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General Summary

This thesis is in two parts. In the first three chapters the pathogenesis of
osteoarthritis is discussed with particular reference to the mediators and enzymes
involved. Current knowledge of medical treatment with analgesics, non-steroidal
anti-inflammatory drugs (NSAIDs) and disease modifying drugs is presented. Chapters
4 and 5 detail experimental work on the NSAID carprofen and the steroid-NSAID
combination PLT® Tablets.

Canine osteoarthritis usually occurs secondary to primary joint incongruity or
instabilty but it may occur as a primary entity in older animals. Over the last two decades
some of the ultrastructural pathogenic mechanisms of osteoarthritis have become clearer.
Whatever the initiating cause of articular cartilage degeneration, there appear to be
common mediator and enzyme pathways which induce biochemical and gross changes in
articular cartilage and synovium. The chondrocyte reacts to alterations in pressure and
forces within articular cartilage. The synovium liberates a number of mediators which
affect chondrocyte metabolism. Free proteoglycan fragments in the synovial fluid induce
synovial production of the cytokine interleukin-1. An increasingly important role is being
ascribed to interleukins, and a number of other cytokines, growth factors and
chondrocyte stress proteins may also be involved. There is evidence of humoral immune
response to 'hidden' autoantigen in articular cartilage which is liberated as the cartilage is
damaged.

The degradation of the matrix appears to be due to enzymatic destruction of
proteoglycan by neutral metalloproteinases which are produced in increased quantities by
chondrocytes in osteoarthritic cartilage. A reduction in specific tissue inhibitors of
metalloproteinases (TIMP) may make available increased amounts of free active
metalloproteinases. Proteoglycan loss exposes the collagen network to enzymatic damage
and also reduces the elasticity and resilience of articular cartilage such that mechanical
damage of collagen is possible. Loss of matrix may reduce the barrier to mediators in the
synovial fluid. The net result is cartilage fibrillation and erosion.

The treatment of osteoarthritis involves the avoidance or elimination of factors
which promote joint damage such as joint instability, obesity, or inappropriate exercise.
Analgesics are used to control the symptoms of pain and stiffness. The opiates are not
recommended for long term use because of their central depressent effects. NSAIDs,
which have analgesic and anti-inflammatory activity, have demonstrated better efficacy in
osteoarthritis than pure analgesics such as paracetamol.




The activity of NSAIDs is primarily due to the inhibition of the synthesis of
prostanoids, some of which are beleived to mediate or modulate synovial inflammation
and pain. The inhibition of prostaglandin synthesis by NSAIDs can be potentially
damaging since it is responsible for toxic effects, particularly in gastrointestinal and renal
tissue. The NSAIDs have different pharmacokinetics in different species and dose rates
cannot be extrapolated between species. A number of drugs have been used in the dog.
Some of the drugs used in man are much more toxic in dogs and should not be used. The
drugs presently available are discussed in Chapter 3.

The NSAIDs only offer symptomatic treatment and do not inhibit disease
progression. Some NSAIDs promote degenerative changes in osteoarthritic cartilage in
vitro and in vivo. More recently, interest has been shown in 'disease modifying drugs'.
Although higher doses of corticosteroids cause osteoarthritic changes in joints, low doses
have demonstrated inhibitory effects on articular cartilage degradation.
Glycosaminoglycan polysulphated esters, hyaluronate and glucosamine have
demonstrated chondroprotective properties in vitro and in vivo. These drugs and agents
which affect cytokines or mimic growth factors may be important in the therapy of canine
osteoarthritis in the future. However, NSAIDs are the most widely used drugs in the
medical therapy of osteoarthritis to date and will probably remain important therapeutic
agents.

One of the newer NSAIDs, carprofen, a propionic acid derivative has been
demonstrated to be better tolerated in the dog than many other NSAIDs. Daily oral
administration of carprofen at over 5 times the recommended daily dose for over 12
months has been well tolerated by experimental dogs. Pharmacokinetics were studied in
beagles after a single oral dose at a rate of 4 mg/kg bodyweight. A fourteen day tolerance
study at 9 mg/kg bodyweight/day was performed to assess the clinical, haematological
and biochemical effects of carprofen at a supratherapeutic dose. A clinical trial on the
efficacy of carprofen in the therapy of osteoarthritis in dogs was carried out with the
cooperation of practicing veterinarians. Although a blinded cross-over trial with
radiological corroboration of the clinical diagnosis would have been the prefered
experimental method, it was not considered practical since no funds were available for the
remuneration of participating veterinarians. Instead, it was only possible to perform an
unblinded trial using two groups of limited comparability, and using phenylbutazone
treated dogs as positive controls. The experimental evidence suggested that carprofen was
at least as efficacious as phenylbutazone in the therapy of osteoarthritis and may be a
useful drug in the chronic therapy of osteoarthritis at 2-4 mg/kg/day as a single dose or
divided into two doses.



PLT ® Tablets are a development of Predno-Leucotropin ® Tablets which
have been used in the therapy of musculoskeletal disorders for 22 years. PLT Tablets
contain the NSAID cinchophen and a low dose of the steroid prednisolone but, unlike
Predno-Leucotropin Tablets, they do not contain hexamine. The combination may have
synergistic activity since the two drugs have anti-inflammatory activity at different levels
of the arachidonic acid conversion pathway. The prednisolone dose rate is similar to that
demonstrated to have chondroprotective properties in early experimental osteoarthritis. A
clinical trial on the efficacy of PLT Tablets was carried out since there are no reports in
the veterinary literature on the efficacy of cinchophen, or of cinchophen and prednisolone
in combination. Trial design resembled that for the carprofen clinical efficacy trial and had
the same drawbacks. PLT Tablets appeared to be at least as efficacious as phenylbutazone
in the therapy of osteoarthritis in the dog and were efficacious at dose rates below the
manufacturers recommendations.
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Chapter 1

An Overview of the Aetiology and Pathogenesis
of Osteoarthritis




An Overview of The Aetiology

Pathogenesis of rthriti

1.1 Introduction

Canine osteoarthritis has been recognised for many years. Osteoarthritis is
also a very common disease in man. Osteoarthritic changes are present in 35% of knees
of people aged 30, and are almost universal in people over 70 (Roberts and Burch,
1966). In man, clinical osteoarthritis is two or three times as prevalent as theumatoid
arthritis (DiPascale, 1986). Osteoarthritis affects all mammals except sloths and bats; this
includes aquatic, non-weightbearing mammals such as whales, dolphins and porpoises.

1.2 Nomenclature

At least fifty-four different names have been used for the pathological process
which is called osteoarthritis in this thesis (Tarnopolsky, 1950). The term "degenerative
Joint disease " implies that the process is catabolic, but much of the pathophysiological
process in osteoarthritis is anabolic, synthetic, and reparative. In the UK and Europe the
pathological process is often called osteoarthrosis. This term is often used to describe
subclinical or preclinical osteoarthritic changes, or changes not associated with
inflammation. Many authors are not happy with the term osteoarthritis since it implies an
inflammatory component whereas inflammation is not detectable in all osteoarthritic
joints. However, osteoarthritis is the terminology widely used and accepted in human and
veterinary literature and is therefore the term used in this thesis.

L3  Aectiology of Osteoarthritis

Although osteoarthritis is very common, many aspects of the aetiology and
pathogenesis are poorly understood. Osteoarthritis is now widely considered to be not a
single entity but a pattern of reactions to injury of the articular and periarticular tissues
(eg.Arnoczky and Marshall, 1981; Berry and Paulus, 1983; McCarty, 1989). It would
perhaps be better to regard the subclinical (but radiographic and anatomical) changes
which are common in so many older people, and in many older animals (Tirgari and
Vaughan, 1975), as normal processes of repair, remodelling and adjustment in response
to joint insult (Bland, 1986). Where clinical signs develop then the term osteoarthritis can
be applied and regarded as a failure of normal subclinical joint repair and readjustment.



Historically, osteoarthritis has been divided into primary and secondary types.
Primary osteoarthritis could also be termed idiopathic since the factor or factors which
have caused a clinical problem are unclear. Secondary osteoarthritis develops as a
response to an identifiable causative factor such as acute or chronic trauma, articular
fractures, infection, aseptic necrosis and so on. In man, secondary osteoarthritis is being
increasingly recognised with a concurrent reduction in cases that are designated as
primary osteoarthritis (Stulberg and others, 1975; Berry and Paulus, 1983; Hough and
Sokoloff, 1989). Primary canine osteoarthritis has been documented. In one study, 20%
of dogs at necropsy, selected at random, had osteoarthritic changes in one or more joints.
In 61% there was no identifiable predisposing cause (Tirgari and Vaughan, 1975). Some
investigators have stated that primary osteoarthritis of the shoulder is common in dogs
(Ljiinggren and Olsson, 1975; Tirgari and Vaughan, 1975). Primary osteoarthritis of the
elbow also occurs but is less common (Ljunggren and Olsson, 1975). However, many
cases of primary osteoarthritis may be secondary to a cause which has become obscured
by the osteoarthritic process.

Secondary osteoarthritis is apparently much more common in the dog
(Clayton-Jones, 1985). Joints most often affected in canine osteoarthritis are
weightbearing synovial joints: the hip, the elbow, the stifle and the shoulder. In contrast
to human osteoarthritis, interphalangeal joints are rarely affected in the dog. Primary
causes are often identifiable in the young dog such as hip dysplasia, or osteochondritis.
In the older dog rupture of the anterior cruciate ligament of the stifle is a common cause
of stifle osteoarthritis. In many older dogs the primary cause cannot be determined from
the history or at necropsy. In many cases, the dog will only show lameness in latter life
but the initiating cause may have been present much earlier. The joints most often affected
in the older dog are those in which developmental problems such as osteochondritis
lesions are common (Arnoczky and Marshall, 1981).

The aetiology of osteoarthritis is still uncertain. There is evidence of a genetic
contribution in man. A defect in cartilage metabolism has been suggested. However, the
genetic component may be related to differences in the conformation and infrastructure of
joints, long bones and in soft tissue structures which predispose to osteoarthritic change
as in hereditary hip dysplasia in the dog. Some hormonal imbalances affect the
osteoarthritic process. In man, acromegaly, a syndrome caused by excess growth
hormone production, induces osteoarthritis earlier and with a higher incidence. Diabetes
mellitus appears to predispose to osteoarthritis. Conversely, osteoporosis due to a fall in
oestrogen concentrations decreases the incidence of osteoarthritis, possibly because the
subchondral bone is softened or because of direct hormonal effects (Hough and
Sokoloff, 1989; Moskowitz, 1989).



Chemical theories include primary synovitis, possibly due to immune
complex formation, and the secondary stimulation of degradative enzymes in cartilage by
synovial factors. Synovitis is not a consistent finding in osteoarthritic joints (Mankin,
1985; Hough and Sokoloff, 1989). It has been proposed that the primary defect in
osteoarthritis is in the synovium and in products of the synovium.Studies of early hip
dysplasia in dogs suggested that lesions in articular cartilage are preceded by synovitis
and synovial effusion (Lust and Summers, 1981). Laver-Ruelich and Silberman (1985)
demonstrated that the surface of articular cartilage is negatively charged and that with age
the charge density was decreased. A possible relationship with the onset of osteoarthritic
changes was proposed.

The favoured theories remain those based on a mechanical initiation. Recent
developments in the knowledge of lubrication and fluid mechanics make previously
widely accepted views on the importance of synovial viscosity in maintaining low friction
at the cartilage-cartilage interface untenable (McCutchen, 1978; Davis and others, 1979).
Pressure application to cartilage causes the surface to "weep". Less tightly bound water
molecules are forced out of the cartilage matrix. Some of the water content appears to be
tightly bound to the matrix proteoglycan (Mankin, 1985). The surface of cartilage is
protected in a "low-shear environment” by undulations and microscopic dimples in the
cartilage surface which trap synovial fluid. A specific glycoprotein, "Lubricin ", adheres
to the cartilage and makes it more slippery (Swann, 1978). No deficiency in the
boundary-lubricating ability of synovial fluid has been demonstrated in osteoarthritis
(Davis and others, 1978). Although hyaluronic acid appears to have no rdle in
cartilage-cartilage interface lubrication, it is an effective lubricant of the periarticular soft
tissue and is probably the primary lubricant of synovium (Davis and others, 1979;
Mankin, 1985).

Joint incongruity or instability, or changes in the stiffness of the subchondral
bone may initiate osteoarthritis. There is evidence that bony changes and repeated impact
loading are important (Felson and others, 1988). Articular cartilage is much thinner than
the length of bone available for impact absorption. In experimental and clinical lesions,
microfractures and sclerosis in the subchondral trabecular bone have been seen to precede
measurable changes in the cartilage (Roy and Ghadially, 1966; Hough and Sokoloff,
1989). Cartilage has been found to be mechanically more liable to damage by impact
loading than by shearing forces (Radin and others, 1973). Sustained pressure on cartilage
causes a suppression of chondrocyte activity (Crellin and Southwick, 1964). In man,
some investigators have found a relationship between the increase in body mass
associated with obesity and the incidence of osteoarthritis of the knee. They proposed
possible alterations in subchondral bone density as a causative mechanism (Davis and
others, 1988).



Whatever the initiating cause, and there may be a combination of factors, the
changes in the osteoarthritic joint appear to follow a "final common pathway".
Knowledge of some of the various pathways of damage and repair in the osteoarthritic
joint has increased substantially in the last two decades. However, the relative importance
of different mechanisms and interactions between them, and the factors which affect the

progression of the disease and severity of clinical signs associated with osteoarthritis are
still poorly understood.

The gross changes, which include joint capsule thickening, synovitis, bony
remodelling, bony end plate sclerosis, osteophyte formation, cartilage softening,
fibrillation, fissuring and erosion, are paralleled by biochemical changes. The water
content of osteoarthritic articular cartilage increases, probably due to a decrease in
proteoglycan content and in proteoglycan aggregation. There appears to be damage to
proteoglycan and hyaluronate. The number of living chondrocytes does not decrease until
a late stage in the disease process (Sokoloff, 1969; Mankin, 1985; Hough and Sokoloff,
1989).

Although it is still possible that most cartilage destruction proceeds
mechanically (Freeman, 1979; Maroudas, 1980), there is a large amount of evidence that,
in primary and secondary osteoarthritis, biochemical and mediator effects are very
important in the disease pathogenesis. Many experimental studies have shown the
enhancement or inhibition of osteoarthritic changes by various mediators and especially
the cytokines and various growth factors (see 2.5-2.6). Articular cartilage degradative
enzyme activity has been reported to be correlated with synovial inflammation and
synovial inflammation and effusion may precede cartilage changes (Lust and Summers,
1981). Good correlation has been reported between the disease activity and the active
metalloproteinase content of articular cartilage in secondary osteoarthritis (see 2.11).
Some disease modifying drugs have demonstrated marked chondroprotective effects in
models of secondary osteoarthritis (see 3.7) which suggests that mechanical effects per se
are not the direct mechanism of cartilage destruction.



L4.1 Role of the Synovium

Inflammation is associated with up to three-quarters of all cases of
osteoarthritis in man (Dieppe, 1984). Synovitis is probably important in the pathogenesis
of osteoarthritis and in the clinical signs of pain and stiffness. Some authors have
proposed synovial initiation of the osteoarthritic process and there is evidence that
synovial changes precede changes in cartilage in secondary osteoarthritis (Dingle, 1979;
Lust and Summers, 1981). The synovium has been shown to liberate a number of
mediators including interleukin-1 and other cytokines which have effects on the
chondrocyte and the synovial and fibrous capsule and bony tissues (see 2.5).
Osteophytes formed at the joint periphery are metaplastic synovial cells and indicate an
active inflammatory process and synovitis (Mankin, 1985).

142 Role of the Chondrocyte

In recent years, the increasingly important r6le of the chondrocyte has been
recognised. As in other connective tissues, physical and mechanical forces and
biochemical changes appear to result in a complex pattern of chondrocyte responses
which react to return the articular cartilage system to normal function. In effect the
chondrocyte in association with the synovium, the joint capsule, the subchondral bone
and muscular and ligamentous structures responds to repeated joint trauma or insult or to
normal or changing loading forces to retain a homeostatic state (Mankin, 1985; Howell,
1989; Hough and Sokoloff, 1989).

The complex double-diffusion pathway for the nutrition of the chondrocytes
from the synovium via the synovial fluid means that chondrocytes rely predominantly
upon anaerobic glycolytic metabolism (Sokoloff, 1969; Mankin, 1985; Hough and
Sokoloff, 1989). Chondrocytes are extremely resistant to low oxygen tension. In
response to a reduction in the supply of glucose, chondrocytes respond by switching to
oxidative (aerobic) metabolism and this is associated with degradation of the surrounding
intercellular substance. Disturbances in nutrition may involve:

-changes in the synovial blood flow or changes in synovial blood

vessel structure

-structural changes in synovial tissues, especially fibrosis

-changes in synovial fluid quantity and quality

-biochemical and ultrastructural changes in the articular cartilage

matrix

-subchondral stiffening; cartilage and subchondral deformation under loading are
reduced and thus a nutrient pumping effect is also reduced (Hough and Sokoloff,
1989).



The chondrocyte is sensitive to changes in biochemical environment and the
disruption of the supply of nutrients may cause changes in the synthesis of matrix
components by the chondrocytes. /n vitro, mechanical stimulation of chondrocyte culture
increases sulphated glycosaminoglycan ten-fold in the media, and fifty-fold adherent to
the cell membranes (Sokoloff, 1980). It is now known that chondrocytes are extremely
active. The glycosaminoglycan content of cartilage is in a continuous cycle of removal
and replenishment. Collagen is also synthesised and degraded although turnover is much
slower (Mankin, 1985).

Glycosaminoglycans are linear
polysaccharide chains which, in s
articular cartilage, consist of three types TABLE 1: Factors affecting synthesis of
L glycosaminoglycans and proteoglycans
of dimeric unit: chondroitin-4 sulphate,
chondroitin-6 sulphate and keratan -osteoarthritis  -ascorbic acid
sulphate synthesised by the -laceration injury -vitamin E
-hydrostatic -pH
chondrocyte. Some of the factors pressure calcium concentration
affecting the synthesis of -temperature -lipopolysaccharides
. .. -[ substrate ] -hyaluronate
glycosaminoglycan are given in TABLE —cortisol -salicylate
1 (right). -Cytokines -other NSAIDs
- -prostaglandins
-growth hormone
Proteoglycans are formed when  {_ J

approximately 100 chondroitin sulphate

and 60 keratan sulphate chains are bound to a core protein (Molecular weight = 200000).
Interchain binding of the glycosaminoglycans appears to occur for all glycosaminoglycans
except hyaluronate, which lacks a SO4 group, and keratan sulphate, which lacks a
carboxyl group. Up to 100 proteoglycan molecules consisting of glycosaminoglycan side
chains around a core protein aggregate with hyaluronate (Mankin, 1981; Mankin, 1985;
Hough and Sokoloff, 1989). There is very specific binding between hyaluronate and
hyaluronate-binding region of the proteoglycan core proteins which suggests a "lock and
key" mechanism rather than electrostatic interaction (Lindahl and Ho6k, 1978).
Proteoglycan aggregates are extremely large (= 2x108 daltons). The arrangement is
represented diagrammatically in FIG 1. Glycosaminoglycans bind to collagen by
electrostatic interaction at physiological pH. There are two collagen binding sites in the
proteoglycan molecule: one in the core protein, one in the polysaccharide chains (Toole,
1976). The size and distribution profiles of proteoglycan aggregates is dependent upon the
quality and quantity of link protein, proteoglycan subunits and hyaluronic acid, and
probably to the biochemical properties of normal and osteoarthritic cartilage (Buckwater
and others, 1986; Manicourt and others, 1986; Pita and others, 1986).
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Fig 1: Diagrammatic representation of the proteoglycan aggregate structure.

The structure is based on proteoglycan molecules with molecular weights of about
2 million daltons which are bound by two types of link protein to a hyaluronate
molecule. The proteoglycan is made up of a core protein to which are attached
glycosaminoglycan (GAG) side chains. In the area close to the hyaluronate binding
region keratan sulphate GAG and associated oligosaccharides are most common
whilst larger chondroitin sulphate GAG chains predominate in the distal region.




