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drug-treated patients compared with place-
bo-treated controls. There were no signifi-
cant changes in clinical or biochemical
measurements of disease activity. There
were no overall differences in the blood
levels of the cytokines, nor in the basal or
stimulated production of cytokines from
the blood cultures. 
C o n c l u s i o n : Bumetanide increases bl o o d
urate levels but this is not associated with
disease improvement. 

INTRODUCTION
The pro-inflammatory cytokines such as
T N F -a, interleukin-1b ( I L - 1b) or inter-
leukin-6 (IL-6) are believed to contribute to
joint destruction and other tissue dysfunc-
tion in rheumatoid art h r i t i s .1 The levels of
these cytokines are elevated in the joints of
a rthritic patients and anti-TNF-a a n t i b o d i e s
can improve their symptoms.2 Free radicals
are also believed to be important in joint
d e s t ruction. Both tumor necrosis fa c t o r-a
( T N F -a) and interferon-g increase the
secretion of hy d r ogen peroxide by rabbit
c h o n d r o cy t e s ,3 leading to the formation of
the highly injurious hy d r oxyl radical.
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ABSTRACT
Objectives: Treatment with diuretics can
increase blood urate levels, and urate is a
potent free radical scavenger. Since free
radicals are implicated in rheumatoid arthri-
tis (RA), we examined the effects of treat-
ing patients with rheumatoid arthritis with
bumetanide to try to improve their arthritic
control.
Methods: Seventy patients were recruited
from routine rheumatology clinics and were
randomized to receive bumetanide 4 mg/
day or placebo.  We measured blood levels
of urate, other major purine metabolites,
lipid peroxidation products, and the
cytokines tumor necrosis factor-a (TNF-a),
interleukin-1b (IL-1b) and interleukin-6
(IL-6).
Results:  Increased levels of urate, but not
other purines, were found in the blood of
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Plasma levels of T N F -a in rheumatoid
a rthritis patients correlate with the ability of
p h a g o cytes to generate superox i d e .4 , 5

Uric acid is known to contribute signif-
i c a n t ly to the antioxidant status of bl o o d6 , 7

and to stabilize vitamin C in bl o o d .8

Agudelo et al.9 proposed that persistent
hy p e ruricemia might protect aga i n s t
rheumatoid inflammation, consistent with
the fact that patients with hy p e ru r i c e m i c
gout rarely develop arthritis. It has been
suggested that uric acid is the most impor-
tant antioxidant compound in patients with
rheumatoid art h r i t i s ,1 0 although our ow n
study on this subject did not confi rm this
s u g g e s t i o n .1 1 The use of diuretics is often
associated with an increase in the blood lev-
els of uric acid,1 2 - 1 6 so the present study wa s
initiated to determine whether treatment
with the potent oral diuretic bu m e t a n i d e
could raise serum uric acid levels in patients
with rheumatoid arthritis to an extent that
would ameliorate inflammation. 

Adenosine is known to act on its sur-
face-bound A1, A2, and A3 receptors to
modulate the release of pro-inflammatory
cytokines from activated macrophages and
neutrophils, especially T N F -a.1 7 , 1 8 T h e r e
h ave been few studies to determine wh e t h e r
diuretic therapy directly increases activ i t y
along the purine metabolic pathway leading
to raised urate levels. Since urate is one of
the end products of  purine metabolism, it is
p o s s i ble that increased urate levels induced
by diuretics could secondarily induce
changes in the plasma levels of its precur-
sors including adenosine. We have, there-
fore, also measured the levels of these
purines in addition to urate itself in patients
with rheumatoid arthritis treated with
bu m e t a n i d e .

METHODS

Patients and recruitment
S eventy patients, aged 18 to 75 years, we r e
r e c ruited from routine rheumatology clinics
by a consultant rheumatologist, and rheuma-
toid arthritis was diagnosed using the

American Rheumatism Association rev i s e d
c r i t e r i a .1 9 On entry to the study patients
were clinically and/or serolog i c a l ly uncon-
trolled on their medication.  Patients we r e
excluded from the study if they were taking
a ny drug known to affect uric acid levels in
the blood. On entering the study patients
were randomized to receive either
bumetanide 4 mg/day or to a placebo treat-
ment group of identical placebo pills.  A l l
patients gave written, informed consent to
p a rticipation in the study. Both groups con-
tinued to receive their usual anti-rheumatic
t h e r a py and remained on their usual diet.
Full clinical assessment was undert a ke n
using the intern a t i o n a l ly agreed core set of
disease activity measures from the A m e r i c a n
C o l l ege of Rheumatolog y.  These included
tender joint count, swollen joint count,
assessment of joint movement, patient’s
assessment of pain, patient’s and phy s i c i a n ’s
global assessment of disease activ i t y, and a
m o d i fied Health Assessment Questionnaire
( H AQ ) .

