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To examine the role of endogenous nitric oxide in allergic airway inflammation, we 
investigated the effect of a nitric oxide synthase inhibitor, Noo-nitro-L-arginine methyl ester 
(L-NAME), on antigen-induced airway microvascular leakage in act&ely sensitized guinea pigs 
by using Evans blue dye. Three weeks after sensitization with ovalbumin (10 ixg), the tracheas 
were cannulated, and lungs were artificially ventilated. Animals were pretreated with atropine 
and propranolol (both 1 mg/kg, intravenously) to avoid neural modification. Ovalbumin 
inhalation (3 mg/ml, 1 minute) challenge caused significant microvascular leakage in all 
airway portions, which was significantly suppressed in a dose-dependent manner by 
pretreatment with intravenous injection of c-NAME (1 and 10 mg/kg) but not with the 
inactive enantiomer D-NAME (10 mg/kg). This inhibition by L-NAME was significantly 
reversed by co-administration of L-arginine (100 mg/kg, intravenously). Pretreatment with a 
vasoconstrictor, phenylephrine (20 lag/kg, intravenously), had no inhibitory effects on antigen- 
induced airway microvascuIar leakage despite increasing systemic blood pressure. Inhalation 
of representative mast cell-derived mediators, histamine (2 mg/ml, 1 minute) or leukotriene 
D4 (5 ~g/ml, 1 minute), produced significant microvascular leakage in all airways, c-NAME 
(10 mg/kg, intravenously) partially but significantly inhibited leukotriene D g-induced leakage, 
whereas histamine-induced leakage was not affected. These results suggest that endogenous 
nitric oxide acts to increase airway microvascular leakage after airway allergic reaction. 
(J Allergy Clin Immunol 1996;98.'144-51.) 
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Nitric oxide (NO), recognized as an air pollutant 
and recently as a physiologic regulator substance 
responsible for the endothelium-derived relaxing 
factor,i, 2 has been implicated in inflammation. An 
increasing number  of reports have suggested that 
NO plays a role in a variety of inflammatory 
processes. 3-s NO has been shown to inhibit neutro- 
phil adherence to venular endothelium, 6 the in- 
crease in vascular permeability in intestines, 7 and 

From the First Department of Internal Medicine, Tohoku 
University School of Medicine, Sendai, Japan. 

Received for publication May 3, 1995; revised Sept. 28, 1995; 
accepted for publication Oct. 3, 1995. 

Reprint requests: Kunio Shirato, MD, First Department of 
Internal Medicine, Tohoku University, School of Medicine, 
1-1 Seiryo-machi, Aoba-ku, Sendal, Japan. 

Copyright © 1996 by Mosby-Year Book, Inc. 
0091-6749/96 $5.00 + 0 1/1/69880 

144 

Abbreviations used 
D-NAME: N~o-nitro-D-arginine methyl ester 

EB: Evans blue 
IV: Intravenously 

L-NAME: Neo-nitro-L-arginine methyl ester 
LT: Leukotriene 

NO: Nitric oxide 
NOS: Nitric oxide synthase 

mast  cell degranulation by scavenging oxygen rad- 
icals. 8 These findings appear  to reflect the antiin- 
f lammatory nature of NO. On the other hand, NO 
has also been demonstrated to have proinflamma- 
tory effects. Administration of NO synthase (NOS) 
inhibitors was reported to block vascular injury in 
the lungs 9 and to block the edema induced by 
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agonists, such as bradykinin and substance P in 
skin 1° and hamster cheek pouch, xl indicating that 
endogenous NO exacerbates inflammation. 

