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ABSTRACT:  Airway epithelium releases inhibitory factors, such as nitric oxide
(NO) and prostaglandin E2 (PGE2), which may counteract bronchoconstriction.
We investigated whether epithelium-derived inhibitory substances exert a crucial
influence on bovine tracheal responsiveness in vitro.

Isotonic and isometric contractions in response to histamine of intact and epi-
thelium-denuded tracheal smooth muscle strips were compared. In addition, the
effects of L-arginine (L-arg), NG-nitro-L-arginine methyl esther (L-NAME), and NG-
monomethyl L-arginine (L-NMMA) on histamine responsiveness were investigated.
The release of NO and PGE2 from tracheal epithelium was measured.

Removal of the epithelium from tracheal smooth muscle strips did not change
the negative log of the concentration of histamine producing half the maximal
effect (pD2) or the maximal effect (Emax). Incubation of the tissues for 25 min with
L-arg or L-NAME did not influence basal tone or the contractions induced by his-
tamine. However, incubation with L-NMMA increased the basal tone and caused
a slight hyporesponsiveness to histamine. S-nitroso-N-acetyl-penicillamine (SNAP,
a direct NO donor) reversed the contraction induced by histamine in a concen-
tration-dependent manner. Stimulation of the epithelial layer by 0.1 µM histamine
increased the release of NO 3–4 fold compared to basal levels; this effect was com-
pletely inhibited in the presence of L-NMMA. In addition, 1 mM histamine caused
a significant increase in the release of PGE2 from the epithelial tissue.

In conclusion, no functional inhibitory influence of the epithelium can be iden-
tified in bovine airways. The S-nitroso-N-acetyl-penicillamine-induced relaxation
demonstrates the presence of a nitric oxide sensitive pathway in bovine airways.
However, the amounts of nitric oxide and prostaglandin E2 released from bovine
tracheal epithelium are probably too low to exert a significant effect on the hista-
mine-induced contractions.
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The airway epithelium acts as a protective barrier for
the underlying airway smooth muscle against noxious
substances, and it can release inhibitory factor(s), such
as nitric oxide (NO) and prostaglandin E2 (PGE2), to
counteract excessive contractions of smooth muscle [1–
5]. In some animal species, removal of the epithelium
causes an increase in sensitivity of tracheal smooth mus-
cle to histamine [5–8].

NO may have an important regulatory role in pul-
monary function and the pathology of several lung dis-
eases [9, 10]. The constitutive isoform of NO synthase
(cNOS) is activated by an increase of intracellular cal-
cium and produces small amounts of NO which, in turn,
activates guanylate cyclase, increases cyclic guanosine
monophosphate (cGMP) and relaxes smooth muscle.
NOS can be competitively blocked by NG-monomethyl-
L-arginine (L-NMMA) and NG-nitro-L-arginine methyl
esther (L-NAME) [11]. NO accounts for a part of the

inhibitory nonadrenergic noncholinergic (NANC) respon-
ses in the guinea-pig, cat, pig and human airways in
vitro [12–17]. NO has been shown to be released from
guinea-pig tracheal epithelium upon stimulation by his-
tamine [18]. Indeed, inhibition of the cNOS or direct
inactivation of NO by superoxide anion induces airway
hyperresponsiveness to histamine in guinea-pigs [19, 20].

The present study was performed to examine the influ-
ence of epithelium as well as endogenous and exoge-
nous NO on the airway reactivity of bovine isolated
tracheal smooth muscle. The histamine-induced isometric
and isotonic contractions of intact and epithelium-denud-
ed strips of bovine tracheal smooth muscle were mea-
sured. Effects of L-arginine (L-arg), L-NAME and L-NMMA
on the basal tension, as well as on the responsiveness
to histamine, of the smooth muscle were also investi-
gated. Furthermore, the histamine-induced release of NO
and PGE2 from tracheal epithelium was measured.



Materials and methods

Animals and preparation of smooth muscle strips

Macroscopically normal tracheas were obtained from
young cattle (1–2 yrs of age) of either sex directly after
they were slaughtered in a local abattoir. The upper
thirds of the tracheas were placed in Krebs bicarbo-
nate buffer that had been pre-aerated with a mixture of
oxygen (95%) and CO2 (5%). The tissues were kept in
buffer at room temperature during transportation, and
were brought to the laboratory within 1 h and studied
the same day.