Collagen is formed into an organised lattice which is structured to resist
compressive and shear forces. In a resting state the collagen network is quite random when
histologically examined but under mechanical stress the network becomes ordered (Broom,
1984; Broom, 1986). Glycosaminoglycans are highly electronegative and the proteoglycan
'gel' traps water. The collagen arcade is normally sealed and the proteoglycan is forced to
exist in a semi-hydrated state. Collagen retains the form of the articular cartilage, resisting
the osmotic forces generated by proteoglycans which tend to swell the cartilage and which
are responsible for the elasticity of normal cartilage (Mankin, 1981; Mankin, 1985; Hough
and Sokoloff, 1989).

With damage to the collagen arcade, remaining proteoglycan will imbibe water
and expand, increasing the exposure of proteoglycan and collagen to enzymatic degradation
and resulting in a decrease in the elasticity and impact load dispersion capacity of the
articular cartilage, which predisposes to further cell and matrix damage. Unmasking of the
middle layers of cartilage may be an important pathophysiological event in osteoarthritis
(Broom, 1984; Broom, 1986). Degenerative, traumatic or enzymatic damage to the
collagen network will cause common structural transformations. The normal collagen
cross-linkages are broken and the collagen assumes a soft, parallel configuration (Chrisman
and others, 1981; Radin, 1983; Howell, 1986). It has been suggested that proteoglycans
protect interconnecting regions of the collagen network from enzymatic disruption and
removal of the proteoglycans exposes the linkages of the collagen network to more direct
attack from collagenases (Broom, 1988).

The nature of the connection between the collagen fibrils is still uncertain. The
collagen fibrils may link directly or there may be a third matrix component which acts as a
link. Collagen Type I predominates in cartilage, but there are also small quantities of minor
collagens Types V, VI, IX, and XI which make up approximately 3% of the total collagen
content. Collagen Type IX has non-helical regions which give the molecule flexibility and
is concentrated close to intersections of the fibril network. It has been proposed that
Collagen Type IX could act as the interfibril linkage molecule (Broom, 1988).

The total proteoglycan content of cartilage is decreased in osteoarthritis. The
ratio of keratan sulphate and chondroitin 6-sulphate to chondroitin 4-sulphate decreases.
The length of the proteoglycan subunit core protein is shortened in either the chondroitin
sulphate or hyaluronic acid binding region. Glycosaminoglycan chains are reduced in
length and hyaluronic acid polymer size and content decrease (Moskowitz and others,
1979; Howell, 1989; Moskowitz, 1989).



The capacity to form aggregates with proteoglycan subunits becomes variable.
The concentration of non-proteoglycan and non-collagen proteins is increased. Degraded
proteoglycans rapidly diffuse into the synovial fluid or are further degraded by
chondrocytes. Undamaged proteoglycan subunits may reaggregate (Moskowitz and others,
1979; Howell, 1989; Moskowitz, 1989). Released proteoglycan fragments have
demonstrated the potential to cause synovitis and may be an important mediator of
osteoarthritis pathogenesis (see 2.8).

In natural and experimental osteoarthritis, proteoglycan loss usually precedes
cartilage erosion (Howell and others, 1986). The mechanism may involve defects in
chondrocyte repair responses, direct mechanical damage and enzymatic degradation
(Lowther and others, 1981). Candidates for the enzymes involved include neutral
metalloproteinases and serine proteases. Several experiments have suggested that serine

proteases activate latent metalloproteinases (Woessner, 1977; Woessner, 1982; Sapolsky
and Howell, 1982; see 2.11).

The matrix configuration and charge affect the rate of diffusion of many
substances through the matrix. The diffusion of larger molecules is particularly sensitive to
the concentration of proteoglycan (Mankin, 1985). This may be important in the regulation
of access of various chondrocyte-function mediators to the chondrocyte. The matrix seems
to inhibit chondrocyte mitosis since the loss of matrix barrier in cartilage erosions is
associated with clusters of chondrocyte clones (Mankin, 1981; Mankin, 1985; Hough and
Sokoloff, 1989).

L>  Repair of Cartilage

There is substantial evidence that articular cartilage repair occurs and that the
cartilage damage in osteoarthritis is potentially reversible (Bland, 1986). Osteoarthritic
articular cartilage is more active than normal. In osteoarthritis, the microenvironment of the
chondrocyte changes. Mitosis is stimulated and clone clusters form (Solokoff, 1969;
Sokoloff, 1980; Hough and Sokoloff, 1989). In chondrocyte cell culture, mature cells
divide, grow and synthesise phenotypic glycosaminoglycans and collagen. It appears that
ordinarily, the matrix of cartilage switches off the cell replication mechanism and that
mitosis can occur when the chondrocytes are released from the matrix (Green, 1971;
Sokoloff, 1980). Proliferating cells in osteoarthritis not only incorporate Thymidine as a
marker of DNA synthesis (Havdrup and Telhag, 1980; Hirotani and Ito, 1975) but also
increase sulphate uptake (Meachin and Collins, 1962).



In osteoarthritic articular cartilage, chondrocytes become very anabolic,
increasing production and secretion of glycosaminoglycans and increasing collagen
synthesis. The collagen that is produced is now believed to be Type II and the repair tissue
can therefore be considered hyaline type cartilage (Mankin, 1985; Hough and Sokoloff,
1989). Earlier authors considered tissue produced in experimental cartilage damage and
repair not to be primary normal hyaline cartilage (Sokoloff, 1974). The rate at which
articular cartilage repair can occur in vivo is undoubtedly slow, but it may be significant
over a long period (Mankin, 1981; Bland, 1986). An additional reparative pathway exists
in the pluripotential granulation tissue which is present in subchondral bone marrow and
which may become exposed in severe osteoarthritis ( Harrison, 1953; Gay and others,
1976; Cheung and others, 1980).

In man, it is recognised that there can be extensive damage to articular cartilage
in a joint without any symptoms. It also appears that osteoarthritis may not be progressive
in older people. Some cases of advanced and very painful osteoarthritis can become
painless, or the pain may be intermittent. Spontaneous remission has been reported. In hip
osteoarthritis in man, marked clinical improvement and radiographic recovery of joint space
occurred in many cases in one study (Forman and others, 1983; Bland, 1986).

It has been suggested that pharmaceutical or physical stimuli might encourage
the regeneration of cartilage which is functionally normal (Salter and others, 1980;
Burkhardt and Ghosh, 1986). Continuous passive motion [the repeated flexion and
extension of a joint without load by exogenous mechanical means] has been found to be a
powerful stimulus for cartilage regeneration and healing. Full thickness defects in rabbit
articular cartilage healed very slowly if the joint was immobilised. If ambulation was
permitted then healing was more rapid, but the repair was with fibrocartilage and not
hyaline cartilage. Also, in this group the joints became osteoarthritic within six months. In
a group treated with continuous passive motion, hyaline cartilage regenerated and the
cartilage was normal six months later (Salter and others, 1980).

16 Summary

The almost ubiquitous nature of radiographic and anatomical changes in older
people and the symptomless nature of many cases in man and animals suggests that some
of these changes are a normal reparative response to joint damage. There are no clinical
signs and there is essentially full joint function. If, however, damage exceeds repair or if
clinical effects are mediated for instance by secondary synovial inflammation, then clinical
osteoarthritis supervenes. The clinician is interested in the factor or factors which tip the
balance and the potential for modification or reversal of these factors and the osteoarthritic
process.
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Osteoarthritis is now believed to be a common reaction to different joint insults
or traumas. The concept of a "final common pathway" is widely accepted (FIG 2).
Previous theories based on simple "wear and tear" mechanical mechanisms have proved to
be untenable with new knowledge on the dynamic nature of articular cartilage and other
joint structures. It now appears that ultra-structural mechanisms and biochemical changes
play a major rdle in the regulation of cartilage repair and in the pathogencsis;osteoarﬂlritis.
The precise interactions and relative importance of these mechanisms is still unclear but
important advances in our knowledge of the subject have been made in recent years.
Secondary osteoarthritis in the dog is likely to be initiated by biomechanical overloading. It
now appears that this induces changes in the chondrocyte or matrix microenvironment
which mediate alterations in the synthesis and enzymatic degradation of matrix
proteoglycan . Possible mediators of cartilage and synovial changes are discussed in the
next chapter.
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Chapter 2

Role of Mediators in the Pathogenesis
and Clinical Signs of Osteoarthritis
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Role of Mediators in the Pathogenesis
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21  Introduction

It has been suggested that chondrocytes are unlikely to receive and respond to
humoral messages because of the double diffusion barrier which exists between the
synovium and the chondrocyte [capillary -> synovium -> synovial fluid -> articular
cartilage matrix -> chondrocyte] and because of the selectivity of diffusion into the highly
electronegative proteoglycan matrix. Instead, it is likely that chondrocytes are sensitive to
alterations in physical forces, for instance pressure and shear forces. However, it does
appear that many synovium-derived factors including various growth factors and
cytokines can influence chondrocyte activity (Dingle, 1978; 1979; 1981; Mankin, 1985).

The collagenolytic activity of synovial and cartilage tissues increases in
osteoarthritis. The collagenolytic activity of cartilage is proportional to the degree of
inflammation of the synovial membrane and not to the collagenolytic activity in the
synovium (Pelletier and others, 1985). This suggests that stimulatory mediators may, but
collagenolytic factors probably do not, diffuse from the synovium to the articular cartilage
and modulate tissue breakdown. It has been reported that in canine hip dysplasia
synovitis and effusion precede cartilage damage and bony remodelling (Lust and
Summers, 1981).

Certain drugs are "chondroprotective” in experimental secondary
osteoarthritis; others can accelerate degradation (see 3.3.6 and 3.7). Alterations in
mechanical stresses appear to lead to secondary osteoarthritis by effects on cell-cell
communication and mediator release. Other mediators may be involved in the
inflammatory response in the synovium and the clinical signs of pain and stiffness.

It is likely that changes in the synovium and especially in the cartilage matrix
proteoglycan may reduce the diffusion barrier to mediators to the chondrocyte in
osteoarthritic cartilage. There are undoubtedly complex inter-relationships between
different mediators. The stimulation and inhibition feedback network remain poorly
understood. Possible roles for a number of mediators are discussed in this chapter.

13



22  Eicosanoids

Nonspecific cell injury due to mechanical or chemical trauma, ischamia or cell
death, or specific receptor-coupled phospholipase release stimulates the liberation of
unsaturated fatty acids from the plasma membrane or from free triglycerides. These fatty
acids include arachidonic acid which can be converted into eicosanoids.The eicosanoids
are molecules which have various actions on the inflammatory process. The arachidonic
acid biotransformation pathways are represented in diagrammatic form in FIG 3. There
are two branches to the pathway; the cyclooxygenase pathway leads to the formation of
the prostanoids including the prostaglandins (PGs), prostacyclin (PGI2) and
thromboxanes (TBXs). The lipoxygenase pathway leads to the formation of the
leukotrienes (LTs) and hydroxyeicosotetraenoic acids (HETEs) (Dawson and
Willoughby, 1985).

Prostaglandin endoperoxide synthetase is present in the microsomes. LTB4
synthesis occurs in the cytoplasm, whilst LTC4, LTD4 and LTE4 synthesis occurs at the
plasma membrane. Compartmental localisation may be important in the regulation of
prostaglandin, leukotriene and HETE production (Kitchen and others, 1985). Different
prostaglandins and leukotrienes often have antagonistic functions. Many of the effects of
the prostanoids appear to be antiinflammatory (Dawson and Willoughby, 1985). Some of
the actions of the eicosanoids are listed in TABLE 2 below. Many of the details of the
interaction between the eicosanoids and between the eicosanoids and other mediators are
unclear. Levels of arachidonic acid in articular cartilage increase markedly with age
(Bonner and others, 1975). A four fold rise in arachidonic acid has been demonstrated
two hours after experimental cartilage injury (Chrisman and others, 1981). Whether the
eicosanoids are important in cartilage response to acute trauma is not known.

TABLE 2: SOME KNOWN ACTIONS OF SELECTED EICOSANOIDS

PROSTAGLANDIN E2: PROSTACYCLIN (PGI2):
- vasodilation - vasodilation
- increased capillary permeability - decreased platelet adhesiveness
- enhancement of pain and changes in vasculature - increased vascular permeability
- increase in cyclic adenosine monophosphate ( cAMP ) - 7 inhibition of chemotaxis
- increase enzyme release
- 7 chemotaxis enhancement THROMBOXANE A2:
- increased platelet adhesiveness
PROSTAGLANDIN F2ee:
- vasoconstriction LEUKOTRIENE B4:
- decreased capillary permeability - chemotaxis
- increased cyclic guanosine monophosphate ( cGMP ) - increased vascular permeability

14
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2.2.1 Prostanoids

Cyclooxygenase converts arachidonic acid to PGG2 and further enzyme
conversion liberates the various prostanoids. The prostaglandins have mediator and
modulator activity. PGE2 mediates vasodilation. Many of the actions of the prostanoids
are antagonistic to one another. For instance, thromboxane A2 (TBA2) and prostacyclin
(PGI2) have antagonistic actions on platelet adherence and aggregation (Ortmann and
Perkins, 1977; Dawson and Willoughby, 1985). Prostaglandins may have an important
rdle in the fine tuning of inflammatory response (Lees and others, 1987).

Prostanoids are not stored in the tissues (Piper and Vane, 1971) but mild
chemical and mechanical stimulation of tissues will induce their synthesis (Ferriera,
1967). More than twenty prostaglandins have been characterised (Higgins, 1985).
Prostaglandins act synergistically as with other agents. Prostaglandin E2 and prostacyclin
enhance pain and vascular permeability responses to kinins. They enhance peripheral pain
perception (Moncada and Vane, 1977). Both PGE1 and PGI2 increase pain sensitivity
(Higgs and Salmon, 1979). The pain threshold may be so drastically altered that normally
painless stimuli become painful. Only at very high concentrations (greater than
physiological concentrations) can prostaglandins cause pain directly. The effect of
prostaglandins is cumulative and of relatively long duration (Dawson and Willoughby,
1985). Prostaglandins have also been implicated in pain perception in the central nervous
system. They are produced within the CNS and may sensitise it to painful substances
such as kinins (Weissman, 1977). Most prostaglandins are eliminated at their first
passage through the lung, with very low concentrations reaching the systemic circulation.
They can therefore be regarded primarily as local mediators or modulators (Weissman,
1977).

Prostaglandins have been identified in the synovial fluid of human patients
with inflammatory arthritides such as rheumatoid arthritis (Robinson and Granda, 1974;
Trang and others, 1977; Higgs and others, 1983). Small (pikogram) concentrations have
been detected in chronic osteoarthritis in horses (Taminini and others, 1980) and in man
(Brodie and others, 1980).

16



In vitro, PGF2- has been demonstrated to be more potent than either PGE2 or
PGD2 in enhancing cartilage degradation (Hubbard and others, 1986). Prostaglandins of
the E series are known to destabilise lysosomal membranes and cause release of enzymes
in cartilage. Teitz and Chrisman (1975) found that, in rabbits, chloroquine inhibited
prostaglandin-induced articular cartilage damage but salicylate did not. The short-term
incubation of intact canine articular cartilage slices with PGE1 and PGE2 caused
significant depletion of hexosamine, a proteoglycan concentration marker, from the
cartilage matrix compared to control cartilage. Chloroquine, a known inhibitor of DNA
primer, prevented the prostaglandin-induced hexosamine depletion. The experiment
suggested that PGE may directly induce cartilage degradation via a DNA-dependent RNA
controlled synthesis of proteases (Fulkerson and others, 1979). PGE also appears to
inhibit in vitro production of cartilage ground substance by chondrocytes in culture (Teitz
and Chrisman, 1975).

2:.2.2 Leukotrienes and Hydroxy Arachidonic Acid Products

The rdle of lipoxygenase products in inflammation remains poorly defined.
Recent experiments have suggested that leukotrienes C4, D4, and E4 (previously known
as slow-reacting substance of anaphylaxis or SRS-A) are primarily involved in immediate
hypersensitivity reactions including bronchospasm and hypotension. LTB4 is a very
potent chemotaxin, especially for polymorphonuclear leucocytes, can cause smooth
muscle contraction and affects capillary permeability. LTB4 increases vascular
permeability and augments prostaglandin effects (Higgins, 1985).

There is little evidence that lipoxygenase products are important mediators in
chronic inflammation (Dawson and Willoughby, 1985). Lipoxygenase products have not
been demonstrated in osteoarthritis, although raised concentrations have been identified in
rheumatoid arthritis, spondylarthritis and psoriasis (Klickstein and others, 1980;
Hammastrom and others, 1975). LTB4 has been detected at increased concentrations in
inflamed joints and soft tissues in horses (Higgins, 1985). The blockade of the
cyclooxygenase pathway with low doses of Non-Steroidal Anti-Inflammatory Drugs
(NSAIDs) may make available more arachidonate substrate for the uninhibited
lipoxygenase pathway, and higher concentrations of leukotrienes may be generated
(Higgs and Vane, 1983). Whether this of any practical significance is not known.
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Though the eicosanoids are undoubtedly important in acute inflammation,
other mediators are also important. Rats with a deficiency of essential fatty acids, such
that eicosanoid generation was compromised, showed an acute inflammatory response
similar to that in normal rats (Bonta and others, 1977). Most authors now consider that
the eicosanoids are less important in chronic inflammatory conditions than in acute
inflammation. From the evidence presented above, it can be concluded that the
prostanoids, particularly PGE and PGF2e, have effects on cartilage in vitro and may
have actions in the inflammatory arthritides. However, only small concentrations have
been detected in osteoarthritic synovial fluid and cyclooxygenase inhibitors do not inhibit
the progression of disease. It is likely that prostaglandin release is responsible for
augmenting painful stimuli and is a modulator of the synovitis present in some cases of
osteoarthritis. This would explain why NSAIDs have proved so useful in controlling the
symptoms of osteoarthritis.

The prostanoids are important because, currently, they are the most important
inflammatory mediators which can be affected by drug therapy. The overall blockade of
prostaglandin biosynthesis by NSAIDs results in the inhibition of anti-inflammatory
prostanoids as well as pro-inflammatory prostanoids and may not be as useful as first
thought. A selective inhibition of the formation of pro-inflammatory prostanoids, PGE2
and TXA2, would apparently be preferable. NSAIDs have not shown any beneficial
effect on the progression of osteoarthritic changes in joints and many appear to accelerate
cartilage degradation (see 3.3.6). It is now thought that monocyte and lymphocyte factors
such as cytokines including interleukin-1 may be more important mediators (Weismann,
1977; Dawson and Willoughby, 1985; Howell, 1989).

23  Platelet Activating Factor

Platelet Activating Factor (PAF) which is derived from membrane
phosphatidylethanolamine has received much interest and has been the subject of much
recent study. Its precise role in acute or chronic inflammation is not yet clear but one of
its effects is the stimulation of generation of reactive oxygen species (see 2.4). Other
known effects of PAF are chemotactic effects, platelet aggregation and stimulation of
lysosomal enzyme release (Dawson and Willoughby, 1985; Howell, 1989).
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24  Reactive Oxygen Species

Reactive Oxygen Species (ROS) or oxygen-derived free radicals are formed
predominantly by metabolic activity of neutrophils and macrophages. The interconversion
of the endoperoxide prostaglandins by prostaglandin hydroperoxidase and the
cyclooxygenase-dependent generation of PGG2 also liberate ROS (Halliwell, 1981;
Halliwell and Gutteridge, 1984; Hitt, 1988). PAF stimulates ROS release (Dawson and
Willoughby, 1985). Highly reactive molecules or ions can cause damage to proteins or
other molecules close to the origin of their formation. It is believed that superoxide and
secondary radicals probably have considerable significance in inflammatory conditions
(Higgins, 1985; Hitt, 1988).

Interleukin-1 is known to stimulate ROS generation by chondrocytes which
may contribute to proteoglycan damage or inhibition of synthesis (Tsukasa and others,
1988). Reactive oxygen species are known to depolymerise hyaluronic acid (Ahlengard,
1978; Greenwald, 1981) and also mediate an inhibitor of proteoglycan synthesis in
articular cartilage culture (Bates and others, 1984). Hyaluronic acid and two
subcomponents of the molecule have been demonstrated to have a ROS-scavenging
action which increases in synovial fluid from human patients with rheumatoid arthritis
(Sato and others, 1988).

In rheumatoid arthritis ROS may be an important mechanism of inflammation
and damage (Hitt, 1988). One possible mechanism of blood-induced arthropathy is the
iron enhanced generation of hydroxy free radicals which could then cause tissue damage,
hyaluronic acid degradation and attack of the cartilage surface (Halliwell, 1981; Halliwell
and Gutteridge, 1984; Madhok and others, 1988). ROS generated by the arachidonic acid
cascade may be involved in synovial inflammation. Chondrocyte derived ROS may have
effects on proteoglycan integrity in osteoarthritis.