In relation to inflammatory diseases, hyperpro- 
duction of NO has been demonstrated in ulcer- 
ative colitis 12 and rheumatoid arthritis. 13 In animal 
models of colitis 14 and arthritis, 15 inhibition of NO 
synthesis reduced inflammation, suggesting that 
NO acts as an inflammatory mediator. Because 
bronchial asthma includes the characteristics of 
inflammation in its pathogenesis, NO may play a 
role in the pathogenesis of asthma. Indeed, the 
expression of an inducible type of NOS has been 
demonstrated in epithelium and infiltrated cells in 
tissues taken from patients with asthma, but it is 
rarely seen in normal airways. 16 Direct evidence 
for hyperproduction of NO in asthma has been 
obtained from the measurement of the NO con- 
centration in expired gas. 17 However, it is still 
unknown whether NO that is excessively produced 
in bronchial asthma acts as an inflammatory medi- 
ator. To study this issue in an animal model, we 
examined the role of endogenous NO in antigen- 
induced airway microvascular leakage, a compo- 
nent of airway inflammation, in actively sensitized 
guinea pigs by using a NOS inhibitor, N~o-nitro-c- 
arginine methyl ester (L-NAME). Airway micro- 
vascular leakage was evaluated by plasma extrava- 
sation of Evans blue (EB) dye into airway walls. 

METHODS 
Animal preparation 

Dunkin-Hartley guinea pigs (all male, weighing ap- 
proximately 200 gm each) were actively sensitized by 
intradermal injection of 0.5 ml of saline solution con- 
taining ovalbumin (10 ~g) and aluminum hydroxide (100 
rag) on 2 consecutive days. Three weeks after the 
sensitization procedure, each animal was anesthetized 
by intraperitoneal injection of urethane (2 gm/kg) and 
placed on a heat pad, which kept body temperature at 
around 37 ° C. The carotid artery and jugular vein were 
cannulated to monitor systemic blood pressure and 
inject drugs, respectively. The trachea was cannulated 
through a tracheostoma, and the lungs were ventilated 
artificially with a small-animal constant volume ventila- 
tor (Model SN-480-7; Shinano Seisakusho, Tokyo, Ja- 
pan) at a frequency of 60 strokes/min and a tidal volume 
of 1 ml/100 gm body weight. All experimental animals 
were pretreated with atropine and propranolol (both 1 
mg/kg, intravenously [IV]) 30 minutes before experi- 
mentation in order to avoid cholinergic and [3-adrener- 
gic neural modification of plasma leakage. 

Protocol 
In one set of experiments, the role of endogenous NO 

in antigen-induced airway microvascular leakage was 

examined by using a NOS inhibitor. Sensitized animals 
were divided into eight groups: group 1 (n = 5), saline 
inhalation pretreated with saline; group 2 (n = 8), 
ovalbumin inhalation pretreated with saline (1 ml/kg, 
intravenously); group 3 (n = 3), ovalbumin inhalation 
pretreated with L-NAME (1 mg/kg, intravenously); 
group 4 (n = 5), ovalbumin inhalation pretreated with 
L-NAME (10 mg/kg, intravenously); group 5 (n = 5), 
ovalbumin inhalation pretreated with D-NAME (10 mg/ 
kg, intravenously); group 6 (n = 5), ovalbumin inhala- 
tion pretreated with L-NAME (10 mg/kg, intravenously) 
and L-arginine (100 mg/kg, intravenously); group 7 (n = 
5), ovalbumin inhalation pretreated with L-NAME (10 
mg/kg, intravenously) and D-arginine (100 mg/kg, intra- 
venously); group 8 (n = 5), ovalbumin inhalation pre- 
treated with L-arginine (100 mg/kg, intravenously). 
Then, L-NAME, D-NAME, L-arginine, or saline solulLion 
was injected 5 minutes before the administration of EB 
dye (30 mg/kg, intravenously), followed by inhalation of 
ovalbumin (3 mg/ml for i minute) or saline solution (for 
1 minute), 1 minute after dye injection. In groups 6 and 
7, L-arginine or D-arginine was intravenously adminis- 
tered after the systemic blood pressure increased by 
L-NAME reached a plateau. In the next set of experi- 
ments, we investigated the effect of a vasoconstrictor, 
phenylephrine (20 ixg/kg, intravenously), on antigen- 
induced airway microvascular leakage. In this group of 
studies, phenylephrine (n = 4) or its vehicle (saline 
solution, n = 4) was injected 1 minute before the dye 
injection, and ovalbumin inhalation was performed sim- 
ilarly. All inhalation procedures were performed with an 
ultrasonic nebulizer (mean particle size, 5.0 txm, per 
manufacturer's specification) (NE-U11B; Omron, 
Tateishi Co., Tokyo, Japan). The output of this nebulizer 
was measured as 0.02 ml/min at 4 ml tidal volume when 
attached to the ventilatory system. 