Preparation of smooth muscle strips was performed
as described previously [21]. Briefly, a piece of tra-
cheal smooth muscle, attached to the terminal segments
of cartilage rings, was fixed on a dissection board. The
support of the rings prevented the possible rupture of
muscle fibres and ensured their similar length through-
out the preparation. By means of a template contain-
ing up to eight surgical blades (No. 22-4), 2–7 strips
of about 20 mm length × 2.5 mm width were incised
parallel to the direction of muscle fibres, while the
ends of the strips were still connected to the whole
piece of tissue. At this stage, when required, the epithe-
lial and submucosal layers were easily removed by
means of a surgical blade, without any physical stretch
on the strips. A small ruler (1 × 5 cm) was inserted
under the strips and they were then tied precisely on
either side so that the strips were 1 cm long. Each
piece of silk string had a ring knot for connecting the
strips to the tissue chamber and to the transducer. The
strips were cut by means of scissors about 2 mm out-
side the knots.

Histology

Intact and epithelium-denuded tracheal smooth mus-
cle strips were fixed in phosphate-buffered formalde-
hyde (10%) and embedded in paraffin blocks. Sections
measuring 5 µm were stained with haematoxylin and
eosin and were evaluated by light microscopy.

Measurement of contraction and relaxation

Muscle strips were suspended in 12 mL organ baths
containing Krebs bicarbonate solution at 37°C, for iso-
tonic or isometric recording (Harvard Bioscience, Kent,
UK). Krebs bicarbonate buffer was continuously aera-
ted with 5% CO2 in O2. The strips were kept under an
optimal preload of 5 g [21]. The tissues were washed
three times at 15 min intervals, after which a stable tone
was reached. Only one concentration-response curve
was constructed on a tissue segment. Transducers were
connected to an analogue-digital convertor (Intelligent
International PCI System, Burr Brown Co., Tucson, AZ,
USA) integrating the organ baths in a semiautomatic
set-up. This allowed continuous sampling, on-line equi-
librium detection and real-time display of the respon-
ses on a computer screen of up to 12 organ baths.

Effect of removal of the epithelium on tracheal respon-
siveness

Intact and epithelium-denuded bovine tracheal smooth
muscle strips were mounted in the organ baths and con-
centration-response curves to histamine were obtained
under isotonic and isometric conditions.

Modulation of histamine concentration-response curves
by endogenous NO

Intact tracheal smooth muscle strips were preincu-
bated with 1 mM L-arg, 120 µM L-NAME or 120 µM
L-NMMA for 25 min, after which histamine concentra-
tion-response curves (10 nM–1 mM) were constructed.
Concentrations of L-arg, L-NAME and L-NMMA were
chosen based on their effectiveness on the guinea-pig
isolated trachea [19].

Sensitivity of bovine tracheal smooth muscle to the exoge-
nous NO

Intact strips were first contracted with histamine (1
mM) and, thereafter, were exposed to L-arg (1 mM for
10 min) or to increasing concentrations of the NO
donor S-nitroso-N-acetyl-penicillamine (SNAP), 0.1–100
µM.

Measurement of NO and PGE2

The epithelial layer was removed from bovine isola-
ted trachea. The epithelial tissue (0.5 g in weight) was
suspended in 12 mL Krebs buffer at 37°C. Tissues were
incubated with medium, L-NMMA (120 µM) or L-arg
(1 mM) for 25 min and, thereafter, stimulated with in-
creasing concentrations of histamine (0.1 µM to 1 mM)
for 5 min in each case. Samples were taken from Krebs
buffer before and after incubation and after each sti-
mulation of the epithelium.

NO was measured based on the conversion of nitrite
in the buffer to NO, as described previously [22]. Krebs
solution (0.1 mL) taken from the organ bath was in-
jected into a gas-stripping apparatus containing 2 mL
of a 1% solution of NaI in glacial acetic acid, connec-
ted to a Sievers 270B NO analyser (Boulder, CO, USA)
with a sensitivity of >10 pmol·mL-1. The amount of NO
was calculated as pmol·mg-1 wet weight of the tissue.
To measure NO released from SNAP, 0.1 mL of Krebs
solution containing 1 pM to 100 µM of this drug was
injected into the apparatus.