Since pain varies with time of day 2 0
samples were always taken in the morn i n g .
Samples were obtained at baseline before
treatment and at monthly intervals during
treatment for 6 months. 

Blood sampling and cell culture
For purine, neopterin, and lipid perox i d a t i o n
measurements, blood was collected from
patients into plain bottles without anticoagu-
lant, allowed to clot, and the serum then
frozen and stored at –70

o
C until required for

subsequent assay. 
Blood for cytokine analysis was collect-

ed from patients into tubes containing
heparin to prevent coagulation. T h e
heparinized whole blood was then diluted
1/10 with RPMI 1640 culture medium with
L-glutamine and 25 mM HEPES
( I nv i t r ogen) containing 1% gentamy c i n
solution (Inv i t r ogen). The diluted blood wa s
aliquoted into 1-mL fractions in 24-well tis-
sue culture plates. Lipopoly s a c c h a r i d e
(LPS) from Salmonella typhimurium
(Sigma) was added at a final concentration
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of 100 ng / ml to stimulate cytokine produc-
tion. Basal cytokine release was measured
in diluted whole blood cultures with no LPS
added. All cultures were covered with lids,
m i xed gently and incubated for 40 hours at
3 7

o
C in a CO2 incubator at 5% CO2.

Fo l l owing incubation, the contents of each
well were decanted into an eppendorf tube
and centrifuged at 3,000 rpm for 5 minutes.
The supernatant was then transferred to
clean eppendorf tubes and stored at –70

o
C

until required for cytokine analysis.  

Standard clinical assays
E ry t h r o cyte sedimentation rate (ESR) wa s
measured by a Starrsed Automated ESR
machine (R&R Mechatronics) that utilizes
the method recommended by the
I n t e rnational Council for Standardization in
H a e m a t o l og y,2 1 based on the method of
We s t e rgr e n .2 2 C - r e a c t ive protein (CRP) wa s
measured using a Behring Tu r b i t i m e r.

Neopterin assays
Neopterin levels were measured in 10-µL
aliquots of serum using an immunoassay kit
( I m m u n o b i o l ogical Laboratories, Germ a ny ) .
All samples were analyzed in duplicate. T h e
a s s ay was a competitive ELISA in which a
p e r ox i d a s e - c o n j u gated and a non-conjuga t e d
antigen competed for a fi xed number of
antibody binding sites. Fo l l owing incubation
with substrate solution, color developed and
the optical density was read at 450 nm,
u n k n owns being quantified by reference to
k n own standards. 

Lipid peroxidation products
An aliquot of 100 µL of serum was used for
quantifying the concentrations of the lipid
p e r oxidation products malondialdehyde and
4 - hy d r oxynonenal measured using a
B i oxytech LPO-586 colorimetric assay
(R&D systems).  The analysis invo l ved the
reaction of N-methy l - 2 - p h e nylindole with
these peroxidation products to form a stabl e
c h r o m ogenic indolic dimer, which was esti-
mated spectrophotometrically at 586 nm.
All samples were tested in duplicate.

Purine assays
A 500-µL sample of the serum was used for
the assay, to which 50 µL of 3.3 M perchlo-
ric acid was added, the sample vo rt ex mixe d
and centrifuged at 13,000 g for 10 minutes.
The supernatant was injected onto a Gilson
gradient high-performance liquid chro-
m a t ogr a p hy (HPLC) system, using a
Kingsorb C18 5-µm reverse phase column
and a mobile phase of the following compo-
sition: solvent A: 0.0025M ammonium dihy-
d r ogen phosphate bu ffered to pH 3.5 using
10% phosphoric acid; solvent B: 940 mL of
s o l vent A plus 60 mL acetonitrile bu ff e r e d
to pH 3.5 with 10% phosphoric acid. T h e
mobile phase gradient was initiated as A : B
80:20, rising to 100% of solvent B in 10
minutes and remaining as such for a furt h e r
10 minutes. The purines were detected using
a UV detector at 254 nm.

Cytokine analysis
T N F -a was measured in 200-µL aliquots of cul-
ture supernatant using a commercial quantitative
sandwich enzyme immunoassay kit (R&D
Systems). IL-1b and IL-6 were each measured
in 200-µL aliquots of culture supernatant using
commercial solid phase enzyme amplified sen-
s i t ivity immunoassay kits (Biosource). A l l
a s s ays were performed in duplicate. 

