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Tear Nitric Oxide Levels in Behcget’s Disease
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Summeary. The aim of this study was to evaluate the tear nitric oxide (NO) level in patients with
Behget's disease and to compare it with that in healthy subjects.

Material and Methods. The subjects were divided into 3 groups: the active disease, inactive dis-
ease, and control groups. NO concentrations were determined by a nitrate/nitrite colorimetric assay
kit and measured spectrophotometrically at 540 nm.

Results. The tear nitrate/nitrite levels were 0.06 nmol/uL (SD, 0.05) in the active disease group,
0.05 nmol/uL (SD, 0.05) in the inactive disease group, and 0.02 nmol/uL (SD, 0.01) in the control
group. The tear nitrate/nitrite levels of both active and inactive groups were higher than those of the
control group (P=0.001 and P=0.047, respectively), but there was no significant difference between

the active and inactive groups.

Conclusion. Our results demonstrated that the tear NO levels were elevated in the patients with
Behcet's disease. We imply that a better understanding of NO function in the pathogenesis of Behget
uveitis is necessary to develop new therapies based on the inhibitors of NO synthases.

Introduction

Behcet’s disease (BD) is a chronic, multisystemic
vasculitic disorder with a higher prevalence being
in the populations derived from the countries of
the ancient Silk Road region, such as Turkey, the
Middle East, and Japan (1, 2). Although the etiol-
ogy remains unknown, genetic, environmental, vi-
ral, bacterial, and immunologic factors have been
suggested (3). The endothelium seems to be the
primary target in BD (4). Common manifestations
include oral aphthous ulcers, genital ulcers, skin le-
sions, and uveitis. Blindness, neurologic or gastro-
intestinal tract alterations, arterial aneurysms, and
venous thromboses are the most serious manifesta-
tions. The ocular manifestations of BD are panuve-
itis and vasculitis, which develop in 70% to 85% of
patients, and the outcome of the inflammation is
usually sight threatening (5, 6).

Nitric oxide (NO) is an important mediator of
homeostatic processes in the eyes, such as regula-
tion of aqueous humor dynamics, retinal neuro-
transmission, and phototransduction. Changes in
its production or action could contribute to patho-
logical conditions including inflammatory disorders
such as uveitis, retinitis, or degenerative eye dis-
eases (7). In this regard, some experimental studies
suggest that NO may play a role in the pathogenesis
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of endotoxin-induced uveitis (EIU) as a proinflam-
matory mediator and that increased NO produc-
tion may lead to hemodynamic and vascular per-
meability changes (8—13). Although several studies
(14-16) have investigated the blood NO levels in
patients with BD, to our knowledge, there is only
one study (17) that assessed the tear NO levels of
those patients. Therefore, the aim of our study was
to evaluate the tear nitrate/nitrite levels as NO end
products in patients with BD in comparison with
those of healthy subjects.

Material and Methods

This study was carried out in the Ophthalmolo-
gy Departments of Bakirkdy Training and Research
Hospital and Cerrahpasa Medical School, Istanbul
University. BD was diagnosed according to the cri-
teria set by the International Study Group for BD,
which consist of a required component of recurrent
oral ulceration in addition to at least other 2 find-
ings: recurrent genital ulceration, ocular inflamma-
tion, skin lesion, and positive results of the pathergy
test (18). The subjects were divided into 3 groups:
the active BD group, inactive BD group, and con-
trol group (healthy subjects). Since there were no
clinically approved scoring system and laboratory
screening profile to define the severity of Behget’s
disease, both clinical and laboratory findings were
used to classify the patients as having an active or
an inactive disease. In clinical evaluation, patients
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having at least 3 of the major findings (skin lesions,
positive results of pathergy test, uveitis, oral aphthae,
and genital ulcers) were considered as having an ac-
tive stage of the disease. In laboratory investigations,
biochemical parameters such as an erythrocyte sedi-
mentation rate (ESR) and a neutrophil count were
investigated. The patients with BD who had 3 or
more major findings and increased biochemical pa-
rameters were enrolled in the active disease group.
Informed written consent was obtained from all
subjects. The study was conducted according to the
Declaration of Helsinki and approved by the local
ethics committee.

A standard ophthalmological examination includ-
ing the determination of refractive error, visual acu-
ity, slit-lamp examination, Goldmann applanation
tonometry, and funduscopy was performed for all
subjects. Fluorescein angiography was performed for
all patients in order to investigate the signs of uveitis.

Subjects who had scleritis, episcleritis, ocular in-
fection, any other systemic disorder, and a previous
history of ophthalmic surgery or ocular trauma were
excluded from the study.

Tear fluid was collected from the lower cul-de-
sac with a micropipette by the same ophthalmologist
(Y.1.), and it was immediately frozen and stored at
—20°C until analysis. For each subject, at least 85 uL
of tear fluid was obtained from only one eye. The bio-
chemists were blinded to the subjects’ clinical data.
NO concentrations were determined by a nitrate/ni-
trite colorimetric assay kit (Cayman Chemical, USA)
and measured spectrophotometrically at 540 nm.