%3  Cytokines

The cytokines are a group of structurally different proteins and glycoproteins
which are produced by cells in response to mitogenic or antigenic stimulation. They are
classified by their effects on macrophage and lymphocyte target cells and on their origin.
The biological effects of cytokines have been quite well elucidated and many have been
sequenced and reproduced synthetically. The cytokines include the interleukins (IL),
tumour necrosis factors (TNF), interferons (IFN) and osteoclast activating factor (OAF).
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In osteoarthritis, wear particles or free proteoglycans may stimulate synovial
cell production of cytokines and there is increasing evidence for an important rdle for
cytokines in amplifying and controlling cartilage destruction and synovial proliferation
with special reference to IL-1(e> and B) and the historically closely-related or
synonymous factors catabolin (Dingle, 1981; Saklatvala and others, 1984) and
mononuclear cell factor, and TNFe (Yocum and others, 1988). The exact rdle of
cytokines in cell-cell communication, and the inter-relationships of IL-1, secondary
messenger systems, final target enzyme responses and/or inhibitors of synthetic
responses is not entirely understood.

Some of the experimental evidence that cytokines have a role in osteoarthritis
and other arthritides is given in 2.5.1 to 2.5.7. A diagrammatic representation of some of
the possible actions and interactions of IL-1 is given in FIG 4.

2.5.1 Joint Inflammation and Pain

When arthritis was induced in rats by the intraarticular administration of
peptidoglycan-polysaccharide, subsequent intraarticular administration of IL-1 or TNF-eo
caused acute joint swelling, pain, and histological evidence of an acute inflammatory
reaction. IL-1 was ten times as potent as TNF-eo, The effect was dose related and heat
inactivated. The investigators proposed that IL-1 and/or TNF-ee may have an important
role in chronic synovitis (Stimpson and others, 1988).

2.5.2 Mediator effects
(a) Synovium:

IL-1 induces cyclooxygenase conversion of arachidonic acid acid to PGG2 in
rheumatoid synovial cells (Mizel and others, 1981). Cyclooxygenase inhibitors decrease
arachidonic acid conversion in cells stimulated by IL-1. Prostaglandins may be involved
in IL-1 stimulation of Phospholipase A2 activation (O'Neill and others, 1987). Goddard
and others (1988) found that PGE2 production by the synovium before IL-1
administration was similar for osteoarthritis and rheumatoid arthritis. IL.-1 administration
caused a significant increase in PGE2 production in both osteoarthritis and rheumatoid
arthritis, although the reaction was more marked in the rheumatoid synovial cells.

IL-1, TNF-eo, and TNF-B8 stimulate PGE2 production by synovial fibroblasts
(Dayer and others, 1986; Amento and Hayes, 1988; Linsey, 1988). IL-1 and TNF-eo are
more potent than TNF-8 (Amento and Hayes, 1988). The cytokine activities have been
demonstrated to be synergistic (Amento and Hayes, 1988).
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IL-1 and TNF have been found to enhance bradykinin-induced PGE2 release
from rheumatoid synovial fibroblasts. IL-1e was more effective than IL-18 or TNF-co
and the latter were much more effective than IL-2. Both dexamethasone and indomethacin
inhibited PGE2 release (93% and 97% respectfully). The study demonstrated that
cytokines in inflammatory tissues enhance cellular responsiveness to bradykinin and so
may promote the inflammatory component of arthritis (Batham and Wigley, 1988).

(b) Cartilage:

IL-1 activates Phospholipase A2 activity in rabbit chondrocytes (Chang and
others, 1986) and induces chondrocyte release of prostaglandins and plasminogen
activator (McGuire-Goldring and others, 1984; Evequoz and others, 1984a,b). Human
recombinant IL-18 stimulates chondrocyte production of PGE2, 6-keto-PGF1«, and
thromboxane B2 (Chin and Lin, 1988).

2.5.3 Enzvme release from synovium and chondrocytes

Interleukin-1 (IL-1) has been shown to stimulate the release of collagen and
proteoglycan-degrading metalloproteinases from both synovial cells and chondrocytes
(Barret and Saklatvala 1985; Pasternak and others, 1986). IL.-1, TNF-oo, and TNF-
stimulate collagenase production by synovial fibroblasts, IL-1 and TNF-ee being more
potent than TNF-B. The cytokine activities are synergistic. IFN-gamma inhibits the
cytokine stimulation of collagenase activity (Amento and Hayes, 1988).

Synovial cells stimulated by IL-1 produce Plasminogen Activator
(PA)(Lindsey, 1988). Indomethacin and piroxicam inhibit IL.-1 stimulated PGE2
production by 95% and sodium salicylate inhibited production by 80-90%. Indomethacin
and piroxicam inhibit IL-1 stimulated PA production by over 80% but sodium salicylate
inhibited production by only 25-50%. PA production is partially restored by the
concomitant administration of PGE2. It is believed that PA production was inhibited
partly via inhibition of prostaglandin formation (Lindsley, 1988).

IL-1 or other macrophage products are known to cause the release of
collagenase and 8-glucoronidase from articular chondrocytes (Evequoz and others,
1984a&b). IL-1 stimulates cartilage degradation and the production of collagenase and
proteoglycanase by human chondrocytes in vitro (Gowen and others, 1984). IL-1 is
specific for the secretion of a specific metalloproteinase from chondrocytes (Schnyder
and others, 1987).
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254 Glycosaminoglycan Synthesis and Degradation

IL-18 stimulates glycosaminoglycan production in human synovial fibroblast
cultures (Yaron and others, 1987).Yaron and others (1988) have investigated the
activities of cytokines in human synovial fibroblasts and articular cartilage cultures. In
synovial fibroblasts they found that IL-1eo and IL-18 increased hyaluronate production
up to five fold and TNF-ee increased hyaluronate production 2.5 fold. Production of
sulphated glycosaminoglycans increased by just under two fold when IL-1 or TNF were
administered. IFN-gamma had a mild stimulatory effect. Indomethacin had no effect on
the stimulation of hyaluronate production by cytokines but hydrocortisone caused a
significant reduction in stimulation (Yaron and others, 1988).

In articular cartilage, cytokines caused a decrease in sulphated
glycosaminoglycan production (Pettipher and others, 1986). The order of potency was
IL-1B8 > IL-1e0 >> TNF-co. Neither indomethacin nor hydrocortisone influenced cytokine
induced inhibition by either IL-1 preparation. The study indicated that cytokines released
in inflammation may significantly effect glycosaminoglycan synthesis by synoviocytes
and chondrocytes in joints (Yaron and others, 1988). Lymphokines induce cartilage
proteoglycan degradation and synovitis in vivo (Taplits and others, 1979). IL-1 induces
proteoglycan degradation in cultured articular cartilage with a loss of 60-80% of
proteoglycan from the matrix after 4 days of treatment (Hardingham and others, 1987).

It is believed that I1-1 stimulates cartilage proteoglycan degradation and PGE2
release, and inhibits proteoglycan synthesis through independent post-receptor
mechanisms. IL-1 is ten times more potent at inhibiting proteoglycan synthesis as it is at
stimulating proteoglycan breakdown. The effects of IL-1 on proteoglycan metabolism
occur before any PGE?2 effect. In addition, NSAIDs have no effect on proteoglycan
synthesis or breakdown at concentrations which totally block IL-1 induced PGE?2 release.
Anti-arthritic drugs which block IL-1 induced breakdown (eg Chloroquine) fail to block
proteoglycan synthesis inhibition and in fact potentiate the inhibition seen with IL-1 alone
(Arner and others, 1988).

255 Ti bolic and catabolic eff

IL-1 induces fibroblast proliferation in human synovium (Postlethwaite and
Kang, 1983) and stimulates collagen and fibronectin synthesis by cultured rheumatoid
synovial cells (Krane and others, 1985). IL-1 also has a profound but reversible
cytostatic effect on chondrocytes which is not attributable to prostanoid or polyamine
synthesis induction (Chin and Lin, 1988). IFN-gamma inhibits collagen synthesis by
synovial fibroblasts (Amento and Hayes, 1988). Conversely, TNF-B stimulates synovial
fibroblast synthesis of collagen (Amento and Hayes, 1988).
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An immune mechanism of cartilage degradation involving superoxide anions
has been suggested by Tiku et al.(1988). Chondrocytes are potent cellular sources of
reactive oxygen species and IL-1 and IFN-gamma cause a dose dependent increase in the
release of superoxide anions from chondrocytes. These superoxide anions are known to
alter the functional properties of proteoglycans. It was proposed that the effect of
superoxide anions may augment the effects of increased collagenase and proteoglycanase
release by chondrocytes in response to IL-1.

2.5.7 Bone metabolism

Some authors have demonstrated no effect of IL-1 on osteoblasts (Gowen and
others, 1984). Others have demonstrated IL-1-induced bone resorption and suppression
of bone collagen and osteocalcin synthesis. Therapeutic concentrations of diflunisal,
indomethacin, mefenamic acid, naproxen, piroxicam, salicylate and sulindac had no
effect on this activity. Pharmacologic concentrations of diclofenac, benoxaprofen,
fenclofenac, indomethacin and sulindac sulphate did block IL-1 activity
(McGuire-Goldring and others,1984). IL-1 may modulate bone metabolism via PGE2
release. It has been stated that lymphokine-mediated bone resorption requires endogenous
prostaglandin synthesis (Bockman and Repo, 1981).

26  Growth Factors

Various factors which stimulate the growth of cartilage have been studied
(Castor and others, 1985; Davidson and others, 1985; Sporn and others, 1986; Castor,
1989). Decreased filtering capacity of the damaged proteoglycan matrix in osteoarthritic
cartilage may reduce the barrier to the diffusion of growth factors such as connective
tissue activating peptide (CTAP), platelet-derived growth factor (PDGF),
pituitary-fibroblast growth factor or insulin growth factor-1 (IGF-1 or somatotrophin C)
which may amplify repair responses. Insulin appears to be essential for adequate
synthetic responses in chondrocytes. Insulin growth factor-1 (IGF-1) appears to amplify
responses and reacts with specific receptors as well as with insulin receptors on
chondrocytes. IGF-1 has been found to stimulate proteoglycan synthesis in vivo and to
inhibit catabolism in vitro (Schalkwijk and others, 1988). It may be that IGF-1 levels or
changes in chondrocyte responsiveness are involved in inflammatory or degenerative
diseases.
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Chondrocytes from human patients with osteoarthritis produce "stress
proteins” such as SP-70. These proteins are also produced by chondrocytes subjected to
heat shock or oxygen deprivation. In osteoarthritis, friction may cause local increases in
temperature or increased chondrocyte metabolism may induce oxygen deprivation in
chondrocytes and the release of stress proteins. It is known that prolonged exposure of
cells to stress proteins can cause interferences with nuclear function and this could be a
mechanism by which chondrocyte metabolism decreases in severe, late-stage
osteoarthritis. The elimination half life of stress proteins is known to be decreased in
osteoarthritic cartilage (Kubo and others, 1985).

Fibronectin is a glycoprotein, the function of which is not fully understood. It
may be involved in opsonisation, cell adhesion, migration, or differentiation. It is present
in connective tissue matrices, in blood and on cell surfaces (Hynes, 1981; Ruoslahti and
others, 1982). Fibronectin concentration increases in fibrillated cartilage and synovial
fluid of osteoarthritic joints (Lust and others, 1986). Fibronectin synthesis is increased
five-fold in osteoarthritic cartilage in vitro (Wurster and Lust, 1982; 1984). The function
of fibronectin in damaged cartilage is not known (Brandt, 1986).

28 Proteoglvcan as a mediator

Mechanical erosion of cartilage in early osteoarthritis leads to the liberation of
"wear particles” of cartilaginous tissue into the synovial fluid. It appears that these wear
particles cause cellular activation by either chemical or physical means (Dingle and others,
1979).

Osteoarthritic synovial fluid is known to contain greater than 100 pg/ml of
cartilage proteoglycan (Gysen and others, 1982). Elevated levels of proteoglycans have
been recovered from the synovial fluid of dogs after anterior cruciate ligament transection
within three weeks of surgery (Heinegard and others, 1985). Exogenous proteoglycan
subunits suppress the synthesis of collagen by chondrocytes in vitro (Hadley and others
1980). Boniface and others (1988) discovered that when autologous cartilage
proteoglycan was injected intraarticularly twice a week, synovial hypertrophy, synovitis,
erosion of the articular surfaces, and loss of articular cartilage metachromasia were
rapidly induced in rabbits. Neutral collagenases and gelatinase enzymes were produced
by synoviocytes and chondrocytes and the synoviocytes also produced factor(s) which
were possibly related to IL-1 and which provoked the activation of chondrocytes. The
authors proposed that proteoglycan fragments mediate some of the pathophysiological
changes in arthritis.
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The investigators were uncertain of the mechanism of synoviocyte activation.
It was thought that an immunological reaction (ie. an antigen-induced arthropathy) was
unlikely since, first, a reaction to proteoglycan administration was rapidly induced
although the animal had not received a primary challenge. Second, immunisation is said
to be poor by the intraarticular route. Third, the uniformity of the response was not
suggestive of an immune response and, finally, no precipitating antibodies to
prétcoglycans were detected in the sera of rabbits administered intraarticular proteoglycan
(Boniface and others, 1988). Some evidence of a humoral immune response is
documented (Kresina and others, 1988).

Proteoglycans may have a more important rdle in the pathophysiology of
osteoarthritis, where there are fewer apparent potential biochemical mediators than in
rheumatoid arthritis where several potential mediator candidates have been identified.

29 I - hrits

Partially degraded fragments from damaged cartilage are present in large
amounts in synovial tissue. More fragments of cartilage are seen in osteoarthritis than in
rheumatoid arthritis where cartilage lysis is more common. Though the role of
antibody-antigen complex generation in osteoarthritis pathophysiology is uncertain, the
exposure of normally hidden and therefore potentially immunogenic autoantigen in
cartilage may contribute to the pathogenesis of osteoarthritis.

Some authors have found evidence of a humoral immune response to
autologous cartilage proteoglycan which they proposed could participate in the induction
of cartilage pathology (Kresina and others, 1988). A 550 kiloDalton glycoprotein
fragmented in osteoarthritis has been shown to be immunologically cross-reactive (Fife,
1986).

Immunohistological investigations of phagocytes in osteoarthritic synovial
fluid have demonstrated collagen Type II in 28% (3-54%) of synovial cells from
osteoarthritis patients. The data indicated that type II collagen, which is not found in
normal synovial fluid, is released from cartilage in osteoarthritis (Moreland and others,
1988). Auto-antibodies to canine collagen Types I and II have been detected in dogs with
spontaneous anterior cruciate ligament rupture and osteoarthritis (Niebauer and Menzel,
1982; Niebauer and others, 1987; Bari and others, 1989). Autoantibodies to Type I, 1I,
IX and XI collagen have been detected in humans with theumatoid arthritis or
osteoarthritis. Surprisingly, the autoantibodies were more common in less severe
osteoarthritis or rheumatoid arthritis, or in early phases of the diseases (Charriere and
others, 1988).
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The reactivity of monoclonal anti-Type I collagen antibodies with cartilage
and synovial tissues in osteoarthritis and rheumatoid arthritis has been investigated
(Klareskog and others, 1986). Antibody reacted with collagen in cartilage of both the
osteoarthritis and rheumatoid joint but did not react with normal joint cartilage. Antibody
also reacted with cartilage fragments in the synovium of both rheumatoid and
osteoarthritis joints as well as rheumatoid pannus. It was concluded that in the normal
joint, cartilage antigenic determinants of collagen Type II are not exposed to antibody.
However, in inflammatory or degenerative joint conditions, proteoglycans are released
from cartilage and new antigenic determinants are exposed including Type II collagen
(Gay and others, 1986; Klareskog and others, 1986).

In studies on autoantibody specificities of immune complexes sequestered in
the articular cartilage of patients with osteoarthritis, Jasin (1985) reported that
osteoarthritis cartilage contained three times the concentration of IgM and IgG of normal
articular cartilage. Half the osteoarthritis specimens had significant positive Collagen
Type II antibody titres. Fifty per cent of osteoarthritis menisci also had significant
anti-Collagen Type II antibodies. It was suggested that autoimmunity could be a
mechanism for the self perpetuating and chronic nature of cartilage degradation in
osteoarthritis.

In horses with secondary osteoarthritis, circulating complement C1qg-binding
immune complexes were present in 82% of cases and in synovial fluid in 77%. Few
horses had antibody to Type II collagen but anticollagen type I antibody was present in
25% of sera and 41% of synovial fluid (Niebauer and others, 1988). Immune complexes
may initiate local tissue damage by activating the complement cascade and secondary
release of lysosomal enzymes (Cooke and others, 1980; Cooke, 1981; Cooke, 1983). In
experimentally induced secondary osteoarthritis, immunoglobulin-complement factor C3
deposition in cartilage has been reported (Moskowitz and Kresina, 1985). These
complexes were likely to be associated with a secondary synovitis and the investigators
believed that immune complexes may contribute to osteoarthritis pathology.

Hydroxyapatite crystals are sometimes seen in synovial fluid of osteoarthritic
joints. It appears that they have the potential to stimulate a secondary inflammatory
response. The mechanism may involve destabilisation of the synovial fibroblast plasma
membrane and synthesis or release of PGE2, collagenase and neutral proteases (Mankin,
1981; Mankin, 1985; Howell, 1989; Hough and Sokoloff, 1989).
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211 Enzymes

There have been many reports on the degradative enzymes and enzyme
inhibitors present in normal and osteoarthritic articular cartilage (eg. Lack and Ali, 1967;
Sapolsky and others, 1973; Harris, 1974; Ehrlich and others, 1975; Howell, 1975). A
correlation between articular cartilage collagenase activity and osteoarthritis has been
reported (Ehrlich and others, 1978).

Chondrolytic enzymes are both lysosomal and extralysosomal.
Concentrations of cathepsin D, acid phosphatase and aryl sulfatase are raised in
osteoarthritic cartilage. Acid proteases such as lysosomal enzymes, Cathepsins B, D, and
F may be involved in terminal matrix protein degradation. They are most probably active
on or near the chondrocyte plasma membrane since the pH has been found to be more
acidic (Woessner and Howell, 1983). However, neutral proteoglycanases are now
thought the primary enzymes responsible for proteoglycan degradation. Proteoglycan
degrading neutral metalloproteinase (NMP) activity is increased 7-8 fold in fibrillated and
eroded cartilage. Active NMP is found in highest concentration in the centre of erosions
and decreases towards the margins. The major form of NMP is a latent form of M.W.
55,000 (Woessner, 1982). A second form has a M.W. of 24000-27000 (Sapolsky and
Howell, 1982; Woessner and Selzer, 1984). Neutral metalloproteinase (NMP) and serine
proteinase activities are also increased in experimentally induced osteoarthritis in dogs
(Pelletier, 1987). An acid metalloproteinase which also has activity in the neutral pH
range has been reported (Azzo and Woessner, 1986). The IL-1 stimulation of such
chondrocyte enzyme production may be the mechanism of cartilage degradation (Evequoz
and others, 1984a&b; Gowen and others, 1984; Barret and Saklatvala, 1985; Pasternak
and others, 1986; Schnyder and others, 1987).

Chondrocytes secrete acid and neutral metalloproteinases as proenzymes
(Woessner, 1982; Dean and others, 1988). These proenzymes then require extra-cellular
activation. The most likely candidate for proenzyme activator is a serine protease such as
plasminogen activator. The levels of proenzyme converting enzyme may be increased in
osteoarthritis. There may be a cascade-type reaction such that the activated enzyme is able
to catalyse the conversion of proenzymes secreted by the chondrocytes (Morales and
others, 1983; Sapolsky and others, 1985; Dean and others, 1988).

