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ABSTRACT
O b j e c t ive. In the present study, t h e
effects of plasmin antagonist tranexam -
ic acid (TEA) on urinary pyridinoline
ex c retion rates we re inve s t i gated in
rheumatoid arthritis (RA) patients.
Methods. The study was set up as a
d o u bl e - blind placeb o - c o n t rolled pilot
study. Ten patients received tranexamic
acid and 9 re c e ived placebo for 12
weeks. Uri n a ry ex c retion rates of
hyd rox y ly s y l py ridinoline (HP) and
ly s y l py ridinoline (LP) we re used as
molecular markers of articular carti -
lage and bone degradation. In addition,
clinical parameters of disease activity
we re assessed and CRP levels we re
measured.
R e s u l t s . Tre atment with TEA did not
reduce py ridinoline ex c re t i o n , nor wa s
a ny effect observed on clinical para m e -
t e rs of disease activity or on CRP levels. 
Conclusion. The results of the present
pilot study show no beneficial effect of
TEA as adjuvant therapy in RA patients
with respect to joint destruction or dis -
ease activity.

Introduction
Rheumatoid arthritis (RA) is a chronic
inflammatory disease involving multi-
ple joints, leading to irreve rs i bl e
d e s t ruction of the articular cart i l age
and bone. 
Proteolytic enzymes secreted at the site
of destruction cause degradation of the
articular cartilage and bone. Although
all classes of proteolytic enzymes seem
to be involved, cartilage destruction has
mainly been attributed to matrix metal-
loproteinases (MMPs) and serine pro-
teases (1). The serine protease plasmin
is of interest because of its ability to
degrade a wide variety of extracellular
matrix proteins and to activate latent
fo rms of MMPs (2, 3). Incre a s e d
expression of urokinase-type plasmino-
gen activator (uPA) and its re c ep t o r
( u PAR) in synovial tissues of RA
patients (4, 5), as well as the capacity
of plasmin to degrade cartilage (6, 7)
and a bone-like matrix (8) support the
idea that the plasmin-system may play
a role in the pat h ogenesis of joint
destruction in RA. 
Tranexamic acid (TEA) is a plasmin
antagonist currently used as an anti-fib-

rinolytic agent to reduce bleeding in
patients. TEA has only mild adverse
effects. After oral administration, TEA
is distributed over the extracellular and
intracellular compartments and diffus-
es rapidly into the synovial fluid (9,
10). TEA ap p e a rs to be an inhibitor of
c a rt i l age and bone degra d ation in art h ri-
tis conditions in vitro (8) and in vivo.
B e n e ficial effects of TEA have been
d e m o n s t rated in animal models of
o s t e o a rt h ritis (11, 1 2 ) , in adjuva n t
a rt h ritis (13), as well as in RA pat i e n t s
(open study) (13). In adjuvant art h ri t i s
and in RA pat i e n t s , t re atment with T E A
reduced the ex c retion rates of hy d rox-
y ly s y l py rdinoline (HP) (13). HP is a
c o l l agen cross-link that is ex c reted in
u rine as a bre a k d own product of bone
and cart i l age, i n d i c ating a decre a s e d
d egra d ation of these tissues in the
a ffected joints (14). In RA pat i e n t s
t re ated with T E A , the suppre s s ive effe c t
d i s ap p e a red after discontinu ation of the
t re at m e n t , s u ggesting that inhibition of
the PA-system may slow down the pro-
gression of bone and cart i l age degra d a-
tion in rheumatoid art h ri t i s .
To further inve s t i gate the effects of
T E A , we perfo rmed a doubl e - bl i n d
placebo-controlled study to determine
the effects of 12 weeks of tranexamic
acid treatment, as adjuvant medication
in patients with RA, on cartilage and
bone degradation as assessed by uri-
nary HP and LP excretion.

Patients and methods
Patients
In 1999 nineteen patients from the out-
patient clinic of Leyenburg Hospital in
The Hague, The Netherlands, with RA
diagnosed according to the 1987 crite-
ria of the American Rheumatism Asso-
c i ation (15) we re included after info rm -
ed consent was obtained. Inclusion cr i-
teria were: age of ≥16 years; stable sec-
ond-line therapy (no changes in anti-
rheumatic therapy since 4 weeks before
start of the study); and a daily dose of
c o rt i c o s t e roids of less than 7.5 mg
prednisolone equivalent. Patients with
a Steinbro cker stage of IV, re n a l
impairment, with a history of thrombo-
embolic disease, and patients who were
pregnant or planning to become preg-
nant were excluded from the trial.
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Study design
The local institutional ethics commit-
tees approved the study protocol. The
s t u dy was set up as a doubl e - bl i n d,
placebo-controlled pilot study. Patients
we re tre ated with either TEA (Cyk-
lokapron®, Pharmacia Upjohn BV, The
Netherlands; 1.5 mg 3 times a day) or a
placebo for 12 weeks. The patients vis-
ited the outpatient clinics at 2 weeks
and 1 week before the start of the study,
on the first day of the study period, at 4,
8, and 12 weeks during the study peri-
od, and at 4 weeks after the study peri-
od. No alterations in DMARD medica-
tion and no intra - a rticular injections
we re allowed during the trial. Con-
comitant therapies are listed in Table I.
Patients were interviewed regarding the
appearance of new symptoms and side
effects that they attributed to the study
medication. 

