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Abstract
Objective

Nitric oxide (NO) is produced in increased amounts in inflammatory conditions and may cause tissue
injury by reacting with superoxide to yield peroxynitrite, a powerful toxin. Superoxide dismutase (SOD)

scavenges superoxide and inhibits the formation of peroxynitrite, thereby suppressing the resulting
injury and regulating the bioavailability of NO. We conducted a study to assess serum NO and SOD in

patients with Behçet’s disease (BD) and correlate their levels with disease activity.

Methods
Serum NO concentrations and SOD activities were determined in 25 BD patients (mean age: 36 years;
male/female: 13/12) and in 15 healthy controls. BD patients were allocated into two groups according

to disease activity (active/inactive: 11/14). 

Results
In patients with active disease, NO levels were found to be significantly elevated, while SOD activities
were comparable to the control group. Conversely, patients with inactive disease exhibited markedly
high SOD activities and normal NO levels. Moreover, there was a positive correlation between SOD

activity and NO levels in patients with inactive BD (r = 0.562, p < 0.05). 

Conclusion
We propose that NO-associated injury of tissues, particularly the endothelium, may be important in the

etiopathogenesis of vasculitis in BD, and SOD may play a protective role against inflammation.
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Introduction
B e h ç e t ’s disease (BD) was fi rst de-
s c ribed by Hulusi Behçet, a Tu rk i s h
dermatologist, in 1937 as a triad of re-
lapsing iridocyclitis with oral and geni-
tal ulcers (1). It is now recognized as a
p o ly s y m p t o m atic systemic va s c u l i t i s
which may present with skin lesions,
a rt h ri t i s , c e n t ral nervous system ma-
nifestations and vascular involvement
in addition to the original triad (2). 
The etiology and pathogenesis of BD
have not yet been clarified. Histopatho-
logically, lesions of BD are typically
seen in small blood vessels,and there is
m a rked ex u d at ive infl a m m ation and
leukocyte infiltration in the surround-
ing tissue (3). Therefore, extensive re-
search efforts have been focused on in-
flammatory reactions and the role of
neutrophil functions in the etiopatho-
genesis of BD. Pat h o l ogi c a l ly en-
hanced neutrophil functions including
chemotaxis, phagocytosis, active oxy-
gen radical production and lysosomal
secretions have been demonstrated in
BD patients (4). Excessive generation
of the active oxygen species by activat-
ed neutrophils has been suggested to
lead to tissue injury (4). 
NO is a highly reactive molecule that
possesses pro- and anti-inflammatory
effects depending on the concentration
and the ori gin of release (5). Neu-
trophils and macrophages generate NO
via an NO synthase that is inducible by
endotoxin and various cytokines. Ac-
c o rd i n g ly, NO levels increase in in-
flammatory conditions (5). NO is po-
tentially cytotoxic to the host, because
in the presence of large amounts of su-
peroxide and NO, peroxynitrite, a pow-
erful toxic ox i d a n t , is spontaneously
fo rmed (6). Superoxide dismu t a s e
(SOD) scave n ges superoxide and in-
hibits the fo rm ation of perox y n i t ri t e,
thereby suppressing the resulting injury
and reg u l ating the bioava i l ability of
NO (6). Therefore, it acts as a protec-

tive mechanism against tissue injury in
inflammatory reactions. 
NO has been proposed to be involved
in the pathogenesis of autoimmune dis-
orders. Excessive NO production has
been demonstrated in patients with
r h e u m atoid art h ri t i s , systemic lupus
erythematosus, Kawasaki disease, and
tissue injury caused by deposition of
immune complexes (7-10). In an exper-
imental model of vasculitis, cytokine-
m e d i ated neutro p h i l - d ependent endo-
thelial injury was shown to be associat-
ed with NO (11). As another pathologic
condition with inflammation and endo-
thelial dysfunction (12), BD might
comprise alterations in NO production. 
In view of the finding that SOD plays a
p ro t e c t ive role against tissue injury,
SOD preparations have been adminis-
tered to BD patients and have resulted
in remission of active disease (13).
However, studies on the role of SOD in
the pathogenesis of BD are very scarce
and have produced conflicting results
(14-17). We conducted a study to as-
sess serum NO and SOD in patients
with Behçet’s disease (BD) and corre-
late their levels with disease activity.

