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Abstract

Nitric oxide (NO) effects in airways are influenced by the activity of
NO-synthase isoforms and NO metabolism. Inducible NO-synthase
(iNOS), which produces large amounts of NO, is active during the inflam-
matory process. NO quickly reacts, producing reactive oxygen species
(ROS). In this study we attempted to detect the expression of iNOS and
markers of ROS in the airway hyperreactivity (AHR) condition. The study
was performed in guinea pigs, divided into four groups. Two groups were
treated with the non-selective inhibitor of NO-synthase L-NAME. The
other two groups were used as controls. Exhaled NO was monitored
in vivo, AHR was assessed both in vivo and in vitro, and the expression
of iNOS in lung homogenate, and oxidative stress markers were measured
in the venous blood. L-NAME significantly affected the AHR only in
in vitro condition, blocked the expression of iNOS in control but not in
sensitized animals, and decreased the level of exhaled NO. The results
concerning the oxidative stress markers are equivocal. The study con-
firmed that NO is involved in the regulation of AHR; the effects being
mediated via iNOS and ROS activity.
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physiology is clarifying the status of nitric
oxide (NO) in a wide range of different systems
and organs, including the airways. NO acts as a
neurotransmitter of inhibitory non-adrenergic
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are different respiratory cells — neural, endothe-
lial, epithelial, vascular, bronchial smooth mus-
cle, inflammatory, and other cells (Ricciardolo
2003). NO is synthesized from L-arginine by
three isoforms of NO synthase (NOS). The con-
stitutive isoforms — neuronal (nNOS) and endo-
thelial (eNOS) — produce NO in relatively small
amounts, which are mainly involved in the regu-
lation of physiological functions, e.g.,
bronchodilation, mucous secretion, mucociliary
transport, gas exchange, or non-specific defense
mechanisms. On the other hand, increased pro-
duction of NO associated with high activity of
inducible isoform (iNOS) is considered to under-
lie the development of pathological processes.
The expression and activity of iNOS is increased
in such conditions as exposure to exogenous
irritants  (smoking, allergens, etc.), bacterial
products, or proinflammatory cytokines (Barnes
and Belvisi 1993). Symptoms accompanying
large NO amounts are proinflammatory changes,
vasodilatation, plasma exudation, mucus hyper-
secretion, free radical productions, and airways
hyperreactivity. A disordered balance of NO
level in airways contributes to changes in airway
smooth muscle tone. Activation of the iNOS is
mainly responsible for changes in the body NO
level including that in exhaled air.

iNOS is a cytoplasmic enzyme that particu-
larly increases in response to proinflammatory
cytokines, such as tumor necrosis factor alpha
(TNF-a), interleukin-1 beta (IL-1p), interleukin
2 and 10 (IL-2, IL-10), interferon gamma
(IFN-y), or lipopolysaccharides. NO generated
by iNOS has antimicrobial, antitumor, cytostatic,
or cytotoxic effects associated with free radicals
production. Although NO has a protective role in
a variety of infectious and inflammatory
conditions (Kroncke et al. 1998), it also may
play a major role, along with free radicals, in
the pathogenesis of airway inflammation. A hall-
mark of inflammation is airway hyperreactivity,
the pathogenesis of which is still unclear.

In pathology, iNOS can produce up to 1,000-
fold greater amounts of NO, whose role shifts
from regulatory and protective to cytotoxic. NO
can be characterized as a free radical with a very
short biological half-life. This property gives NO

M. Antosova et al.

an opportunity to interact with a number of
molecules, such as proteins containing thiol
groups or superoxide ('O, ). High amounts of
NO produce, through a reaction with superoxide
anion, cytotoxic peroxynitrite (ONOQO™), from
which the biologically destructive hydroxyl
radical originates (Anderson et al. 2011).
ROS formed during airway inflammation accel-
erate the signaling processes of inflammatory
mediators and as a consequence underlie the
pathogenesis of airway hyperreactivity (Ghosh
and Erzurum 2011; De Boer et al. 2001).

To clarify the involvement of NO and ROS
pathways in airway hyperreactivity, in the pres-
ent study we set out to determine the influence of
pre-treatment with L-NAME, a non-selective
inhibitor of NO-synthase, on the expression of
iNOS and markers of oxidative stress
(3-nitrotyrosine and thiobarbituric acid reactive
substances — TBARS) in experimental allergic
inflammation.

