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Backgroundzeuropeptide Y (NPY) and neutral endopeptidase have been shown to regulate 
the response qf airway smooth muscle. However, their interactions have not been studied. 
Methods: To determine the role of NPY and endogenous neutral endopeptidase in regulating 
the effects of NPI: we investigated the effects of NPY and a neutral endopeptidase inhibit06 
phosphoramidon, on the contractile response of isolated human bronchial segments to electrical 
field stimulation (EFS). 
Results: Concentrations of up to IOm6 mollL of NPY did not change resting tension. NPY 
inhibited the choline@ contractions induced by EFS at 5 Hz dose-dependently. 
Phosphoramidon (lo-’ mollL) enhanced the inhibitory effect of NPY on EFS-induced 
contractions at 5 Hz. NPY (3 x IO-’ mol/L) shifted the frequency-response curve for EFS (I 
to 50 Hz) to the right and significantly increased the mean logarithm of frequency that 
produced 50% of maximal contraction (control: 0.54 f 0.07 versus NPY 0.79 * 0.09, 
p < 0.05). Phosphoramidon (lo-’ mol/L) did not affect the frequency response to EFS, but 
enhanced the inhibitory effect of NPY (3 x lo- 7 mollL) on frequency response to EFS, 
resulting in a significant increase in the mean logarithm of frequency that produced 50% of 
maximal contraction (NPY: 0.79 ? 0.09 versus NPYplus phosphoramidon: 1.18 + 0.15, 
p < 0.05). NPY (3 x 10m7 mollL) did not affect the response of tissues to exogenous/y applied 
acetylcholine. 
Conclusions: These observations suggest that NPY inhibits the output of acetylcholine from 
nerve endings and that endogenous neutral endopeptidase modulates the effect of NPY in the 
human airway by inactivating this peptide. (J ALLERGY CLIN IMMJNOL 1993;92:89-94.) 
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Neuropeptide Y (NPY) is a 36-amino acid 
peptide that is present in the central and periph- 
eral nervous systems. ’ -3 In vascular smooth mus- 
cle, this agent induces vasoconstriction, not only 
enhancing noradrenaline-induced vasoconstric- 
tion at the postjunctional level, but also suppress- 
ing the release of noradrenaline from sympathetic 
nerve endings at the prejunctional level.4, 5 In 
airway smooth muscle of the guinea pig, NPY has 
little effect on smooth muscle tone, but inhibits 
cholinergic contraction@ ’ and nonadrenergic- 
noncholinergic contractions at the prejunctional 
level.R-‘0 NPY is present in the bronchial vessels, 
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Abbreviations used 
EFS: Electrical field stimulation 

Log(EF,,): Logarithm of frequency of EFS that 
produced 50% of maximal response 

NPY: Neuropeptide Y 
NEP: Neutral endopeptidase 

mucous glands, and airway smooth muscles of 
animals”* ‘* and humans.l’, I4 Therefore it is pos- 
sible that it may exert a similar inhibitory effect 
on the cholinergic tone of the human bronchus. 
However, such studies have not been reported. 

Several investigations have shown that neutral 
endopeptidase (NEP), a membrane-bound en- 
zyme that is located on the surfaces of many cells 
in the airway,15 degrades the airway tachykinins 
and modulates the response to these peptides in 
experimental animals’6, I7 and humans.“, l9 A de- 
crease in NEP activity is produced by airway 
inflammation, which increases the bronchomotor 
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FIG. 1. Representative tracing of dose-dependent effects of NPY on EFS-induced contractions at 
5 Hz in human bronchial segment. Ach, Acetylcholine; W washing. 

response to tachykinins.20* ” This phenomenon is 
thought to be important in the pathophysiologic 
process of such inflammatory airway diseases as 
asthma and bronchitis.“, 23 A recent study showed 
that NPY can also be degraded by this enzyme in 
the human nasal mucosa.” It is therefore possible 
that the effect of NPY is modulated by endoge- 
nous NEP. If such a mechanism existed, NPY 
perhaps might act on the inflamed airway to 
maintain bronchomotor tone in the presence of a 
decrease in NEP activity. 