In the medium-treated, histamine-stimulated tissues,
the release of PGE2 was also measured by means of
radioimmunoassay (RIA). The amount of PGE2 was
expressed as ng·mg-1 wet weight of the tissue.

Drugs and solutions

Required concentrations of L-NMMA and SNAP
(Wellcome, UK), L-NAME (Sigma), histamine dihy-
drochloride and aminophylline anhydrous (OPG Farma,
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Utrecht, The Netherlands) were prepared daily and dilut-
ed in buffer. The [3H]-PGE2 (with a specific activity of
154.00 Ci·mmol-1) was from New England Nuclear
(Boston, MA, USA). The antibody for PGE2 was kindly
provided by J. Beetens of Janssen Pharmaceutica (Beerse,
Belgium). Krebs bicarbonate buffer was of the follow-
ing composition (mM): NaCl 118.1; KCI 4.7; CaCl2 2.5;
MgSO4 1.2; NaHCO3 25.0; KH2PO4 1.2; and glucose
8.3.

Statistics

The parameters defining the maximal contraction in-
duced by histamine (Emax), as millimetres of displace-
ment or milligrams of tension, and the negative logarithm
of the molar concentration of histamine that gives a half
maximal response (pD2) were averaged for various exper-
imental groups. The data were analysed first for normal
distribution and then for statistical significance by one-
way analysis of variance (ANOVA) and post-hoc Bon-
ferroni's test, respectively. A p-value of less than 0.05
was considered to be significant. Values are expressed
as mean±SEM.

Results

Effect of epithelium removal

Intact, pseudostratified columnar epithelium with its
lamina propria and a submucosal layer was demon-
strated in the preparations. These layers were com-
pletely removed in the skinned preparations without
any apparent damage to the smooth muscle (fig. 1).
Histamine induced concentration-dependent isotonic and
isometric contractions of tracheal smooth muscle (fig.
2); no difference in the sensitivity to histamine was
observed between the two methods. There was no signi-
ficant difference in the sensitivity or maximal shorten-
ing to histamine between intact and epithelium-denuded
preparations (table 1 and fig. 2). The histamine-contra-
cted tissues relaxed to their initial tone after addition
of aminophylline (20 mM), without any significant dif-
ference between different groups (table 1).

Modulation of histamine concentration-response curves
by endogenous NO

L-Arg (1 mM, n=5) and L-NAME (120 µM, n=5) had
no effect on the basal length or the responsiveness of
bovine tracheal smooth muscle to histamine (fig. 3a and
3b, respectively, and table 2). However, 120 µM L-
NMMA (n=6) contracted the strips during the preincu-
bation period by 1.1±0.3 mm (p<0.05) and shifted the
histamine concentration-response curve downwards (fig.
3c). The maximal shortening was decreased by 18%
from 5.5± 0.3 mm in the control group to 4.5±0.4 mm
in the L-NMMA-treated group. There was no difference
in the pD2 values between the groups (fig. 3c and table
2).

In a separate experiment, it was found that the con-
tractile effect of L-NMMA on the muscle strips was
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Fig. 1.  –  Photomicrographs of bovine tracheal smooth muscle strips:
a) before; and b) after removal of epithelial and submucosal layers.
In the first figure, the normal epithelium (E) with underlying lamina
propria (LP) and inherent smooth muscle layer (SM) is shown. After
the procedure, the epithelium is completely absent; only a small rem-
nant of the lamina propria with the intact associated smooth muscle
is seen. (Internal scale bar = 200 µm).

a)



not NO-dependent because preincubation with L-arg (1
mM for 25 min) did not prevent the effect of 120 µM
L-NMMA; the tissues were contracted by 0.9±0.3 mm
and 0.8±0.2 mm in the absence and presence of L-arg,
respectively (n=6).

Sensitivity of bovine tracheal smooth muscle to exoge-
nous NO

L-Arg (1 mM) did not relax intact precontracted strips
(n=5). However, SNAP reversed the contraction in a
concentration-dependent fashion (fig. 4). SNAP (100
µM) decreased the muscle shortening by 91% from
5.3±0.7 to 0.5±1.0 mm (p<0.01; n=5). From this con-
centration of SNAP, 58.4±1.3 nmol·mL-1 NO is released
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Fig. 2.  –  Histamine concentration-response curves of bovine iso-
lated, intact (—  —) and epithelium-denuded (—●—) tracheal smooth
muscle strips. Removal of epithelium changed neither: a) the isotonic
(n=12); nor b) the isometric (n=5) contractions induced by histamine.
Results are presented as mean±SEM.