Concurrently, specific tissue inhibitors of metalloproteinases (TIMPs) are also
secreted and cover the metalloproteinases (Sapolsky and others, 1981; Killackey and
others, 1983; Dean and others, 1988). A decrease in TIMPs has been proposed as
another mechanism responsible for increased enzymatic destruction of the cartilage matrix
(Dean and others, 1988).
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When the acid and neutral metalloproteinase activities and levels of TIMP in
osteoarthritic articular cartilage is compared to normal articular cartilage, a number of
differences are apparent. In mild osteoarthritis lesions, there is a disturbance of the
enzyme profile with an increase in acid metalloproteinase compared to normal cartilage.
In moderate osteoarthritis, increased enzyme levels (both latent and active) of acid and
neutral metalloproteinases were present. Although TIMP increases in mild and moderate
osteoarthritis, the increase was less than that in metalloproteinase activity. In normal
cartilage there is sufficient TIMP to "cover" the total metalloproteinase. In osteoarthritis,
the overabundance of metalloproteinases which are not covered by TIMP has been
postulated as a pathobiochemical phenomenon which makes the cartilage matrix liable to
attack by activated metalloproteinases (Dean and others, 1988).

Synovial cells are able to synthesise neutral metalloproteinases, Cathepsin D
and collagenase which may potentiate matrix degradation and may be associated with
ROS tissue damage in some circumstances (Greenwald, 1981). Synovial fluid contains
potent enzyme inhibitors including e--2-macroglobulin and eo-1-antitrypsin. However,
these inhibitors could be damaged by enzymes secreted by leukocytes in the synovium.
In the later stages of cartilage erosion, synovial fluid enzyme damage may participate in
the pathophysiology of osteoarthritis (Armoczky and Marshall, 1981; Howell, 1989).

212 Summary

There is overwhelming evidence that mediators and enzymes are involved in
the pathogenesis of both primary and secondary osteoarthritis. Recent studies have
indicated that various mediators can promote or provoke osteoarthritic pathology. Certain
drugs can inhibit experimentally induced and natural secondary osteoarthritis. It is now
obvious that osteoarthritis is not purely a process of wear and tear.

There is substantial evidence that proteoglycan fragments present in synovial
fluid can induce synovial inflammation and cartilage damage. The mechanism appears to
be a mediator-receptor type of effect and not via an immune response. There is evidence
to suggest that in osteoarthritic joints, collagen type II and others stimulate an immune
reaction as cartilage fragments sequestered in the synovium and as previously "hidden"
collagen is exposed as the cartilage is degraded. Hydroxyapatite crystals released from
subchondral bone may be involved in synovial inflammation.

Research interest has concentrated in recent years on the cytokines. In vitro
and in vivo experiments have demonstrated that interleukin-1 (IL-1) has actions on the
synovium and chondrocyte which tend to mimic those of osteoarthritis. IL.-1 is known to
be released from the synovium in response to proteoglycan fragments or wear particles.
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Effects of IL-1 on the synovium include increased synthesis and release of
prostaglandin E and proteases and the promotion of pain and inflammation. Effects on the
chondrocyte include a marked inhibition of proteoglycan synthesis and an increase in
degradative enzyme production. Chondrocyte mitosis is inhibited and cartilage
degradation increased. Various growth factors including insulin growth factor-1 (IGF-1)
have stimulatory effects on cartilage. The rle of recently discovered chondrocyte "stress

proteins” and of chondrocyte associated glycoproteins such as fibronectin is still
uncertain.

Although the prostaglandin inhibitors (NSAIDs) are of benefit in controlling
some of the symptoms of osteoarthritis (pain and synovitis), they do not inhibit the
disease process and there is little evidence that prostaglandins or leukotrienes are
important mediators of the pathogenesis of the disease process in osteoarthritis.
Prostaglandins are apparently important in the modulation of pain and synovial
inflammation in clinical osteoarthritis. It is recognised that IL-1 stimulates prostaglandin
synthesis in the synovium. Reactive species generated by PMNs and the prostaglandin
interconversion may be involved in tissue damage. IL-1 generated ROS in articular
cartilage may damage matrix proteoglycan.

Whatever the precise inter-relationships between mediators and between
biochemical and physical factors, the net result is altered chondrocyte function.
Alterations in proteoglycan synthesis and increased degradation by neutral
metalloproteinases, possibly in association with a relative deficiency of tissue inhibitors
of metalloproteinases (TIMPs) cause damage and loss of proteoglycan. The elasticity of
the cartilage matrix is lost and the collagen network can be damaged by repeated impact
loading. Proteoglycan loss may also expose the collagen to enzymatic attack and
mechanical damage. The net result is cartilage fibrillation and erosion. Some of the
possible events and interactions in osteoarthritis are represented in a simplified form in
FIG 5. There is undoubtedly a complex network of interrelationships and mediator
actions and there has been a temptation in the past to oversimplify the proposed
mechanisms of the pathogenesis of osteoarthritis.

New ideas on mediator based mechanisms of cartilage damage and synovitis
may lead to novel mediator-antagonist or agonist drugs which will affect the progression
of osteoarthritic change and not just the symptoms. Agents may be developed which
specifically antagonise the activity of cytokines in the joint, which mimic growth factors
or which stimulate chondrocyte repair mechanisms. Even now, there are drugs available
which have some of these actions and it is likely that disease-modifying drugs will
eventually revolutionise the therapy of osteoarthritis.
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Chapter 3

Medical Therapy of Osteoarthritis
in the Dog



Medical Therapy of Osteoarthritis in the Dog

3.1 General Concepts in the Treatment of Osteoarthritis in the Dog

It is important first and foremost to recognise the aims of owner and
veterinarian in management of the osteoarthritic dog. These aims include pain relief,
increased mobility and reduced disability, and the prevention of disease progression. It is
important to recognise differences in the clinical problems and the disease severity
experienced by the individual dog.

Pain is a major symptom of osteoarthritis in the dog as it is in man. The
threshold of pain perception seems to be remarkably constant in different species (Vierck,
1976). Pain tolerance may vary widely between species and between individuals
according to circumstances. A dog will often manifest the presence of pain by simply
appearing less lively than usual. Where osteoarthritis affects a joint unilaterally, lameness
is an almost ubiquitous sign of joint pain. Where an osteoarthritic joint is not apparently
markedly painful on manipulation, it may still be causing chronic pain (Yoxall, 1978). A
dog's "quality of life" may improve markedly when analgesics are given. The source of

pain experienced by osteoarthritis patients has not been determined. Some possible
causes are listed in TABLE 3. Human patients with osteoarthritis complain of "articular

gelling" after a period of inactivity. The mechanism may be a subjective perception of

increased resistance to motion, localised tissue oedema, accumulation of inflammatory

metabolic products or motion causing muscle pressure on lymphatic or venous

return. Weakness is largely the result of disuse muscle atrophy. The decrease in joint

mobility or range of motion in joints affected by osteoarthritis may have many causes (see

TABLE 4).

TABLE3:
Possible Causes of Pain in the Osteoarthritic Joint

«Stimulation of nerve endings in
-synovium,
-joint capsule,
-periosteum,
-ligamentous or tendinous tissues by mechanical
irritation or by inflammation;

*Nerve entrapment;

«Local circulatory disturbances associated with
subchondral microfractures;

«Capsular tears;

«Impingement of deformed bone or osteophytes
on adjacent soft tissues;

«Pressure during muscle spasm on nerves coursing
through muscular tissue.

TABLE 4:
Possible intra-articular causes of reduced joint mobiljty:

*Luxation or subluxation of the joint;
»Capsular fibrosis, contraction and thickening;
*Intra-articular adhesions; Fibrous ankylosis;
+A tense effusion;

*Extreme thickening of the synovium;
eIntra-articular loose body

«Late bony ankylosis

Possible extra-articular causes of reduced joint mobility:

*Muscle spasm
«Tendon inflammation/shortening
*Subchondral bone fractures
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Successful therapy of a case of osteoarthritis depends upon the education of
the owner. The often progressive, irreversible nature of the disease and the
unpredictability of the individual case must be explained. The veterinarian should
differentiate between treating the causes or predisposing/aggravating factors and the use
of NSAIDs for symptomatic relief. It must be explained that although analgesics can
affect the symptoms in the short or medium term, the main aim is to change the
progression or activity of the disease state by reducing further joint damage.

Therapy falls into four broad categories:

1. Corrective treatment for primary pathology
2. Managemental therapy
3. Medical therapy

4. Surgical therapy / salvage
31l Corrective Treatment

Many cases of canine osteoarthritis have an identifiable cause. The
progression of secondary osteoarthritis can often be slowed or halted if corrective surgery
for a primary cause, such as an ununited coronoid process or anterior cruciate ligament
rupture, is performed early. In all ages of dogs, a full history and careful clinical
examination often reveals a primary cause of joint instability or incongruity which can be
ameliorated by surgery.

312 Managemental Therapy

(a) Exercise

Carefully thought out and tailored exercise regimes and mechanical
stimulation of the involved tissues may help to arrest and even reverse the disease process
(Bland, 1986). Human textbooks emphasise the importance of reducing joint loading in
the therapy of osteoarthritis patients. Any activities such as running or descending stairs
which involve excessive impact loading should be avoided. Several short periods of
standing or walking are preferable to a single prolonged period. Swimming exercise is
recommended in man, since the muscular tissues are exercised and joint mobility aided
without impact loading of the joints.
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A reasonable level of exercise is important in preventing stiffness as well as in
maintaining quality of life. Cyclical loading of joints probably increases the flow of
nutrients, eg glucose and amino acids to chondrocytes and the removal of metabolites via
the synovial fluid and matrix. The supply of nutrients and removal of metabolites may be
compromised if the joint is immobilised. Chondrocytes require mechanical stimulation to
synthesise matrix components (Sokoloff, 1980). Immobilisation of joints causes the
rapid development of a marked reduction in proteoglycan synthesis and aggregation
(Palmoski and others, 1979).

Although hyaline cartilage is an excellent shock absorber, it is present in
insufficient quantities at the joint surface to make a significant contribution to overall
shock absorption. Bone is present in larger quantities and has a rdle in shock absorption.
However, by far the greatest contribution to shock absorption is the neuromuscular reflex
mechanism. Indeed, if a person has a short fall such that there is insufficient time for a
neuromuscular response, he or she can sustain significant injuries. It is thus important to
maintain musculoskeletal fitness to minimise impact loading damage of articular cartilage
in cases of osteoarthritis.

Physiotherapy is very useful in man, and can be used in dogs where the dog
is cooperative and the owner compliant. Heat application often reduces pain and stiffness
in man, but the use of heat pads has not been assessed in dogs. Sometimes heat
application intensifies joint pain and ice packs may be used in these cases. The use of
acupuncture in osteoarthritis has been reported in man (Melzack, 1981) and in the dog
(Janssens, 1986).

(b Qbesity

Although not confirmed as a cause of osteoarthritis, obesity contributes to
excessive loading of the articular cartilage and may aggravate symptoms or accelerate
cartilage breakdown. The difficulty in reducing weight when exercise has been reduced is
a problem experienced in man as well as in dogs. An increase in weight associated with
not adjusting dietary requirements when exercise has been reduced can cancel out the
benefits of changes in exercise regime. Any dog presented with osteoarthritis which is
obese should be strictly dieted. Many dogs will improve markedly if they are forced to
adhere to a weight reducing diet. Conversely, treatment with exercise restriction and
analgesics will often have a disappointing effect in a dog which remains or becomes
obese. The aim is to keep the dog on the low side of the breed average weight.
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3.1.3 Medical Management

Even with managemental changes, many osteoarthritic dogs will still require
analgesic therapy. Analgesics provide symptomatic relief and reduce pain and disability
associated with osteoarthritis. In man, long term use of NSAIDs for osteoarthritis is
common. The use of these drugs in the dog in conjunction with other forms of treatment
can greatly enhance the dog's "quality of life" by reducing pain and stiffness and
increasing mobility. However, they must be used in conjunction with other forms of
treatment such as owner education and exercise and dietary management. All too often
veterinarians resort to the convenience of administering oral analgesic treatment in
isolation without stressing the importance of exercise and dietary management in
treatment. Owners should be warned that they are responsible for preventing their dog
from acute trauma to an already damaged joint. Pain relief may cause a dog to over-use a
damaged joint and cause accelerated disease progression unless the owner controls
exercise. Beneficial effects of NSAID treatment include:

- pain relief
- decrease the duration and severity of morning stiffness
- decrease tenderness in the joint
- decrease joint swelling, temperature
- increase joint function
(Boardman and Hart, 1967).

3.1.4 Surgery

Arthrotomy and debridement, flushing or synovectomy of an osteoarthritic
joint can markedly improve clinical signs in the short and medium term if managemental
and medical therapy fails. Stress-reducing operations in man such as osteotomy have
been demonstrated to increase the hip joint space, markedly relieve clinical signs, cause
pseudocyst healing, improvement of bony outline by remodelling and osteophyte
reduction, and a restoration of normal trabeculae (Bland, 1986). In the most severe cases
"salvage" surgical procedures such as arthrodesis or femoral head excision may be
required to ameliorate the clinical signs. Recently, some UK veterinary referral centres
have begun canine hip joint replacement programmes.

An approach to the therapy of the osteoarthritic dog is given in FIG 6.
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3.2 i i ment of hritis i
Pure Analgesics

3.2.1 Paracetamol (Acetaminophen)

Paracetamol is a weak reversible — )
non-compet itive cyclooxygenase inhibitor. It o
appears to be much more potent in the central HO NH.—C</
nervous system than in the peripheral tissues N
(Higgs and Vane, 1983). Standard texts state that

) . ) FIG 7: Paracetamol
the analgesic efficacy of paracetamol is equivalent L -

to that of aspirin but that paracetamol has no useful

antiinflammatory effect (Booth, 1982).

However, in a recent study of post-operative pain and inflammation after orthopaedic
surgery in dogs, paracetamol demonstrated antiinflammatory and analgesic activity
superior to that of aspirin (Mburn and others, 1988).

Paracetamol is quite safe within the recommended dosage limits. Clinical
signs of toxicosis (cyanosis, depression, vomiting, facial oedema) are seen in dogs after
oral administration of 200 mg/kg body weight (Hjelle and Gauer, 1986). Patients
particularly at risk are those with hepatic microsomal enzyme induction, due to treatment
with antiepileptiform drugs for example, since they can rapidly form large amounts of the
toxic metabolic intermediate. Oral methionine or intravenous N-acetylcysteine are
antidotes after acute paracetamol intoxication. They are converted in vivo to glutathione
which can then react with the paracetamol metabolite to form non-toxic metabolites
(Hjelle and Gauer, 1986). Gastric effects of paracetamol are minimal, probably because
peripheral effects on cyclooxygenase are mild (Rubio and Papich, 1988). There are very
few reports of hepatotoxicity associated with the therapeutic use of paracetamol (Prescott,
1986).

In man, patients are often treated with paracetamol if the patient is sensitive to
aspirin since paracetamol is said to give comparative analgesia (Huskisson, 1974; Brandt,
1989) and paracetamol has been stated to be an effective alternative to aspirin for
analgesic effect in dogs (Rubin and Papich, 1988) although its antiinflammatory activity
is generally accepted as weak. It seems that paracetamol is potentially useful at a dose rate
of 15 mg/kg every 8 hours (Jenkins, 1987). A maximum of 25 mg/kg tid has been
recommended (Taylor, 1987).
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322, Opiate derivafi

The less potent opioids such as codeine
and propoxyphene have been used in situations
where moderate analgesic action is required in
cases of intransigent pain, especially pain of
non-inflammatory origin. Codeine has about one
quarter the potency of morphine but only one tenth
of the potential for adverse reactions. Constipation
or slight respiratory depression have been L FIG 8: Codeine
recognised side effects of codeine usage (Taylor,

1985).

Propoxyphene is often preferred to codeine because its duration of action is
longer, it has less side effects and a higher therapeutic ratio than codeine. Medical
evidence suggests that there is addictive potential in propoxyphene, and discretion should
be used in dispensing it to owners (Yoxall, 1978). Opioids may cause drowsiness at
higher doses. Pentazocine may cause hallucinations in small animals and is a Schedule 3
Controlled Drug.

The mixed agonist-antagonist pentazocine is available in tablet form. In
clinical trials in man, pentazocine tablets were no more effective than paracetamol
(Huskisson, 1974). In rheumatoid arthritis, pentazocine tablets were not superior to
placebo (Nuki and others, 1973).

Distalgesic® is a human preparation containing dextropropoxyphene 32.5 mg
and paracetamol 325 mg. The combination of paracetamol and dextropropoxyphene is
said to be more effective than the individual component drugs (Messick, 1979).Some
authors recommend the use of Distalgesic® at 16.5 mg dextropropoxyphene bid for small
dogs, and up to 32.5 mg tid in large breeds (Yoxall, 1978).

In man, codeine and other narcotic analgesics are rarely required for pain
control in osteoarthritis and it is advised that, if they are used, the period of use is short
(Brandt, 1989). Yoxall (1978) advises that veterinarians avoid the use of codeine
preparations where it is combined with other analgesics. However, some authors have
recommended that codeine can be used at 2 mg/kg bid alone or in combination with
aspirin or paracetamol with good effect (Taylor, 1985).
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ral P ies of -Steroidal i-Infl

331 Introduction

The Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) [Anti-Inflammatory
Analgesics; Non-Narcotic Analgesics; Aspirin-like Drugs] have three major types of
effect: analgesic; antiinflammatory; and antipyretic. The analgesic efficacy of NSAIDs is
usually lower than the opioids (Broom and others, 1986), though efficacy varies with
dose rates and types of peripheral and central pain (McKellar, 1989). However, they do
not cause dependency. Their antiinflammatory properties can be useful in osteoarthritis
and other musculoskeletal disorders. Most NSAIDs have analgesic activity, but the
antiinflammatory activity appears more variable. Some such as aspirin and -~
indomethacin have potent antiinflammatory activity whilst others such as naproxen and
meclofenamate have moderate antiinflammatory activity.

NSAIDs have been widely used in the therapy of osteoarthritis in man and
animals for many years. They relieve pain and may reduce swelling due to secondary
inflammation but there is little evidence that they have any beneficial effects on the
underlying process. It is not clear at this time whether the activity of NSAIDs in the
therapy of osteoarthritis is purely analgesic or whether it is a combination of analgesic
and anti-inflammatory activity. However, antiinflammatory analgesics have been
demonstrated to be more efficacious in the therapy of osteoarthritis than pure analgesics
(Doyle and others, 1981). In man, three quarters of osteoarthritic joints show evidence
of an inflammatory response (Howell, 1981; Dieppe, 1984). It would therefore be
expected that NSAID treatment would lead to a improvement in many clinical cases. The
anti-inflammatory effects of aspirin are only apparent at about six times the analgesic
dose. The dose of many NSAIDs which is required to give an analgesic effect is often
less than the dose required for anti-inflammatory effect (Dawson and Willoughby, 1985).
The main differences between the NSAIDs are the incidence of side effects and the
therapeutic index.

332 Mechanisms of Action

(a) - Prostaglandin synthesis inhibition
The eicosanoid formation pathway is represented diagrammatically in FIG

10. Most NSAID activity appears to be due to the inhibition of prostaglandin synthesis
by reversible or irreversible inhibition of the enzyme cyclooxygenase (Vane, 1971).
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40




Itis known that aspirin acetylates the cyclooxygenase enzyme at or near the
active site and so irreversibly inhibits prostaglandin biosynthesis. It appears that most of
the acidic NSAIDs compete with arachidonic acid for the active site of the
cyclooxygenase enzyme and, unlike aspirin, reversibly inhibit cyclooxygenase (Ferriera
and Vane, 1973). Some of the NSAIDs may act on a separate site of the cyclooxygenase
enzyme [ie reversible non-competative inhibition] (Rainsford, 1984b). The inhibition of
cyclooxygenase by NSAIDs varies in different tissues as well as between species ( Mills,
1974; Lewis and Sanford, 1975; Patrono and others, 1976). The reasons are not known.
This may account for the differences in clinical efficacy between NSAIDs in the treatment
of different conditions and variations in efficacy between individuals and in different
species (Higgs and Salmon, 1985).

Some NSAIDs such as alclofenac, azaproprazone, and benoxaprofen are
weak prostaglandin synthesis inhibitors but still have antiinflammatory activity. Some
NSAIDs are not cyclooxygenase specific and have effects on lipoxygenase and other
enzymes (Kitchen and others, 1985). Other actions have been described which, at least in
some NSAIDs, may have important therapeutic effects.

(b) - Prostaglandin antagonism

Some NSAIDs may have antagonistic actions on theoretical eicosanoid
receptors (Sanner, 1976). Fenamates, diclofenac, indomethacin and phenylbutazone are
potent and selective inhibitors of prostaglandin E1-induced adenyl cyclase activity
stimulation (Ortmann and Perkins, 1977). This effect occurred well within therapeutic
prostaglandin synthesis inhibiting concentrations of the drugs. The fenamates are
believed to inhibit the action of the prostaglandins at membrane receptors (Dawson and
Willoughby, 1985).