We studied the role of NPY in the human 
airway and the effect of NEP on the airway 
response to NPY by examining the effects of NPY 
and phosphoramidon, an NEP inhibitoqZ5 on iso- 
lated human bronchial tissues obtained from lung 
operations. 

bubbled with a mixture of 95% 0, and 5% CO,. The 
rings were connected to strain gauges (model TB-612T, 
Nihonkoden, Tokyo, Japan) for the continuous rewrd- 
ing of isometric tension and placed between two par- 
allel platinum electrodes connected to an electrical 
stimulator (model SEN 3301, Nihonkoden). Biphasic 
square wave impulses with a supramaximal voltage of 
50 volts and a duration of 0.3 msec were applied for 10 
seconds every 5 minutes at frequencies ranging from 1 
to 50 Hz. The rings were allowed to equilibrate for at 
least 1 hour while being washed every 15 minutes under 
a resting load of 1 g. This resting load was found to be 
optimal in a preliminary experiment. All experiments 
were started after stable responses to EFS at 5 Hz had 
been obtained. In preliminary studies, we confirmed 
that the frequency response to EFS (1 to 50 Hz) and 
cumulative dose response to acetylcholine (lo-’ mol/L 
to 10-j mol/L) were reproducible and stable over time 
(p > 0.5; n = 6). 

METHODS 
Tissue preparation of human bronchi 

Macroscopically normal specimens of human bronchi 
were obtained from 10 surgical patients with lung 
cancer (eight men and two women; mean age 68 ? 3 
years). Eight of the 10 had a history of heavy smoking. 
None had a history of bronchial asthma. Tissues were 
either used immediately or stored overnight at 4” C in 
Krebs solution (in mmol/L: NaCl 118, KC1 4.7, CaCl, 
1.2, MgSO, 1.2, KI-I,PO, 1.2, NaHCO, 25, glucose 
11.1). Bronchi with 2 to 3 mm of internal diameter were 
dissected free of the surrounding parenchyma and cut 
into rings of 4 to 5 mm long. Paired bronchial rings 
from the same subjects were used as control and test 
tissues. We incubated these tissues continuously with 
the o-blocker phentolamine (1O-6 movL), the P-blocker 
propanolol ( 1O-6 mol/L), the Hi-blocker diphenhy- 
dramine (10m5 mol/L), and the cyclooxygenase inhibitor 
indomethacin (lo-’ mol/L). 

We assessed the contractile responses of tissues to 
EFS in the presence of (1) tetrodotoxin (1O-6 mol/L), 
an inhibitor of neural transmission; (2) hexamethonium 
(10e5 mol/L), a ganglionic blocker; and (3) atropine 
(10e6 mol/L), a muscarinic cholinergic receptor antag- 
onist. 

Dose-response effect of NPY on contractile 
response to EFS 

To study the effect of various concentrations of NPY 
on EFS-induced contractions, EFS was repeated at 
5 Hz every 5 minutes. After the response reached a 
plateau, concentrations of 10e9 mol/L to 10m6 mol/L of 
NPY were added cumulatively to the baths. To study 
the effect of the NEP inhibitor phosphoramidon, we 
obtained the dose-response curves to NPY on EFS- 
induced contraction in paired tissues that were incu- 
bated with phosphoramidon lo-’ mol/L for 20 minutes 
before the addition of NPY. 

Measurement of response and electrical field Effect of NPY on frequency-response curves 
stimulation (EFS) for EFS 

Bronchial rings were suspended in 10 ml siliconized 
organ baths filled with Krebs solution at 37” C and 

To study the effect of NPY and phosphoramidon on 
the frequency-response curve for EFS, contractions 
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FIG. 2. Effect of increasing concentrations of NPY on contractile response to EFS at 5 Hz in 
presence (triangles) or absence (dots) of phosphoramidon (10e5 mol/L). Results are expressed as 
percentage of control responses before addition of NPY. Values represent mean k SE in five 
strips from five subjects. Asterisk indicates p < 0.05 versus NPY alone. 

elicited by EFS (1 to 50 Hz) were measured in paired 
tissues. After completion of the first frequency re- 
sponse elicited by EFS, tissues were incubated with 
either NPY (3 x lo-’ mol/L) alone or NPY (3 x lo-’ 
mol/L) plus phosphoramidon (10m5 mol/L) for 20 min- 
utes. Then EFS (1 to 50 Hz) was applied, and a second 
frequency-response curve was obtained. 

Effect of NPY on dose-response curves 
to acetylcholine 

To determine whether the effects of NPY were 
mediated by postsynaptic mechanisms, we assessed the 
effects of NPY (3 x lo-’ mol/L) on the response to 
acetylcholine (lo-’ mol/L to 10e3 mol/L). After the first 
dose-response curve to acetylcholine was obtained, the 
tissues were washed repeatedly and then incubated 
with NPY (3 x lo-’ mol/L) for 20 minutes. A second 
dose-response curve to acetylcholine was then ob- 
tained. 