Table 1.  –  Parameters derived from histamine con-
centration-response curves of bovine isolated tracheal
smooth muscle strips, with and without adherent epithe-
lium, measured isotonically and isometrically

Isotonic Isometric
(n=12) (n=5)

Emax %
Intact 100±6 100±10
Epithelium-denuded 94±4 87±10

pD2
Intact 5.2±0.2 5.1±0.1
Epithelium-denuded 5.4±0.1 5.1±0.1

Aminophylline relaxation  %‡

Intact 102±1 108±1
Epithelium-denuded 101±0.3 110±5

Values are presented as mean±SEM. Emax: maximum tracheal
shortening or tension induced by histamine; pD2: negative
log10 of the molar concentration of histamine giving 50% of
Emax. ‡: relaxation achieved with 20 mM of aminophylline
and expressed as percentage of the maximal contraction induced
by histamine.
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Fig. 3.  –  Histamine concentration-response curves of bovine tra-
cheal smooth muscle strips. Effects of: a) 1 mM L-arg (n=5); b) 120
µM L-NAME (n=5); and c) 120 µM L-NMMA (n=6). —  —: cont-
rol group; —●—: treated group. Results are presented as mean±SEM.
L-arg: L-arginine; L-NAME: NG-nitro-L-arginine methyl ester; L-
NMMA: NG-monomethyl L-arginine.



(n=4). The time control preparations, treated only with
histamine, relaxed spontaneously by 8.0±1.5% over 30
min (n=5).

Release of NO and PGE2 from epithelium

Upon stimulation with 0.1 µM of histamine, NO re-
lease was enhanced in the control epithelium 3.2 fold,

from 2.39±0.38 to 7.71±1.76 pmol·mg-1 (p<0.01; n=4)
(fig. 5a). Incubation with L-arg enhanced the basal NO
release two fold. In this group, the release of NO after
application of histamine was enhanced 4.4 fold from
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Table 2.  –  Parameters derived from histamine con-
centration-response curves of bovine isolated tracheal
smooth muscle strips, preincubated with L-arginine and
its analogues for 25 min

Control Treated
group group

L-Arg (1 mM)
Basal displacement mm§ 0.0±0.1 0.0±0.1
Histamine pD2 5.2±0.1 5.3±0.1
Histamine Emax mm 5.0±0.6 5.2±0.6
Aminophylline relaxation %‡ 108±4 112±5
Strips n 5 5

L-NAME (120 µM)
Basal displacement mm§ -0.2±0.0 -0.1±0.1
Histamine pD2 5.2±0.2 5.3±0.1
Histamine Emax mm 5.8±0.7 5.6±0.2
Aminophylline relaxation %‡ 103±11 104±4
Strips n 5 5

L-NMMA (120 µM)
Basal displacement mm§ 0.1±0.2 1.1±0.3*
Histamine pD2 5.5±0.1 5.5±0.1
Histamine Emax mm 5.5±0.3 4.5±0.4
Aminophylline relaxation %‡ ND ND
Strips n 6 6

Results are presented as mean±SEM. §: changed muscle length
during the preincubation time; ‡: relaxation achieved with
20 mM of aminophylline and expressed as percentage of the
maximal contraction induced by histamine. ND: not determi-
ned. For further definitions see legends to table 1 and figure
3. *: p<0.05, significantly different from the corresponding
control group as tested by Bonferroni's t-test.
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Fig. 4.  –  Concentration-response curve of bovine tracheal smooth
muscle strips with SNAP (a nitric oxide donor); the tissues were first
precontracted with 1 mM of histamine. SNAP (100 µM) reversed
91% of the contraction induced by histamine, suggesting sensitivity
of the muscle strips to exogenous nitric oxide (p<0.01; n=5). Results
are presented as mean±SEM. SNAP: S-nitroso-N-acetyl-penicillamine.

