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Urinary nitrate excretion is increased in patients

with rheumatoid arthritis and reduced by
prednisolone

Dirk 0 Stichtenoth, Joachim Fauler, Henning Zeidler, Jurgen C Frolich

Abstract
Objectives-To determine daily produc-
tion of nitric oxide (NO) measured as
urinary nitrate excretion, and the effect of
prednisolone in patients with rheumatoid
arthritis (RA).
Methods-Twenty four hour urinary
nitrate was measured by gas chroma-
tography in 10 patients with RA, before
and two to four weeks after commence-
ment of prednisolone 0 5 mg/kg body
weight, and in 18 healthy controls.
Results-Before the start of prednisolone
treatment the urinary nitrate excretion in
patients with RA was 2*7-fold greater
(p < 0.001) than that in healthy volunteers.
After prednisolone it decreased signifi-
cantly, by 28%, at which time in-
flammatory activity (as indicated by C
reactive protein, erythrocyte sedimen-
tation rate, joint count, and early morning
stiffness) was also reduced considerably.
Despite this decrease, the urinary nitrate
excretion in patients with RA remained
twice that in the control group (p < 0 05).
Conclusion-Our data suggest that the
endogenous production ofNO is enhanced
in patients with RA. Furthermore, the
results indicate that, in parallel with
suppression of inflammation, this in-
creased NO synthesis could be reduced by
prednisolone treatment.

(Ann Rheum Dis 1995; 54: 820-824)

vascular tone,'0 platelet aggregation"' and
neuronal signal transduction;'2 these actions
are mediated by activation of soluble guanylate
cyclase, followed by increased concentrations
of cyclic guanosine monophosphate."3

Little is known about the importance of the
NO pathway in inflammatory joint diseases.
Studies in experimental adjuvant arthritis'4 1'
and streptococcal cell wall induced arthritis'6
suggested increased endogenous NO synthesis
in inflammatory joint diseases. In man, Farrell
et al'7 reported increased concentrations of
nitrite, a metabolite of NO, in serum and
synovial fluid of patients with RA. NO itself is
difficult to measure directly in vivo, because it
is readily oxidised to nitrite and nitrate,'8 which
are excreted rapidly into the urine. This endo-
genous nitrate synthesis explains the finding,
made before discovery of the NO pathway, that
people taking diets low in nitrate excrete four
fold more nitrate in the urine than the amount
ingested in their diet. '9 Furthermore, only
40-60% of the ingested nitrate appeared in
urine,'9 20 which helps to explain why people
taking a diet high in nitrate excrete less nitrate
in the urine than they ingest.'9 To summarise:
in the absence of excess dietary nitrate intake,
the major source of urinary nitrate is
endogenously synthesised NO.2' 22 NO synthase
activity can therefore be reliably and non-
invasively assessed by measurement of urinary
nitrate excretion.23 In the present study we
determined urinary nitrate excretion and the
effect of prednisolone in patients with RA.
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Nitric oxide (NO), synthesised by the
inducible form of NO synthase, has been
implicated as an important mediator of specific
and non-specific immune responses. ' Cyto-
kines such as tumour necrosis factor ox, inter-
feron gamma or interleukin- 1, which are
involved in the pathogenesis of rheumatoid
arthritis (RA),2 were shown to induce this
isoform of NO synthase.3 After induction,
monocytes,4 neutrophils,5 chondrocytes,6
synoviocytes,7 and many other human cells are
able to synthesise large amounts of NO. The
NO produced exerts cytotoxic effects via
inhibition of iron containing enzymes, inter-
ference with deoxyribonucleic acid, and
reaction with superoxide anion to form
peroxynitrite, which can decompose to highly
reactive hydroxyl radicals.8 NO is also
produced by two constitutive forms of NO
synthase.9 These isoforms in endothelial cells,
neuronal cells, and platelets generate small
amounts of NO, responsible for regulation of