Drugs
LPS from Salmonella typhimurium and 5’N-
e t hy l c a r b oxamidoadenosine (NECA)we r e
obtained from Sigma Chemical Company.
1 - d e ox y - 1 - [ 6 - [ [ ( 3 - i o d o p h e ny l ) m e t hy l ]
a m i n o ] - 9 H - p u r i n - 9 - y l ] - N - m e t hy l -b- D -
ribofuranuronamide (IB-MECA) wa s
obtained from Tocris Chemicals.

Statistics
Where multiple comparisons were being
made comparing a series of data points with
the basal level, an analysis of va r i a n c e
( A N OVA) was performed followed by
D u n n e t t ’s test. Comparisons between the
placebo and treatment values at indiv i d u a l
time points were made using a two-sided t
test.  In all cases a significance threshold of
5% (P < 0.05) was employe d .
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Study size was calculated so that the two -
sided tests would have an 80% power to
detect a clinically important difference at
the 5% level.  The calculations were per-
f o rmed using a Query Advisor Release 2.0
s o f t ware from Statistical Solutions.

RESULTS

Clinical assessments
Despite electing to perform a rigorous quan-
t i t a t ive assessment of disease activity in all
patients in this study, none of the parameters
examined showed a significant change ove r
the time course of the study, either wh e n
compared at successive monthly time points
r e l a t ive to the pre-treatment basal levels, or
when placebo and treatment groups we r e
compared at each time point.  This is illus-
trated for two of the symptomatic assess-
ments (severity score and HAQ score), and

for two of the laboratory measurements
(ESR and fi b r i n ogen) in Figure 1.

Measurements of oxidative stress and
inflammation
There were no changes in levels of fi b r i n o-
gen, ESR, overall disease severity (Figure 1),
neopterin, CRP, or lipid peroxidation prod-
ucts during the 6 months of treatment with
bumetanide, either when compared at suc-
c e s s ive monthly time points relative to the
pre-treatment basal levels, or when placebo
and treatment groups were compared at
each time point.

Purine levels
The serum concentrations of adenosine and
its metabolites are summarized in Figure 2.
No change was noted in the levels of adeno-
sine, inosine, hy p oxanthine, or xanthine at
a ny point during the 6 months of treatment
with either placebo or bumetanide. Uric acid

Figure 1. Symptomatic and clinical laboratory measures of disease activity, illustrating the Health
Assessment Questionnaire (HAQ) scores, fibrinogen levels, erythrocyte sedimentation rate (ESR),
and overall severity score. There were no significant differences between patients treated with
placebo (open columns) or bumetanide (shaded columns). 
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l evels were signifi c a n t ly higher in the dru g -
treated patients compared with placebo con-
trols at each monthly assessment except the
last, although large standard errors occurr e d
in the final samples caused by the loss of
patients defaulting from the study.

Cytokine levels
The serum levels of T N F -a, IL-1b, and IL-6
did not change throughout the period of study,
and showed no differences between bu m e t a n i d e
or placebo-treated patients (Figure 3). 

In whole blood cultures, the levels of
T N F -a in the supernatant after 40 hours in
culture from patients treated with
bumetanide or placebo are summarized in
Figure 4. Basal levels were readily measura-
ble in both groups of patients, and incuba-
tion with LPS (100 ng/mL) did not
s i g n i fi c a n t ly increase this furt h e r. In the
case of IL-1b and IL-6, LPS activa t i o n

induced an approx i m a t e ly 250% increase of
interleukin release, but this was not diff e r e n t
b e t ween patients and control subjects.

DISCUSSION
The autoimmune process in rheumatoid
a rthritis includes the penetration of
macrophages and neutrophils into synov i a l
fluid. These cells can liberate reactive ox y-
gen species, which contribute to joint dam-
a g e .1 1 , 2 3 In adult patients, stimulated
p h a g o cytes produce larger amounts of
s u p e r oxide when compared with controls
and with subjects with non-rheumatic disor-
ders. Hydroxyl radicals have been shown to
be generated in the synovial fluid of art h r i t i c
s u b j e c t s .2 4 H y d r oxyl radicals, in part i c u l a r,
cause catabolism of hyaluronic acid2 5 , 2 6 bu t
can also disrupt proteog ly c a n s ,27 c o l l a g e n s2 8

and tissue and fluid proteinase inhibitors
such as a- a n t i p r o t e i n a s e .2 9 T h ey may also

