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SUMMARY We have investigated the fibrinolytic status of 56 patients with rheumatoid arthritis
(RA). Plasma fibrinogen and plasminogen were significantly elevated. Levels of these two sub-
strates, along with 2 macroglobulin and antithrombin III correlated with disease activity. Plas-
minogen activator (PA) activity was decreased in patients with severe disease. Twelve patients
were given stanozolol, a fibrinolytic enhancing agent, for two months as a test for endothelial
production of plasminogen activator. This caused a significant increase in blood plasminogen and
PA activity. Five patients received a two-week course of stanozolol with joint aspiration before and
after. Joint plasminogen levels were increased. We suggest that inadequate fibrinolysis occurs in
RA, and that this may contribute to some of the pathological features of the disease. It is possible to
stimulate both blood and joint fibrinolysis by stanozolol. A more prolonged increase in plas-
minogen activator activity might decrease joint fibrin deposition, and stanozolol should be investi-
gated as a therapeutic agent in RA.

An elevated plasma fibrinogen is a well recognised
feature of active rheumatoid arthritis (RA), and the
presence of large amounts of fibrin in the synovial
fluid and membrane is also well documented in this
disease.2 Normally the fate of fibrin, once it is
formed, is related to its enzymatic degradation, which
is mediated by plasmin. Plasmin is produced, when
required, by cleavage of its inactive precursor protein
plasminogen. The rate of this reaction is determined
by the relative proportions of activators and
inhibitors of fibrinolysis present. Plasminogen
activator (PA) transforms plasminogen to plasmin
and is therefore an activator of fibrinolysis, whereas
a2 macroglobulin (a2M) is an inhibitor of fibrinolysis.

Inflammation of the vascular endothelium, as may
occur in RA, with subsequent endothelial damage
might be expected to decrease the ability of the
endothelium to produce PA. It has also been sug-
gested that excessive fibrin deposition may be impli-
cated in the loss of joint mobility and deformity seen
in RA,3 and that an excess of deposition over removal
may underlie some forms of chronic inflammation.4
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Jasani suggests that intra-articular fibrin deposition
may lead to the development of some of the joint
manifestations of RA, including pannus formation
and polymorph induced cartilage destruction.4
The fibrinolytic potential ofRA patients has there-

fore been investigated by a number of workers.
Unfortunately such studies have produced conflict-
ing results. Feamley et al.5 and others3 suggested a
decrease in whole blood fibrinolysis in RA, whereas
other workers have found evidence to suggest an
increased or normal fibrinolytic potential.

In an effort to clarify the situation the blood fib-
rinolytic status of 56 patients with RA of varying
disease activity has been assessed and compared with
that of normal population. RA patients with low
fibrinolytic activity were then given stanozolol, a fib-
rinolytic enhancing agent which increases plas-
minogen and plasminogen activator levels.7 This drug
can be used as a test of endothelial PA production
and it can be determined whether it is possible to
stimulate fibrinolysis in this disease.

Patients and methods

Fifty-six patients with classical or definite RA, as
defined by American Rheumatism Association

774



Decreased plasma fibrinolysis in patients with rheumatoid arthritis 775

Table 1 Scoring offeatures used to assess disease activity

Score Morning Pain Grip Articular Hb (gldl) ESR (mm/h)
stiffness (min) scale (cm) strength index

(mmHg)

1 10 02-4 200 0 14-1 0-20
2 10-30 25-44 50-200 1-7 13-14 21-45
3 31-120 45-64 21-49 8-17 10-12-9 46-80
4 120 6-5-10 20 18 99 81

Mallya et al.: Serum C-reactive protein in RA.'

criteria, were enrolled in the study after informed
consent had been obtained. The mean age of the
patients was 55 years (SD 7 years) and the mean
duration of disease 9 (SD 5 years).
The patients were seen at the same time each day

(between 9 and 11 am) after a standard light break-
fast. Disease activity was assessed by measuring dura-
tion of morning stiffness (minutes), grip strength
(mmHg, mean of three readings), Ritchie articular
index, and the reading on a 10 cm visual analogue
pain scale. Blood was sampled for haemoglobin esti-
mation (Hb, g/dl) and measurement of erythrocyte
sedimentation rate (ESR mm/h). Using the tech-
nique described by Mallya et al.8 we assigned a score
of disease activity (range 1-0-4*0) to each patient
depending on the results of the above tests (Table 1).