Patients and methods
PATIENTS

Ten patients with RA as defined by the revised
American Rheumatism Association criteria of
198724 were studied. For entry to the study
they were required to have systemic disease
activity, as indicated by C reactive protein
(CRP) > 15 mg/l, and clinical disease activity
(more than five joints involved, early morning
stiffness of more than one hour duration).
Exclusion criteria were inflammatory diseases
other than RA, and treatment with pred-
nisolone > 10 mg/day. At the time of enrol-
ment in the study, the patients had high disease
activity (mean CRP 71 (SD) 61 mg/l,
erythrocyte sedimentation rate (ESR) 62 (28)
mm/lst h, joint count 20 (6), and early
morning stiffness 4 (2) h). Tables 1 and 2
summarise the epidemiological, drug treat-
ment, clinical, and laboratory data of each
patient. A control group comprised 18 healthy
volunteers (house staff and honorary house
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Table 1 Epidemiological and drug treatment data ofpatients with RA

Patient Age (yr) Disease Erosive arthritis! Antiphlogistic drugs before Disease modifying drugs
gender duration (yr) rheumatoidfactor prednisolone 0 5 mg/kg body wt

1 68/F 10 No/positive Etofenamate 1 g/day None
2 64/M 0 5 No/negative Etofenamate 1 g/day None
3 46/F 15 Yes/positive Etofenamate 1 g/day None
4 44/M 1-2 Yes/positive Prednisolone 7-5 mg/day and None

indomethacin 200 mg/day
5 70/M 4 0 Yes/positive Prednisolone 7-5 mg/day Sulphasalazine 1-5 g/day
6 72/M 0-8 No/positive Prednisolone 7-5 mg/day Sulphasalazine 2 g/day
7 75/F 0 3 No/negative None None
8 49/F 15 Yes/positive Diclofenac 100 mg/day Methotrexate 10 mg/week
9 64/F 4 0 Yes/positive Diclofenac 100 mg/day None

10 75/F 2-0 Yes/positive Prednisolone 10 mg/day and None
diclofenac 100 mg/day

Mean (SD) 63 (12) 4-4 (5 8) -

staff) comparable in age (67 (6) years, range
54-75) and gender (12 female, six male).

STUDY PROCEDURE
All patients gave their informed consent to
urine collection for our study; treatment and
evaluation of parameters of disease activity
were performed according to standard clinical
procedures by the resident ofthe rheumatology
ward and were not influenced by our study.
Twenty four hour collections of urine for
determination of urinary nitrate excretion were
collected twice: first, before the start of anti-
inflammatory therapy with prednisolone, when
the patients had high inflammatory activity
(see above and table 2), and second, two to
four weeks after the start of treatment with
prednisolone 0 5 mg/kg body weight, when the
patients showed both biochemical and clinical
improvement: CRP 6 (5) mg/l, ESR 32 (17)
mm/lst h (p < 0 05 each); joint count 8 (4),
early morning stiffness 1 (1) h (p < 0-00 1 each)
(for individual patients values, see table 2).
When prednisolone treatment was initiated,
intake of NSAID was discontinued; treatment
with disease modifying drugs remained
unchanged.

DIETARY NITRITE/NITRATE INTAKE

The study groups were not subjected to a
standardised diet, but subjects having excess
dietary intake of nitrite or nitrate were
excluded. We asked patients and controls to
restrict their intake of foods containing high
amounts of nitrite/nitrate, for example pickled
meat, beetroot, spinach, radish, lettuce, or
chinese cabbage, and checked the menu plan
of our hospital for those foods. Under these
conditions the daily nitrite intake is below

Table 2 Parameters ofdisease activity ofpatients with RA before and two tofour weeks
after start of treatment with prednisolone 0 5 mg/kg body weight

Patient CRP (mg/i) ESR (mm/llst h) Joint count EMS (h)

