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Viewpoint

Is chronic synovitis an example of reperfusion injury?
T WOODRUFF,' D R BLAKE,' J FREEMAN,2 F J ANDREWS,' P SALT,2
AND J LUNEC'

From the Departments of 'Rheumatology and 2Anaesthetics, The Medical School, University of Birmingham

SUMMARY In an attempt to define why the joint synovial cavity is prone to develop persistent
synovial inflammation we show that hypoxia is induced by pressure changes caused by exercise in
the presence of an inflammatory effusion. On resting 'reperfusion injury' may take place. The
biochemistry of reperfusion injury has only recently been defined and perhaps surprisingly for an

insult that has hypoxia as its central ingredient involves the subsequent production of oxygen

derived free radical species. We apply the reaction sequences that are believed to occur during
hypoxic/reperfusion injury to the joint synovial cavity and, on the basis of reported 'in vivo'
observations, suggest novel therapeutic approaches that we believe are applicable to the
treatment of persistent synovial inflammation.

One of the current theories for tissue damage in
chronic inflammatory polyarthritis involves the pro-
duction of oxygen derived free radicals from neu-
trophils and macrophages and subsequent radical
induced tissue damage. We and others have pre-
viously suggested that the hydroxyl radical is poten-
tially the most toxic of the oxygen radical species,
and its formation is dependent upon the presence of
suitable transition metal catalysts.'-3 Such catalysts
are present in inflammatory synovial fluid.4 Clearly
another essential ingredient for oxygen radical
injury is sufficient concentration of oxygen to
support free radical production. It has recently been
suggested that production of oxygen radicals during
inflammation may be limited by oxygen
concentration.5 In rat polymorphonuclear leuco-
cytes the oxygen concentration that gave 50% of the
maximum stimulated oxygen radical production was
between 20 and 30 ,tmol/l depending on the stimulus
used to induce the respiratory burst. The oxygen
tension in arthritic joints has been measured by a
variety of research groups, and results vary from as
low as 0 mmHg up to 90 mmHg.69 In general,
inflammatory effusions had lower oxygen tensions
than non-inflammatory effusions and the more
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severe histological grading of synovial changes
correlated with lower oxygen tensions.
One of the determinants of the oxygen tension in

synovial fluid is the blood supply to the synovium,
which we presume must be related to pressure inside
the joint. Pressures of up to 800 mmHg have been
noted during quadriceps- setting in rheumatoid
knees."' During walking, in the presence of a 40 ml
effusion, pressures ranged from 10 to 20 mmHg and
up to 250 mmHg during foot stance, and even with a
5 ml effusion peak pressure was greater than 60
mmHg. The hydrostatic pressure in normal capil-
laries is about 30 mmHg and can increase to 60
mmHg in inflamed tissue. It is clear that in the
process of walking the rheumatoid synovium is
potentially quite ischaemic and therefore hypoxic,
albeit temporarily.

Perhaps surprisingly, temporary ischaemic tissue
injury with hypoxia is thought to be partly mediated
by oxygen derived free radicals." The protective
effect of various free radical scavengers on
ischaemia induced injury has been well demon-
strated in a variety of tissues. 12-14 Intestinal
ischaemia in cats, as measured by increase in
vascular permeability, can be substantially reduced
by pretreatment with superoxide dismutase, but not
by pretreatment with antihistamines, indomethacin,
or methylprednisolone. 12 The effect of ischaemia on
myocardial function in various animals has been
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modified by treatment with superoxide dismutase,
catalase, and mannitol, all putative scavengers of
oxygen metabolites.13 15 16 Ischaemic skin flaps in
rats can be protected from necrosis by pretreatment
with superoxide dismutase before the reperfusion
phase.
A well described free radical generating system in

vitro is the xanthine/xanthine oxidase system. The
mechanism of production of free radicals in this
system is thought to be as follows:

xanthine
oxidase

xanthinc+H,0+20, -- uric acid+20,+2H+ (1)

In the presence of transition metals superoxide
radical can then be converted to the hydroxyl
radical.