2 Methods

The study design was approved by the Ethical
Committee of Jessenius Faculty of Medicine in
Martin, Slovakia. All experiments were realized
in accordance with the recommendations of
Helsinki Declaration of the World Medical Asso-
ciation, Directive of European Commission on
the protection of animals used for experimental
and other scientific purposes adopted in 1986
(86/609/EEC) and the regulations of the Slovak
Republic (Law No. 289/2003 Statute-book
Regulation of Slovak Republic).

Thirty two pathogen-free, adult male TRIK
strain guinea pigs weighing 180-250 g were
used in the experiments. The animals were
obtained from the Department of Toxicology
and Breeding of Experimental Animals of the
Institute of Experimental Pharmacology and
Toxicology of the Slovak Academy of Sciences,
Dobra Voda, Slovak Republic, a certified breed-
ing facility. They were group-housed in individ-
ual cages in the climate-controlled commercial
cages, with a 12/12 h light/dark cycle in place,
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and had access to water and chow ad libitum.
Room temperature was maintained at 21 + 1 °C.

2.1 Study Design

Guinea pigs were divided into four groups, each

consisting of eight animals: two control and two

experimental groups:

* healthy animals which received saline in a
dose of 1 ml/kg;

+ animals which were sensitized with ovalbu-
min (OVA, Sigma Aldrich, St. Louis, MO) in
accordance with the sensitizing scheme
described below;

« animals which received L-NAME (N®-nitro-
L-arginine methylester) in a dose of 40 mg/kg
daily for 14 days, without sensitization;

 animals which received L-NAME in a dose of
40 mg/kg daily throughout a 14-day
sensitization time.

All injections were intraperitoneal unless other-

wise indicated.

2.2 Airway Hyperreactivity

Provocation

The animals were sensitized with the allergen
ovalbumin. The sensitizing scheme was the fol-
lowing. A hundred micrograms of ovalbumin,
dissolved in 1 ml saline, were injected on Day
1 (0.5 ml — subcutaneously in the neck and the
other 0.5 ml intraperitoneally). On Day 3, the
animals received only the intraperitoneal dose
of OVA. Then, on Day 14, the animals inhaled
0.1 % OVA solution for 5 min. The inhalation of
OVA was realized in a rodent whole-body ple-
thysmograph consisting of glass thoracic and
nasal chambers (type 885, Hugo Sachs
Electronik; March-Hugstetten, Germany).

2.3 Measurement of Specific

Airway Resistance

Specific airway resistance (RxV) was measured
plethysmographically 2 min after inhalation of

saline solution and subsequently 2 min after
inhalation of the bronchoconstrictive mediator
histamine in a concentration of 10~° mol/l
(Sigma-Aldrich, St. Louis, MO). The measure-
ment was performed a day before OVA sensiti-
zation and on the last day of sensitization, 5 h
after ovalbumin administration.

24 Airways Smooth Muscle

Reactivity

Airway smooth muscle reactivity was recorded
in vitro. The animals were euthanized with an
overdose of an anesthetic 24 h after the last OVA
administration. The trachea and lungs were
removed and small tissue strips were prepared
and placed into an organ bath consisting of the
Krebs-Henseleit solution (110.0 mmol/l NaCl,
4.8 mmol/l KClI, 2.35 mmol/l CaCl,, 1.2 mmol/l
MgSO4, 1.2 mmol/l KH,PO4, 25.0 mmol/l
NaHCOj;, and 10.0 mmol/l glucose in glass-
distilled water), which was exchanged every
10 min. The solution was continuously aerated
with a mixture of 95 % O, and 5 % CO, at
pH 7.5 £ 0.1 and temperature 36 £+ 0.5 °C.
The measurement of smooth muscle reactivity
was conducted in the isolated tissue bath system
(Experimetria, Budapest, Hungary). Tissue strips
were initially exposed to the tension of 4 g for
30 min (loading phase). Thereafter, tension was
reduced to the baseline level of 2 g for 30 min
(adaptation phase). Tension changes induced
by contracted tracheal and lung tissue strips in
response to cumulative doses of histamine and
acetylcholine (10~*~10"2 mol/I; Sigma-Aldrich,
St. Louis, MO) were recorded by computer
after an hour’s incubation time. A cumulative
concentration-response curve was determined
for every strip.