Fig. 5.  –  Release of nitric oxide (NO) from the isolated epithelial
layer of bovine trachea. Accumulation of nitrite in the buffer was
detected as an indication of NO production. The tissues were incu-
bated for 25 min with: a) the control solution (n=4); b) 1 mM L-arg
(n=4); or c) 120 µM L-NMMA (n=4). L-arg increased the basal NO
release slightly. Histamine (0.1 µM) increased the release of NO sig-
nificantly except in the group which was treated with L-NMMA. **:
p<0.01, compared to the corresponding basal level. Results are pre-
sented as mean±SEM. For definitions see legend to figure 3.
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2.16±1.11 (before incubation) to 10.96±2.12 pmol·mg-1

(p<0.01; n=4) (fig. 5b). After treatment with L-NMMA,
the effect of histamine on NO release was completely
inhibited; NO levels before incubation and after hista-
mine treatment were 2.72±0.74 and 3.71±0.99 pmol·mg-1,
respectively (n=4) (fig. 5c). Application of higher con-
centrations of histamine (10 µM and 1 mM) did not in-
crease the release of NO any further, irrespective of the
treatment procedure.

Nonstimulated tracheal epithelium released 0.20±0.1
ng·mg-1 PGE2; this amount was not significantly changed
after addition of 0.1 and 10 µM histamine. However,
PGE2 release from epithelium was enhanced after addi-
tion of 1 mM histamine to 3.80±1.08 ng·mg-1 (p<0.01;
n=4) (fig. 6).

Discussion

This study showed that under the present experimen-
tal conditions, histamine responsiveness of bovine tra-
cheal smooth muscle was not modulated by removal of
the epithelium or L-arg and L-NAME, whereas L-NMMA
decreased the maximal response. The SNAP-induced
relaxation of the muscle strips, however, indicated that
bovine trachea was sensitive to exogenous NO in mod-
ulating airway tone in this species. In addition, it was
shown that basal levels of NO and PGE2 are released
by the epithelial layer and are enhanced after stimula-
tion with histamine.

In the guinea-pig trachea, the epithelial layer releases
NO when stimulated by histamine or potassium chlo-
ride [18, 22]. However, until now, there has been no
direct evidence for the formation of NO in bovine tra-
chea. Histamine-induced contractions of bovine trac-
heal smooth muscle are correlated with increased cGMP
levels [23]. Accumulation of cGMP after exposure of
this preparation to carbachol is believed to be mediated
by a substance similar to endothelium-derived relaxing
factor (EDRF), i.e. NO [24]. Endothelium-derived and
exogenous NO can relax bovine tracheal smooth mus-
cle in vitro [25, 26]. In addition, unstimulated, cultured

bovine bronchial epithelial cells have been reported to
metabolize L-arginine to L-citrulline [27], suggesting a
basal release of NO.

In the present study, more direct evidence for the basal
release of NO from bovine tracheal epithelium was found
by measuring the radical itself. Moreover, it was shown
that: 1) the basal release of NO can be increased by
addition of L-arg; 2) histamine significantly increases
the release of NO; 3) a concentration of histamine as
low as 0.1 µM may be sufficient for maximal activa-
tion of the constitutive NO synthase in this preparation,
as no additional effect was observed with higher con-
centrations of the agonist; and 4) the effect of histamine
was completely inhibited by L-NMMA. These results
and the findings of others indicate a role for NO and
cGMP in bovine airways. Besides NO, formation of
PGE2 in the epithelial cells from guinea-pigs and bovine
airways has been demonstrated [2, 4, 7]. We also found
that PGE2 is released from bovine tracheal epithelium
and that it is enhanced by higher amounts of histamine.
NO and PGE2 may act as epithelium-derived inhibitory
factors (EpDIFs) and, therefore, suggest a role for epi-
thelium in modulating bovine tracheal responsiveness.

Removal of epithelium did not influence the tracheal
responsiveness to histamine. Each muscle strip prepared
by the method used in the present study was covered
by approximately 8.4 mg of its adherent epithelium [21].
The maximal concentrations of the epithelium-derived
NO and PGE2 in a 12 mL organ bath, after stimulation
by histamine, would be 5.4 and 7.4 nM, respectively.
NO has to be applied in micromolar concentrations to
induce bovine tracheal relaxation, i.e. 1,000 times more
than released from the epithelium [25]. It should be not-
ed that, in this study, the accumulation of nitrite in the
buffer has been considered as an indication of NO release.
It is possible that NO, to some extent, is also convert-
ed to other substances. The PGE2 concentrations may
also be insufficient; at least a 10 fold higher concentra-
tion is required to initiate relaxation in the guinea-pig
perfused trachea [28]. Therefore, the amounts of EpDIF
released by the epithelial layer of bovine trachea are not
sufficient to exert a modulatory effect on tracheal con-
tractions.