Materials and methods
Study group
Twenty five patients with BD and 15
healthy controls were included in this
study. All patients fulfilled the criteria
of the International Study Group for
BD (18). The demographic characteris-
tics of the patients and controls are
given in Table I. None of the patients or
the controls was receiving any medica-
tion wh i ch might affect neutro p h i l
functions. All subjects we re given a
standard diet poor in exogenous sourc-
es of NO (green vegetables, preserved
food, etc.) (19) for at least 48 hours
before blood sampling. 
Disease manifestations of the patients
a re summari zed in Table II. Pat i e n t s
with one or more of these features at
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Table I. Demographic characteristics of patients and controls. 

Number of Sex Age Age of disease 
subjects (M/ F) (years) onset (years) 

Behçet’s disease 25 13/12 36 ± 11 23 ± 9 

Healthy controls 15 7/8 33 ± 9 
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the time of blood sampling were con-
sidered to have active disease. Accord-
ingly, the study population was allocat-
ed as Group I (patients with inactive
B D ) , G roup II (patients with active
BD), and Group III (healthy controls). 

Measurement of superoxide dismutase
activity and levels of NO
SOD activity determinations were per-
fo rmed on plasma supern atants after

c e n t ri f u gation of the ch l o ro fo rm-
/ethanol treated plasma sample. Plasma
was assayed by a recently defined spec-
trophotometric method (20) via using
B i ox y t e ch SOD-525 commercial re-
search kit (Oxis Int., Portland®, USA).
Briefly, this assay is based on the SOD-
mediated increase in the rate of autoox-
i d ation of 5,6,6a,11b-tetra hy d rox y -
b e n zo ( c ) fl u o rene in aqueous alkaline
solution to yield a chromophore with

maximum absorbance at 525 nm. SOD
activity is determined from the ratio of
a u t o ox i d ation rates measured in the
presence (Vs) and in the absence (Vc)
of SOD. The Vs/Vc ratio as a function
of SOD concentration is independent
of the isozyme type of SOD being mea-
sured. One SOD activity is defined as
the activity that doubles the autooxida-
tion background (Vc/Vs=2).
NO synthesis was determined via ni-
trate on microtiter plates by Nitric Ox-
ide Colorimetric Assay® (Boehringer,
Mannheim). NO is detected in biolo-
gical fluids via nitrite. The nitrate pre-
sent in the sample which is originated
from NO itself and from peroxynitrite,
is reduced to nitrite by reduced nico-
tinamide adenine dinu cleotide phos-
phate (NADPH) in the presence of the
enzyme nitrate re d u c t a s e. The nitri t e
formed reacts with sulfanilamide and
N-(1-naphthyl)-ethyl-enediamine dihy-
drochloride to give a red-violet diazo
dye. The diazo dye is measured on the
basis of its absorbance in the visible
ra n ge at 550 nm. A c c o rding to this
principle, solutions were prepared and
300 ml serum and 300 l of potassium
p h o s p h ate bu ffer we re placed in an
u l t ra filter (Centri s a rt cut-off 10000,
from Sartorius) and centrifuged for 45
min at 2000 x g (4000 rpm, r: 7 cm).
Ultrafiltrate was collected and used in
the test. Sep a rate membrane fi l t e rs
were used for each sample in order to
avoid nitrate. The results were calculat-
ed by the calibration curves derive d
from standard solutions. The change in
absorbance obtained for the potassium
nitrate standard solutions were piloted
on the Y-axis against the corresponding
nitrate concentrations (mM) on the X-
axis. 

Statistical analysis
Results of the 3 groups were analyzed
by Kru s k a l - Wallis analysis. Po s t - h o c
additional comparisons between indi-
vidual groups we re perfo rmed by
Mann-Whitney U test. Significant p re-
sults we re assigned to values lowe r
than 0.05. The results were expressed
as median (min-max). The correlation
between NO levels and SOD activity
was evaluated by Spearman correlation
test. 

Table II. Clinical features depending on the history and at the time of blood sampling of the
patient group (n = 25). Serum NO concentrations and SOD activities are also given. Note
that the first 14 patients were clinically inactive and the remaining 11 were active at the
time of blood sampling. 