Drugs 

The following agents were used: acetylcholine chlo- 
ride, a&opine sulfate, diphenhydramine, hexametho- 
nium bromide, indomethacin, propranolol, and tetro- 
dotoxin (Sigma, St. Louis, MO.); phentolamine mesylate 
(Ciba-Geigy, Takarazuka, Japan); and NPY and phos- 
phoramidon (Peptide Institute, Osaka, Japan). These 
agents were dissolved in distilled water and diluted with 
Krebs solution for each experiment. The molar concen- 
trations of agents described in this paper refer to the 
final bath concentrations. 

Data analysis 

Values are mean t SE; n indicates the number of 
bronchial preparations evaluated. The logarithm of 
frequency of EFS that produced 50% of maximal re- 
sponse was designated as the log(EF,,). Statistical 
analyses were performed by Student’s paired and un- 

paired t tests as appropriate. Ap value of less than 0.05 
was considered to be statistically significant. 

RESULTS 
Characteristics of response to EFS 

EFS evoked frequency-dependent rapid con- 
tractions at resting tension. Atropine (10m6 
mol/L,) and tetrodotoxin (10e6 mol/L) abolished 
contractile responses to EFS from 1 to 50 Hz. The 
ganglionic blocker hexamethonium (10m5 mol/L) 
had no significant effects (p > 0.5; n = 3). 

Dose-response effects of NPY on 
EFS-induced contractions at 5 Hz 

Concentrations of up to 10M6 mol/L of NPY 
had no significant effect on resting tension 
0) > 0.5; n = 5; Fig. 1). However, NPY inhibited 
contractile responses to EFS at 5 Hz in a dose- 
dependent manner (Figs. 1 and 2). Phosphorami- 
don (10e5 mol/L) significantly enhanced the in- 
hibitory effects of NPY at concentrations of 10m8 
mol/L to 1O-6 mol/L on EFS-induced contractions 
(Fig. 2). 

Effect of NPY on frequency-response curves 
for EFS 

NPY (3 x lo-’ mol/L) shifted the mean fre- 
quency-response curve for EFS to the right (Fig. 
3) and was associated with significant increases in 
the log(EF,,) values (Table I). Phosphoramidon 
(10d5 mol/L) had no independent effect on the 
EFS frequency-response curve (Fig. 4). However, 
phosphoramidon (lo-’ mol/L) enhanced the in- 
hibitory effect of NPY (3 x lo-’ mol/L) on the 
EFS frequency-response curve and shifted the 
mean frequency-response curve to the right (Fig. 
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FIG. 3. Effect of NPY (3 x 10m7 mol/L) on EFS frequency-response curve in presence (triangles) 
or absence (solid dots) of phosphoramidon (IO-’ mol/L) compared with control response curve 
(open dots). Results are expressed as percentage of initial control responses to EFS at 50 Hz. 
Values represent mean + SE of number of preparations given in parentheses. Bronchial seg- 
ments were obtained from six subjects. 

TABLE I. Effect of NPY and 

phosphoramidon on EFS 

frequency-response curve 

Log Wso) n 

Control 0.54 k 0.07 16 
NPY alone 0.79 * 0.09 10* 
NPY plus phosphoramidon 1.18 k 0.15 6t 

Values are means k SE and are expressed as mean log (EFsO) 
to EFS. 

*p i 0.05. 
tp < 0.001 versus control; p < 0.05 versus NPY alone. 

3), as the increased log(EF,,) values demonstrate 
(Table I). The inhibitory effect of NPY on the 
contractile response to EFS was more pro- 
nounced at low frequencies than at high frequen- 
cies (Fig. 4). 

Effect of NPY on dose-response curves 
for acetylcholine 

In contrast to the EFS-induced contractions, the 
response to doses of acetylcholine ranging from 10m8 to 
1O-3 mol/L was not affected by the addition of 3 x lo-’ 
mol/L of NPY (Fig. 5). Phosphoramidon (10m5 mol/L) 
had no effect on the response to acetylcholine (data not 
shown; p > 0.5; n = 4). 

DISCUSSION 

Our results demonstrated that NPY inhibited 
the EFS-induced contractions of human bronchi 
via presynaptic mechanisms and that these inhib- 
itory effects were modulated by endogenous NEP. 