Figure 2. Purine levels in the blood, showing the levels of (A) uric acid, (B) xanthine, (C) inosine,
and (D) adenosine during the 6 months of treatment using placebo (open columns) or
bumetanide (shaded columns). *P < 0.05; **P < 0.01; ***P < 0.001 for drug-treated patients com-
pared with the corresponding placebo control group.
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induce covalent cross-linking of immune
c o m p l exe s .3 0 Direct confi rmation that
hy d r ogen peroxide can produce severe tissue
damage and arthritis has come from injec-
tions of a peroxide generating system (glu-
cose oxidase) into the joints of mice.3 1 , 3 2

Uric acid inhibits oxidation of ascorbic acid,
is an eff e c t ive ery t h r o cyte membrane lipid
a n t i oxidant, protects against ox i d a t ive dam-

age to deoxyribonucleic acid  (DNA), pro-
tects against hy d r oxyradical-induced ox i d a-
tion of certain proteins, and scave n g e s
oxygen free radicals and free radical inter-
mediates.  The fact that uric acid is a major
c o n t r i butor to the antioxidant activity of
bl o o d7 , 1 0 , 3 3 was one of the factors that led us
to study this metabolite.
Xanthine oxidase is a major producer of
r e a c t ive oxygen species (ROS), which have
a role in killing bacteria.  Uric acid is
increased in active rheumatoid joints and it
has been suggested that “classical” antiox i-
dants are “used” first and, when these are
ex h a u s t e d, the serum uric acid level assumes
i m p o rtance, possibly by maintaining the
l evel of uric acid in the joint to promote
r eversal of xanthine oxidase activ i t y, thereby
increasing levels of xanthine, hy p ox a n t h i n e
a n d, possibly, adenosine.

S everal previous studies have demon-
strated an increase in urate levels during
treatment of patients with diuretics, at least
t e m p o r a r i ly,3 4 and especially with the thi-
azide and loop diuretics such as
bu m e t a n i d e13-16 although others have fa i l e d
to demonstrate significant change unless
diuretics were used in combination with
d rugs such as angiotensin conve rt i n g
enzyme inhibitors,3 5 and results may va ry
from patient to patient.3 6 In the present
s t u d y, in patients with active rheumatoid
a rthritis, urate levels were consistently and
s i g n i fi c a n t ly higher in those treated with
bumetanide when compared with placebo-
treated controls. This result supports the
concept that diuretics can increase urate lev-
els, and the increased urate could then con-
t r i bute to the scavenging of free radicals
i nvo l ved in the destruction of art h r i t i c
j o i n t s .3,10 The absence of changes in any of
the urate precursors in the purine metabolic
p a t h way (adenosine, inosine, xanthine) sug-
gests that the increase of urate is more like ly
to result from renal actions of the diuretics
than from a direct increase in purine catabo-
lism.  There were no significant changes in
the levels of the lipid peroxidation products
4 - hy d r oxynonenal and malondialdehyde in
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Figure 3. Cytokine levels in the blood, show-
ing the levels of tumor necrosis factor (TNF)-a,
interleuken (IL)-1b, and IL-6 during the 6
months of treatment. There were no signifi-
cant differences between patients treated
with placebo (open columns) or bumetanide
(shaded columns). 
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this study--though this is perhaps not sur-
prising given the small and va r i a ble changes
in uric acid levels.  The examination of
cytokine release revealed that there was no
d i fference between the secretion of T N F -a,
I L - 1b, or IL-6 from blood cells taken from

placebo and drug-treated patients. 
In conclusion, 6 months of treatment

with the diuretic bumetanide does raise the
l evels of urate in the blood of patients with
rheumatoid arthritis, but this apparently is
not associated with a change in disease
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Figure 4. Levels of TNF-a in the supernatant of whole blood cultures from patients treated with
placebo (A, B, C) or bumetanide (D, E, F). Results are shown at the start of the study [week 0,
before the initiation of placebo or bumetanide treatment (panels A, D)], and after 3 months (B,
E) and 6 months (C, F) of treatment. Each panel summarizes the basal level of TNF-a released
into the supernatant without experimental manipulation, the effect of 5’N-ethylcarboxam-
ideadenosine (NECA) (2 µM) on basal release, the effect of lipopolysaccharide (LPS) (100 ng /
ml), and the combined effect of LPS and NECA. *** P < 0.001 for NECA compared with basal lev-
els, or LPS + NECA compared with LPS alone.
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a c t iv i t y, ox i d a t ive stress, purine metabolism,
or cytokine leve l s .
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