Many NSAIDs inhibit 15-hydroxy prostaglandin dehydrogenase (PGDH), the
enzyme responsible for PGE2 and PGF2- breakdown. However, this effect only occurs
at very high drug concentrations in most cases (Brooks and others, 1986).

(c) - superoxide dismutase activity

Phenolic compounds can act as scavengers of reactive oxygen species (ROS)
released in peroxidase conversion of prostaglandin endoperoxide PGG2 (Rainsford,
1984b). Levels of different individual prostaglandins E2, F1eo, 12, and D2 can increase or
decrease depending on direct inhibition or radical scavenging activities (Dewhurst, 1980).
Copper, zinc and antioxidants such as ascorbic acid and =-tocopherol inhibit PGE2
formation (Lands and Rome, 1976).
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(d) - stabilisation of lysosomal membranes

The stabilisation of lysosomal membranes and the inhibition of the release of
lytic enzymes including phospholipases is a property of some NSAIDs as well as SAIDs.
The effect is concentration and pH dependent. Changes in prostaglandin concentrations
and direct drug effects may alter cyclic nucleotide concentrations and so influence
lysosomal enzyme release. This may be particularly true where L'TB4 is inhibited since
this leukotriene is a potent labilizer of lysosomal membranes. In addition, NSAIDs may
inhibit free radical generation and so decrease radical induced lysosomal membrane
damage (Rainsford, 1984b; Dawson and Willoughby, 1985; Kitchen and others, 1985).

(e) - antagonism of histamine/bradykinin

Most NSAIDs have only mild effects on the early phase of acute inflammation
where kinins and histamine predominate. There is evidence, however, that these drugs
may influence the release or action of these mediators (Lewis and Whittle, 1977,
Rainsford, 1984). They may also inhibit histamine and kinin induced prostaglandin
release (Kitchen, 1985; Dawson and Willoughby, 1985).

(f) - inhibition of cell chemotaxis and regulation of leukocyte function

Effects on leukocyte migration have been described and have been ascribed to
effects on the chemotaxin LTB4 or membrane stabilisation effects (Smith, 1978).
NSAIDs uncouple oxidative phosphorylation. The result is decreased glycogen
availability and changes in membrane permeability. Increases in intracellular c-AMP
inhibit leukocyte chemotaxis. NSAIDs may effect the responsiveness of leukocytes to
chemotaxins (Kitchen and others, 1985). Whether these effects are important in vivo is
unknown (Rainsford, 1984; Dawson and Willoughby, 1985).

(h) -inhibiton of mucopolysaccharide synthesis and collagenase production, and
uncoupling of oxidative phosphorylation

NSAIDs affect connective tissue metabolism. Most NSAIDs inhibit adenosine
triphosphate (ATP) synthesis pathways (Kitchen, 1986). This effect and NSAID activity
on glycosaminoglycan-biosynthetic enzymes and effects of prostaglandins and NSAIDs
on glycosaminoglycan-degrading enzymes tend towards an overall anti-catabolic and
anti-anabolic action (Peters and others, 1975; Rainsford, 1984).
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3.3.3  General Pharmacokinetics

Most of the NSAIDs are rapidly absorbed from the proximal small intestine or
stomach after oral administration. Peak plasma concentrations occur at 1-2 hours after
administration. Peak concentrations are delayed and reduced when NSAIDs are
administered with food but feeding generally has no effect on total oral bioavailability
(Lombardino, 1985). The structure and chemistry of the NSAIDs leads to their
preferential distribution in inflamed sites. Most of the NSAIDs have a high affinity for
plasma proteins. In inflamed tissue, the extravas ation of plasma proteins through
damaged capillaries may concentrate the amount of NSAIDs. Local therapeutic
concentrations of NSAIDs may be retained after plasma concentrations have declined to
subtherapeutic levels (Dawson and Willoughby, 1985; Higgins, 1985; Rainsford, 1985;
Lees and others, 1987). Prolonged effects of NSAIDs have been reported where plasma
concentrationshave become undetectable (Lees and others, 1987).

When drugs have a pKa of between 3 and 7.5, as the acidic NSAIDs, their
reabsorption from the renal tubule will be sensitive to alterations in urinary pH. Excretion
of salicylate increases markedly as the urine is alkalinised (Lombardino, 1985). Similar
findings for other NSAID:s or acidic metabolites may be important in the treatment of
overdosage or in the adjustment of dosages in performance animals.

Enterohepatic recirculation of
the NSAIDs is common in the dog R-C< °
(Duggan, 1975; Risdall and others, 1978;
Willis and Kendall, 1978; Tsuchia and (
others, 1980; Freh and Rieh, 1981; I e
Cosenza, 1984; McKellar, 1989).
Conjugates in the bile may be cleaved in the
gut to regenerate the free acid which can

then be reabsorbed in the lower intestine. R'C< — X

bacterial i
This regeneration of active drug may cause OH  Cleavage ;
local mucosal irritation and damage and

prolong the half-life of the drug (FIG 11).

The process appears to be particularly FIG 11:

Enterohepatic Recirculation

important in the dog since, in this species,

secretion of conjugated metabolites in the

bile is the main excretory pathway for many NSAIDs. This in part explains the
gastrointestinal toxicity of a number of NSAIDs which are considerably less damaging in
people since, for most NSAIDs, renal excretion of conjugates predominates in man
(Lombardino, 1985).

+ pKa = pH at which a salt is half ionised
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In addition to species variation in metabolic and excretory pathways, different
breeds of dogs show different rates of drug clearance. For instance, beagles clear certain
drugs more quickly than mongrels (Freh and others, 1979). Conversely, they are
more susceptible to the toxic effects of other drugs (Walker, 1985). Individual variation
in absorption, distribution and clearance of drugs is also very great in man and in the dog
(McKellar, 1989; Goetzl and Goldstein, 1989).

334 Adverse Reactions

The NSAIDs have many adverse effects in common since most side effects

are attributable to the inhibition of prostanoid biosynthesis (Dearden and Nicholson,
1984).

(a) Gastrointestinal

In human patients admitted to hospital with acute upper intestinal
haemorrhage, aspirin is implicated in 50% and other NSAIDs in 20%. NSAIDs are
associated with increased incidence of perforating peptic ulcers, especially in elderly
patients (Ivey, 1986). Gastrointestinal intolerance appears to be mediated by a
combination of local and systemic effects (Phillips, 1973; Cosenza, 1984; Rainsford,
1984a; Brooks and others, 1986; Ivey, 1986; Rubin and Papich, 1988)(FIG 12 & FIG
13).

The NSAIDs are generally weak organic acids with pKa values of 3-6. At
lower pH values (ie in the stomach) the drugs are largely unionised and are therefore lipid
soluble and able to diffuse through biological membranes. In this form the drugs can
diffuse through the lipid bilayer of the gastric lining cells. Once within these cells, the
drugs tend to re-ionise at the relatively greater pH in the cytoplasm and can become
trapped within the cell. The resulting prolonged and relatively high concentrations of
NSAID within these cells probably contributes to gastrointestinal effects (La Du and
others, 1972; Rainsford, 1984a; Ivey, 1986). Aspirin which has an irreversible effect on
cyclooxygenase will have persistent effects in the gastric mucosa after absorption
whereas reversible inhibitors effects are terminated when the drug has been absorbed.
Thus drugs which are reversible cyclooxygenase inhibitors and which are rapidly
absorbed should be better tolerated by the gastric mucosa (Wiseman, 1983).

Mucosal prostaglandins inhibit acid secretion and appear to have a
“cytoprotective effect” by promoting mucus secretion and strengthening the mucosa
against back-diffusion of acid from the gastric lumen to the submucosal tissues where it
can cause damage (Ivey, 1986). PGI2 is produced by cells in the gastric mucosa. It
inhibits gastric acid production (Whittle and others, 1978).
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Both PGI2 and PGE2 are important in the maintenance of gastric blood flow
by local vasodilation. NSAIDs which inhibit prostaglandin biosynthesis thus enhance
vasoconstriction and acid secretion such that ischaemia, necrosis and ulceration can occur
(Goodman and others, 1980; Ivey, 1986; Jenkins, 1987).

Gastrointestinal intolerance can occur whether the NSAID is given orally or
systemically. However, gastric effects are worse when drug is administered orally and
absorption from the stomach is possible since this will result in higher local
concentrations than if the drug were administered parenterally or in a form which was not
absorbed from the stomach (Ivey, 1986). To minimise adverse effects, NSAIDs are
generally given with food in man or are administered in enteric coated preparations which
reduce the local effects on the gastric mucosa (Booth, 1982; Ivey, 1986). Recent interest
has been shown in new prodrugs such as fenbufen (see 3.4.6) and sulindac (see 3.4.7)
which are converted to active metabolites after absorption and should therefore avoid high
gastric mucosal concentrations and local induction of pathology. Enterohepatic
recirculation occurs for many NSAIDs in the dog and can cause prolonged local
concentrations of drug in the intestinal mucosa and so may be an important mechanism of
gastrointestinal intolerance (see 3.3.3). Chronic blood loss with aspirin treatment is
apparently common at therapeutic doses in the dog (Phillips, 1981).

(b) Renal toxicity

Prostaglandins are involved in renal blood flow autoregulation, glomerular
filtration, tubular ion transport, modulation of renin release and water homeostasis. Renal
prostaglandins do not appear to be important in the control of resting renal blood flow or
glomerular filtration rate in the normal animal. In contrast, in adverse conditions
prostaglandins exert a protective effect to preserve renal perfusion where systemic
vasoconstriction has been induced by mediators such as noradrenaline, alpha adrenergic
stimulation and angiotensin II (FIG 14). In the normal animal NSAIDs are unlikely to
have any damaging effects. However, in hypovolaemia and states of decreased renal
perfusion, inhibition of cyclooxygenase, and hence the inhibition of renal prostaglandin
synthesis, causes a severe reduction in renal perfusion and reversible or irreversible renal
insufficiency (TABLE 5) (Kincaid-Smith, 1986; Rubin, 1986).

Prostaglandins in the kidney have an important r6le in salt and water
homeostasis. NSAIDs can cause sodium and water retention and oedema. If the retention
of water is disproportionate, hyponatraemia can develop. Inhibition of the
renin-angiotensin-aldosterone system can cause hyperkalaemia. NSAIDs reduce the
diuretic, natriuretic and anti-hypertensive effects of diuretic drugs. NSAIDs also
counteract the anti-hypertensive effects of the B8-adrenoceptor antagonists, probably via
their action on renal prostaglandins (Day and others, 1983; Rubin, 1986).
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FIG 14 Possible mechanism of the protective effect of prostaglandins
in the kidney and the nephrotoxic effects of the NSAIDs

TABLE 5: Pathological Conditions Which Predispose
to Nephrotoxicity of NSAIDs

TABLE 6: Pathological Conditions Associated with NSAID Nephrotoxicityl

1. Reduced circulating blood volume eg.
-water deprivation

-diuretic therapy

-haemmorhage

-nephrotic syndrome

2. Animals in a vasoconstrictive state eg.
-gencral anaesthesia

3. Sodium retention eg.
-congestive cardiac disease
-hepatic cirrhosis

4. Precxisting renal insufficiency

1. - Acute renal insufficiency
(especially in preexeisting congestive cardiac failure, cirrhosis, nephrotic
syndrome, hypovolaemia secondary to diuresis).
In dogs, high doses of ibuprofen cause acute renal failure.

2. - Papillary necrosis
(described in horses treated with phenylbutazone; associated with
hypovolaemia due to fluid loss or water deprivation)

3. - Nephrotic syndrome and interstitial nephritis
(possibly T-lyphocyte mediated immune mechanism.
Reversible if treatment is withdrawn)

4. - Sodium and fluid retention
(augment oedema-inducing disease such as congestive cardiac failure;

decrease efficacy of diuretics  eg. frusemide)

5. - Potassium balance

(hyperkalaemia associated with NSAID treatment is reported in man;
risk increased in sodium depleted patient)
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Acute and chronic clinical syndromes which have been associated with the use of
NSAIDs are listed in TABLE 6. In man, there is evidence to suggest that uroepithelial
tumours also occur as a complication of prolonged NSAID use (Kincaid-Smith, 1986).

() Central nervous system (CNS)

In man, NSAIDs often cause adverse CNS signs including tremors,
weakness, headache, blurred vision, confusion, agitation and ataxia (Dodge, 1979).
Such effectsi?re rarely identified in animals. Dullness is a common reported side effect of
NSAIDs but)is unclear whether this is due to CNS effects or to abdominal discomfort or
dyspepsia. Salicylate induced seizures have been reported in a dog (Schubert, 1984).

(d) Hepatotoxicity

Drugs such as ibufenac, fenclofenac and benoxaprofen have been withdrawn
from the human market because of hepatotoxicity, and liver damage has been reported on
occasion for virtually all NSAIDs. Little is known of the mechanisms of hepatotoxicity of
NSAIDs. Liver enzyme values may be slightly elevated with many NSAIDs in man.
There may be more potential for hepatotoxicity with certain NSAIDs. In man, these
include diclofenac, sulindac, pirprofen and phenylbutazone (Prescott, 1986).

(e) Dermatological

Rashes, pruritis, and urticaria are common in people treated with NSAIDs
(Rainsford, 1984; Lombardino, 1985; Brooks, 1986). Skin side effects are poorly
documented in dogs.

) Haemopoetic

The inhibition of platelet aggregation by NSAIDs is due to platelet
prostacyclin inhibition which reduces platelet aggregation and thromboxane inhibition
and reduced platelet-capillary wall adhesion. Increased bleeding time may be of
consequence if there is a preexisting bleeding disorder such as von Willebrands disease,
other coagulation disorders or gastrointestinal ulceration.

Bone marrow depression has been reported in dogs treated with

phenylbutazone but is apparently very much rarer than the syndrome in man (Miller and
Kind, 1962; Ndiritu and Enos, 1977; Schalm, 1979; Watson and others, 1980).
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® Pseudoallergic and Hypersensitivity Reactions

Pseudo-allergic adverse reactions to NSAIDs are common in man and are
probably associated with the protein binding properties of the drugs. Cellular immunity
usually results in dermatological signs. Asthma and anaphylactic responses are
documented in man. Extrapolating from work in man, care should be exercised in dogs

with a known history of hypersensitivity reactions, food allergy or atopy (Szczeklik,
1986).

(h) Pregnancy

Salicylates and other NSAIDs prolong gestation and have demonstrated
teratogenicity in certain animal studies. Unless treatment is imperative, NSAID treatment
should be avoided in pregnant animals (Heymann, 1986).

335  Drug Interactions
(@) Antacids and Food

Antacids decrease the gastrointestinal side effects of NSAIDs. However, the
rate and extent of absorption of some NSAIDs can be reduced. Administration of
NSAIDs and antacids with food may antagonise any antacid-induced reduction in drug
absorption (Tolbert and others, 1981). Excretion of active drug is only affected by
urinary pH in selected cases where the NSAID is excreted unchanged eg. salicylate.
Large doses of oral antacids will raise urinary pH and promote excretion of salicylate (La
Du and others, 1972; Day and others, 1983).

Administration of NSAIDs with food decreases the incidence and severity of
gastrointestinal side effects. In general, the administration of NSAIDs with food delays
and reduces peak plasma concentrations but does not affect total oral bioavailability (Day
and others, 1983; Rainsford, 1985; Lombardino, 1985; Brooks, 1986).

(b)  Anticoagulants

Displacement of warfarin from plasma proteins is not now thought to be the
primary mechanism by which the activity of coumarin anticoagulants is enhanced by
phenylbutazone and oxyphenbutazone (Day and others, 1983). Phenylbutazone and
oxyphenbutazone inhibit the metabolism of the S-isomer of warfarin. The S-isomer is
five times as potent as the R-isomer. Thus, phenylbutazone and oxyphenbutazone both
markedly enhance the anticoagulant activity of warfarin (O'Reilly and others, 1980).
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At higher doses salicylates appear to inhibit vitamin K dependent synthesis of
factors VII, IX, and X but this is not thought clinically significant. Interaction with
warfarin has not been closely investigated. Earlier reports that other NSAIDs including
aspirin, diflunisal and meclofenamate potentiated the effect of warfarin.on prothrombin
complex activity are now believed to be incorrect. In more recent work, none of the
NSAIDs has shown any effect. NSAIDs will augment any bleeding tendency induced by
anticoagulant therapy because of their effects on platelets and gastrointestinal bleeding
(Day and others, 1983). NSAIDs will displace other highly plasma protein bound drugs

which may have significance where the displaced drug has a narrow therapeutic index
(McKellar, 1989).

© Diuretic and Hypertensive Drugs

The hypotensive effects of propranolol are inhibited by indomethacin, the
effect possibly due to the inhibition of vasodilatory prostaglandin induction or direct
sodium retentive effects (Watkins and others, 1980). The hypotensive actions of
hydralazine, prazosin, captopril or a reduced sodium diet are inhibited by indomethacin in
man. The diuretic and natriuretic effects of frusemide are inhibited by aspirin or
indomethacin. The effect may involve the inhibition of prostaglandin-mediated vascular
effects of frusemide. Where NSAIDs are administered concurrently with 8-blockers,
antihypertensives or diuretics the doses of the latter drugs may need to be increased to
have the same desired effect (Day and others, 1983).

(d Corticosteroids

Patients treated concurrently with corticosteroids and aspirin have higher rates
of clearance of salicylate. As the dose of steroid is reduced, plasma salicylate
concentrations may rise (Muirden and Barraclough, 1976). Corticosteroids may
potentiate the ulcerogenic activity of the NSAIDs (Hamori and others, 1968; Day and
others, 1983; Cosenza, 1984; Ivey, 1986).

() NSAID Combinations

NSAID combinations often increase the incidence of adverse reactions
without an increase in efficacy. Co-administration of salicylates with other NSAIDs
reduces the plasma concentrations of the other NSAID. In rare cases the combination
product may have enhanced activity. Generally, however, it is advised that single
NSAIDs are used rather than NSAID combinations (Day and others, 1983).
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3.6 NSAIDs and Cartilage

In man, indomethacin has been associated with increased joint destruction in
cases of hip osteoarthritis (Rénningen and Langeland, 1979). Early theories proposed
that pain relief encouraged increased usage of the joint and so increased further damage.
It has also been suggested that the mechanism of disease promotion was interference with
the repair of microfractures in the subchondral bone by prostaglandin synthesis
inhibitors. Aspirin treatment of dogs with experimental anterior cruciate ligament
transection increases the degeneration of cartilage (Palmoski and Brandt, 1983b).

At concentrations approximating to normal pharmacological plasma levels,
salicylate had no effect on degradation of proteoglycan in normal cartilage in vitro
(Palmoski and Brandt, 1979). However, it is believed that inhibitors of prostaglandin
synthesis may also inhibit proteoglycan biosynthesis. Salicylate and other NSAIDs have
been found to inhibit proteoglycan synthesis in normal canine articular cartilage (Kalbhen
and others, 1967). Diclofenac, indomethacin, piroxicam and sulindac sulphide have no

significant inhibitory effect on proteoglycan synthesis in normal canine articular cartilage
(Palmoski and Brandt, 1980).

The suppressive effect of salicylates on proteoglycan synthesis have been
found to be more profound in osteoarthritic cartilage, where basal proteoglycan synthesis
is 3 to 5 times that in normal cartilage (Palmoski and others, 1980). This was not a
general chondrocyte toxic effect, since net protein synthesis was not affected. It has been
suggested that NSAIDs may inhibit enzymes involved in the early stages of chondroitin
sulphate synthesis such as UDP glucose dehydrogenase. Oral aspirin administration to
dogs with developing osteoarthritis aggravated the degeneration of articular cartilage.
There was no apparent effect on normal cartilage in vivo (Palmoski and Brandt,
1983a,b).