2.5 Exhaled Nitric Oxide Detection

Exhaled NO (eNO) was detected using a chemi-
luminescence method. The method consists of
detection of the luminescence arising during a
chemical reaction of NO and ozone, which



progresses in the analyzer (NIOX, Aerocrine;
Solna, Sweden), which was adapted for small
laboratory animals with a hermetic plexiglass
chamber (MR Diagnostic; Prague, Czech Repub-
lic). The resulting output signal corresponds to
the concentration of NO in the input sample
(exhaled air). Each guinea pig was placed in the
chamber individually. After 5 min of spontane-
ous breathing, the air from the chamber was
discharged through a two-way valve into the
analyzer. The off-line mode was used for analy-
sis of all air samples. eNO analysis corresponded
with the sensitization scheme. It was performed
on Day 1, Day 3, and Day 14 in all groups of
animals; in the sensitized ones 30 min before
OVA administration.

2.6 Inducible NO-Synthase

Expression

Distal parts of the lungs were taken for RT-PCR
analysis. Lung tissue was homogenized in a solu-
tion consisting of B-mercaptoethanol and RLT
buffer for 2040 s. Total RNA was isolated
using RNeasy Micro Kit (QIAGEN Group;
Hilden, Germany) and was then eluted in the
RNase-free water. We used 1 pg of total isolated
RNA for reverse transcription. cDNA synthesis
was conducted using a QuantiTect® Reverse
Transcription Kit (QIAGEN Group; Hilden,
Germany). The transcription lasted at 42 °C and
the reaction time was 20 min. The concentration
of total DNA and cDNA was determined using a
NanoPhotometer (Implen; Munich, Germany).
Isolation of RNA and reverse transcription
were performed according to the manufacturer’s
instruction.

iNOS primer sequences (forward:
GCAGCAGCGGCTTCACA; reverse:
ACATCCAAACAGGAGCGTCAT) used for
the guinea pig were previously published
(Yamada et al. 2005) and checked for a sequence
homology against the known sequence of Cavia
porcellus nitric oxide synthase-2, inducible
(NOS2) mRNA (NCBI Reference Sequence:
NM_001172984.1). Hypoxanthine phosphoribo-
syltransferase (HPRT) was used as a reference
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gene. The primer sequences were previously
published as well (Cho et al. 2005). All data
were normalized to HPRT mRNA expression in
the same sample.

RT-PCR was performed with QuantiTect®
SYBR® Green PCR Kit (QIAGEN Group;
Hilden,  Germany) according to  the
manufacturer’s instruction, using 1 pl of cDNA
(from RT) in a final volume of 25 pl containing
0.3 pM final F, R primer concentration. Quanti-
tative PCR was performed using iCycler iQ®35
(Bio-Rad Laboratories; Hercules, CA) for
45 cycles at 95 °C for 15 s, primer-specific
annealing temperature of 60 °C for 1 min, and
72 °C for 30 s. The crossing point, or the cycle
number at which the fluorescence of the sample
exceeded that of the background, was determined
by the Bio-Rad iQ5-Standard Edition Optical
System Software 2.0 using the second derivative
method. RT-PCR assays of cDNA samples were
performed in triplicate. A relative quantification
method was used to assess the differences
between tissue samples, employing the cycle
number at which the fluorescence signal
associated with a particular amplicon accumula-
tion crosses the threshold, referred to as the
(ACt).

Detection of Oxidative Stress
Markers

2.7

We detected 3-nitrotyrosine and thiobarbituric
acid reactive substances (TBARS) in the plasma.
The presence of the former points to protein dam-
age evoked by modification of tyrosine with
peroxynitrite or other oxidative stress products,
and the latter is indicative mostly of the level of
lipid peroxidation. The blood was drawn from the
heart to EDTA tubes immediately after animals’
death and was then centrifuged for 15 min at
1,000 x g. Plasma was stored at —80 °C. The
markers were detected with an enzyme-linked
immuno-sorbent (ELISA) method using Oxi
Select Nitrotyrosine and Oxi Select TBARS
Assay kits (Cell Biolabs; San Diego, CA), respec-
tively, according to the manufacturer’s
instructions. Plasma 3-nitrotyrosine was expressed
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in nM and TBARS was expressed as quantitative
values of malonedialdehyde (MDH) in pM.