Clinical assessments
At inclusion demographic and disease
characteristics were recorded (Table I).
At each visit, the fo l l owing cl i n i c a l
assessments of disease activity we re
performed: a patient’s overall assess-
ment of current disease activity on a
visual analogue scale (VAS) of 0 – 100
mm; the duration of morning stiffness
( m i nutes); swollen and tender joint
count (28 joints) (16). The modifi e d
disease activity score (DAS) was calcu-
lated as defined by Prevoo et al. (16).

Laboratory assessments
At each visit serum and urine morning
samples were collected and stored in -
80°C until use. The CRP was measured
and urinary HP and LP were measured
using HPLC (17). Normal values for
HP and LP in healthy subjects were
assessed in a group of 36 adults. 

Statistical analysis
To test for diffe rences between the
groups at baseline, Pearson Chi-square
tests, Student’s t-tests, and Mann-Whit-
ney tests were used as appropriate. The
efficacy parameters were analyzed on
the basis of an intention-to-treat analy-
sis. For patients who prematurely dis-
continued the study, the data from the
visit at which the trial medication was
stopped were carried forward. Differ-

ences between courses for all outcome
parameters during the treatment period
were evaluated by Repeated Measures
Analysis of Variance. All statistical cal-
culations were performed using SPSS
10.0 for Windows. P values of less than
0.05 were considered to be statistically
significant.

Results
Ten patients re c e ived TEA and 9
patients placebo. Sixteen patients com-
pleted the study, 8 patients in each
group. The compliance was good. One
patient in the TEA group discontinued
the study medication after 4 we e k s
because of peri p h e ral nervus fa c i a l i s
p a ra lysis. Neuro l ogical eva l u at i o n
revealed no thromboembolic eve n t .
Another patient in the TEA group was
excluded from the study after 4 weeks
because of a history of thrombosis risk
that had not been previously reported.
One patient in the placebo group dis-
continued the study medication within
the first days after the start of the study
medication because of a panaritium of
her finger. She was excluded from the
analysis. Thus 10 patients in the TEA
group and 8 patients in the placeb o
group remained for analysis.
E rosions we re present in signifi c a n t ly
m o re patients in the placebo group than
in patients in the TEA group. Th e re

we re no significant diffe rences betwe e n
the two groups with respect to the other
baseline ch a ra c t e ristics (Table I). 
S even patients in the TEA group as
c o m p a red with none in the placeb o
group ex p e rienced mild diarr h e a
throughout the treatment period, which
re s o l ved after cessation of the T E A
treatment. One patient in the placebo
group rep o rted an increase in RA
symptoms. Nausea was reported by one
p atient in the placebo group. In the
TEA group one patient complained of a
headache at week 12 of the treatment.

No effect of TEA on pyridinoline 
excretion or disease activity
For all outcome parameters at baseline,
t h e re we re no significant diffe re n c e s
between the treatment groups. Normal
values in healthy volunteers were < 40
nmol/mmol creatinin for HP and < 10
nmol/mmol creatinin for LP (data not
shown). Urinary pyridinoline excretion
of the patients participating in the pre-
sent study was significantly higher than
in the healthy control subjects (p <
0.001). In all cases pyridinoline excre-
tion was above normal values (data not
shown). The CRP levels were low for
both groups. Repeated Measures Anal -
ysis of Va riance did not reveal any effe c t
of TEA on HP or LP ex c retion (Fi g. 1,
Table II) nor on clinical parameters of

Table I. Demographic and disease characteristics of the patients taking tranexamic acid or
placebo. 

Tranexamic acid (n = D) Placebo (n = 8)

Males/females (no.) 1/9 1/7

Age: mean (SD) 60.8 (13.9) 49.1 (11.0)

Disease duration (yrs.): median (range) 5.7 (1 - 30) 9.9 (1 - 20)

RF positive (no.) 6 8

Erosions present (no.) 4* 7

NSAIDs (no.) 7 6

DMARDs** (no.) 10 8
Methotrexate 5 6
Sulasalazine 3 2
Antimalarials 1 0
Cyclosporin 1 0

Corticosteroids (no.) 0 2

RF:rheumatoid factor; NSAIDs:non-steroidal anti-inflammatory drugs; DMARDs:disease-modifying
anti-rheumatic drugs. 
* There were significantly fewer patients with erosions in the tranexamic acid group than in the place-
bo group (Pearson Chi-square, p = 0.04). 
** Patients used one DMARD only, in two cases combined with a corticosteroid.
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disease activity or CRP (Table II)
Subgroup analysis of the patients with
erosions at baseline or subgroup analy-
sis of the patients with the HP excretion
of more then 100 nmol/mmol creatinin
at baseline revealed no effect of TEA
either (data not shown).