In chickens, intraarticular injection of NSAIDs including ibuprofen,
phenylbutazone, sodium salicylate, fenamic acid and indomethacin causes severe
osteoarthritic changes (Kalbhen and others, 1978). Oral treatment with aspirin,
phenylbutazone, indomethacin, ibuprofen and naproxen of mice with a genetic
predisposition to an osteoarthrosis (C57 black mice) promoted the development of
osteoarthrosis. Diclofenac showed chondroprotective effects and pirprofen had no effect
(Maier and Wilhelmi, 1979; 1982).
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The effect of salicylate on degenerative cartilage in vivo with sparing of
normal cartilage may be related to the proteoglycan concentration of the matrix and the
resultant decrease in fixed negative charge density of the glycosaminoglycan polymers
which allows increased diffusion of weakly anionic NSAIDs into the cartilage.
Proteoglycan depletion rather than cartilage fibrillation determines the effect of salicylate
and indomethacin on osteoarthritis cartilage (Palmoski and Brandt, 1985). There is no
evidence that the chondrocyte of osteoarthritic articular cartilage is any more susceptible
to the effects of salicylate or other NSAIDs on proteoglycan metabolism (Slowman and
Brandt, 1987). The proteoglycan metabolism effect appears to be unrelated to their
inhibitory effects on prostaglandin synthesis (Palmoski and Brandt, 1984). In vitro
experiments have indicated that the variation in the effects of different NSAIDs on joint
cartilage is related to the drug concentration in synovial fluid which is dependent upon the
dose administered, which in turn depends upon the potency and toxicity of the drug
(Palmoski and Brandt, 1985).

Antiinflammatory agents can combine antagonistic effects and in any given
situation it is hazardous to predict the predominance of anti-anabolic or anti-catabolic
activity (Withelmi, 1983). It has been proposed that aspirin may inhibit the release of
lysosomal hydrolases and that the beneficial effects of aspirin on synovium may be more
important than any detrimental effects on articular cartilage (Miller and Smith, 1966).
Cartilage degeneration has been demonstrated to be inhibited by salicylate by some
investigators (Simmons and Chrisman, 1965). In Guinea Pigs with osteoarthritis induced
by transection of the anterior cruciate ligament, neither piroxicam nor indomethacin had
any positive or negative effect on clinical progression. The protein concentration of the
cartilage matrix was altered in treated animals (Baragi and Schwartz, 1986).

Normal chondrocyte proteoglycan synthesis is not inhibited by diclofenac, a
potent inhibitor of cyclooxygenase. This property is not due to partitioning such that
diclofenac failed to reach the chondrocytes (Brandt and others, 1988). Kalbhen and
others (1987) have found that diclofenac has a stimulatory effect on chondrocytes in vitro
and has chondroprotective properties.

The effect of piroxicam on normal articular cartilage has been studied. In
isolated articular cartilage, piroxicam has no effect on cell proliferation nor on
incorporation of radiolabelled sulphate into matrix macromolecules. In vivo, dogs treated
with piroxicam for 8 weeks had no ultrastructural differences to normal controls. At
concentrations in vitro which are comparable to therapeutic serum levels, piroxicam was
found to suppress catabolism-inducing factor(s) in osteoarthritis in 11 of 12 specimens.
There was no inhibition of total protein synthesis: drug-induced suppression was
selective (Mohr and others, 1984).
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Herman and others (1986) found piroxicam to have no significant effect on
proteoglycan release from normal cartilage and the investigators proposed that the
drug-mediated effects were at the level of the synovial tissues. Indomethacin and
salicylate had no effect on the synthesis of catabolism-inducing factor by osteoarthritic
synovium. There was no consistent blocking effect on osteoarthritis catabolic factor
activity using any of the NSAIDs studied. However,  the investigators concluded that
piroxicam may be an effective blocker of catabolism-inducing factor generated in
rheumatoid arthritis synovium, if not in osteoarthritis synovium (Herman and others,
1987). Piroxicam does not inhibit sulphate incorporation into proteoglycans or cell
proliferation (Mohr and others, 1983). Recent studies have demonstrated chondrocyte
stimulation by piroxicam in vitro (Poriau and others, 1987).

It has been stated by some authors that the inhibitory effects of antirheumatic
drugs on proteoglycan synthesis are negligible compared with their ability to inhibit
degradative enzyme damage of cartilage (Chrisman and others, 1981b). Some authors
have suggested that NSAID effects on serum sulphate concentrations may contribute to
chondrocyte proteoglycan synthesis inhibition (deVries and others, 1988). Ghosh (1988)
concludes that the in vivo significance of all the experimental evidence for cartilage
effects of NSAID:s is still uncertain. However, it may be desirable to use a NSAID which
has proven chondroprotective or no chondrocyte inhibitory effects (eg diclofenac,
piroxicam, pirprofen, ketoprofen).
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3.4 i ividual nd thei

Aspirin is rapidly hydrolysed in plasma  ( oo h
to salicylate. Peak concentration of salicylate are o
attained 1 to 2 hours after plain aspirin is Ne—ou 3
administered per os. Salicylate is about 60-70% I(I,
plasma protein bound. The half life of the salicylate
is dose-dependent, increasing as the administered FIG 15: Aspirin
dose of salicylate is increased. At usual dosages the  \_ p,
mean plasma half life in the dog is 8 to 9 hours
(Davis and Westfall, 1973). A decrease in blood pH will lead to a decrease in drug
ionisation and increased distribution. Synovial fluid concentrations of salicylate are

approximately one half of the plasma concentrations (Rowland and others, 1967).

Therapeutic plasma concentrations of salicylate are considered to be 100 to
300 ug/ml by some authors (Yeary and Brandt, 1975) but as little as 50 ug/ml by others
(Davis, 1980). Twenty-five mg/kg every 8 hours maintains therapeutic concentrations of
170-190 ug/ml (Yeary and Brandt, 1975). Peak concentrations are attained 4 hours after
buffered aspirin is given and up to 8 hours after enteric coated aspirin (EC.ASA) is
given. EC.ASA produces the greatest fluctuations in serum salicylate concentration
(Lipowitz and others, 1986).

Most dogs tolerate aspirin well. However, any dosage can cause
gastroduodenal ulceration (Cosenza, 1984). Emesis, gastric haemorrhage and abdominal
pain have been well documented (Hurley and Crandal, 1964; Taylor and Crawford,
1968; Fisher and others, 1972). Fifty to 100 mg aspirin/kg/day consistently induces
gastric pathology. Doses over 50 mg/kg often induce emesis (Yeary and Brandt, 1975).
Overt gastrointestinal haemorrhage can occur after a single dose of aspirin in man. This is
thought to be an idiosyncratic reaction (Ivey, 1986).

Plain aspirin is most irritating to the gastric mucosa (Lipowitz and others,
1986). Buffered aspirin preparations are associated with reduced epigastric discomfort
but they do not reduce gastrointestinal damage (Day and others, 1983). Enteric coated
aspirin (EC.ASA) preparations are associated with less enteric blood loss since the small
intestine is less affected by local effects than the stomach (Lipowitz and others, 1986).
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Since absorption of aspirin from enteric coated preparations is delayed for six
hours or more, use is restricted to long-term medication. Food postpones the exit of
EC.ASA tablets from the stomach and delays peak plasma concentrations of salicylate
after EC.ASA administration. Multiple meals can cause completely unpredictable patterns
of plasma salicylate concentration (Nap and others, 1989). Smaller EC.ASA granules
may not be retained in the stomach and so may allow more predictable and rapid plasma
concentrations of salicylate to be achieved (Anslow and others, 1984).

Allergy or pseudoallergic intolerance to aspirin occurs in man. No allergies
are documented in animals. Aspirin has been associated with congestive cardiac failure
and pulmonary oedema in man. Acute poisoning can occur with aspirin. Clinical signs
include vomiting, abdominal pain, CNS signs and hypokalaemia in the early stages. In
the later stages the signs are pyrexia, pulmonary oedema, convulsions, coma, severe
dehydration and ketosis, and death may occur.

In the dog, it has been reported that therapeutic plasma concentrations of
salicylate are not maintained by use of plain aspirin at 10 mg/kg every 8 hours.
Twenty-five mg/kg every eight hours of plain, buffered or enteric coated aspirin are
effective ( Yeary and Brandt, 1975; Lipowitz and others, 1986). Other authors suggest
10-20 mg/kg every 12 hours may be clinically effective (Davis, 1980; Haskins, 1987;
Jenkins, 1987). Clinical experience suggests that the lower dose rate provides analgesic
effect (Carmichael, 1989). Aspirin is still the most popular drug for the treatment of
osteoarthritis in man and the standard by which other drugs are judged. It has been stated
that in the face of more effective and potentially less toxic NSAIDs, the salicylates
probably have no place in veterinary medicine (Yoxall, 1978).

Diflunisal is a fluorophenyl ( coon )
derivative of salicylic acid. Unlike aspirin, it
does not possess an O-acetyl group and so it
does not acetylate proteins. The activity of
diflunisal is intrinsic and not related to in

vivo conversion to salicylate. Diflunisal has
FIG 16: Diflunisal

approximately three to ten times the

anti-inflammatory activity of aspirin.

In man, diflunisal has reduced gastric effects and ototoxicity compared with aspirin.
Cross-allergy with aspirin may occur (Lombardino, 1985). A single dose of 10 mg/kg in
dogs had no adverse effects on gastric secretion volume or acidity. In the dog, diflunisal
apparently has similar side effects to aspirin on the gastrointestinal tract and kidney but
with a higher therapeutic index. In one canine study, oral dosing at 25 mg/kg/day for 3
months had no toxic effects. It has not been properly evaluated for efficacy and toxicity in
dogs to date.
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3.4.2 Phenylbutazone and Other Pyrazolones

Phenylbutazone has been ( o )

withdrawn from general availability on crf,

prescription for human use in the UK because A

of toxicity; notably fluid retention (sufficient ° '

to cause cardiac failure), aplastic anaemia, and \@
agranulocytosis. In the last twenty years at

least 1000 people have died from aplastic
anaemia or neutrop enia associated with the

FIG 17: Phenylbutazone
use of phenylbutazone or oxyphenbutazone A J

(Brooks and others, 1986). It is still licensed
to treat ankylosing spondylitis under specialist supervision.

Phenylbutazone is rapidly and completely absorbed from the small intestine
and is extensively protein bound (Brooks and others, 1986). After intramuscular injection
of phenylbutazone absorption is delayed compared with oral administration, probably
because of local tissue binding and precipitation. Intramuscular injection is also very
painful and very irritant, especially to nervous tissue. In man, accidental injection close to
nerves has been associated with nerve damage (Fowler, 1983).Plasma half life of
phenylbutazone in the dog has been reported to range from 1.3 to 5.2 hours (McKellar,
1989).

The pyrazolone derivatives induce drug metabolising microsomal enzymes in
the liver. As a consequence, tachyphylaxis to phenylbutazone can develop over a period
and the dose rate required for a beneficial effect may need to be increased.
Phenylbutazone metabolism is accelerated by hepatic microsomal inducers such as
phenobarbitone, griseofulvin and phenytoin and is inhibited by the phenylbutazone
metabolite oxyphenbutazone.

Recognised contraindications to phenylbutazone treatment are existing peptic
ulceration, liver disease, bleeding disorders and cardiac insufficiency (Fowler, 1983).
Adverse reactions are widely reported in the dog, including an "idiosyncratic reaction" in
a Dachshund (Tandy and Thorpe, 1967). Myelotoxicity and blood dyscrasias have been
reported in the dog, but seem to be less common than in man (Miller and Kind, 1962;
Ndiritu and Enos, 1977; Schalm, 1979; Watson and others, 1980). Phenylbutazone
appears less toxic in the dog than in man. This may be associated with the much shorter
half life in the dog (<6 hours cf. 72 hours in man).
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A dose rate of 22 mg/kg every eight hours has been recommended by some
authors (Haskins, 1987; Rubin and Papich, 1988). To maintain therapeutic plasma
concentrations a dose regime of 15 mg/kg qid has been recommended (Nielson and
others, 1969). Other authors suggest up to 20 mg/kg/day divided is sufficient (Taylor,
1987).

Azaproprazone is reported to have low toxicity, but blood levels are not
readily achieved in dogs. In man, the dosage of azaproprazone is 10-20 mg/kg/day. In
the dog, to achieve similar plasma concentrations a daily dosage of 60-120 mg/kg would
apparently be required (Jones, 1976). This dose rate will cause adverse reactions, at least
in certain breeds. Beagle dogs treated at 25-100 mg/kg/day rapidly showed toxicity with
signs including anorexia, rapid weight loss, anaemia, reticulocytosis and leukocytosis,
blood in faeces, pyloric ulcers, gastrointestinal inflammation and deaths. Azaproprazone
also had effects on bone marrow. Beagles seem to be particularly sensitive to the
gastrointestinal effects of azaproprazone since mongrel dogs treated at 50 mg/kg/day for
12 weeks showed no clinical signs or post mortem pathology (Walker, 1985).

Dipyrone administered at 50 mg/kg orally is rapidly and almost completely
absorbed to give maximum blood concentrations of about 40 ug/ml 1.5-2 hours after
dosing. The elimination half life is about 5 hours (Christ and others, 1973). Booth
(1982) recommends 30 mg/kg sid or bid for chronic treatment. In man, skin rashes are
common but gastrointestinal signs are rare (Brogden, 1986).

34.3 Fenamates

The fenamates are N-arylanthranilic acids. Their structure is related to that of
flunixin and diclofenac (FIG 17). The fenamates inhibit prostaglandin synthesis
(Scherrer, 1985; Brooks and others, 1986). Meclofenamic acid is one of the most potent
inhibitors known (Scherrer, 1985). The prostaglandin synthesis inhibitory effects of the
fenamates are enhanced up to 100 fold in the presence of certain enzyme "cofactors"” such
as phenols and indoles (Egan and others, 1978).

The antiinflammatory activity of the fenamates does not correlate well with
prostaglandin biosynthesis inhibition and other mechanism of action may be important.
The fenamates also inhibit some of the actions of some prostaglandins at physiological
concentrations. It has been suggested that the fenamates inhibit the tissue response to
prostaglandins by occupying receptor sites. Not all prostaglandins or all actions are
inhibited and there is variation in potency between species (Scherrer, 1985).
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Mefenamic acid is rapidly absorbed after oral administration with peak plasma
concentrations in a maximum of 2 to 4 hours. In dogs, most of the drug is excreted in the
faeces with only small amounts appearing in the urine. Enterohepatic recirculation occurs
to a varying extent in different species. Oral administration of mefenamic acid to dogs at
50 mg/kg 5 days per week for 103 consecutive weeks was not associated with any
adverse clinical signs or tissue reaction. At 100 mg/kg/day, slight hepatic damage was
reported at histological examination. 300 mg/kg/day divided for four consecutive weeks
was not associated with clinical signs or tissue reaction (Parke-Davis Veterinary).

Tolfenamic acid is available for use in dogs and cats in France (Tolfedine®).
A human preparation is also available (Clotan®). It can be administered by subcutaneous,
intramuscular or oral routes. When administered subcutaneously at 4 mg/kg tolfenamic
acid had a plasma half life of 6.9 hours (+ 1.9 hours) with maximum plasma
concentrations of 4.4 (30.6) ug/ml at about 1.5 hours after administration. Serum
thromboxane levels were inhibited by up to 80% at this dose rate (McKellar and
Galbraith, 1989). Enterohepatic recirculation has been reported (Vetoquinol Advertising
Literature; McKellar and Galbraith, 1989).

Haskins (1987) suggests that meclofenamic acid (Arquel®) can be used in
dogs at a dose rate of 2.2 mg/kg/day. However, the drug manufacturers (Parke-Davis
Veterinary) and Taylor (1987) suggest that 0.5-1 mg meclofenamic acid/kg/day divided
for up to 21 days may be more appropriate. Taylor (1987) advises that, for a maintenance
regime, the dose rate is decreased to every second or third day after 1 to 3 weeks.
Arquel® is available in sachets for use in horses. Each 10g sachet contains 500 mg which
is sufficient for a dog weighing between 500 and 1000 kg! Very small quantities will
require to be weighed out for use in dogs. A 25 kg dog will require between 0.25 and 0.5
g/day (Parke-Davis Veterinary).
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Mefenamic acid (Ponstan®) may be useful at 10-40 mg/kg/day in divided
doses (Taylor, 1987). The manufacturer suggests a dose rate of 40-60 mg/kg divided
b.i.d. After 1 to 3 weeks, the dosage should be reduced to 10-60 mg/kgin divided daily
doses on every second or third day (Parke-Davis Veterinary). Ponstan® is available as 25
mg capsules, a 50 mg/ml suspension or as 250 mg and 500 mg tablets.

A dosage of 4 mg tolfenamic acid/kg/day divided in two doses is said to
maintain satisfactory plasma concentrations without accumulation of the product. The
recommended period of treatment is only 3 to 5 days (Vetoquinol Advertising Literature).

The fenamates are the preferred analgesics of some authors and at some
veterinary colleges. The main problem associated with their use is diarrhoea. Diarrhoea
does not seem to be dose related and usually resolves in 3-4 days whilst treatment
continues. In dogs in which diarrhoea continues, the dose should be reduced or treatment
withdrawn and reinstituted at a lower dose rate once the diarrhoea resolves. In most cases
the diarrhoea resolves. Treatment should be withdrawn if diarrhoea is severe or if there is
blood in the faeces. Vomiting and renal toxicity have been reported (Parke-Davis
Information).

34.4 Flunixin

Flunixin meglumine is a potent NSAID ( CoOH )
which is approved for use in the horse in many

countries including UK and USA. Oral and O
injectable preparations have recently been approved N i

for use in dogs in the UK. Flunixin is a more CH,
potent analgesic than aspirin or phenylbutazone.

CF
The duration of clinical efficacy of the ’

FIG 19: Flunixin
drug in dogs does not correlate with the relatively - /

short half life (Rubin and Papich, 1988) of 3.7+

1.2 hours after intravenous injection (Hardie and

others, 1985). After oral administration at 1.1 mg/kg , flunixin is rapidly absorbed. Peak
plasma concentratiomsof 4 to 6 ug/ml occur about one and a quarter hours after drug
administration and flunixin has a plasma half life of 2 to 3 hours. (McKellar and Lees,
1989; McKellar and others, 1989). More recent studies have indicated that the elimination
half life may be much longer (14-15 hours) than indicated in earlier studies (McKellar and
Galbraith, 1989). In a clinical trial on an oral formulation in dogs, flunixin was as
effective as phenylbutazone in the treatment of chronic musculoskeletal pain and
inflammation (Kelly and Benitz, 1988).
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The suggested dose rate of flunixin is 1.1 mg/kg daily for up to 3 days, with
the course repeated no more often than every 2-3 weeks. Daily treatment intervals can be
used since flunixin has been shown to persist in inflammatory tissue (Lees and others,
1987). Flunixin has a narrow therapeutic index in the dog but the once a day treatment
regime will allow almost complete elimination of the drug from plasma and so reduce the
potential for toxicity and accumulation (Rubin and Papich, 1988). However, flunixin can
only be used for up to 3 days since longer term use has been shown to cause
gastrointestinal inflammation and ulceration (Cosenza, 1984). No problem with reduced
analgesia at the end of the inter-dosing period has been identified in clinical trials (Benitz
and Lichtenwalner, 1936).

345 PRiroxicam

The oxicams are a novel group of ( )
NSAIDs which are N-heterocyclic carboxides e ﬁ
of 1,2-benzothiazine-1,1-dioxide (Brooks and X NO
others, 1986). Piroxicam is the most popular of PN
the oxicam class. In the dog, peak plasma P
concentrations of piroxicam are reached around L ' FIG 20: Piroxicam )

two hours after oral administration. Piroxicam
has an extended plasma half-life of 37 to 40
hours in the dog (Lombardino and others, 1973; Wiseman, 1983). It is completely
absorbed from the gastrointestinal tract and is 99% plasma protein bound. Enterohepatic
recirculation in man maintains plasma concentrations and extends the half life (Wiseman,
1983). The similar kinetics in the dog suggest that enterohepatic recirculation occurs.
Piroxicam accumulates in synovial fluid (Brooks and others, 1986). No clinically

important interactions with other drugs have been reported in man (Wiseman, 1983;
Wiseman, 1985).

In man, therapeutic doses of piroxicam are better tolerated than those of
indomethacin, phenylbutazone or aspirin. In dogs, piroxicam has been used at a dose rate
of 0.3 mg/kg every 48 hours in clinical cases of osteoarthritis and for analgesic and
antiinflamnmatory effect post-operatively at Glagow Veterinary School since 1984 with
an incidence of side effects approximately equivalent to or better than that of other
NSAIDs. Gastrointestinal intolerance is most common and diarrhoea is more common
than emesis.
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Gastrointestinal ulceration and haemorrhage have been reported in a dog
treated for ten days with piroxicam at 0.8 mg/kg every 48 hours (Thomas, 1987). In
dogs treated for 12 to 18 months at 1mg/kg/day renal papillary necrosis has been reported
(Wiseman, 1983). Transient rises in liver enzymes are reported in man. The therapeutic
index of piroxicam is superior to that of aspirin in the dog (Teelman, 1983).

