deposition.
Because of these actions, steroidal
anti-inflammatory agents are
unsurpassed at producing relief
from joint pain, but unfortunately,
the effect is only temporary and
short-term.!* Worse yet, the long-
term use of corticosteroids has its
own deleterious effects on joint
tissue. By their very mechanism of
action, corticosteroids delay normal
healing. Various studies have
indicated that they may adversely
affect chondrocytes and their ability
to synthesise GAGs.

Because corticosteroids suppress
the immune response, they leave a
patient more open to infectious
agents. And because they reduce
pain so significantly, they may
actually encourage overuse of the
joint. To the patient, the joint feels
much improved, whereas it actually
is more vulnerable to injury than

before. Generally speaking, a single
dose of corticosteroids can be given
without deleterious effects, but most
concerned physicians recommend
against their often-continuing use,
e.g. more than several doses over
several years.

NSAIDs

The most commonly used treat-
ments for OA undoubtedly are the
nonsteroidal anti-inflammatory
drugs (NSAIDs), which class in-
cludes such familiar names as
aspirin, ibuprofen, ketoprofen and
naproxen, agents that are available
without a prescription. Besides
these, there are many more limited
to prescription dispensing (Table 2).
NSAIDs all share a similar primary
mechanism of action - inhibition of
prostaglandin synthesis. This action
is believed to be the basis of their
anti-inflammatory, analgesic and
antipyretic effects, but it is also
responsible for the side effects and
hazards associated with their use.

Because NSAIDs reduce pain,
they are a logical choice for the
treatment of many musculoskeletal
conditions, but they provide only
temporary relief and do not stop the
progression of OA. In fact, recent
research suggests that long-term use
of some NSAIDs may have steroid-
like effects in depressing
chondrocyte function and synthesis
of GAGs." The various
prostaglandins have wide-reaching
effects in the body, and inhibiting
their synthesis may cause many
undesired effects. These include

Bone
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Structures of a typical
joint (knee showing
osteoarthritic
changes, with break-
down of cartilage
and bone and forma-
tion of an
osteophyte, a bony
new growth. (From
Porth CM.
Pathophysiology
Concepts of Altered
Health States, 4th

Figure 3. Schematic depiction of osteoarthritic joint
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Figure 4. External view
of osteoarthritic finger
joints

Photograph showing
osteoarthritic changes in joints of
the fingers - Heberden’s nodes.

especially gastrointestinal irritation
that may progress to ulceration,
anticoagulant effects, and renal
papillary necrosis. It is said that
20% of all adverse drug reactions
reported to the FDA are caused by
NSAIDs. Elderly patients are at
particular hazard for the occurrence
of GI events that may require
hospitalisation, or frank
ulcerogenesis, which may become
life threatening if perforation
occurs. Thus, the avoidance or
minimizing of NSAID use is favored
by some authors who suggest the
rise of the less-hazardous
acetaminophen.’® Long-term high
dose acetaminophen use can some-
times be hepatotoxic, and can be
potentiated with heavy ingestion of
alcohol. Others have recently
emphasized an excess rate of
hospitalisation for ulcers among
elderly NSAID users. They conclude
that these drugs should be used
with caution in elderly persons, and
alternatives to NSAID therapy
should be strongly considered.'¢

Topical Analgesics and
Counter-irritants

Topical preparations are widely
used by OA suffers.!” These com-
prise a diverse group of products
that may include percutaneously
absorbable analgesic compounds,
such as methyl salicylate. Others
may reduce perception of pain
using the counter-irritant or
rubefacient effect of menthol and/or
methyl salicylate. Newer ones act
by hindering function of pain
pathways, the mechanism of
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capsaicin-containing creams.!”8
However, these may cause signifi-
cant burning problems in about
half of the users. This group may,
however, serve as a valuable ad-
junct to other modalities of treat-
ment.

Nonconventional,
Nondrug
Treatments for
Osteoarthritis

Nonpharmaceutical treatments
for OA are an under-used modal-
ity.? These treatments can reduce
symptoms and are believed to slow
the disease process. In addition to
the so-called “chondroprotective
agents, the nonpharmaceutical
treatments include physical therapy
(the controlled exercise of the
affected joint), thermotherpay
(application of heat or cold), and
changes in lifestyle (weight loss, diet
changes, use of various mobility
aids, and stress reduction). Achiev-
ing and maintaining good control
of other medical conditions, such as
diabetes, and cardiac or renal
disease, is also a crucial step, of
course.