Statistical Analysis. All results were analyzed us-
ing the Number Cruncher Statistical System (NCSS)
2007 and the PASS 2008 Statistical Software pro-
gram (Utah, USA). The categorical variables were
compared using the chi-square test. All variables
were checked with the Kolmogorov-Smirnov test.
The Kruskal-Wallis test was used for the compari-
son of 3 groups, and the Mann-Whitney U test was
used to perform pair-wise comparisons. Statistical
significance was set at a P<0.05 level.

Results

There were 16 patients (12 men and 4 women)
with a mean age of 32.43 years (SD, 8.66) in the ac-
tive disease group, 21 patients (13 men and 8 wom-
en) with a mean age of 32.00 years (SD, 6.65) in the
inactive disease group, and 20 healthy subjects (11
men and 9 women) with a mean age of 32.18 years
(SD, 7.47) in the control group. The active disease
group included 9 patients with panuveitis, 4 patients
with posterior uveitis, and 3 patients with anterior
uveitis. There were no significant age and gender
differences comparing the groups.

The biochemical parameters in the active and in-
active disease groups differed significantly from the

Table 1. The Biochemical Parameters of the Subjects

Active Inactive

Disease Disease Control
Characteristic G Group
roup Group (n=20)
(n=16) (n=21) B
ESR, mm/h 34.9 (11.6)*118.2 (6.6)110.5 (6.8)

Neutrophil count, x10*/mL 6.0 (1.4)*f 3.6 (0.7)T 2.8 (0.7)

Values are mean (standard deviation).

ESR; erythrocyte sedimentation rate.

*P<0.05 compared with the inactive disease group;
TP<0.05 compared with the control group.

Table 2. Systemic Medication of Patients

Active Disease  Inactive Disease

Medication Group (n—16) Group (n=21) P Value
Steroid 8 (50) 5(23.8) 0.098
Azathioprine 12 (75) 11 (52.4) 0.160
Colchicine 3 (18.8) 4(19) 0.982
Cyclosporine 6 (37.5) 3(14.3) 0.103

Values are number (percentage).
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0.0

Active Group  Inactive Group  Control Group
Fig. Tear nitrate/nitrite levels by groups

*P=0.001 as compared with the control group;
TP=0.047 as compared with the control group.

control group (Table 1). Table 2 shows the medi-
cations used by patients. There was no significant
difference in the medication use between the active
and inactive disease groups (all P>0.05).

The tear nitrate/nitrite level was 0.06 nmol/uL
(SD, 0.05) in the active group, 0.05 nmol/uL (SD,
0.05) in the inactive disease group, and 0.02 nmol/uL
(SD, 0.01) in the control group. There was a signifi-
cant difference in the tear nitrate/nitrite levels com-
paring the active and inactive disease groups with
the control group (P=0.001, P=0.047, respective-
ly); however, the active and inactive disease groups
were similar in this regard (Fig.).

Discussion

Our results demonstrated that the tear NO levels
of BD patients were significantly higher than those
of healthy subjects. Although the tear NO level of
patients with active BD was higher than those of pa-
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tients with inactive BD, the difference did not reach
a statistical significance.

NO has pro- and anti-inflammatory effects de-
pending on its concentration and the site where it is
released (19). It leads to endothelial vasorelaxation
and the inhibition of platelet adhesion. In the pres-
ence of an excessive amount of superoxide anions
and NO, peroxynitrite, a very potent oxidant, forms
spontaneously (20). NO is produced by 3 isoforms
of specific nitric oxide synthases (NOS): neuronal,
endothelial, and inducible (iNOS) (21). In BD, T-
cell lymphocytes and monocytes produce the in-
creased levels of some cytokines (i.e., interferon v,
interleukin 2, tumor necrosis factor a) that induce
NO production via the expression of iNOS (7, 22—
26). It was demonstrated that the activity of iNOS
was increased in EIU (9) and that the inflammatory
response was reduced when the activity of NOS was
inhibited (8, 9).

Evereklioglu et al. (14) demonstrated that pa-
tients with active or inactive BD had higher uri-
nary and serum NO levels than controls. They also
showed that urinary and serum NO levels were sig-
nificantly higher in the patients with active Behget’s
disease than those with inactive Behget’s disease. In
other study (15), the serum nitrate and nitrite lev-
els were found to be higher in the active periods
of BD patients compared with the healthy controls.
The authors concluded that an increased NO pro-
duction in patients with BD might have critical bio-
logical activities relevant to vasculitic events in the
active period of the disease. A study by Taysi et al.
(16) showed an increase in NOS activity and NO
levels in erythrocytes of patients with active BD as
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Conclusions

Our results demonstrated that the patients with
both active and inactive BD had the elevated tear
NO levels. We imply that a better understanding of
NO function in the pathogenesis of Behcet uveitis
is necessary to develop new therapies based on the
inhibitors of NO synthetases.
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