In man, piroxicam has a rapid onset of action. Analgesia is effected in less
than 2 hours in most cases and the effect of piroxicam fades about 48 hours after
treatment is withdrawn (Wagenhauser, 1980). The long duration of action of piroxicam
also means that night time pain relief is often improved in comparison with shorter
duration NSAIDs, sleep may be more sound and morning stiffness decreased (Wiseman,
1983). In man, piroxicam has been shown to be a more effective analgesic than aspirin in
the therapy of osteoarthritis (Gordon and others, 1980). Improved effects are apparent
when treatment for osteoarthritis is continued for longer periods (Pitts and others, 1982).
Piroxicam has equivalent efficacy to aspirin, naproxen and indomethacin whilst it is
generally better tolerated. It is more effective than indomethacin and equivalent to
phenylbutazone in acute musculoskeletal disorders (Wiseman, 1985).

In the dog, the long half life of piroxicam means that dosing once a day or
every other day maintains therapeutic concentrations. It has high potency and so a low
dose of 0.3 mg/kg every 48 hours seems effective and well tolerated. Some authors have
stated that piroxicam should not be recommended for use in dogs until further safety and
efficacy studies have been performed (Rubin and Papich, 1988).
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With the exception of Naproxen, the Propionic acid derivatives are
administered as racemates (mixtures of enantiomers). In most cases only the S (Sinister)
form is active. In vivo conversion of the R to the S form has been demonstrated for some

of the propionic acid derivatives and may increase their efficacy in vivo (Brooks and
others, 1986).

Naproxen

Naproxen is rapidly absorbed after oral administration and peak plasma levels
occur at 0.5 to 3 hours. Naproxen is 68-100% bioavailable orally (Frey and Rieh, 1981).
It is 99% plasma protein bound. The half life of naproxen in the dog varies from 35
(Runkel and others, 1972) to 92 hours (Frey and Rieh, 1981) compared to 6 hours in the
horse and 12 hours in man. Enterohepatic recirculation is proposed as the mechanism
which causes the prolonged half life of naproxen in the dog. The dog is the only species
investigated in which faecal excretion predominates. Slow elimination is not due to
extensive protein binding since the horse and man have similar degrees of protein affinity
but much shorter half-lives (Frey and Rieh, 1981).

Naproxen has been used in man (Naprosyn®) and the horse (Equiproxen®)
without a high incidence of adverse effects (Allison and others, 1985). Although the
single toxic dose of naproxen in the dog is high (LD50 > 1g/kg), dogs are relatively
intolerant of the gastrointestinal effects of naproxen. Gastrointestinal changes are
observed in dogs treated at 5 mg/kg/day whilst 15 mg/kg/day is toxic. A dose of 1.5
mg/kg/day is tolerated for 3 months without signs of toxicity (Hallesy and others, 1973).
There are many reports of naproxen-induced gastroenteropathy in dogs in the literature
(eg. Roudebush and Morse, 1981; Steel, 1981; Gilmour and Walshaw, 1987). This is
apparently related to predominantly biliary excretion and less urinary excretion in the dog
compared to other species (Segre, 1983).

In various clinical trials in man, naproxen has equivalent or greater efficacy to
aspirin (Segre, 1983) and has the advantage of requiring only one daily dose. Therapeutic
concentrations of naproxen (>30 ug/ml) can be maintained when naproxen is
administered at 1.2-2.8 mg/kg once daily (Frey and Rieh, 1981). It appears that naproxen
can be used with caution in the dog at a once daily maintenance dose of 2 mg/kg/day with
or without a single loading dose of 5 mg/kg (Jenkins, 1987; Rubin and Papich, 1988).
However, the dog appears to be particularly sensitive to gastrointestinal side effects of
naproxen.
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Ibuprofen

Ibuprofen is rapidly absorbed after oral administration and is 96% plasma
protein bound. Maximum plasma concentrations are attained between 0.5 and 3 hours
after oral administration. Its elimination half life in the dog is about 3.5 to 6 hours
(Scherkl and Frey, 1987). Some authors have reported that ibuprofen is metabolised
slowly in the dog (Mills and others, 1973).

Ibuprofen is a popular drug in man because it is associated with a lower
incidence of gastrointestinal adverse reactions than the salicylates (Smith and others,
1985). It is available without prescription in the UK. However, the drug appears to cause
gastric irritation and ulceration more frequently in dogs. Gastrointestinal toxicity may
relate to enterohepatic recirculation in this species. It has also been suggested that dogs
are at increased risk of gastrointestinal ulceration due to ibuprofen treatment because of a
higher rate of gastrointestinal absorption, longer drug half life, and prolonged blood
concentrations (Adams and others, 1969).

There are a number of reports of ibuprofen toxicity in dogs. Acute ingestion
of large doses can cause vomiting, diarrhoea and renal dysfunction (Spyridakis and
others, 1986). Earlier papers advocated use of ibuprofen at a maintenance dose of 16
mg/kg/day (Yoxall, 1978). However, treatment with ibuprofen at 12-15 mg/kg/day
causes repeated and consistent vomiting (Scherkl, 1987). Recent papers suggest a dose
rate of 8 mg/kg/day may be better tolerated (Taylor, 1987; Rubin and Papich, 1988) or
that 10 mg/kg every 24 to 48 hours may be useful (Jenkins, 1987). However, Lessel
(1970) found that dogs treated at 8 mg/kg/day for 30 days developed gastric ulceration.
In an earlier study, dogs treated with ibuprofen at 8§ mg/kg/day for 30 days showed no
clinical signs but intestinal inflammation and gastric ulceration were apparent at necropsy
(Adams and others, 1969). Haskins (1987) suggests a dose rate of 5 mg/kg/day.

Ibuprofen is generally not recommended for routine use because of its
gastrointestinal toxicity and because it offers no advantage over less toxic analgesics such
as aspirin and phenylbutazone (Rubin and Papich, 1988).

Flurbiprofen has a half-life in the dog of 35-40 hours. It is largely excreted in
the urine unchanged and no metabolites have been detected in canine plasma.
Enterohepatic recycling is very probable in the dog (Risdall and others, 1978). Severe
dose related gastrointestinal damage at 1-16 mg/kg has been described. Flurbiprofen is
much more toxic in dogs than in other species. There have been several reports of severe
gastrointestinal adverse reactions and nephrotoxicity (Correspondence, 1987).
Flurbiprofen should not be used in the dog.
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Ketoprofen

Ketoprofen isjmixed inhibitor of the cyclooxygenase and lipoxygenase
pathways and has potent antibradykinin activity ( Julou and others, 1976a,b; Dawson and
others, 1982; Walker, 1980; Julou and others, 1971). It has structural similarities to
arachidonic acid and to Leukotriene A4 (Harris and Vavra, 1985). Ketoprofen has potent
analgesic and antiinflammatory activity. It has not demonstrated any damaging effects on
articular cartilage.

Studies in the dog at 1 mg/kg have indicated less than 90% absorption with
peak plasma levels of 1.5 ug/ml at 1 hour. Ketoprofen is eliminated in a complex manner
and the terminal phase of elimination (half life = 34 hours) accounts for negligible
amounts of absorbed ketoprofen. Primary and secondary phases of elimination have
much shorter half lives of 0.85 hours and 4.3 hours respectively. Excretion is primarily
as conjugates in the urine (Populaire and others, 1973; Heusse and Populaire, 1978;
Upton and others, 1981). The dose recommended in man is 3-4 mg/kg/day. More rapid
clearance and lower peak plasma concentrations in the dog suggest that higher and more
frequent dosages would be required to maintain therapeutic concentrations. In man,
controlled-release oral preparations allow single daily dosing convenience whilst
ketoprofen may have increased safety compared to NSAIDs with longer half lives
because it is rapidly eliminated (Harris and Vavra, 1985). Slow release preparations may
be of use in the dog. Further study is required on the efficacy and safety of ketoprofen in
dogs.

Fenbufen

Fenbufen is a prodrug and has no intrinsic inhibitory activity on prostaglandin
synthesis. After absorption it is converted to the active metabolite biphenylacetic acid
(BPAA) which is a potent cyclooxygenase inhibitor and has marked antiinflammatory
activity. The duration of action is much longer than for indomethacin, aspirin or
phenylbutazone (Greenberg and Bernstein, 1985).

In the dog, fenbufen is rapidly and completely absorbed after oral
administration and peak plasma concentrations are attained in 1-2 hours. Relatively high
plasma concentrations of BPAA are maintained for seven hours. Elimination is mainly in
the urine as diol derivatives. Fenbufen and its metabolites are over 98% protein bound at
therapeutic concentrations (Chiccarelli and others, 1980). Fenbufen should have less
gastrointestinal toxicity than other NSAIDs in the dog since there should be no local
effects on prostaglandin inhibition. Doses of 16 and 40 mg/kg/day for 18 months were
non-ulcerogenic in dogs. 100 mg/kg/day did induce ulcers (Sloboda and Osterberg,
1976). Fenbufen may prove a useful drug in the dog.
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of the drug. A dose of 0.5 mg/kg can be toxic in dogs compared to the toxic dose in man
of about 20 mg/kg (Duggan, 1975). Authors agree that indomethacin is not suitable for
use in the dog because of its common and wide ranging side effects (Nicoloff, 1968;
Ewing, 1972; Duggan, 1975).

Sulindac

Sulindac has a similar structure to indomethacin. It is a pro-drug and is only
converted to an active metabolite in the body or by gut flora (FIG 22). The active
sulphide inhibits both cyclooxygenase and lipoxygenase pathways and can act as a free
radical scavenger. Only small amounts of the active sulphide are excreted in the bile.
Sulindac and its sulphone metabolite are excreted in the bile and can be converted to
active sulphide by the gut flora and reabsorbed (enterohepatic recirculation). Thus, the
gastrointestinal tract is exposed predominantly to prodrug and repeat exposure to active
sulphide is limited. It would be expected that gastrointestinal effects would be lessened.
Sulindac demonstrates low activity on renal cyclooxygenase which may be due to an
inherent lower sensitivity of this isoenzyme to the drug or to differential distribution and
formation of the sulphide (Rhymer, 1983). Sulindac may therefore be less nephrotoxic
than other NSAIDs.

Sulindac has been demonstrated to be more effective than aspirin in osteoarthritis
in man and better tolerated and equivalent to ibuprofen. Gastrointestinal side effects are
the most common but abnormalities of liver function, dermatological and central nervous
system signs, oedema, congestive cardiac failure, thrombocytop enia and leucop enia
have all been reported (Rhymer, 1983; Brooks and others, 1986). Sulindac has not been
assessed for use in dogs.
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Diclofenac has a protective effect on cartilage in certain animal models (see
3.3.6). Itis a popular drug in man since gastrointestinal tolerance to diclofenac is greater
than that for aspirin (Brooks and others, 1986). However, during chronic administration
to dogs, adverse reactions included gastrointestinal haemorrhage, ulceration and
perforation and secondary anaemia. Side effects were more common than in studies in
primates. The increased toxicity in the dog is probably dependent upon the different
metabolism in this species. In man, hydroxylation and taurine conjugation followed by
urinary excretion is the main elimination pathway. In the dog up to 80-90% of excretory
products are direct conjugates in the bile. The direct conjugate is rapidly hydrolysed in the
gut to yield the active drug which is reabsorbed (ie. enterohepatic recirculation).
Enterohepatic recirculation prolongs plasma half life and increases the local exposure of
the intestinal mucosa to active drug and so is most probably responsible for the relative
intolerance of dogs to gastrointestinal effects (Reiss and others, 1978; Willis and
Kendall, 1978; Tsuchia and others, 1980).

Alclofenac has central analgesic activity equivalent to codeine and
antiinflammatory activity equivalent to phenylbutazone. Investigators have reported that
vomiting may be a problem in clinical cases. It is relatively slowly excreted in the dog and
in this species a dose rate of 50 mg/kg bid has been suggested (Yoxall, 1978).
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Some of the NSAIDs already used in man such as benoxaprofen have dual
inhibitor properties. However, their principal activity is on cyclooxygenase and their
clinical effects are believed to be mainly due to inhibition of prostanoid synthesis. The
phenylpyrazoline compound BW755C (3-amino-1-(trifluoromethyl)- phenylpyrazoline)
has activity against both lipoxygenase and cyclooxygenase. BW755C was as effective as
phenylbutazone in reducing adjuvant induced arthritis in rats and its beneficial effects
continued after treatment stopped (Higgs, 1978). In addition, BW755C has no apparent
effect on PGI2 synthesis in the gastric mucosa following oral administration (Whittle and
others, 1980) and has not been associated with ulcerogenicity. Antileukotrienes and dual
inhibitors have not yet been shown to be useful clinically. In some cases (eg.
benoxaprofen) toxicity has been a problem; others require large doses. Poor penetration
into inflammed tissue has been reported (Lees, 1987).

Dual inhibitors of both arachidonic conversion pathways may have superior
efficacy in arthritides where leukotrienes are important mediators. It has been suggested
that dual inhibitors of 5-lipooxygenase and cyclooxygenase may be more effective than
selective cyclooxygenase inhibitors in rheumatoid arthritis (Griswold and others, 1988).

Even with managemental changes, many osteoarthritic dogs still require
analgesic therapy. However, it must be explained to owners that although analgesics can
affect the symptoms in the short or medium term, the object is to change the progression
or activity of the disease state by exercise pattern and weight adjustment. Owners should
be warned that they are responsible for preventing their dog from further traumatising an
already damaged joint. Pain relief may cause a dog to over-use a damaged joint and cause
accelerated disease progression unless the owner controls exercise andobesity.

In contrast to the wide range of analgesic drugs available in man, there are
relatively few drugs which have been evaluated for efficacy and tolerance in dogs except
as part of the data for registration for human use. Very few NSAIDs have been registered
for use in dogs. Registration and marketing may not be considered economically
justifiable. NSAID manufacturers may not wish to risk the use of their products in dogs
since adverse reactions in animals may reflect badly on their use in man. However, there
are a number of NSAIDs which are being tested for use in dogs and other companion
animals with a view to future registration for veterinary use.
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The non-narcotic analgesics and combinations which are presently available
for use in the dog are listed in TABLE 7. Phenylbutazone and flunixin are the only
NSAIDs which are formulated without other drugs. Phenylbutazone is the most popular
analgesic used to control osteoarthritic symptoms in the dog. It has been widely used for
many years and has a good safety record. Flunixin has only recently been registered for
use in the dog. It is a potent analgesic but can only be used for a maximum of three days
since prolonged therapy often results in gastrointestinal intolerance. In osteoarthritis, this
limits its use to the control of pain and inflammation in acute exacerbations.

Three combination products are available. Predno-Leucotropin® Tablets may
soon be replaced by PLT ® Tablets. Both contain the NSAID cinchophen in combination
with prednisolone. In the former product the urinary acidifier hexamine was also present.
The NSAIDs and steroids act at different levels of the arachidonic acid conversion
pathways and have complementary actions. Cinchophen and prednisolone may have
synergistic activity, but prednisolone may also potentiate the ulcerogenic effects of
cinchophen. Available data on cinchophen and prednisolone in combination is detailed in
section 5.1.

Paracetamol is available in two combinations. Paracetamol is an analgesic but
has little demonstrable antiinflammatory activity according to most authors. In
Budale-V® Tablets it is formulated with butobarbitone and codeine. The combination is
sedative and so is not appropriate to long term treatment of the osteoarthritic dog. In
Pardale-V® Tablets, paracetamol is in combination with codeine and caffeine. Since
paracetamol has peripheral analgesic effects and codeine has central activity the two drugs
may be synergistic (Messick, 1979; Taylor, 1985). Caffeine is included to potentiate the
analgesic component. Caffeine increases renal blood flow and may reduce nephrotoxic
effects of NSAIDs. The mild diuretic effect of the drug may increase the rate of urinary
excretion. Any action may be due to the general euphoria experienced due to the central
stimulatory effects of caffeine but there is little evidence that caffeine is an important
ingredient in these combinations (Burgen and Mitchell, 1978).

Many other NSAIDs which are marketed for human use in the UK have been
used in the dog. Pharmacokinetic and toxicity studies on NSAIDs have revealed great
differences between the species. Many of the NSAIDs have much longer half lives in the
dog and most are excreted in the bile rather than in the urine as in man. Enterohepatic
recirculation occurs to varying degrees for many of the NSAIDs and prolongs plasma
half life and increases the exposure of the gastrointestinal tract to local high
concentrations. It is thus potentially very dangerous to extrapolate dosages or toxicity
data from one species to another.
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Certain NSAIDs have increased toxicity in the dog. Indomethacin and
flurbiprofen have shown serious toxicological reactions and should be avoided.
Therapeutic doses of ibuprofen are potentially toxic and diclofenac has increased toxicity
in the dog compared to man because it is excreted in the bile. NSAIDs which have been
used in dogs with some success and without a high incidence of adverse reactions are
listed with dosage recommendations in TABLE 8. An owner should always be warned
when the drug used is not registered for use in dogs.

In all NSAID pharmacokinetic studies, one of the most striking findings is the
massive variation in plasma concentrations in individual animals (McKellar, 1989). In
addition to individual variation in dose-response characteristics, some patients will
respond better to one NSAID than to another. The reasons are not known (Kantor,
1983). Since there is such a substantial degree of individual variation in the kinetics,
clinical response and adverse reactions of a particular drug in any one animal, it is
important to adjust the dose to the response rather than assuming that an average
recommended dose or dosage interval are appropriate. The dog should initially be treated
at a mean recommended dose rate. If the desired effect is not achieved, the dose rate
should be increased in increments towards the maximum recommended dosage until a
clinical response is apparent or until side effects occur. If one drug causes side effects or
is ineffective at the maximum recommended dosage then a second drug should be tried in
a similar manner. It is rare to find a dog which cannot tolerate treatment with any NSAID.

Treatment should be started with a drug which has a low incidence of adverse
reactions and preferably with a NSAID which is registered for use in the dog, since this
will, in the near future?, be a guarantee that toxicity and efficacy studies have confirmed
its safety and effectiveness (Group A: FIG 24). Dogs will respond to NSAID therapy
within 10 to 14 days, at least in terms of analgesic effect. If there is no response in this
period or if adverse effects occur, then the NSAID should be discontinued and a different
NSAID from the same group should be tried. If this also proves unsatisfactory, then
more potent (mg/kg) but potentially more toxic NSAIDs should be tried (Group B; Group
C: EIG 24). There is a case for allowing the owner to use a number of the Group A or
A&B NSAIDs in succession and to then decide which drug is most efficacious. Once the
clinical condition has been controlled, it is important to review the disease state at
intervals. In many situations the frequency and/or dose of drug can be reduced or the
drug withdrawn. The dog should not be under nor overdosed. A dog should not be made
to suffer unnecessarily because of inappropriate dosage or overlong dosage intervals, but
neither should the dog run the risk of adverse effects as a result of a dosage that is
excessive or needlessly frequent. Small breed dogs are often overdosed by owners or by
veterinarians. Care in calculating dosages is important to avoid either under or
overdosing.