2.8 Statistical Elaboration

All results are expressed as means + SE. Statis-
tical analysis was performed using one-way
analysis of variance (ANOVA). Comparisons of
baseline values between groups were performed
with a t-test. Differences were considered statis-
tically significant when p-value was below 0.05.
A commercial statistical package was used for all
calculations (Microsoft Excel and IBM SPSS
Statistic Standard; Czech Republic).

3 Results

3.1 Specific Airway Resistance

Specific airway resistance (RxV) was signifi-
cantly higher in the OVA-sensitized animals
than in the control group of healthy
non-sensitized L-NAME untreated animals
(p < 0.05). L-NAME pretreatment had no effect
on RxV in the healthy animals, but it decreased
the enhanced RxV in the animals with allergic
inflammation, although the effect did not reach
statistical significance and the RxV remained
above that present in the healthy animals (Fig. 1).

3.2 In Vitro Airway Reactivity

Changes in in vitro airway reactivity caused by
L-NAME pretreatment in the non-sensitized and
OVA-sensitized animals are exemplified by the

presentation of the tracheal smooth muscle
response to histamine only (Fig. 2). Tracheal
smooth muscle contractile reactivity significantly
increased in response to 107°~107* mol/l hista-
mine in the healthy non-sensitized L-NAME
pretreated animals compared with L-NAME
untreated animals (Fig. 2a; p < 0.05%). Likewise,
tracheal smooth muscle reactivity strongly
increased in the OVA-sensitized L-NAME
pretreated compared with L-NAME untreated
animals (Fig. 2b; p < 0.05%, p < 0.01*%). Thus,
L-NAME pretreatment markedly enhanced
tracheal smooth muscle reactivity in both
non-sensitized and OVA-sensitized animals.
Similar tracheal changes were observed in
response to acetylcholine; however, lung tissue
showed no reaction to L-NAME pretreatment in
the OV A-sensitized condition (data not shown).

33 Exhaled Nitric Oxide

The level of eNO in healthy non-sensitized
guinea pigs amounted to 3.4 + 1.0 ppb. OVA
sensitization had no appreciable effect on eNO
which remained at 3.6 4= 0.4 ppb. Pretreatment
with L-NAME in non-sensitized guinea pigs
exerted a dual effect on eNO,; it first significantly
increased to 4.8 £ 0.6 ppb on Day 1 of sensitiza-
tion and then decreased to 1.7 £ 0.8 ppb on Day
14 (Fig. 3a; p < 0.05%), the level lower than that
in the control untreated guinea pigs. In the OVA
sensitized animals, L-NAME pretreatment
caused a decrease in eNO throughout the experi-
ment, to 1.9 £ 0.4 and 1.5 4+ 0.6 ppb on Day
3 and Day 14, respectively. The decreases were
significant compared with the OVA L-NAME
untreated group (p < 0.05%) (Fig. 3a).
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Fig. 3 Exhaled NO (a) and expression of iNOS in lung
homogenate (b) before and after L-NAME pretreatment
in non-sensitized and OV A-sensitized guinea pigs. The

34 Inducible NO-Synthase

The expression of iNOS in lung tissue of
healthy non-sensitized L-NAME pretreated
animals was very low. It was strongly enhanced
in OVA-induced hyperreactivity and stayed
at the enhanced level despite L-NAME pre-
treatment in this group (Fig. 3b, p < 0.01%%),
In general, expression of iNOS in lung tissue
was rather variable, which likely reflected
local differences in inflammatory changes
in various parts of lungs, such as epithe-
lium, bronchi smooth muscle cells, blood
vessels, etc.
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levels of eNO decreased gradually with therapy duration.
OVA-sensitization markedly enhanced iNOS expression
in lung tissue. See text for details

3.5 Oxidative Stress Markers

Both markers of oxidative stress, 3-nitrotyrosine
and malondialdehyde (MDA; one of the end
products of lipids peroxidation in the TBARS
assay), changed in like manner in response to the
pharmacological procedures used (Fig. 4a, b).
Their levels were significantly higher in the
OVA-sensitized animals compared with the healthy
non-sensitized ones (p < 0.05%). Pretreatment with
L-NAME resulted in a dual effect; it enhanced the
markers in the non-sensitized animals (p < 0.05%),
but reversed the enhancement due to sensitization
(Fig. 4a, p < 0.01%).
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Fig. 4 Markers of oxidative stress in the experimental
conditions used: (a) 3-nitrotyrosine and (b)
malondialdehyde. Both markers were significantly
increased by OVA-sensitization (p < 0.05%). L-NAME