Before After Before After Before After Before After

1 225 2 120 27 23 8 6-0 0-5
2 113 2 50 10 16 9 7-0 1-0
3 63 15 50 25 18 15 30 30
4 16 2 80 51 26 7 5 0 1.0
5 62 11 64 44 18 3 2-0 0.1
6 15 2 34 23 25 11 5-0 1-0
7 50 9 30 9 28 12 4 0 0.5
8 71 2 83 41 16 8 3 0 0-5
9 55 4 40 32 19 7 2-0 0-1
10 39 10 72 60 9 1 4 0 0-2
Mean (SD) 71 (61) 6 (5) 62 (28) 32 (17) 20 (6) 8 (4) 4 (2) 1 (1)

CRP = C reactive protein; ESR = erythrocyte sedimentation rate; EMS = early morning stiffness.

0 07 mmol and daily nitrate intake in the range
0-7-1-2 mmol.25 26 Vegetarians were excluded
from our study, because their dietary intake of
nitrite or nitrate is up to 10-fold greater than
these values.26 The nitrite/nitrate concen-
trations in local piped water supplies were less
than 0 01 mmol/l and 0 1 mmol/l, respectively,
so this water did not contribute significantly to
nitrite/nitrate intake of our study patients and
controls.

MEASUREMENT OF NITRATE

Urinary nitrate was determined by a gas
chromatographic method based on a reaction
of nitrate with trimethoxybenzene to form
trimethoxynitrobenzene. Fifty microlitre
aliquots of urine were diluted with 50 RI of
double distilled water and treated with 300 RI
of silver sulphate solution (100 mg/ml) for
chloride precipitation. After centrifugation for
five minutes at 8000 g, 300 pLI aliquots of the
supernatant were mixed with 300 Ll ofconcen-
trated sulphuric acid, 20 RI of trimethoxy-
benzene in acetone (1 mg/ml), and 10 RI of
dimethoxynitrobenzene in acetone (250 ng/,ul)
as internal standard. After incubation for 10
minutes at 60°C, the generated nitroaromatics
were extracted with 800 [lI of toluene. The
toluene layer was drawn off and shaken with 2
ml of a 4 mol/l aqueous sodium hydroxide
solution. Subsequently, 100 ,ul of the toluene
phase was diluted with 900 [lI of toluene for
gas chromatographic analysis. Analysis was
performed on a Carlo Erba gas chromatograph
model HRGC5160 (Fisons Instruments,
Mainz, Germany) equipped with an A200S
autosampler and an ECD HT40 electron
capture detector. An OV1701 fused silica
capillary column (Machery and Nagel, Diiren,
Germany) was used for chromatographic
separation. Helium (75 kPa) was applied as
carrier gas and nitrogen (150 kPa) as make up
gas. Oven temperature was held at 150°C for
two minutes then increased to 280°C at a rate
of 40°C/min and held at 280°C for two
minutes. The intra- and interassay coefficients
of variation were less than 3-5%, and the limit
of detection of the method was nitrate 5-2
nmol/ml. The method was validated by a gas
chromatography/tandem mass spectrometry
assay27 and showed a correlation of r = 0 9 1,
n = 15, within the range of urinary nitrate
concentrations. Urinary creatinine was deter-
mined spectrophotometrically using the
alkaline picric acid method in an automatic
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Before After Control
Urinary nitrate excretion ofpatients with RA before
and after start of treatment with prednisolone 0 5 mg/kg
body weight, and of healthy volunteers as control.
Patient numbers (Pt) are the same as in tables 1-3.
Horizontal bars represent mean values. Significant
differences: p < 0 001 for patients before v control; p < 0 05
for patients after v control andfor patients before v patients
after.

analyser (Beckman, Galway, Ireland). The
urinary excretion rates of nitrate were
corrected by creatinine excretion according to
the formula: urinary nitrate (,umol/l):urinary
creatinine (mmol/l) =urinary nitrate (,umol/
mmol creatinine).

MEASUREMENT OF CRP AND ESR

Serum concentrations of CRP were deter-
mined by nephelometry in an automatic
analyser (Behring, Marburg, Germany).
Normal CRP values are < 6 mg/l.
ESR was assessed by the method of

Westergren. Normal values for the first hour
are: men younger than 50 years < 15 mm;
women younger than 50 years < 20 mm; men

older than 50 years < 20 mm, women older
than 50 years < 30 mm.

