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Abstract
Background: Seasonal allergic rhinitis (SAR) is characterised by an inflammation consequent to
allergen exposure. Nitric oxide may be involved in allergic inflammation.
Objective: This study evaluated the serum nitrite concentrations in SAR patients during and
outside pollen exposure in order to estimate activity of nitric oxide synthases.
Methods: One hundred and two (56 females, 46 males, median age: 28.7 years) were included in
this study: 56 with SAR evaluated outside the pollen season and so without allergic inflammation
and symptoms, and 46 with SAR evaluated during the pollen season with symptoms. Serum
concentrations of nitrite were measured and in those patients exposed to pollens, results were
compared to scores of the Visual Analogue Scale for nasal obstruction perception.
Results: Serum nitrite concentrations were higher in SAR patients evaluated outside the pollen
season (U = −6.78; p < 0.0001), moreover, there was a significant relationship between nasal
obstruction perception and nitrite in patients evaluated during the pollen season.

Conclusion: This preliminary study demonstrates that serum nitric oxide metabolism depends
on allergen exposure.
© 2010 SEICAP. Published by Elsevier España, S.L. All rights reserved.

A
ntroduction
llergic rhinitis (AR) is typically an immune-mediated dis-
ase, characterised by a dysregulation of T-cell responses.
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lsewhere and is not under consideration for publication elsewhere,
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n inflammatory cascade characterises AR: the allergen
xposure induces mast cell activation by allergen-specific
gE. Activated mast cells release pro-inflammatory cytokines
nd chemotactic factors which induce an accumulation
f inflammatory cells, including eosinophils, neutrophils,
asophils, and lymphocytes in nasal mucosa.1 These
nflammatory cells start a vicious cycle by producing more

ytokines, chemotactic factors, and free radicals, including
uperoxide anion (O2

−).2---4 These events cause an enhanced
ascular permeability and persistent inflammation of
he nasal mucosa, finally resulting in obstruction. Nasal
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Figure 1 Serum concentration of nitrite (�M) in patients
with seasonal allergic rhinitis evaluated during and outside
the pollen season. Data are represented as medians (horizon-
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Nitrite+nitrate and rhinitis

obstruction may be considered the main relevant symptom
in AR.5 Moreover, with the progression of mucosal oedema,
a compression of blood vessels occurs, thus the blood flow
declines and renders in turn an ischemic insult to the nasal
mucosa.6 Both mucosal oedema and ischaemia determine
the objective finding at rhinoscopy characterised by a pale
and swollen mucosa. Nasal obstruction is generated by
vasodilation, the secretion of nasal glands and by exudation
from the mucosal vasculature. A dense network of nerves
surrounding these glands and blood vessels is believed to
regulate nasal function. Recently, nitric oxide (NO) has
been shown to be a co-transmitter of acetylcholine in
parasympathetic nerve fibres of the central peripheral
nervous system and can also modulate cholinergic effects
in the vascular system and glands: the so-called nitrergic
innervation.7,8 When considering the causes for the reduced
nasal blood flow, it may include both the decrease in NO
production and the mechanical compression, since NO is
a potent vasodilating factor, generated by constitutive NO
synthase in the endothelial cells.9,10 It has been reported
that NO is reduced when the endothelium is impaired.11

However, few studies have addressed the role of NO in
AR. A first study reported an increased concentration of
NO, in the exhaled air in untreated AR patients compared
with normal subjects.12 Increased NO production in nasal
lavage fluid in the nose of patients with perennial AR
was documented.13 A recent study investigated the serum
concentrations of nitrite in patients with AR,14 nitrite
concentrations presenting an oxidation product of NO and
other nitrogen-containing compounds.

This preliminary study was performed in order to com-
pare serum nitrite concentrations in seasonal AR (SAR)
patients during and outside the pollen exposure season.

Materials and methods

One hundred and two patients (56 females, 46 males,
median age: 28.7 years) were included in this study: 56
with SAR evaluated outside the pollen season and so without
allergic inflammation and symptoms, and 46 with SAR eval-
uated during the pollen season with symptoms. AR diagnosis
was made according to the Allergic Rhinitis and its Impact on
Asthma (ARIA) document.15 All allergic patients were sensi-
tised to pollens alone and suffered from moderate to severe
persistent Allergic Rhinitis since at least four years ago.

The Ethical Committee approved the study and informed
consent was obtained by each of the subjects.

Visual Analogue Scale (VAS) was used to quantify
the subjective feeling of nasal obstruction, as previously
reported,16 in patients exposed to pollen allergens. It
ranges from 0 (no obstruction) to 10 (complete obstruction).
Patients were asked to position a cross on a line correspond-
ing to their own perception of nasal obstruction.

Concentrations of the stable NO metabolite nitrite were
determined in serum applying the Griess reaction assay.17,18

Using a Griess reaction system (Promega), sulphanilamide
was quantitatively converted to a diazonium salt by reac-

tion with NO2

− in acid (phosphoric acid) conditions. The
diazonium salt was then coupled to N(1-naphthyl) ethylene-
diamine dihydrochloride (NED), forming an azo dye that was
read at 540 nm in a spectrophotometer.

i
s
c
a

al lines), interquartile ranges (boxes), ranges (vertical lines,
xcluding outliers) and p-value between the groups (U = −6.78;
< 0.0001).