In another set of experiments, inhalation challenge of 
mast cell-derived mediators, histamine (2 mg/ml for 1 
minute, n = 5 for each) or leukotriene (LT)D 4 (5 p~ml 
for 1 minute, n = 5 for each), was performed in the 
presence and absence of pretreatment with L-NAME (10 
mg/kg, intravenously) as in the ovalbumin inhalation 
challenge. 

These experiments were approved by the animal 
experiment review committee of Tohoku University 
School of Medicine. 

Measurement of airway microvascular 
leakage 

Vascular permeability was quantified by the extrav- 
asation of EB dye, which correlates well with the 
extravasation of radiolabeled albumin in guinea pig 
airways. ~8 The tissue content of EB dye after experi- 
mental intervention was determined by perfusing the 
systemic blood circulation with saline solution to 
remove intravascular dye. After the induction ot the 
leakage (5-minute period after inhalation challenge), 
the thorax was opened, and a blunt-ended 13-gauge 
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FIG. 1. Effect of intravenous injection of L-NAME on 
ovalbumin-induced airway microvascular leakage in sen- 
sitized guinea pigs. Ovalbumin inhalation (1 mg/ml for 1 
minute, n = 8, filled columns) produced significant ex- 
travasation of EB dye in trachea (Tr), main bronchi (MB), 
and intrapulmonary airways (IPA), compared with saline 
inhalation (for 1 minute) (n = 5, obliquely-striped col- 
umns). Pretreatment with intravenous L-NAME, 1 mg/kg, 
(n = 3, dotted columns) and 10 mg/kg (n = 5, open 
columns) dose-dependently suppressed ovalbumin-in- 
duced leakage in all airway portions, whereas pretreat- 
ment with D-NAME (10 mg/kg, intravenously, n = 5, 
horizontally-striped columns) was without effect. All val- 
ues are means _+ SEM l-p < 0.05, l - tp < 0.01, and l-tl-p < 
0.001 compared with the group that had saline pretreat- 
ment and saline inhalation. *p < 0.05, * *p  < 0.01, and 
* * *p  < 0.001 compared with the group that had saline 
pretreatment and ovalbumin inhalation. 

needle was passed through a left ventriculotomy into 
the aorta. The ventricles were cross-clamped, and 
blood was expelled through an incision in the right 
atrium at a pressure of 100 mm Hg with about 100 ml 
of saline solution until the perfusate was clear. The 
lungs were then removed. The connective tissues, 
vasculature, and parenchyma were gently scraped; and 
the remaining airways were divided into three por- 
tions: the lower part of the trachea, main bronchi, and 
intrapulmonary airways. The tissues were blotted dry, 
placed in preweighed tubes, and reweighed to deter- 
mine the tissue weight. The extravasated dye was 
extracted in formamide at 37 ° C for 16 hours. The dye 
concentration was quantified by light absorbance at 
620 nm (220A spectrophotometer; Hitachi Ltd., To- 
kyo, Japan), and its tissue content (nanograms per 
milligram of tissue) was calculated from a standard 
curve of dye concentration in the range of 0.5 to 10 
Ixg/ml. 