In addition to Hb and ESR measurements blood
was also drawn for estimation of plasma fibrinogen
and fibrinolysis. For these tests blood was anticoagu-
lated with 3-8% trisodium citrate (9:1 v/v). Plasma
fibrinogen,9 plasminogen activity,"0 and plasminogen
activator activity11 assays were carried out in the
standard fashion.
We also measured a2M (radioimmunodiffusion)"2

Table 2 Disease activity in RA patients (mean +SD)

Stiffness (min) 110±84
Articular index 20±11
Grip strength (mmHg) 90± 30
Visual analogue (cm) 57± 2.4
Hb (G/dl) 11-6±1-4
ESR (mm-h) 56± 29
Mallya score 2-8+ 0 5

and antithrombin III (AT III) activity using a

chromogenic substrate supplied by the Boehringer
Corporation.
A group of 30 age and sex matched controls also

underwent blood sampling for the above tests.
Twelve patients with severe RA (Mallya score

> 2.5) were then given a two-month course of
stanozolol, an anabolic steroid with fibrinolytic
enhancing effects, 5 mg twice daily. Blood was

sampled for estimation of plasminogen and PA activ-
ity before the tablets were started at 1 month, and
again 2 months later.
A further subgroup of five patients who had knee

effusions secondary to RA were given a two-week
course of stanozolol at the same dose. Before the
tablets were started, synovial fluid was withdrawn
from the joint and measurement of plasminogen car-

ried out. PA activity was not measured, as baseline
measurements are undetectable in synovial fluid.4
Two weeks later a further sample of fluid was taken
and the measurements repeated.

Results

CLINICAL
Table 2 gives the mean values for morning stiffness,
articular index, grip strength, and visual analogue
scale. Using the Mallya index, we obtained a mean

score of 2 8+ 0 5.

BLOOD

Baseline plasma fibrinogen and plasminogen were

significantly elevated in RA patients when compared
with the controls (Student's t tests) (Table 3). The

Table 3 Fibrinogen and fibrinolysis in PA patientscompared with control and correlated with disease activity (mean ±+SD):
Spearman rank and Student's t test

Controls RA r value

Fibrinogen (g/l) 2-8+0-67 4-5#1-1** 0-370*
Plasminogen (cu/ml) 2 95± 0-81 3-87±0.86* * * 0 475* *
a,M (%) 86-1±21-3 93-8±22-8 0-380*
ATIII(%) 94 3±19-3 103-21-7 0 530**

*<0.05, **<0.01, ***<0.001.
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Table 4 Plasminogen and PA activity before and after stanzolol (±SD)

Blood (n=12) Pre I month 2 months

Pa activity (mm2) 50 8± 13 62-1 18 64-1 14**
Plasminogen (CU/ml) 40-0+8 4-5±1-1 4-7+1-2*

Synovial fluid (n =5) Pre 14 days
Plasminogen (cu/ml) 2-5±0 33 3-54-0 92

*<0.04, **<0 03, paired t test. CU=casein units.

levels of a2M and Al III also tended to be increased in
RA, although the results did not reach statistical
significance. All four measurements showed a signifi-
cant positive correlation with disease activity as esti-
mated by the Mallya score (Spearman rank correla-
tion).
The results of PA activity are shown in Fig. 1. If

patients with a Mallya score of equal to or less than
2-5 (i.e., those with moderate disease) are compared
with those who have a score of greater than 2 5 (i.e.,
severe disease), it can be seen that patients with
severe disease have significantly lower PA activity
(Student's t test, p<0 006).

Sequential measurements of blood plasminogen

Plasminogen activator vs. Mallya score.
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Fig. 1 Plasminogen activator activity in RA patients and
normal controls.

and PA activity during stanozolol treatment showed
a significant increase (paired t test). Similarly plas-
minogen levels increased in synovial fluid (Table 4).