Viscosupplementation

Therapy

“Viscosupplementation” is the
term for a therapy that aims to be
chondroprotective by restoring the
fluid properties of the tissue matrix
in OA sufferers by means of intra-
articular injections of highly puri-
fied “viscoelastic” solutions of
sodium hyaluronate (HA, known
also as hyaluronan) directly into
the joints. Synovial fluid normally
contains hyaluronic acid as a
natural lubricating and cushioning
agent. This substance consists of a
high-molecular weight
polysaccharide, which is also a
common component of the extra-
cellular matrix of diverse tissues,
rather universally. In fact, the
traditional biosource for HA has
been cock’s comb. It is also manu-
factured by bacterial fermentation.
Both sources have similar mecha-
nisms of action although molecular
weight differs, and both appear
efficacious.

Long used for treating OA in
horses, HA appears to be gaining
wider acceptance for human
therapy. HA has seen clinical use
for nearly 20 years outside the
United States, mostly for OA of the
knee® but also to treat periarthritis
of the shoulder.?! This approach
employs doses of 20-40 mg of a
high-molecular-weight HA prepara-
tion in a sequence of 2-10 weekly

Table 2.
Agents

Prostaglandin synthetase inhibitors
Carboxylic acids

Salicylic acids and esters

Available Non-steroidal Anti-inflammatory

Fenamic acids

Aspirin* S Mefenamic

Diflunisal L Meclofenamic

Salicylates* (S-L#

Acetic acids Propionic acids

Indomethacin S Ibuprofen* S

Sulindac L Naproxen * L

Tolmetin S Fenoprofen S

Diclofenac S Ketoprofen* S

Etodolac S Flurbiprofen S

Nabumetone L

Ketorolac Oxaprozin L

Enolic acids

Oxicams

Piroxicam L

L = Long elimination half-life; S = Short half-life

# = Dose-dependent elimination; * = QTC status
I




injections. Pain relief appears after
a few days, increases progressively
for a few weeks, and lasts for several
months. Clinical data suggest that
these benefits can endure for six to
twelve months after a series of three
to seven weekly injections.?

Tolerance to the injection of HA
is generally found to be very good.
Moreover, the rate of positive
response is 65% to 80% versus a
30% to 35% favorable response to
vehicle (placebo) by control sub-
jects. Compared to intra-articular
corticosteroids, the benefit of HA
appears to be substantially longer-
lasting. Although its mechanism of
action is little-known, research
suggests that HA exerts more than
the intended viscosupplemental
effect as a physicochemical en-
hancer of joint fluids. Both invitro
and in vivo studies indicate that HA
modulates various cellular func-
tions; for example, it can suppress
the activities of cytokines and other
pro-inflammatory mediators, and it
reduces the pain response in ar-
thritic joints.?? The data suggesting
a possible disease-modifying effect
in animal models support the need
for continued clinical studies of HA
for use in OA.

An example of data supporting
this therapy is from a 1996 paper
relating Swedish trials on 240
patients with symptomatic,
radiologically-confirmed OA of the
knee.?® They were randomly as-
signed to receive five weekly injec-
tions of either 25 mg of high-
molecular-weight hyaluronan or a
placebo. Results were gathered at
seven weekly intervals, weeks 1
through 20, using visual analog
scales to quantify the pain, func-
tion, motion, and activity, plus a
global status evaluation by both
patient and investigator.

At 20 weeks both HA and pla-
cebo groups had shown improve-
ment compared to baseline. Com-
parison of HA groups stratified by
age and baseline disability index
showed a reliably greater benefit of
HA over placebo for patients who
were older than 60 years and had a
higher baseline index of severity.
There was no clinically relevant
benefit of HA for subgroups of
younger age or fewer symptoms.
Patients above 60 years with OA of
the knee and symptoms at a sever-
ity index of 10 or more for knee

disease were most likely to benefit.

In another study,? patients were
randomized into three parallel
groups: (1) NSAID continuation
plus three control arthrocenteses at
weekly intervals;

(2) NSAID discontinuation but
with three weekly injections of a
cross-linked HA preparation; and

(3) continuation of NSAID plus
three weekly intra-articular injec-
tions of the HA product.

At 12 weeks all groups showed
improvement from baseline, but did
not differ from each other.

A test for equivalence showed
that viscosupplementation gave at
least equal, or greater. benefit than
did continuous NSAID therapy for
all outcome measures except activ-
ity restriction. In contrast to other
therapies, HA had a sustained effect
after treatment ceased. At 26 weeks
both groups receiving HA were
significantly better than a group
receiving NSAIDs alone. A transient
local reaction was observed in three
patients after HA injection; only
one patient withdrew from the
study as a result and all recovered
without any sequelae. One report
focused on several acute negative
responses to the injection.?® Thus,
intra-artictilar HA is judged to be a
generally safe and effective treat-
ment for OA of the knee that can
replace or supplement NSAIDs.