Drugs 
The following drugs and reagents were used: EB 

dye and urethane (Aldrich Chemical Co. Inc., Milwau- 
kee, Wis.); atropine sulfate (Tanabe Chemical Co., 

Osaka, Japan); propranolol hydrochloride (Imperial 
Chemical Industries Plc., Macclesfield, U.K.); ].-NAME, 
D-NAME, ovalbumin, L-arginine, D-arginine, phenyleph- 
rine hydrochloride, and LTD 4 (Sigma Chemical Co., St 
Louis, Mo.); and histamine hydrochloride (Wako Chem- 
icals, Sendai, Japan). 

Statistical analysis 
All data were expressed as means _+ SEM. Compari- 

sons between data were performed by one-way analysis 
of variance, and Scheff6's F test was used as a post hoc 
test. Probability (1)) values of less than 0.05 were consid- 
ered significant. 

RESULTS 
Effect of L-NAME on ovalbumin-induced 
plasma leakage 

Ovalbumin inhalation (3 mg/ml for 1 minute) 
caused significant EB dye extravasation in all airway 
portions, compared with saline inhalation (Fig. 1). 
Pretreatment of guinea pigs with intravenous injec- 
tion of L-NAME (1 and 10 mg/kg) significantly 
inhibited ovalbumin-induced plasma leakage in a 
dose-dependent manner, whereas D-NAME (10 rag/ 
kg, intravenously) was without effect in any airway 
portion (Fig. 1). Intravenous injection of L-NAME 
also dose-dependently increased systemic blood pres- 
sure (Fig. 2), when plateau increases were obtained 
within 2 to 3 minutes after the injection. D-NAME 
showed no significant effect on systemic blood pres- 
sure. Ovalbumin inhalation transiently decreased sys- 
temic blood pressure in each group to a similar 
degree (Fig. 2). 

The administration of L-arginine (100 mg/kg, 
intravenously) after L-NAME (10 mg/kg, intrave- 
nously) completely reversed the systemic blood 
pressure increase by L-NAME injection and signif- 
icantly reversed the inhibition of ovalbumin-in- 
duced microvascular leakage in all airway compo- 
nents (Fig. 3). In contrast, the inactive enantiomer 
of L-arginine, D-arginine (100 mg/kg, intravenous- 
ly), had no reversal effect on either the increase in 
blood pressure or the inhibition of ovalbumin- 
induced plasma leakage by L-NAME (Fig. 3). 
Single pretreatment with L-arginine (100 mg/kg, 
intravenously) was without effect on systemic 
blood pressure by itself and had no significant 
effect on ovalbumin-induced plasma leakage, al- 
though plasma leakage tended to be decreased; 
mean EB dye contents after ovalbumin inhalation 
with L-arginine pretreatment were 42.0 _+ 7.2 
ng/mg tissue in trachea, 59.3 _+ 10.9 ng/mg tissue in 
main bronchi, and 89.0 _+ 10.4 ng/mg tissue in 
intrapulmonary airways, respectively. 



J ALLERGY CLIN IMMUNOL Miura et al. 1 4 7  
VOLUME 98, NUMBER 1 

100. 

A 
o~ 
"I- 

E 
E v 
.= 
:3 
U} u} 
== 
o. 
"o 
o o 
m 

80. 

60, 

401 
20- 

0 '  , // 
pre 

L-NAME or vehicle 

Ag 1 3 5 

Time after Ag challenge (min) 

FIG. 2. Changes in systemic blood pressure during experimental procedure. All animals were 
pretreated with atropine and propranolol (both 1 mg/kg, IV) 30 minutes before the experiment. 
Vehicle pretreatment (open circles) did not change baseline blood pressure (pre), whereas 
intravenous pretreatment with L-NAME, 1 mg/kg, (n = 3, fi l led triangles) and 10 mg/kg (n = 5, 
filled circles) dose-dependently increased baseline blood pressure. Ovalbumin inhalation (1 
mg/ml for 1 minute) transiently decreased systemic blood pressure in all groups. Ag, Antigen. 