4 Discussion

Airway hyperreactivity (AHR) is characterized
as uncontrolled bronchoconstriction in response
to various endogenous and exogenous stimuli
(Grootendorst and Rabe 2004). It is a hallmark
of asthma and chronic obstructive pulmonary
disease (COPD), but can also be present in
upper respiratory tract infections, rhinitis, or gas-
troesophageal reflux. Bronchoconstriction may
be caused by allergens, chemical irritants, cold
air, hypoxia, etc. The genesis of airway hyperreac-
tivity after exposure to such stimuli involves vari-
ous types of cell which release mediators. The
most important of these mediators is nitric oxide.

The literature shows that the role of NO in
airways is still largely uncertain. Therefore, we
deemed it worthwhile to investigate NO changes
in airway hyperreactivity. To invoke AHR we
used OVA sensitization, a model of allergic
inflammation (AntoSova and Strapkova 2008;
Mokry et al. 2013), which was confirmed in the
present study by increases in specific airway
resistance. The NO homeostasis was modulated
with L-NAME, an inhibitor of NO-synthase, in
both healthy and OVA-sensitized, and thus
suffering from airway inflammatory hyperreac-
tivity, animals. Pretreatment with L-NAME did
not appreciably affect airway resistance in
healthy non-sensitized animals. This finding is
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pretreatment enhanced the markers in non-sensitized
(p < 0.05*) but decreased them in OVA-sensitized
animals; the decrease was significant in case of
3-nitrotyrosine (p < 0.05%)

at variance with that of Rubini (2011) who
found an increase in airway resistance after
L-NAME in healthy rats. On the premise that
NO causes bronchodilation, the inhibition of
NO-synthesis by L-NAME could indeed have
been expected to increase airway resistance.
That was not the case in the present study. We
surmise that there is no tonic NO action at the
physiological level of airway resistance, in other
words no need to bronchodilate in healthy
animals, and thus the lack of appreciable action
of L-NAME. In contrast, in allergic inflamma-
tion, where airway resistance is increased, which
is accompanied by overproduction of NO,
L-NAME clearly acts to decrease airway resis-
tance. Jiang et al. (2008) did not report an inhibi-
tory action of L-NAME in lipopolysaccharide-
induced airway hyperresponsiveness in guinea
pigs, but recorded a significant decrease in air-
way resistance after aminoguanidine (a selective
iNOS inhibitor) pretreatment. In the present
study, non-selective inhibition of NO-synthase
sufficed to demonstrate a drop in the allergy-
enhanced airway resistance.

In the present study L-NAME increased reac-
tivity of tracheal and lung tissue smooth muscles
on the background of bronchoconstrictive action
of histamine and acetylcholine in non-sensitized
animals. In OVA-sensitized animals we observed
an increase only in tracheal smooth muscle reac-
tivity; lung tissue did not react. The reason for