No Age Sex OU Art I GU Pathergy* Skin I EN Ocu I Vasc I NI Epidymitis SOD NO

1 42 M +/- +/- -/- + + +/- -/- -/- -/- -/- 22.2 25

2 18 M +/- -/- +/- - - -/- +/- -/- -/- -/- 6.5 19

3 35 F +/- -/- +/- + + -/- -/- -/- -/- -/- 18.6 33

4 29 M +/- +/- -/- - + +/- +/- -/- -/- -/- 3.5 48

5 51 M +/- -/- -/- + + +/- -/- -/- -/- -/- 24.5 34

6 38 F +/- +/- +/- - + -/- -/- -/- -/- -/- 14 60

7 29 F +/- +/- +/- - + -/- -/- -/- -/- -/- 3.5 12

8 17 F +/- +/- -/- + - -/- +/- +/- -/- -/- 6.9 22

9 20 F +/- -/- -/- + + -/- -/- -/- -/- -/- 9.8 30

10 39 M +/- -/- -/- + + +/- -/- -/- -/- -/- 10.6 19

11 42 F +/- +/- +/- - + -/- -/- -/- -/- -/- 31.5 21

12 41 M +/- -/- -/- - + +/- +/- -/- -/- -/- 42.1 30

13 32 M +/- +/- +/- - + +/- -/- -/- -/- -/- 20 37

14 22 F +/- +/- +/- + - -/- -/- -/- -/- -/- 6.6 22

15 19 F +/+ +/+ +/+ + - -/- -/- -/- -/- -/- 0.2 95

16 47 M +/+ -/- -/- - + +/- +/- -/- +/- -/- 0.6 57

17 30 F +/+ -/- -/- + + +/+ -/- -/- -/- -/- 0 45

18 21 F +/+ +/- -/- - + -/- +/- -/- -/- -/- 0.5 38

19 26 M +/- -/- +/- - + -/+ -/- -/- -/- -/- 1.1 68

20 27 F +/+ +/- +/- - - -/- +/+ -/- -/- -/- 0.2 67

21 36 M +/+ -/- -/- + + -/- -/- +/+ -/- +/- 0.2 65

22 41 M +/+ +/- +/- - + -/- -/- -/- -/- -/- 0.4 90

23 25 M +/+ +/- -/- + + +/- -/- +/+ -/- -/- 0.5 81

24 20 F +/+ -/- -/- - + -/- +/- -/- -/- -/- 0.7 40

25 19 M +/+ -/- +/- - + -/- -/- -/- -/- -/- 0.4 38

OU:oral ulcer; Art I: articular involvement; GU: genital ulcer; Skin I:skin involvement:EN:erythema
nodosum; Ocu I: ocular involvement; Vasc I: vascular involvement; NI: neurological involvement;
SOD: superoxide dismutase; NO: nitric oxide; M: male; F: female; +: present; -: absent.

Table III. NO levels and SOD activity in the study groups. Values are expressed as median
(min-max).

Inactive BD Active BD Control
(Group I, n = 14) (Group II, n = 11) (Group III,n = 15)

NO ( mol/ ml) 27.5 (12-60) 65 (38-95)* 32 (19-66)

SOD (U/ ml) 16.3 (3.5-42) † 0.4 (0.0-1.1) 0.2 (0.0-1.1)

p < 0.05, * Group II vs. Group I and Group III, † Group I vs. Group II and Group III.
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Results
In active BD pat i e n t s , plasma SOD
activities (0.4 U/ml) were comparable
to the control group (0.2 U/ml), where-
as NO levels were significantly elevat-
ed (65 mmol/ml vs 32 mmol/ml, p <
0.05). In patients with inactive disease,
plasma SOD activities we re elevat e d
(16.3 U/ml vs 0.2 U/ml, p < 0.05) while
NO levels were not different from those
of the controls (27.5 mol/ml vs 32
mol/ml, p < 0.05) (Table III). 
Comparison of Group I and II revealed
that plasma SOD activities were signi-
ficantly higher and NO levels lower in
the inactive group (Table III). 
Correlation analysis revealed a signifi-
cant positive correlation between plas-
ma SOD activities and NO levels in
patients with inactive disease (Fig. 1).
There was no such correlation in BD
patients with active disease or in the
control group. 

Discussion
In this study, plasma NO and SOD con-
c e n t rations we re inve s t i gated in the
active and inactive clinical phases of
BD in comparison to healthy controls.
A c t ive disease was ch a ra c t e ri zed by
elevated NO and normal SOD, while
i n a c t ive patients harbored elevat e d
SOD and normal NO, as compared to
controls.
N O, a multifunctional intra c e l l u l a r
messenger molecule, modulates endo-