Effect of a vasoconstrictor on ovalbumin- 
induced plasma leakage 

Intravenous injection of phenylephrine (20 ~g/ 
kg, intravenously) increased systemic blood pres- 
sure by 23.0 _+ 4.3 mm Hg at the beginning of 
ovalbumin inhalation. In this condition, phen- 
ylephrine was without effect on ovalbumin-induced 
dye extravasation in all airways (Fig. 4). 

Effect of L-NAME on exogenous mediator- 
induced plasma leakage 

Inhalation of histamine (2 mg/ml for 1 minute) 
or LTD 4 (5 txg/ml for 1 minute) caused substantial 
plasma leakage in all airway portions (Fig. 5). 
L-NAME partially but significantly reduced LTD 4- 
induced EB dye extravasation in trachea (p < 0.05) 
and in intrapulmonary airways (p < 0.05) but not 
in main bronchi, whereas the histamine-induced 
change was not affected in any airway portion (Fig. 
5). Mean increases in systemic blood pressure by 
L-NAME treatment (10 mg/kg, intravenously) 
were not significantly different between histamine- 
challenged and LTDg-challenged groups (23 _+ 5 
and 20 _ 3 mm Hg, respectively). 

DISCUSSION 

We have demonstrated that an NOS inhibitor, 
L-NAME, but not its inactive enantiomer 
D-NAME, suppresses antigen-induced airway mi- 

crovascular leakage in actively sensitized guinea 
pigs. Because this inhibition was partially but sig- 
nificantly reversed by the administration of an 
excessive amount of NO substrate (c-arginine) but 
not by D-arginine, endogenously generated NO is 
likely to be involved in this response. 

In this in vivo study, we used L-NAME at doses 
of 1 and 10 mg/kg to inhibit endogenous NO 
production. Rees et al. 19 have reported that L- 
NAME causes a dose-dependent increase in mean 
systemic blood pressure by inhibiting endothelial 
NOS activity, with a submaximal effect at 10 msjkg 
in anesthetized rats. Because the effects of L- 
NAME on systemic blood pressure obtained in this 
study were comparable with this report, the doses 
of L-NAME appear to be appropriate for inhibiting 
endothelial NOS activity in mea pigs in vivo. 

As stated earlier, intra~ lously administered 
L-NAME (both 1 and ! 0 mg/kg) increased systemic 
blood pressure, which .aeans that it is possible that 
decreased blood flow to leaky sites reduced the 
microvascular leakage. Indeed, epinephrine has 
been reported to inhibit platelet activating factor- 
induced plasma leakage through its vasoconstrict- 
ing effect in guinea pig airways. 2° The protective 
effect of L-NAME against agonist-induced plasma 
leakage in guinea pig skin is also thought to be due 
to a local decrease in basal blood flow. 21 Thus the 
decrease in local blood flow by L-NAME-induced 



148 Miura et al. J ALLERGY CL[N IMMUNOL 
JULY 1996 

150 

03 
E 

100 
c 

"1o 

50 

(tl 
e- 

> 

m 0 

Tr MB IPA 

FIG. 3. Reversal effect of L-arginine on L-NAME-induced 
suppression of ovalbumin- induced ai rway microvascular 
leakage. Intravenous co-injection of L-arginine (100 mg/kg 
IV, n = 5, dotted columns), but not D-arginine (100 mg/kg IV, 
n = 5, obliquely-stripedcolumns), with L-NAME signif icantly 
reversed the inhibi tory effect of L-NAME (10 mg/kg IV, n = 5 
open columns) on ovalbumin- induced EB dye extravasation 
(n = 8, closed columns) in trachea (Tr), main bronchi (MB), 
and int rapulmonary airways (IPA). All values are means ± 
SEM *p  < 0.05 and * *p  < 0.01 compared with the group 
that had saline pretreatment and ovalbumin inhalation, t p  
< 0.05 compared with the group that had L-NAME pretreat- 
ment and ovalbumin inhalation. 