The issue of whether the human airway smooth 
muscle is innervated by sympathetic fibers is still 
being debated. Some studies have demonstrated a 

minimal adrenergic innveration,26 whereas others 
have denied its presence.27 Therefore sympathetic 
nerve activity is believed not to play a major role 
in the human airway. However, immunohis- 
tochemical studies have identified the presence of 
nerve fibers containing immunoreactive NPY in 
bronchial smooth muscle layers in animals11s I2 
and in humans.13T l4 NPY has also been detected 
in the blood,28 which suggests that it may reach 
nerve endings from the bloodstream. NPY may 
therefore play a role in regulating bronchomotor 
tone. 

Several experiments have shown that EFS in- 
duces rapid cholinergic contractions followed by 
nonadrenergic-noncholinergic relaxations in hu- 
man airways.29 We observed cholinergic contrac- 
tions in all bronchial samples, but nonadrenergic- 
noncholinergic relaxations were either absent or 
very mild at the resting tension. As shown in 
previous studies,29 initial contraction can be 
blocked by atropine or tetrodotoxin, which con- 
firms that these contractions are mediated via 
acetylcholine released from postganglionic cholin- 
ergic nerve endings. 

Several studies have shown that NPY sup- 
pressed not only cholinergic neurotransmission 
but also neurotransmission in nonadrenergic-non- 
cholinergic excitatory nerve in the guinea pig 
airway.6-‘o Our study demonstrated that NPY had 
no effect in human bronchi on basal tension, but 
that it inhibited the EFS-induced contractions 
dose-dependently. Our study also demonstrated 
that this inhibition was pronounced at low fre- 
quencies. NPY did not affect the contractions 
induced by exogenously applied acetylcholine. 
Therefore, the inhibitory effect of NPY was me- 
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FIG. 4. Inhibitory effect of NPY (3 x 10e7 mot/L) on frequency-response curve for EFS in the 
presence (triangles) and absence (circles) of phosphoramidon (10e5 mol/L) compared with 
response incubated with phosphoramidon alone (squares). Results are expressed as percentage 
of initial EFS response at each frequency before addition of NPY. Asterisks indicate p < 0.05 
versus NPY alone. 
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FIG. 5. Dose-response curve for acetylcholine before (open dots) and after (so/id dots) addition 
of NPY (3 x 10e7 mol/L). Results are expressed as percentage of initial maximal contractions 
induced by acetylcholine before addition of NPY. Values represent mean k SE in eight strips 
from four subjects. 

diated by a presynaptic mechanism, as demon- 
strated by previous experiments in guinea pig 
trachea.6s 7, lo Because the tissues were maintained 
in a medium that contained phentolamine and 
propranolol throughout the experiment, NPY- 
induced changes in sympathetic nerve activity 
were unlikely to be involved. 

Several proteases including NEP play impor- 
tant roles in regulating the effects of several 
neuropeptides in the human airway.‘s7 I93 3o Viral 
infection of the airway can reduce the activity of 
NEP and increase the bronchial response to ta- 
chykininszo~ ‘l NEP has also been shown to de- 

grade NPY in human nasal mucosa.24 Our study 
demonstrated that phosphoramidon enhanced the 
inhibitory effect of NPY on the EFS-induced 
contractions in the human bronchus, which sug- 
gests that endogenous NEP can degrade NPY, 
modulating its effect. This observation suggests 
that NPY may act strongly in the inflamed airways 
and maintain a balance of bronchomotor tone. 
However, phosphoramidon alone had no effect on 
EFS-induced contractions, which indicates that 
endogenous neuropeptides, including NPY, did 
not play a major role. 

It is known that NEP can be inactivated by 
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cigarette smoking.31 Most of the tissues in this 
study were obtained from patients with a history 
of smoking. If cigarette smoking had reduced the 
NEP activity in these tissues, we may have under- 
estimated the role of endogenous NEP. Results 
may also differ in patients with asthma; no sam- 
ples from patients with asthma were included in 
this study. 

In conclusion, we demonstrated that NPY in- 
hibited the parasympathetic response in human 
bronchial segments and that this effect was regu- 
lated by endogenous NEP. Thus NPY, as well as 
vasoactive intestinal polypeptides, may exert an 
important role in braking the effect of tachykinins 
on the human airway. 

We thank Miss T. Nakane for preparation of the 
manuscript. 
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