Discussion
The aim of the present study was to
investigate whether TEA may be bene-
ficial for RA patients as adjuvant thera-
py to inhibit the degradation of articu-

lar cartilage and bone as measured by
pyridinoline excretion rates. In contrast
to the open study perfo rmed by our
group previously (13), no such effect of
TEA on urinary pyridinoline excretion
was found here. In line with previous
findings (18), neither was any effect of
TEA on disease activity was observed.
One can postulate that the pre s e n t
study was too small to be able to detect
an effect of TEA. However, not even a
t rend towa rds a beneficial effect of
TEA was observed. 

An explanation for the lack of effect in
the present study may be that the
patients used in the present study were
different from the ones used in the open
study. Mean disease activity was lower
in the patients of the present study
compared with those of the open study.
This is a result of overall better treat-
ment possibilities in current medical
practice as compared with a couple of
ye a rs ago. Neve rt h e l e s s , py ri d i n o l i n e
ex c retion was still elevated in the
patients of this study as compared with
healthy control subjects. An effect of
TEA could therefore still be expected.
Perhaps treatment with plasmin antag-
onists is only effective in RA patients
with very active disease. Therefore, it
would be interesting to study the value
of TEA treatment in a subgroup of RA
p atients with high disease activ i t y
scores despite adequate anti-rheumatic
therapies.
Another possible ex p l a n ation for the
i n c o n s i s t e n cy between the pre s e n t
results and those of the open study may
be that the observed effect in the latter,
not being controlled by a placebo, may
have been due to other factors than the
treatment with TEA. TEA inhibits the
conversion of plasminogen into plas-
min by both tPA an uPA. Plasmin-
mediated fibrinolysis is predominantly
reg u l ated by tPA , wh e reas plasmin-
mediated extracellular matrix degrada-
tion is regulated by uPA and its mem-
brane receptor uPAR. If plasmin is a
key player in the proteolytic cascade
towards cartilage destruction in RA, a
m o re specific ap p ro a ch , s u ch as
inhibiting plasmin at the cell surface of
destructive synovial cells, specifically
inhibiting uPA or uPAR, or the interac-
tion between the two may be more
effective. In in vitro and in vivo experi-
mental models for RA cell surface-tar-
geted plasmin inhibition, using a plas-
min inhibitor that binds to uPA R ,
ap p e a rs to be succesful (6). A n o t h e r
possibility is that plasmin is not the key
enzyme in the proteolytic cascade so
that inhibition of plasmin only may not
be sufficient to produce a relevant inhi-
bition of joint destruction in RA
patients. If this is the case, other or a
combination of proteinases should be
targeted. 

Fig. 1. Urinary pyridinoline excretion rates during treatment with tranexamic acid or placebo. Treat-
ment with tranexamic acid for 12 weeks did not result in a decrease of urinary HP (left panel) or LP
excretion rates (right panel) as compared with the placebo.

Table II. Values for clinical and laboratory parameters of disease activity and joint destruc-
tion at baseline and after 12 weeks of treatment with tranexamic acid or placebo. No statis-
tically significant changes in any of the paramters as a result of TEA treatment was
observed as compared with placebo. Values are expressed as the median (range). 

Tranexamic acid (n = 10) Placebo (n = 8)

Baseline 12 weeks Baseline 12 weeks

Patient assessment (VAS, mm) 57.5 59 51 57.
(1 – 80) (4 – 86) (24 – 82) (38 – 71)

Swollen joints (nr) 3 4 5.5 4
(0 – 16) (0 – 10) (0 – 14) (0 – 11)

Tender joints (nr) 5 2.5 4 7
(0 – 18) (0 – 16) (0 – 15) (1 – 19)

Duration morning stiffness (min.) 15 10 22.5 22
(0 – 180) (0 – 180) (0 – 90) (0 – 90)

CRP (mg/1) <5 <5 11 12.5
(<5 – 88) (<5 – 31) (<5 – 24) (<5 – 43)

DAS 2.7 3.1 4.1 4.5
(1.5 – 6.2) (2.0 – 5.0) (0.7 – 6.2) (1.5 – 6.1)

HP (nmol/mmol creat) 91.3 92.8 108.0 92.2
(60.7 – 193.8) (60.3 – 150.8) (74.6 – 163.8) (54.8 – 183.56)

LP (nmol/mmol creat) 23.0 25.1 26.4 22.1
(15.3 – 65.7) (7.7 – 39.5) (18.3 – 32.18) (8.6 – 27.1)

VAS:100 mm visual analogue scale; CRP:C-reactive protein; DAS:disease activity score; HP:urinary
excretion rates of hydrolxylysylpyridinoline; LP: urinary excretion rates of lysysipyridinoline.
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In the present study TEA did not prove
to be an effective inhibitor of cartilage
destruction in RA patients with mild to
moderate disease activity. Further stud-
ies should be carried out, in order to
d evelop therapeutic strat egies that
effectively target the key players in the
p ro t e o lytic cascade mediating joint
destruction in RA.
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