207+2H+ 0,+H2O, (dismutase reaction)

O,+Fe3+ Fe2++O, (ferric iron reduction)

Fe2++H,O, Fe3+F±OH'+OH- (hydroxyl radical
formation) (2)

Xanthine oxidase occurs in two forms, type D
(dehydrogenase) and type 0 (oxidase). In most
healthy tissues it is present as type D and catalyses
the following reaction:

xanthinc
dehydrogenase

xanthinc+H,O+NAD+ > uric acid+NADH+H+ (3)

During ischaemia, however, it is converted to
type 0, either by a calcium dependent protease or
by thiol group modification, and it is this form
which catalyses the superoxide producing reaction
(equation 1).i7-'9 Ischaemia also results in a fall in
cellular adenosine triphosphate concentrations as it
is converted to xanthine and hypoxanthine. On
reperfusion oxygen is supplied and acts as the
electron receptor in place of NAD+, and superoxide
is formed. In addition to the protective effects of
free radical scavengers on ischaemic induced injury,
all of the above models may also be protected by
pretreatment with allopurinol, a xanthine oxidase
inhibitor and potential hydroxyl radical
scavenger.2t-23 Post-transplantation renal function
in dogs can also be improved by pretreatment of the
kidney with allopurinol.24 25
Although inflammatory arthritis is associated with

lower synovial fluid oxygen tensions and exercise
causes marked pressure changes in the presence of
an effusion, the relation between exercise and
oxygen tension has not been explored in detail.
Lund-Olesen et al reported three of four joints, aspir-
ated before and after exercise, to have a fall in synovial
fluid oxygen tension after exercise.6 To confirm and

extend these observations we have looked at seven
patients who, with a pressure tranducer in the knee
joint, were asked to perform non-weight bearing
isometric quadriceps setting. All patients generated
pressures greater than 60 mmHg during exercise,
and five of seven patients had a fall in the synovial
fluid oxygen tension postexercise of 15-30 mmHg.
Within 20 minutes the oxygen tension had risen and
exceeded the pre-exercise value by 5-30 mmHg.
With such fluctuations in oxygen tension it is

possible that the above mechanism postulated for
ischaemia induced injury in other tissues' is appli-
cable to the inflamed synovium. We suggest that
continued fluctuations in oxygen tension occur with
moderate daily activities and that subsequent sus-
tained free radical production is an important factor
in persistent synovial inflammation. In support of this
concept there are several clinical observations which
may be compatible with such a mechanism. Firstly,
the beneficial effect of prolonged bed rest in many
patients with persistent synovitis may be attributable
to a marked reduction in oxygen tension fluctu-
ations. On the other hand, the apparently contrasting
effect of overnight rest producing early morning
stiffness may be due to reperfusion and persistent
free radical production which resolves with either
exercise, which may decrease free radical pro-
duction by producing hypoxia, or by continued rest,
which gradually leads to a more stable environment
and therefore decreases free radical production.
A mechanism for the perpetuation of synovitis is

therefore suggested (Fig. 1) based on this hypoxia/
reperfusion hypothesis, and sites for novel poten-
tial therapeutic intervention are indicated. It has
already been shown that desferrioxamine, an iron
chelating agent, can decrease the severity of synovi-
tis in animal models (Fig. le).26 Toxicity, however,
limits its use.27 Reagents containing thiol groups
may interfere with the xanthine dehydrogenase/
oxidase conversion and in that respect it is worth
noting that gold compounds and D-penicillamine
contain thiol groups (Fig. la). Free radical
scavenging with superoxide dismutase has already
been shown to be of benefit in adjuvant and collagen
induced arthritis (Fig. lf). If the dehydrogenase-
oxidase conversion in vivo is dependent on calcium
dependent protease rather than on a thiol oxidation
reaction then interference with calcium fluxes may
be a therapeutic alternative (Fig. lb). Classic
calcium channel blockers such as verapamil and
nifedipine have been shown in the rat foot oedema
model to have an anti-inflammatory effect.28 In
addition, non-steroidal anti-inflammatory agents
have been shown to release membrane bound stores
of calcium from rabbit peritoneal polymorphonu-
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Fig. 1 Letters indicate potential sites for therapeutic intervention. (After McCord et al.')

clear leucocytes, and it is possible that this is

another pharmacological mode of action of these
29agents. Finally, inhibition of xanthine oxidase by

allopurinol or other xanthine oxidase inhibitors
(Fig. 1c) is a further potential method of intervention
either alone or in combination with other agents
directed at different stages of the reaction sequence.

In summary, oxygen derived free radicals, which
are thought to play a part in tissue damage in
chronic inflammation, may be produced by recur-

rent reperfusion injury in joints subjected to re-

peated pressure changes. We believe that this may
be a mechanism for the persistence of synovial
inflammation and an explanation for its improve-
ment with rest. A variety of potential therapeutic
options are explored in relation to this hypothesis,
including free radical scavengers, thiol reagents,
calcium channel blockers, and xanthine oxidase
inhibitors.

At the Eular Rheuma Symposium (Oslo 1983) Dr W Dawson (Eli
Lilly UK) requested rheumatologists to provide the clinieal
observations that might form the basis for novel approaches for

treating synovial inflammation. We acknowledgc this request and
Dr J MeCord's original obscrvations as the stimulus for this paper.

Wc are gratcful to Dr B Haliliwcll for his helpful comments.
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