Statistical analysis was performed using the statisti-
al software package Medcalc 9 (Frank Schoonjans, BE).
escriptive statistics were first performed, and quantita-
ive parameters were reported as the medians (MD) with
nterquartile ranges (IQR) due to the skewed distribution.
omparison of the nitrite concentrations in the two groups
f patients was performed by the non-parametric Wilcoxon
est. Correlation between quantitative variables was eval-
ated by means of the Spearman’s correlation coefficient
rs). All tests were two sided and a p-value less than 0.05
as considered statistically significant.

esults

erum nitrite concentrations significantly differed between
AR patients evaluated outside the pollen season (MD:
8.9 �M, IQR: 18.9-50.9 �M) compared to those obtained
uring the pollen season (MD: 7.25 �M, IQR: 4.4-13.9 �M;
= −6.78, p < 0.0001; Fig. 1).
Moreover, there was a significant correlation between

erum nitrite concentrations and VAS in SAR patients evalu-
ted during the pollen season (rs = −0.941, p < 0.0001. Fig. 2)

iscussion

llergic Rhinitis is sustained by an inflammatory reaction.
arious populations of effector and regulatory T-cells have
een shown to play a crucial role in allergic inflammation,
ainly concerning Th2-type cells.19 Th2-derived cytokines,

uch as IL-4 and IL-13, are the primary pathogenic fac-
ors in inducing, maintaining, and amplifying inflammatory
llergic inflammation. IL-4 and IL-13 orchestrate allergic

nflammation promoting IgE synthesis, up-regulating adhe-
ion molecules selective for eosinophil recruitment, and
ausing increased mucus production and airway hyperre-
ctivity. Therefore, a cascade of inflammatory phenomena
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Figure 2 Correlation between serum concentration of nitrite
(�M) and intensity of symptoms as judged by the Visual Analogue
Scale in patients with seasonal allergic rhinitis evaluated during
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nasal mucosa. Ann Otol Rhinol Laryngol. 1999;108:869---75.
8. Knipping S, Holzhausen HJ, Berghaus A, Bloching M, Riederer

A. Ultrastructural detection of NO in human nasal mucosa.
Otolaryngol Head Neck Surg. 2005;132:620---5.
he pollen season; Spearman’s correlation coefficient (rs) and
-value are given (rs = −0.941; p < 0.0001).

ustains the symptom occurrence, mainly concerning nasal
bstruction. In fact, nasal obstruction severity is directly
elated to the intensity of allergic inflammation. Pollen
llergy is characterised by more intense severity of both
ymptoms and nasal inflammation than AR due to perennial
llergens.20 In this regard, the inflammatory oedema easily
nduces a compression of nasal blood vessels. This patho-
hysiological mechanism could partially explain the findings
f this study.

Our study confirms and extends the earlier data reported
y Unal et al. on a small group of SAR patients pre-
enting with higher nitrite concentrations than healthy
ontrols.14 Moreover, we demonstrated a significant corre-
ation between nitrite concentrations and symptom severity
s assessed by the VAS. Increased nitrite concentrations
ould indicate higher activity of NOS in SAR patients out-
ide the pollen season, which is suppressed during the
ollen exposure season. According to the hypothesis of a
hifted balance of Th1/Th2-type immunity during acute
llergic responses, one might expect diminished production
f Th1-type cytokine interferon---� (IFN-�) in the patients
uring seasonal exposure. So the decline of nitrite concen-
rations during the pollen season could be well explained
y an increased Th2-type cytokine profile with lower
FN-� production. Such speculation would also fit to the
arlier described elevation of serum tryptophan concen-
rations in SAR patients outside the pollen season.21,22 It
s well documented that NO production strongly inter-
eres with expression of tryptophan-degrading enzyme
ndoleamine(2,3)-dioxygenase (IDO).23 Thus, when nitrite
oncentrations are higher in SAR patients outside the pollen
eason and due to higher NO production, an inhibition of
DO is likely and as a consequence tryptophan concentra-
ions would increase. But still one has to keep in mind that
ncreased nitrite concentrations can develop not only when
O production is manipulated, they represent a summary

eadout for the turn-over of nitrogen-containing amino acids
nd are thus of low specificity for NOS, and further studies
re clearly needed to clarify the issues discussed.
G. Ciprandi et al.

Moreover, patients evaluated during the pollen season
ave an intense nasal inflammation that could reduce the
roduction of NO. To support this hypothesis there is a
elationship between NO metabolites and perception of
bstruction. The more intense the obstruction is, the more
O metabolism is impaired.

However, this preliminary study has two main limitations:
i) serum NO metabolites were assessed in two different
roups of patients and not in the same patients during and
ut of the pollen season, (ii) serum NO metabolites concen-
rations were not compared with nasal NO. On the other
and, the aim of the current preliminary study was to con-
ider a more easy and available procedure (such as serum
ssessment) than nasal NO measurement, which requires
pecific instruments.

In conclusion, this preliminary study demonstrates that
erum NO metabolism depends on allergen exposure. There-
ore, further studies should be performed to confirm these
reliminary findings.
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