Matrix Enhancement:
Glucosamine and
Chondroitin Therapy

The high incidence of OA and a
lack of etiologic pharmacotherapy
have fuelled a continuing search for
new treatments that might enhance
matrix synthesis and or inhibit
enzymatic degradation of the
matrix. The achievement of such
goals would be expected to reduce
joint pain and restore or improve
function. The term
“chondroprotective agents” came
into use about 20 years ago to
describe agents being sought as
able to produce such ameliorative
effects. The concept has called
increasing attention to a dissatisfac-
tion with the limitations and risks
associated with use of NSAIDs.
Compounds put forward as candi-
date chondroprotective agents have
mainly been molecules endogenous
to the joint itself: the GAGs

(chondroitin sulfate, hyaluronic
acid) and glucosamine.*

Glucosamine occurs naturally in
the human body and is almost
devoid of acute toxicity in animal
studies. Thus, it is highly suitable
for long-term nutritional supple-
mentation with the aim of improv-
ing articular GAG metabolism.? It
is a precursor of the GAG
disaccharide unit, and therefore is a
building-block of the ground sub-
stance of the articular cartilage.
Furthermore, it is a component of
the natural articular matrix mol-
ecule, hyaluronic acid, which is a
linear, unbranched polysaccharide
consisting of repeating disaccharide
units of D-glucuronic acid and D-N-
acetylglucosamine.

Glucosamine is essential in
matrix synthesis, and it has also
been demonstrated that tissue
cultures of cartilage-derived
fibroblasts can utilize glucosamine
in their synthesis of
mucopolysaccharides.? It is evi-
dently a good substrate for the
kinase that produces glucosamine-6
phosphate, which then can be used
in making molecules such as
hyaluronic acid. Thus, the basic
concept for therapy with
glucosamine is that it promotes the
synthesis of those molecules essen-
tial to a healthy articular environ-
ment, which could restore a positive
anabolic state in osteoarthritic
joints.

Glucosamine exhibits no toxicity
at high oral doses;? in studies on
radio-labelled compound, it has
been shown to have excellent oral
bioavailability.? The primary
commercial biosource of
glucosamine is crustacean shells.
Effective purification of the nutrient
is an important consideration in
processing glucosamine for oral use.
Evidence is at hand that
glucosamine has anti-reactive,
chondrometabolic, and anti-ar-
thritic actions in animal models.?3°
It has also been used in human
clinical trials.?! It does not seem to
matter what form of glucosamine is
utilized. Both glucosamine HCL and
glucosamine sulfate were equally
effective in stimulating
glycosaminoglycans in cell culture,
although N-acetyl glucosamine was
not as effective.?”

There is a wealth of information
on the ability of GAGs to influence
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the growth and development of
cells and tissues. Chondroitin
sulfate, the most abundant GAG in
articular cartilage, is also present in
several other mammalian tissues:
tendons, bone, vertebral discs, heart
valves, and cornea. Like
glucosamine, CS is well absorbed
orally (70% in radio-labelling
studies) and has an affinity for
articular tissues.

The primary function of
chondroitin sulfate is to inhibit
degradative enzymes that destroy
cartilage. Therefore it has a protec-
tive effect which differs from the
anabolic effect seen with
glucosamine.

In a randomized, multicenter,
double-blind, placebo-controlled
study in Italy,? 146 patients with
knee OA were recruited into three
groups to receive either an NSAID
or CS, or placebo for six months.
Patients treated with an NSAID,
diclofenac sodium, showed a
prompt reduction of clinical symp-
toms, which, however, reappeared
after the end of treatment. In the CS
group, therapeutic response ap-
peared later, but lasted for up to
three months after the end of
treatment. CS seems to produce a
slow but gradually-increasing
clinical benefit in OA, which lasts
for a long period after stopping
treatment.

In an Austrian report,* 61
patients suffering from osteoarthri-
tis of the hip, knee and/or finger
joints were included in an open,
multicenter, phase IV trial. Patients
were treated with CS for three
months. Concomitant NSAID-
therapy, necessary for symptom
control at the outset of the observa-
tion period, could be lowered by
72% by the end of the three months
of CS therapy. The decrease of pain
was statistically significant, and no
serious side effects were observed. At
the beginning of the observation
period patients suffered from over-
all severe pain; therefore, the
decrease of pain to a level that
could not have been achieved by
NSAID therapy alone is of consider-
able interest. The study had a quite
low drop-out rate, which eliminates
a bias factor. The results of this trial
demonstrated that a significant
reduction of the daily NSAID con-
sumption was possible by con-
comitant CS-therapy, without the
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risk of deterioration of the patients
condition.