¥ Revised veterinary drug registration procedures
70



9 ‘z(Kep puosos L1949 ¢) wnunxew prs §y/Sw g @uksoxdeN uayoideN
SAVd S 40 NNNIXVIN
ti Prapapiatp Aep/3y/dw [soussi}@surpsjo /@ w0 » PIo8 SlUBUJ[O],

sABp (-, 391J8 IS0 9SBAI(]

papiatp Aep/3y/3w 1-¢0
€1 1

kup/Bx/Bm

@1onbry ‘@uowoodpy

plow olteajo[oo

'skep 011 o€ ISOp 95EAU(]

popiarp Aep/3y/3u op-01 "p''q papiaIp Aep/Sy/3w 090 @ueisuod Pia8 DML
14 €l
“ SYNOH 8y A1943 3y/3ur g0 @3uplo] weorYong
sinoy g A1943 3y/8w ¢ sinoy § £1249 8y/3w ¢7> Kuepy Joumnaoereg
9 14
smoy 71 K19as 9y/3w 1 sinoy g K193 8y/8w g7 uinds
1 01'67 Ausy Hesy
SAVA FTUHL 40 WNWIXVIN pt's Sxy/8ur 11 @®3udpruty » uUnIg
8
smoy § K193 joursiaoered Sw o¢-G[ “xoidde sPIqu ] @ A-2lEpred Judyge]) - UIIPOY) - [OUrBIIOBIB]
L
"PYq paplaIp Aep/3y/3uw pp-c7 swiqeL, ®11d suojostupaig/uydoyout)
1Y
¢ sinoy 9 K193 8y/3w g 519198, SuozZBINqIAUSY]
Kep/3y/3w gz o1 dn ‘ sinoy § K102 38w 7z ®@123ouoyy ‘@>uozexap] suozenqAuayy
14 1
aInjeJaa)yY uj WnuIujly aInjeday|y uj wnwixep awmuape.],
| uopeiedaig dnaqg

sawij3ay pue sajey asoq pasaddng

([9oue1q] joutnbotap )
UOTIEPURWIOITY § PMIBJNTR *H]
YAreunatoA siasq-a1md)
UOTIEPLIWWOIY S RMpPBJnuBy "¢
16861 ‘“TeINON ‘Tl
'8L61 ‘staeQ 11
‘9861 ‘s1oio0 pue AmodrT ‘01
‘SL61 Wpurerg pus Ay '6
‘(yieay reutuy Youm M -£qury)
sgssgwm u.hog&aﬂz ‘8
s1onpoid ‘PA splowry)
UOITBPUIUNTONY $ 1IMOBNUB °/
'L861 ‘sunjuaf ‘9
Y1 s19npoid “PA M)
—5.5%55508% w.uugu::ﬂz Y
'L861 “O[ABL "y
{6961 ‘UOS]IIN '€
'8861 ‘yoideq pue uiqny ‘7
*L861 ‘supiseq ‘|

AJUO ULI3) JIOYS 4

S30p Ul SNLPIE0SO

Jo Adezom) o un [nyasn oq Aewr yorym
d[qe[reae suoneulquioy) pue STV SN
g o[qeL

71



lFlrst Visit (Day 0)]

Investigation and Diagnosis——p Corrective Surgery ——

'

Medication (Group A [?B])
Exercise Control
Obesity --> Diet Control

Return to Normal

7'\

| Second Visit (14 days)—— Improved ——p-Reduce or withdraw medication

No Change / Deterioration

|

Further Investigation —#  Surgery ——/

'

Change Medication (Group A or B [?C]
Check on Exercise & Diet Controls

Continue other controls

| Third Visit (28 days}——— Improved —# Medication: Change from

'

No Change / Deterioration—..——p Surgery

Group B to Group A
' §

A

Change Medication (Group B/C)

(—’ Check Exercise and Diet Controls

'

[Fomrt VI |- tprvsd—————

.

No Change / Deterioration——» ? Salvage Surgery

—_

\_ J
GROUP A GROUPB GROUPC GROUPD
Veterinary Registered Tried and Tested| | Less experience; seem useful AVOID USE
- Phenylbutazone - Aspirin - Piroxicam - Indomethacin
- Cinchophen + Prednisolone - Paracetamol - Mefenamic Acid - Flurbiprofen
- Paracetamol + Codeine + Caffeine - Meclofenamic Acid - Ibuprofen
- Carprofen [when available] - 7 Naproxen - ? Diclofenac

FIG 24: Management of the Chronically Lame Dog
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Many NSAIDs have a duration of analgesic activity far in excess of that
predicted by their relatively short plasma half life. There is increasing evidence that drugs
with short half lives can be given less frequently than would predicted by their plasma
concentrations without compromising their effectiveness. Pharmacokinetic studies have
demonstrated that some NSAIDs collect in synovial fluid and may be sustained at
therapeutic concentrations locally after plasma concentrations have reduced. There is also
evidence that cyclooxygenase inhibition persists after NSAIDs have become undetectable
in the synovial fluid. This suggests that NSAIDs can be given less frequently without
reducing their analgesic or antiinflammatory effectiveness (Brooks and others, 1986).

A number of other factors should be considered when deciding on the NSAID
and the dosage initially used. Age has effects on absorption, distribution, metabolism and
excretion of certain NSAIDs which possibly include ketoprofen, piroxicam, and
naproxen. Salicylate affinity for plasma proteins is reduced in older people and the
increased free drug concentrations may increase the risk of toxicity. Adverse reactions
increase in incidence with increasing age (Greenblat and others, 1986).

Genetic factors are known to affect the rate of aspirin metabolism and the
kinetics of the drug in man (Greenblat and others, 1986). Variations in the rate of
metabolism, excretion and toxicity of NSAIDs and other drugs have been demonstrated
between breeds of dog. Beagles generally metabolise and excrete drugs more rapidly
than mongrel dogs (Freh and others, 1978). Since many of the pharmacokinetic and
toxicity trials on NSAIDs are performed in beagles, doses may have to be reduced in
other breeds. Conversely, beagles are more sensitive to the toxic effects of certain
NSAIDs than mongrel dogs (eg. Azapropazone (Walker, 1985)).

Owners should always be warned of the possible side effects of any treatment
including the NSAID:s. It should be explained that side effects can occur after a prolonged
period. If a NSAID has side effects, these effects are more likely to be prolonged if the
drug has a long half life. The veterinarian should seek the owners cooperation in reducing
the dose and frequency of NSAID treatment to a minimum by explaining the risks of
chronic therapy. Many NSAIDs cause fluid retention, interfere with antihypertensive
effect of B-blockers and diuretics. Acute renal failure associated with their use has been
widely reported in man. Care should be exercised in dogs with renal disease, hepatic
disease, congestive cardiac disease, sodium depletion or on long-term diuretic therapy
(Hart, 1987). Patients with impaired renal or hepatic function may have a decreased rate
of clearance of drug and metabolites and the dosage and frequency of dosing of NSAID
should be decreased accordingly. Prolonged use of NSAIDs may have a direct effect on
cartilage breakdown and repair and some drugs may reduce proteoglycan synthesis and
cartilage regeneration.
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In the future the disease modifying drugs (DMDs) described in section 3.7
are likely to become more important since they affect the progression of osteoarthritis and
not just its symptoms. However, the NSAIDs will probably remain important drugs since
the DMDs are generally more expensive, some may require intraarticular injection, and all

are unlikely to completely ameliorate the symptoms or halt the progression of

osteoarthritis. When used with managemental adjustment and, where appropriate,
surgical correction, NSAIDs can greatly benefit the osteoarthritic dog by reducing pain
and stiffness, and enhancing mobility and "quality of life". It is the responsibility of the
veterinarian to consider all factors which may effect the efficacy of treatment and the
probability of side effects (TABLE 9). The use of non-registered drugs should be
restricted to dogs which have not responded to registered drugs. The non-registered
NSAIDs should be used with care and at carefully calculated, recommended canine dose
rates. These dose rates should be taken from the most recent veterinary literature since
some earlier papers (eg Taylor, 1985) suggest drugs and dose rates now known to be
potentially harmful. NSAIDs must be used with care and the owner must be made fully
aware of the potential drawbacks of treatment and how they can be minimised.

TABLE 9: Factors to Consider in Selection of a NSAID for the Therapy of an

Osteoarthritic Dog

DOG DRUG OWNER
DISEASE SEVERITY SAFETY INFORM

EFFICACY
Age About Osteoarthritis

Veterinary Registration:
Other Disease: If not: Symptomatic Treatment
Cardiac Insufficiency Legal Responsibility; vs.
Renal; Hepatic Disease Warn Owner Treatment ffecting

Increased Care Disease Progression
Other Treatment: Adhere to Vet. Literature
Diuretics Recommendations Importance of Management
B-Blockers -exercise
Anti-Epileptics DOSE CALCULATION -obesity

Kinetics / Interdosing Interval

[?cartilage effects] Risks of Chronic Therapy

with NSAIDs
Remember
INDIVIDUAL VARIATION Side Effects
MINIMUM EFFECTIVE DOSE
REGULAR REASSESSMENT
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38 Di Modifving D [DMDs]

3.8.1 Introduction

In recent years it has become clear that the NSAIDs do not inhibit the
progression of osteoarthritis and that some of the NSAIDs may promote osteoarthritic
change by inhibiting chondrocyte proteoglycan production (see 3.3.6). Concurrently,
research in human and veterinary fields has demonstrated that other drugs can inhibit the
ultra-structural, biochemical and anatomical changes associated with natural and
experimentally induced osteoarthritis. These disease modifying drugs (DMDs) may
become widely used in the therapy of osteoarthritis in the future (DiPasquale and others,
1986; Doherty, 1989). Some of the drugs investigated are discussed in this section.

3.8.2 Steroidal Anti-Inflammatory Drugs [SAIDs]

Glucocorticoids are known to ( )
inhibit the release of arachidonate and other
polyunsaturated fatty acids from cell
membranes or free triglycerides. More than
one mechanism has been described.
Glucocorticoids are known to induce the
production of a protein at the nuclear level.
This protein "lipomodulin " is inhibitory to
phospholipases A2 (PLA?2) and C which are FIG 25: Prednisolone [Prednisone: 118= O]
responsible for arachidonic acid liberation
(FIG 26) (Flower and Blackwell, 1979; Blackwell, 1980; Hirata, 1980). Glucocorticoids
may have a direct effect on PLA2 (Manz and others, 1980) and may also inhibit
cyclooxygenase (Hawkey, 1982). In osteoarthritis and rheumatoid arthritis an increased
specificity of PLA2 for arachidonic acid has been reported (Loeser and others, 1988).
Suppression of endogenous eicosanoid release by corticosteroids only appears to occur in
a subset of possible steroid-receptor bearing target cell types (Sebalt and others, 1988).
Other mechanisms have been described and may be important (Green and Lutsky, 1986).

J

Corticosteroids are well absorbed after oral administration. Ninety percent of
endogenous corticosteroid is bound to transcortin, a specific corticosteroid-binding
globulin whilst 5 to 8% is bound to plasma albumin which acts as a low affinity/high
capacity steroid reservoir. Most of the synthetic steroids, with the exception of
prednisone/prednisolone, have a low affinity for transcortin and are bound predominantly
to albumin (Lan and others, 1982).
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.................. Macrocortin / Lipomodulin
""""""" (? & other regulatory proteins)

Inhibition

'

Phospholipase
A2

Cell Membrane or Free

e =8B Arachidonic Acid
Phospholipid ‘
Eicosanoids
FIG 26:

Possible mechanism of action of the corticosteroids
Steroid binds with cytoplasmic receptor and the resulting complex migrates to
the nucleus where it interacts with the nuclear DNA to induce the formation of
regulatory proteins responsible for the antiinflammatory and other actions of
steroids. The regulatory proteins include macrocortin / lipomodulin which
inhibits the conversion of phospholipid to arachidonic acid by phospholipase A2.
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Binding properties cause differences in the pharmacokinetics and metabolism
of the synthetic corticosteroids. There is a large variation in the rate of clearance of
exogenous steroids between individuals. Corticosteroids are metabolised predominantly
in the liver but also in other tissues (Dorfman and Ungar, 1965). Within two hours of the
intraarticular injection of corticosteroids they are present in the cells of synovial fluid or
the synovial membrane (Zacco and others, 1954). Corticosteroid free in the joint is
hydrolysed or may proceed to the systemic circulation.

3.8.3 Steroids and the Joint

Intraarticular corticosteroids have been used extensively in human and equine
osteoarthritis (McKay and Milne, 1976; Friedman and Moore, 1980; Gray and Gottlieb,
1983). In the horse, texts recommend intraarticular steroids as a way of rapidly reducing
joint pain associated with traumatic arthritis or osteoarthritis. Steroid treatment is also said
to reduce synovial effusions in conditions such as bog spavin (tarsal hydrarthrosis) and
promote the formation of more normal synovial fluid (Hackett, 1982).

Low concentrations of corticosteroids stimulate cell division
(Macieira-Coelho, 1966). Corticosteroids are very effective in vitro at inhibiting cartilage
breakdown in synovium stimulated and control cultures (Steinberg and others, 1986). An
in vivo protective effect has been described for rabbit articular cartilage. Hydrocortisone
prevented spontaneous and synovium-induced proteoglycan release independently. The
extent of cartilage degradation and the corticosteroid responsiveness were both dependent
upon the disease activity and not the type of disease. There was a 24-48 hour lag period
before proteoglycan breakdown in coculture, suggesting that synovial factors are required
for initiation or induction of degradation. Contact between the synovium and articular
cartilage was not required. A brief exposure to synovium caused a major degradative
response in subsequent cartilage culture (Ackerman and others, 1983). When
triamcinolone hexacetonide was administered to rabbits at 0.1 mg/kg/day it was found to
prevent the loss of chondrocytes and matrix proteoglycans from articular cartilage,
decrease articular surface disruption and decrease the frequency and size of osteophytes
in chemically induced articular cartilage damage (Williams and Brandt, 1985).

In dogs, oral administration of prednisone at 0.20-0.25 mg/kg/day blocks a
rise in synovium-induced cartilage neutral metalloproteoglycanase activity in Pond-Nuki
experimental osteoarthritis (Pelletier and others, 1985a,b). Although prednisone blocks
the increase in total and active neutral metalloproteinase activity in osteoarthritic cartilage
and the level of active enzymes is reduced close to levels in control animals, the increase
in proteoglycan concentration which might be expected does not occur since prednisone
inhibits the synthesis of proteoglycan by chondrocytes (Silberberg and others, 1966).
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It appears that low dose steroids inhibit the early induction phase of cartilage
breakdown. Later applications when the breakdown has been activated may be relatively
ineffectual. Prednisone may inhibit the synthesis or release of soluble factors from the
synovium or may act by cell receptor or intra-cellular mechanisms on enzyme synthesis in
chondrocytes (Pelletier and others, 1985a,b). Steroids are known to inhibit some
activators such as plasminogen activator (Hamilton and others, 1981). Alternatively,
steroids may promote the synthesis of free endogenous inhibitors (TIMP). Collagen
degradation is suppressed at physiological levels of corticosteroids. Proteoglycan
degradation is inhibited only at pharmacologic levels (Steinberg and others, 1986). In
addition, corticosteroids suppress hyaluronic acid synthesis by synovial villi. This may
be a mechanism by which steroids reduce the joint hyaluronic acid content and promote
the resolution of synovial effusion (Colombo and others, 1983).

The use of larger doses of corticosteroids systemically or intraarticularly is
associated with well documented adverse reactions in man and animals. Long term
systemic steroids in man have been associated with osteoporosis, pathological fracture,
aseptic necrosis, growth plate disturbances and stunting, as well as the effects on other
body systems. To avoid these effects, intraarticular steroids have been used since 1951.
The first reports of adverse joint effects were reported in 1958, and since that time many
doctors have reported accelerated joint destruction. Corticosteroids are known to promote
degeneration of articular cartilage (Bentley and Goodfellow, 1969; Chandler and Wright,
1958; Miller and Restiffo, 1966; Moskowitz and others, 1970; Goldberg and others,
1976). In experiments in vivo , changes have been induced by local steroid treatment
(Greenwald and others, 1986). Multiple steroid injections into joints causes a
“corticosteroid arthropathy" with fibrillation, chondrocyte degeneration, loss of matrix
proteoglycans and cyst formation (Goldberg and others, 1976). Corticosteroid
arthropathy is reported in horses treated with intraarticular corticosteroids for
osteoarthritis and in chip fractures. Early theories proposed that the acceleration of
osteoarthritic changes seen were a result of analgesia and consequent overuse. Other
theories have included mechanical trauma from crystalline preparations, vasculitis,
subchondral osteoporosis and microfractures, and chondrocyte metabolism effects.

Experiments have demonstrated that corticosteroids inhibit chondrocyte
production of proteoglycans by up to 60% and of collagen by up to 80%, and decrease
osteoblast activity in subchondral bone. It seems that corticosteroids adversely effect the
synthesis of matrix macromolecules and reduce cartilage turn-over. Subchondral bone
effects may result in microfractures and promote joint damage.
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Septic arthritis is a potentially disastrous complication of intraarticular steroid
injection. It usually arises from arthrocentesis but can result from the haematogenous
seeding into the immunosuppressed joint. In experimental animals it has been
demonstrated that both intraarticular and systemic steroid treatment reduces the number of
bacteria required to establish infection in a joint. Corticosteroids also promote bacterial
joint destruction and may mask the early signs of septic arthritis. Clinical signs may be
apparent within 24 hours or may take weeks or months to develop, depending on the
initial bacterial load and type and the subsequent inflammatory reaction.

In the horse, the intraarticular use of steroids has been recommended to be
confined to temporary palliative treatment of joint disease. They are used to prolong the
performance career in cases such as the racehorse with a progressive osteoarthritis. Their
use in acute traumatic synovitis may also be indicated. Intraarticular steroids may be
beneficial when lesions are confined to soft tissues of the joint, except in injuries
involving joint laxity. The minimum dose and frequency for effect is recommended
(Hackett, 1982). In man, intervals of 4-6 months between intraarticular steroid injections
are recommended. It is advised in man and the horse that joint loading is minimised for at
least two weeks after injection (Owen, 1978; Hackett, 1982; Brandt, 1989).

Though the incidence of steroid arthropathy and septic arthritis in people
treated with intraarticular steroids is low, many physicians are doubtful of their
usefulness. Modem texts of rheumatic disease in man state that there is no place for
systemic corticosteroid or adrenocorticotrophic hormones in the management of
osteoarthritis since the side effects associated with the prolonged use of these drugs
outweigh any potential beneficial effects (McKay and Milne, 1976; Hart, 1983; Brandt,
1989).

3.84 Glycosaminoglvcan Polvsulphate Esters [GAGPS]

When the evidence that proteoglycan fragments can induce synovitis (see 2.8)
is considered, it is perhaps surprising that polysulphated glycosaminoglycans such as
Adequan®, Arteparon and pentosampolysulfate have anti-arthritic effects in experimental
models of osteoarthritis in animals. The proposed explanation is that the lower molecular
weights of these compounds, (2000-12000 daltons), are below that which is required to
mediate the inflammatory reactions demonstrated by larger sulphated polysaccharides. It
has been shown that low molecular weight polyanions will inhibit the activation of
macrophages by high molecular weight anions (Schlorlemmer and others, 1980;
Steinberg and others, 1980).
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A number of possible mechanisms of action for GAGPS have been proposed.
GAGPS has been reported to stimulate glycosaminoglycan synthesis in certain cell
systems (Verbruggen and Veys, 1977; Verbruggen and Veys, 1979; Von der Mark,
1979) Although GAGPS stimulates glycosaminoglycan synthesis in chondrocytes (Nevo
and Dorfman, 1972; Huang, 1974) it only does so at high concentrations. GAGPS
inhibits collagen and proteoglycan catabolism in human articular cartilage (Adam, 1980).
Leukocyte accumulation is reduced in experimental models of cartilage degradation. This
may be important in vivo since cartilage exposure to PMN-derived metalloproteinases or
chondrocyte-active mediators may be reduced (Francis and others, 1989).

Glycosaminoglycan polysulphate ester has been found to be a potent inhibitor of
a variety of enzymes including cathepsin B1, serine proteases such as cathepsin G and
elastase (Kruze and others, 1976; Stephens and others, 1980) and B-glucuronidase,
N-acetylglucosaminidase, hyaluronidase and stromolysin ( Kalbhen, 1970; Greiling and
Kaneko, 1973; Lees, 1989). Most known protease inhibitors are toxic in vivo or
suppress cellular synthetic function and most agents administered systemically or
intraarticuarly fail to concentrate in cartilage for a sufficient period. However, following
intramuscular injection, GAGPS concentrates in articular cartilage to give concentrations
of 10-6 M: sufficient to inhibit serine proteases and metalloproteinases in vitro. It is
retained in effective concentrations for up to 8 days. It is distributed diffusely throughout
the cartilage when 3H-GAGPS studies have been performed (Ghosh, 1985).

GAGPS may bind to proteoglycans and glycoprotein in the matrix and protect
the substrate from enzymatic degradation. GAGPS is known to stimulate hyaluronate
synthesis. GAGPS inhibition of hyaluronidase may rectify hyaluronate metabolism and
allow the regeneration of proteoglycan aggregates of normal size (Howell, 1986).

Twice weekly intraarticular injections of GAGPS at 1 mg/kg had a significant
beneficial effect on morphological parameters of disease severity in experimentally
induced osteoarthritis in rabbits. In osteoarthritic controls, there were 5-10 fold increases
in active neutral metalloproteinase at 12 and 20 weeks, and 10 fold increases in neutral
serine proteases at 20 weeks. No thiol protease activity was detected. GAGPS injections
suppressed the enzyme activity levels to normal or below normal range values. GAGPS
eit