DETERMINATION OF JOINT COUNT AND EARLY

MORNING STIFFNESS

Joint count was determined by a quantitative
articular index similar to the 28 joint index
described by Fuchs et al;28 in addition to this
28 joint index we included 10 metatarso-
phalangeal and 10 proximal interphalangeal
joints of the toes-48 joints in all.

Early morning stiffness was evaluated with
the question: 'How long does your morning
stiffness last from the time you wake up?' The
values were recorded in hours.

STATISTICS

Data are expressed as mean (SD). Statistical
significance of differences was determined by
Student's two tailed unpaired t test (patient
group versus control) and by the two tailed
paired t test (patient group before versus after
prednisolone treatment). Statistical analysis of
the correlation data was performed using the
unpaired t test. p<0 05 was considered
significant.

Results
The figure shows the results of the measure-
ment of urinary nitrate excretion, and table 3
shows the urinary nitrate excretion rates before
correction for creatinine. Before the start of
prednisolone treatment, the urinary nitrate
excretion in patients with RA (223 (126) ,umol/
mmol creatinine) was 2-7-fold greater than that
in healthy volunteers (83 (63) pumol/mmol
creatinine) (p < 0 001). It decreased signifi-
cantly (p < 0 05), to 162 (83) p.mollmmol
creatinine, with prednisolone treatment; in-
flammatory activity was also reduced con-

siderably (table 2). Despite this decrease after
prednisolone, the urinary nitrate excretion in
patients with RA remained twice that in the
control group (p < 0-05). Urinary excretion of
creatinine remained unchanged in patients with
RA receiving prednisolone (table 3).
The values of urinary nitrate excretion did

not correlate with values of CRP, ESR, joint
count, or early morning stiffness.

Discussion
Our study demonstrated increased urinary
excretion of nitrate in patients with RA. This
finding is consistent with the results of
Farrell et al, 17 who found increased serum

Table 3 Urine volume, urinary nitrate, and urinary creatinine excretion per day ofpatients with RA before and two to
four weeks after start of treatment with prednisolone 0 5 mg/kg body weight

Patient Urine volume (7) Urinary nitrate (mmo/l) Urinary nitrate (mmol/day) Urinary creatinine (mmol/day)
Before After Before After Before After Before After

1 0-75 0-6 1-48 1-69 1.11 1-01 7-50 7-08
2 1-5 0-85 0 93 1-25 1-39 1-07 10-80 11-22
3 1-1 1-6 1-16 0-54 1-28 0-87 9-24 11-84
4 2-3 1-8 1-42 1-41 3-26 2-53 13-02 12-56
5 2-15 2-2 0-5 0-37 1.09 0-81 7-98 8-56
6 2-1 2-0 0-85 0-59 1-78 1-19 10-58 10-26
7 1-55 2-1 2-01 1-14 3-12 2-39 7-13 6-87
8 1-7 0 9 1-61 1-42 2-73 1-27 6-31 6-84
9 1-85 1-2 1-02 1-23 1-88 1-47 6-55 6-36
10 1-35 1-25 0 45 0 54 0-61 0-67 5-97 5-30
Mean (SD) 1-64 (0-49) 1-45 (0-57) 1-14 (0-49) 1-02 (0-46) 1-83 (0-92) 1-33 (0-64) 8-51 (2-33) 8-69 (2-58)
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concentrations of nitrite, indicating enhanced
NO production, in serum and synovial fluid of
patients with RA. The serum nitrite concen-
trations they measured reflected NO synthesis
occurring at the time of blood sampling,
because nitrite has a short serum half life;'8 in
contrast, nitrate excretion in urine over 24
hours is an index of daily NO synthesis.23
Despite these different approaches, the results
of both studies are in agreement.
We found, in addition, that urinary nitrate