Discussion

From our results it can be seen that plasma levels of
fibrinogen and plasminogen are significantly raised in
patients with RA. Moreover, the levels of fibrinogen,
plasminogen, and the inhibitors of fibrinolysis, a2M,
and AT III correlate with the degree of disease activ-
ity, being highest in those with severe disease. It is
well recognised that fibrinogen is an acute phase
protein and therefore an elevated level would be
expected in active disease. There is also some evi-
dence to suggest that a2M13 and AT 11114 are likewise
acute phase proteins, and our work would seem to
support this.
However, the difference in PA activity seen in the

patients with severe RA is not explicable on the basis
of an acute phase reaction. Indeed, although the
activity of PA is increased in moderate disease, it
appears to be depressed in severe disease. This find-
ing would-suggest that either inadequate amounts of
PA are being produced or that an inhibitor of PA is
present. Experimental work supports the latter.3
Kwaan and Astrup15 suggest that the presence of
inhibitors in fibrin clots results in delayed fibrin dis-
solution and enhanced formation of connective tis-
sue. Fibrin is not normally found in joints,4 presum-
ably because of continual fibrinolysis within the joint
by blood vessel production of PA. It could be argued
on the basis of these plasma results that this unusual
build-up of fibrin in RA joints might be due to inade-
quate joint fibrinolysis. There is a correlation be-
tween levels of blood and synovial fluid protein,3 and
indeed fibrinolytic activity in blood and tissue may be
related, since in tissues fibrinolysis is most marked
round blood vessels.5 Experimental evidence in sup-
port of inadequate joint fibrinolysis has been pro-
vided by Berger et al.16 and van de Putte et al.3 The
overall fibrinolytic potential of inflamed synovium is
decreased,4 and it has been suggested that an
inhibitor of fibrinolysis is present in areas where
fibrin-like material is deposited.

This build-up of fibrin could lead to some of the
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joint manifestations of RA. It is known that fibrin
produces a chronic inflammatory arthritis in rabbits
when injected into previously sensitised animals,"
possibly via its action as an autoimmunogen or by the
production of chemotactic derivatives which per-
petuate the inflammation by neutrophils. Organisa-
tion of the fibrin deposits will ultimately lead to
fibrosis of the synovial tissue. This scar tissue may
interfere with cartilage nutrition, which depends on
a functioning synovial membrane. Jasani4 provides
experimental evidence to suggest that intra-
articularly deposited fibrin may be responsible for
swelling and proliferation of synovial lining and
vascular endothelial cells, pannus formation, poly-
morphonuclear leucocyte-induced cartilage destruc-
tion, and the development of joint effusions. He
also comments that its persistence, despite ther-
apeutic use of maximally tolerated doses of cyc-
lophosphamide and agents that can inhibit the
formation and release of lysosomal enzymes and
prostaglandins, may contribute to the failure of
these drugs in some cases of RA.

If the inadequate fibrinolysis leading to fibrin
deposits in the joints could be enhanced, it might
result in clinical benefit to RA patients. A pilot study
by Fearnley et al.5 in which RA patients were im-
proved by fibrinolytic enhancing therapy would sup-
port this view. Work by Cunliffe et al. 8 who used the
same agent in vasculitis, also detected clinical
improvement in the three patients with RA. We gave
12 patients with RA stanozolol, an anabolic steroid
with fibrinolytic enhancing effects, to determine
whether it was possible to stimulate fibrinolytic activ-
ity in this disease. A significant increase in blood PA
activity was produced. In order to establish whether
stanzolol could enhance fibrinolysis in the active site
of the disease, that is, the joints, five patients received
stanozolol with aspiration of knee joint effusion
before and after. Results confirmed an increase in
potential for joint fibrinolysis.

In conclusion we would suggest that inadequate
fibrinolysis occurs in RA as measured by PA activity,
and that this may contribute to the excess fibrin de-
position in the joints, leading to some of the features
of RA. In addition we have shown that the fibrinoly-
tic enhancing agent stanozolol can increase plasma
and joint fibrinolysis.

Theoretically it should therefore be possible to
alleviate some of the symptoms of RA with these
agents. A double-blind study to evaluate this
hypothesis is under way.
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