vasoconstriction may appear to be responsible for 
this result. However, a vasoconstrictor, phenyleph- 
rine, which significantly increased systemic blood 
pressure, had no inhibitory effect on antigen-in- 
duced plasma leakage in this animal model. Al- 
though it is not clear that the effective sites of 
phenylephrine and the NOS inhibitor in the bron- 
chial vasculatures are exactly the same, the con- 
striction of resistance vessels alone is unlikely to 
explain the effect of L-NAME. In addition, it has 
been reported that another NOS inhibitor, Neo- 
monomethyl-L-arginine, causes a reduction in the 
diameter of arterioles but not in the diameter of 
venules in the hamster cheek pouch. 22 Because 
venules are the sites of microvascular leakage in 
the airway wall, 23 it is possible that the inhibition of 
NO production does not change the blood volume 
at the leaky sites. Accordingly, mechanisms other 
than vasoconstriction are also assumed to be in- 
volved in the strong inhibition of antigen-induced 
plasma leakage by L-NAME. 

One of the other possible mechanisms that may 
explain the inhibition of antigen-induced plasma 
leakage by L-NAME is the direct involvement of 
endogenous NO at the leaky sites. There are 
controversial reports about the role of NO in 
vascular permeability. In the intestines s and pul- 
monary circulation, 24 the administration of 
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FIG. 4. Effect of pheny lephr ine on ova lbumin- induced 
a i rway microvascular  leakage in sensit ized guinea pigs. 
Ovalbumin inhalat ion wi th sal ine pret reatment  (n = 4, 
filled columns) produced signif icant ext ravasat ion of EB 
dye in trachea (Tr), main bronchi (MB), and in t rapulmo-  
nary a i rways (IPA). Pretreatment wi th  phenylephr ine (20 
ixg/ml IV, n = 4, open columns) had no signif icant effect 
on ova lbumin- induced leakage in all a irways. All values 
are means _+ SEM. 

L-NAME has been reported to increase vascular 
permeability. These reports suggest that endoge- 
nous NO has regulatory and protective effects on 
vascular permeability in unstimulated basal condi- 
tions. In contrast, neurogenic plasma exudation 
mediated by endogenous substance P in guinea pig 
bronchial circulation was reported to be inhibited 
by L-NAME, and this inhibition was reversed by 
L-arginineY We have also reported that exoge- 
nous substance P-induced airway plasma leakage 
is inhibited by a NOS inhibitor in nonsensitized 
guinea pigs. 26 In hamster cheek pouch, 11 substance 
P-  and bradykinin-induced plasma exudation were 
reduced by L-NMMA. The site of microvascular 
plasma leakage is thought to be postcapillary 
venules, and these mediators cause leakage by 
means of endothelial contraction of the leaky 
sites, 27 presumably by the stimulation of endothe- 
lial cell surface receptors for each mediator. 
Therefore these observations indicate that endog- 
enous NO induces plasma extravasation by partic- 
ipating in the signal transduction after receptor 
activation of the postcapillary endothelial cells. 
This possibility may be supported by the direct 
evidence that substance P produces NO in bovine 
coronary postcapillary venular endothelial cells. 28 
Another possible source of endogenous NO is the 
nervous system. Nitric oxidergic nerves are known 
to be distributed in guinea pig airways, including 
areas surrounding the vessels, 29 and antigen infu- 
sion has been shown to evoke neural reflex? ° Thus 
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FIG. 5. Effect of intravenous injection of L-NAME on histamine-induced (A) and LTD4-induced (B) 
airway microvascular leakage in sensitized guinea pigs. Pretreatment with intravenous L-NAME, 
10 mg/kg, (n = 5 in both A and B, open columns) had no effect on histamine inhalation-induced 
(2 mg/ml for 1 minute, n = 5, filled columns) extravasation of EB dye in trachea (Tr), main 
bronchi (MB), and intrapulmonary airways (IPA), but significantly inhibited LTD4-induced (5 
mg/ml for 1 minute, n = 5, filled columns) extravasation of EB dye in trachea and IPA. All values 
are mean _+ SEM. *p < 0.05 compared with the group of saline pretreatment and LTD4 
inhalation. 

it is also possible that NO of neural origin modifies 
antigen-induced plasma leakage. 