OVA-sensitized lung tissue not responding with
increased reactivity on the background of
bronchoconstriction is not readily explicable, but
might have to do with a differential action of
NO-synthase isoforms in response to airway
allergy, depending on the level of the respiratory
tract (trachea or lung tissue), and therefore a dif-
ferential expression of the blocking effect of
L-NAME. Plausibly, in OVA-sensitized animals
L-NAME blocked predominantly cNO-synthase
in lung tissue, but not iNOS through which NO
could still be formed. These results correspond
with the previously reported data on selective
and non-selective inhibitors of NO-synthase
(AntoSova and Strapkova 2008). It also is possible
that in OV A-sensitized animals others mediators,
such as cytokines, interleukines, or leukotrienes
played a role in airway hyperreactivity which was
not controlled for in the present study.
Subsequently we examined eNO, a marker of
eosinophilic inflammation, in animals without
and with L-NAME pretreatment. Detection of
eNO is a specific noninvasive method, predomi-
nantly used in humans. In our department we
used a standard allergic animal model, in which
allergic inflammation was extensively confirmed
by histology in our previous studies (AntoSova
2007). We assumed that the values of eNO in
allergic guinea pigs would be increased. Our
results showed that after 14 days of OVA sensiti-
zation eNO was about the same as that in healthy
animals. These results did not correspond well
with increased airway reactivity found. How-
ever, eNO strongly increased the day following
administration of L-NAME in healthy animals to
decrease in later days in both healthy and
OVA-sensitized animals. This dichotomous
response of eNO to L-NAME pretreatment is
not readily explainable. The literature data on
the topic are scarce and controversial. Samb
et al. (2001) described similar results; there was
a reduction in eNO and an increase in
hyperresponsiveness of tracheal smooth muscle
in guinea pigs sensitized with ovalbumin. In the
control group, these authors found an average
value of eNO of 3.53 ppb, close the 3.37 ppb of
the present study, and 2.52 ppb in sensitized
animals. The findings were explained by a reduc-
tion in nNOS expression and activity in
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ovalbumin-sensitized animals, as no changes
were observed in the other isoforms — eNOS
and iNOS. A change in the activity of arginase,
an enzyme that competes with the NO synthases
for the common substrate — L-arginine, could
contribute to a deficit of NO production. In con-
trast, Sethi et al. (2008) found in healthy mice
that the baseline eNO of 7 ppb doubled in
response to ovalbumin sensitization; the increase
abated down to 10 ppb after 72 h. Likewise,
Ahmad et al. (2009) showed a significant
increase in eNO that correlated with allergic
inflammation. After weeks of ovalbumin sensiti-
zation, eNO increased from 10.6 to 18 ppb in
mice. The initial increase of eNO after
L-NAME pretreatment in healthy animals in the
present study could be evoked by pharmacoki-
netics properties and delayed onset of action of
the inhibitor. The following eNO decrease
confirms that the inhibition of NO was effective
in both healthy and sensitized animals. To this
end, our results are similar to those of Hori
et al. (2011) who described a suppressive
effect of L-NAME in both sensitized and
non-sensitized animals. The question, however,
remains, which NO synthase isoform is affected
in relation to eNO changes.

The literature shows that asthmatic airway
hyperreactivity has to do with increased expres-
sion of iNOS (Koarai et al. 2002; Schuiling
et al. 1998), which suggests that this isoform is
involved in the pathogenesis AHR and asthma.
We confirmed the role of iNOS in the present
study, finding that after L-NAME pretreatment in
healthy animals its expression was very low, but
it dramatically increased after allergen exposi-
tion. It seems that iNOS is the predominantly
active NO isoform in airway hyperactivity and
L-NAME is unable to fully inhibit it, which
would be in line with a decrease in airway resis-
tance in L-NAME-pretreated OV A-sensitized
animals. The lack of the assessment of iNOS
expression in the healthy untreated animals in
the present study makes, however, the final judg-
ment on the role of iNOS difficult.

ROS and reactive nitrogen species are
increased in airway hyperreactivity and asthma in
bronchoalveolar lavage, blood, and lung tissue,
and ROS production is connected to a higher



The Influence of L-NAME on iNOS Expression and Markers of Oxidative Stress. . . 9

expression of iNOS in airways (Andreadis
et al. 2003). In the present study we assessed two
markers — 3-nitrotyrosine, a marker of protein
damage, and malondialdehyde, a marker of lipid
peroxidation. Both markers were enhanced in
OVA-sensitized animals. In these animals,
expectedly, NO inhibition due to L-NAME
pretreatment decreased the oxidative markers.
However, in healthy untreated animals, L-NAME
pretreatment increased both oxidative markers,
which is less readily explainable. If, however, we
assume that L-NAME is a predominant cNOS
inhibitor, then NO would be formed via iNOS
pathway and produced free radicals. Our results
correspond with those of Sugiura et al. (1999) who
detected an enhanced level of 3-nitrotyrosine dur-
ing late allergic reaction in guinea pigs. Likewise,
Capellier et al. (1996) founded that in acute lung
injury TBARS substances are elevated in the
plasma, but decreased in lung tissue, with no
appreciable effect of L-NAME found.

In conclusion, the present study confirmed that
NO is involved in the regulation of airway hyper-
activity in the allergic model of asthma in guinea
pigs; the effects having to do with iNOS and ROS
activity. There is a need for alternative study
designs, using specific selective NO synthase
inhibitors to sort out the exact interactions between
ROS and NO in allergic airway hyperactivity.
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