excretion was reduced when systemic inflam-
matory activity, as indicated by CRP and ESR,
was almost normalised by prednisolone treat-
ment; interestingly, however, even those
patients treated with prednisolone who
achieved a return to normal values for labora-
tory parameters of inflammation retained a
doubled urinary nitrate excretion compared
with healthy volunteers. This may have
reflected insufficient passage of time for
normalisation of NO synthesis or, more
probably, local production of NO in the
remaining arthritic joints. The latter possibility
is supported by the findings of Farrell et al in
patients with osteoarthritis: those without
systemic inflammatory activity had serum
nitrite levels lower than those in patients with
RA, but significantly higher than in healthy
controls, probably as a result of local pro-
duction of NO, as discussed by the authors.'7

Further evidence for an involvement of the
NO pathway in RA is given by the finding of
increased nitrotyrosine concentrations in
serum and synovial fluid from patients with
RA;29 nitrotyrosine, a metabolite produced by
NO dependent oxidative damage,30 was not
detectable in sera from control subjects.
The most important potential biasing factor

in the evaluation ofNO synthesis by measure-
ment ofNO metabolites in body fluids is excess
dietary intake of nitrite or nitrate. Our study
groups were not subjected to a standardised
diet, but excess dietary nitrite/nitrate intake
was excluded. In the absence of intake in
excess, dietary nitrite/nitrate contributes to
urinary nitrate excretion to only a minor degree
compared with endogenously generated
nitrate.'9 21 The biasing effects of diet should
therefore be insignificant, and the increased
urinary nitrate excretion of our patients with
RA may be assumed to indicate increased
synthesis ofNO. Two ofthe 18 control subjects
also had high urinary nitrate excretions (271
and 164 ,umol/mmol creatinine, respectively),
but as they showed no recognisable differences
compared with the other individuals in the
control group (dietary nitrate/nitrite intake,
health status, or drug treatment), they were
included in the analysis.

Despite the clear evidence that NO plays a
part in RA, the question remains whether NO
is proinflammatory or anti-inflammatory.
Current opinion is that large quantities of NO
produced by the inducible NO synthase are
cytotoxic and proinflammatory, whereas the
low amounts of NO generated by the consti-
tutive NO synthases are anti-inflammatory.3'
Physiological amounts of NO produced by
endothelial cells have been shown to reduce

adhesion and emigration of granulocytes,32 and
in a mouse model of hepatic damage, inhi-
bition of NO synthesis increased liver injury,
suggesting a protective role for NO in this
model.33 In contrast, experiments in rats with
adjuvant arthritis (a widely used animal model
of RA) suggested a proinflammatory role of
NO: competitive inhibitors of NO synthase,
such as N0-nitro-L-arginine methyl ester or
NG-mono-methyl-L-arginine (L-NMA), sup-
pressed the development of the disease and
reduced its severity, respectively; concomitant
treatment with L-arginine, the substrate ofNO
synthase, abolished these effects.'4 34 35

Stefanovic-Racic et a135 determined urinary
nitrate excretion, the parameter of interest in
our study, in adjuvant arthritic rats; urinary
nitrate excretion, which increased as the
arthritis progressed, and disease activity were
both inhibited by L-NMA in a dose dependent
manner. In another animal model of arthritis,
induced by intraperitoneal injection of strepto-
coccal cell wall fragments in rats, admin-
istration of L-NMA profoundly reduced
synovial inflammation, tissue damage, and NO
production by synovial tissue.'6

In the present study, treatment with
prednisolone, which is known to inhibit in-
duction of the inducible NO synthase,36
reduced urinary nitrate excretion in parallel
with disease activity. This may be suggestive of
proinflammatory properties ofNO, though the
wide pharmacological effects of prednisolone
and the complexity of NO actions allow no
definite conclusion. Further human studies
with in vivo use of specific inhibitors of the
inducible NO synthase are required to elu-
cidate the pathophysiological role of NO
inflammatory joint diseases.
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