The mediators responsible for antigen-induced 
airway microvascular leakage in guinea pigs are 
thought to be mainly LTs and partly histamine. 31 
In this study LTD4, administered exogenously by 
inhalation, induced microvascular leakage, which 
was significantly reduced by L-NAME, indicating 
that NO generated by the stimulation of LT recep- 
tors on postcapillary venules promotes antigen- 
induced plasma leakage. In contrast, histamine- 
mediated plasma leakage was unexpectedly 
unaffected by L-NAME pretreatment. Histamine 
causes plasma extravasation through histamine H 1 
receptor on postcapillary venular endothelium. 32 
Thus it seems that Hi-receptor stimulation at this 
site does not involve NO production in the plasma 
leakage of guinea pig airways. The inhibition of 
LTD4-induced plasma leakage by L-NAME was 
relatively small compared with the inhibitory effect 
of L-NAME on the antigen-induced response. The 
concentration of inhaled LTD 4 in this study was 
chosen to be comparable with antigen-induced 
leakage. As described previously, in this species 
the major but not only components of antigen- 
induced plasma leakage are LTs. Thus the tissue 
LT concentration after LTD 4 inhalation seems 
higher than that caused by endogenous release of 
LTs after antigen challenge in this study. The 
plasma leakage induced by higher concentrations 
of LTD 4 may include mechanisms other than NO 
production. 

Mast cells have been reported to have NON, 33 

and this cell-derived NO may act as a negative 
feedback mechanism in the degranulation pro- 
cess. 5 In this respect, NO seems to inhibit the 
allergic response. The result that single pretreat- 
ment with L-arginine tended to decrease the 
ovalbumin-induced plasma leakage seems to re- 
flect this effect of NO. Nevertheless, in this study 
the inhibition of NO by L-NAME pretreatment 
reduced rather than enhanced the allergic re- 
sponse. During allergic airway inflammation, a 
variety of oxygen radicals, including superoxide, 
are produced from inflammatory cells, such as 
eosinophils 34 and mast cellsY NO is known to 
react with superoxide to produce a potent cytotoxic 
oxygen radical, peroxynitrite. 36 Thus it is possible 
that cytotoxic oxygen radicals produced in the 
presence of NO during airway allergic responses 
worsen airway inflammation. 

In bronchial asthma, hyperproduction of NO has 
been demonstrated by the increased NO concen- 
tration in expired gas, 17 although the exact sites of 
production and the role of NO in asthmatic air- 
ways remain unclear. Because NO is a potent 
bronchodilator, 37 excessively produced NO is likely 
to counteract narrowing of asthmatic airways, as 
reported in experimental conditions. 38 However, 
NO has dual functions, namely proinflammatory 
and antiinflammatory effects, in airway inflamma- 
tionY, 39 This study suggests that NO has a proin- 
flammatory effect in airway microvascular leakage 
during allergic airway inflammation. 
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In summary, this study indicates that inhibition 
of endogenous NO production suppresses antigen- 
induced airway microvascular leakage. Although 
the mechanisms involved in these results are not 
fully known, several possibilities can be consid- 
ered, such as: changes in local blood flow by 
inhibiting constitutive NO production in arterial 
endothelial cells, the involvement of NO in en- 
dogenously released LT-induced plasma leakage at 
postcapillary venular endothelial cells, and the 
interaction of NO with other oxygen radicals to 
worsen the allergic inflammation. If this is the case 
in asthmatic airways, NO has a role as a proinflam- 
matory substance, as well as a protective role. 
Selective inhibition of the inflammatory nature of 
NO may resolve the dilemma. 

We thank Mr. Brent Bell for reading the manuscript. 
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