thelial functions, blood fl ow, h o m e-
ostasis, thrombosis, immune reactions,
and inflammation via its wide spectrum
of biological activities (21). In inflam-
matory reactions, many pro-inflamma-
tory cytokines lead to expression of in-
ducible NO synthase in monocytes/ma-
c ro p h age s , n e u t ro p h i l s , and in many
other cells (5). Under phy s i o l ogi c a l
conditions, NO does not cause tissue
damage as it is rapidly cleared by reac-
tion with oxyhemoglobin (6). However,
in pathological conditions, expression
of the inducible NO synthase leads to
increased generation of NO. Excessive
amounts of NO can damage endotheli-
um either as a direct toxicity of the
molecule itself, or more likely via per-
oxynitrite which is formed by its reac-
tion with a superoxide radical (6,21).
Excessive NO production has been de-
monstrated in several autoimmune dis-
orders and vasculitic processes (7-10).
NO was also studied in BD, and its
s e rum levels we re found to be de-
creased in the active phase of the dis-
ease (22). Authors argued their findings
as the assays of NO measure both
nitrite and nitrate, not the NO itself,
and the decreased levels of NO in BD
might be due to its interaction with
superoxide anion yielding peroxynitrite
molecule and concluded that measure-
ment of peroxynitrite level would be
the best way to evaluate the production
of NO. However, it has been clearly de-

m o n s t rated that perox y n i t rite is an
unstable molecule and measurement of
in vivo is difficult as it promptly iso-
merases to nitrate anions or leads to ni-
tration of tyrosine residues on proteins
(23, 24). Therefore, from the technical
point of view, the nitrite and nitrat e
measured originate not only from NO
but also from perox y n i t rite as we l l
(24). In our study, NO levels we re
found to be significantly elevated only
d u ring the active phase of BD. A s
enhancement of cytokine production in
active BD leading to induction of NO
synthase has been re c e n t ly rep o rt e d
( 2 5 ) , i n c reased plasma NO levels is
most probably related to the inflamma-
tion due to active disease. On the other
hand, NO synthase activity has been
reported to be increased in experimen-
tal models of endothelial injury (26). In
B e h ç e t ’s disease, endothelial injury
itself might also alter NO production in
addition to the inflammatory reaction.
Increase in superoxide concentrations
was prev i o u s ly demonstrated in BD
(27). Yoshida and coworkers (28) de-
m o n s t rated that sera of BD pat i e n t s
have a priming effect on normal neu-
trophils to induce significantly increas-
ed amounts of superoxide. SOD levels
were previously studied in BD, but pro-
duced discrepant results (14-17). Wang
et al. (14) found an increased serum
SOD activity in the active phase of BD,
while other authors reported decreased
activity (15-17). The levels of NO in
BD patients we re not determined in
these studies, so to our knowledge this
study is the first in which SOD and NO
l evels are concomitantly eva l u at e d.
Plasma SOD levels were markedly in-
c reased during the inactive peri o d
while NO levels were elevated during
active period in BD patients. Moreover,
we found a positive corre l ation bet-
ween serum SOD activity and NO lev-
els in the inactive phase. 
I n fl a m m at o ry reactions include ve ry
complex interactions and levels of each
participating molecule are determined
by many factors. Pronai et al. (15) de-
m o n s t rated that when ge n e ration of
free oxygen radicals were stimulated,
SOD activity of neutrophils decreased
by 50%. Peroxynitrite was demonstrat-
ed to have direct stimulatory effects on

Fig. 1. Scatterplot graphic demonstrating the positive correlation between serum NO levels and SOD
activity in patients with inactive Behçet’s disease (r = 0.562, p < 0.05).
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MnSOD gene ex p ression (29). Since
the levels of superoxide and NO are
both elevated in BD, the levels of per-
oxynitrite, and therefore SOD activity
could also increase in BD patients. 
These findings suggest that SOD might
act as a compensat o ry mech a n i s m
against pro i n fl a m m at o ry tri gger(s) of
BD in the inactive period. However, in
p atients with active disease, p l a s m a
SOD activities were not different from
those of normal controls. Two mecha-
nisms may be envisaged for the active
period: either SOD levels were normal-
ized due to further increase in superox-
ide levels due to disease activ i t y, o r
vice ve rs a , d e c reased production of
SOD causes decompensation of protec-
t ive mechanisms leading to deve l o p-
ment of endothelial damage and vas-
culitis. 
In conclusion, we propose that, endo-
thelial damage mediated via NO-asso-
ciated processes and SOD-mediated in-
hibition of tissue injury should be con-
sidered in the etiopathogenesis of v-
asculitis in BD. Due to the limitations
of a cross-sectional study to highlight
the overall dynamic process, further ex-
p e rimental and clinical inve s t i gat i o n s
a re stri c t ly needed to determine the
exact pathogenetic roles of these mole-
cules in BD.
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