A study from France included
120 patients with osteoarthritis of
the knees and hips in a
randomized, placebo-controlled,
double-blind trial designed to
evaluate the effectiveness of
chondroitin sulfate.®® The three-
month treatment phase was fol-
lowed by a two-month treatment-
free phase to allow evaluation of
carry-over effects. The main end-
point was the level of ad libitum
intake of NSAIDs (expressed as mg
of diclofenac equivalent). At com-
pletion of the treatment phase,
patients taking CS were using
significantly less NSAIDs. The
decrease persisted throughout the
two-month treatment-free follow-up
phase. All other parameters studied
including a visual analog pain-
scale assessment, a pain-function
inflex and overall patient and
physician assessments - showed a
similar significant trend. Tolerance
to CS was outstanding, no patients
requiring premature withdrawal.
These findings show that CS is
useful in treatment of OA, both as a
slowly-effective agent against
symptoms and by reducing the
need for NSAIDs. The early-over
effect of CS suggests that intermit-
tent administration may be appro-
priate.

Another compound that is often
used with glucosamine and
chondroitin is manganese. Manga-
nese is a trace element that natu-
rally occurs in some foods and is
present in the body as well. It is an
important cofactor in the biochemi-
cal reactions by which joint tissues
are made. Specifically, the reactions
that make glycosaminoglycans out
of glucosamine will not occur
efficiently unless manganese is
present in the body.* For the esti-
mated 37% of Americans who are
marginally deficient in manga-
nese,*° these reactions will occur at
a limited rate. Supplementing
manganese helps ensure that GAG
synthesis occurs at the maximum
possible rate. Manganese ascorbate
is a well absorbed salt compound of
manganese and ascorbic acid (or
vitamin C), which is itself a neces-
sary co-factor in the synthesis of
collagen.

In summary, used individually,
both CS and glucosamine have

been found by various European
researchers to be effective in reduc-
ing symptoms of OA without ad-
verse side effects. The combining of
glucosamine with a GAG,
chondroitin sulfate (CS), arises from
the concept that CS, like other
GAGs, not only has a critical struc-
tural role, but also has important
regulatory functions in various
tissues, presumably including
joints.*? Many animal studies
completed in the United States on
the combination of glucosamine
HCI, chondroitin sulfate, and
manganese have shown a positive
clinical effect.*!-¢ Double-blind,
randomized, placebo-controlled
clinical trials are continuing in the
United States to further validate the
combination of glucosamine HCI,
CS, and manganese ascorbate.

When given in combination,
glucosamine and chondroitin
sulfate provide a synergistic effect in
forming GAGs, inhibiting
degradative enzymes, and up-
regulating cartilage metabolism.
This synergistic effect has been
documented in cell culture studies.*8
The net result may be expected to
be enhanced health of articular
cartilage matrix.

A patented oral product combin-
ing therapeutic amounts of the
chondroprotective agents
glucosamine (500 mg, as the hydro-
chloride), purified chondroitin
sulfate (400 mg), and manganese
ascorbate (76 mg) is currently
available. The recommended daily
dosage is 3 capsules; 2 capsules in
the morning and 1 capsule in the
evening for the first 60 days. After
60 days, dosage may be lowered
gradually, depending on the pa-
tient’s response. Clinical trials are
now underway on this patented
combination and are said to be
yielding positive results.*” A recent
article from Johns Hopkins Univer-
sity reported “Special attention
focuses on oral chondroprotectives,
and extensive research supports the
concurrent use of oral glucosamine
and chondroitin sulfate.”*°

Concerning chondroprotective
therapy, two points need to be
remembered. Firstly, because these
must act via living chondrocytes,
they are likely to be most effective if
used early in the course of the
disease, when viable chondrocytes
and some cartilage remain over




joint surfaces. Also, because these
agents are nutrients, not pharma-
ceuticals, a response should not be
expected to occur immediately, and
full effect may not be seen until 6 to
8 weeks of therapy are completed.
Another issue that must be consid-
ered is the purity of the compounds.
All of the research that has been
conducted has used pharmaceutical
grade glucosamine and chondroitin
sulfate. In fact, recent information
from the University of Maryland
School of Pharmacy has indicated
that a large percentage of products
may not meet label claim.* It is,
therefore, important to use a source
from a reputable company that
subjects their product to pharma-
ceutical GMP quality control and
clinical studies.

As the average age of the popu-
lation increases, osteoarthritis will
increasingly be an important cause
of pain and disability for added
millions of people. It is a disease in
which a variety of therapies can be
used to minimize symptoms and
maximize quality of life, The opti-
mal treatment protocol will vary
depending on the health needs,
finances, and personal preference
and tolerance of each individual. As
strategically-located members of the
health-care team, community
pharmacists are ideally placed to
fully inform their clients of the
options that are available, and to
aid them in choosing the best
treatments for their individual
circumstances.
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