As shown in figure 1, an extensive volume of lamina
propria is present between the epithelium and smooth
muscle of bovine trachea. Compared to guinea-pig trac-
hea, the distance between the epithelial and smooth mus-
cle cells of bovine trachea is four fold larger. Therefore,
chemicals released by epithelial cells are likely to reach
bovine tracheal smooth muscle with more difficulty.
Finally, stimulated bovine trachea also releases contrac-
tile metabolites of arachidonic acid, e.g. prostaglandin
F2α (PGF2α) [4], that may counteract the relaxing effects
of the EpDIFs. Interestingly, it was shown that NO and
PGE2 are released upon stimulation with lower and high-
er concentrations of histamine, respectively. This may
suggest that different inhibitory mechanisms can be in-
volved during different pathophysiological conditions in
the airways.

It is difficult to explain why BARNES et al. [6] found
that removal of epithelium from bovine tracheal smooth
muscle enhanced isometric contractions to histamine.
This could be a consequence of the different methods
used to study responsiveness of tracheal preparations,
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mean±SEM.



i.e. isometric versus isotonic. However, obtaining simi-
lar results with either method in the present study elimi-
nated such a possibility. There is evidence in the literature
showing that removal of epithelium did not influence
guinea-pig tracheal sensitivity to histamine [29], and
methacholine-induced contraction of rat trachea [30].
This controversy may depend upon strain or species dif-
ferences. In addition, different experimental conditions,
such as muscle pretension versus the volume of muscle
strips, might also be involved. Airway epithelium may
act as a barrier to protect against agonists and noxious
chemicals [31]. However, this role may be appreciated
only when perfused tracheal or bronchial tubes are
exposed to drugs from the mucosal side but not in the
model used in our study. A strip of tracheal smooth
muscle is covered by epithelium only from one side and
easily exposed to chemicals from the remaining three
sides; this excludes the barrier function of the epithelium.

A study from our group [19] has revealed that NOS
inhibitors induce airway hyperresponsiveness to hist-
amine in the guinea-pig perfused trachea. However, the
present study showed that preincubation of bovine tra-
cheal smooth muscle with L-arg and L-NAME did not
modulate the responsiveness to histamine. The differ-
ence in the preparations may be one reason for this
discrepancy; guinea-pig tracheas were perfused and
exposed to the drugs from the mucosal side, whereas
bovine tracheal strips were exposed to the drugs from
all sides. This means that the epithelium may not have
a protective role in bovine tracheal smooth muscle strips.
On the other hand, it could just result from an inter-
species difference, and NO may have a less crucial role
in airway responsiveness in cattle than in guinea-pigs.
L-NMMA caused a slight muscle contraction by itself
This effect was not NO-dependent because L-arg-treat-
ed preparations also developed a comparable response
to L-NMMA. The mechanism of this contraction remains
to be discovered. The contractile effect of L-NMMA
could be a reason for the decrease in the Emax of hist-
amine that was observed in L-NMMA-treated strips.
Indeed, the sum of contractions induced by L-NMMA
and histamine was approximately equal to the contrac-
tion induced by histamine in the control group.

Although we did not observe any influence by NO
originating from the airway on bovine tracheal respon-
siveness, complete relaxation of the muscle strips by the
NO-producing agent SNAP confirms the sensitivity of
the tissue to NO in this species. There is circumstantial
evidence that NO released from pulmonary vessels may
be impaired in patients with chronic obstructive pul-
monary disease (COPD) [32]. Therefore, it may be inter-
esting to investigate the role of endogenous NO from
sources other than the airway epithelium or tracheal
smooth muscle (e.g. the vasculature) on airway reac-
tivity.

In conclusion, the release of nitric oxide and prostaglan-
din E2 from bovine tracheal epithelial layer is increased
upon stimulation by histamine. However, the amounts
of mediators released are not sufficient to modulate the
contractility of the tracheal smooth muscle to histamine.
The sensitivity of tracheal smooth muscle to exogenous
nitric oxide demonstrates the existence of the nitric oxide/
cyclic guanosine monophosphate pathway in the airways
of this species.
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