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1 In some asthmatics, muscarinic receptor antagonists are e�ective in limiting bronchoconstrictor
response, suggesting an abnormal cholinergic drive in these subjects. There is a growing body of
evidences indicating that cholinergic neurotransmission is also enhanced by endothelin-1 (ET-1) in
rabbit bronchi, mouse trachea and in human isolated airway preparations.

2 We investigated the role of secondary mediators in ET-1 induced potentiation of cholinergic
nerve-mediated contraction in human bronchi, in particular the possible role of neuropeptides in this
phenomenon.

3 Bronchial tissues after endothelin treatment were exposed to a standard electrical ®eld
stimulation (EFS) (30% of EFS 30Hz)-induced contraction. In addition, in some experiments,
preparations were treated with a tachykinin NK2 receptor antagonist and subsequently exposed to
the same protocol. HPLC and RIA were performed on organ bath ¯uid samples. Moreover, the
human bronchi were used for the b-PPT (preprotachykinin) mRNA extraction and semiquantitative
reverse transcription polymerase chain reaction (RT±PCR), prior to and 30 ± 40 min following ET-1
challenge.

4 The selective tachykinin NK2 receptor antagonist, SR48968, was e�ective to reduce ET-1
potentiation of EFS mediated contraction. HPLC or RIA showed signi®cant increased quantities of
NKA in organ bath e�uents after EFS stimulation in bronchi pretreated with ET-1. Finally, b-PPT
mRNA level after stimulation of bronchi with ET-1 was increased about 2 fold respect to control
untreated bronchi.

5 In conclusion, this study demonstrated that, at least in part, the ET-1 potentiation of cholinergic
nerve-mediated contraction is mediated by tachykinin release, suggesting that in addition to nerves,
several type of cells, such as airway smooth muscle cell, may participate to neuropeptide production.
British Journal of Pharmacology (2001) 134, 1447 ± 1454

Keywords: Endothelin-1; cholinergic transmission; tachykinin synthesis; human bronchi

Abbreviations: ACh, acetylcholine; Cmax, maximally e�ective concentration; EFS, electrical ®eld stimulation; EFSst, standard
electrical ®eld stimulation; ET-1, endothelin-1; HPRT, Hypoxanthine phosphoribosyltransferase; KBS, Krebs
bicarbonate solution; NKA, Neurokinin A; NKB, Neurokinin B; PPT, preprotachykinin; RT ±PCR,
semiquantitative reverse transcription polymerase chain reaction; SP, Substance P; TFA, tri¯uoroacetic acid

Introduction

Airway in¯ammation and alterations in the neuronal
function, central features of the pathogenesis of asthma

(Hogg, 1988; Beasley et al., 1989; Barnes, 1996), are involved
in the pathophysiology of airway hyper-responsiveness
(Holzer, 1988). Human airways are innervated by e�erent

and a�erent autonomic nerves which regulate many aspects of
airway function (Barnes, 1986a, b; Richardson, 1982). Vagal
cholinergic nerves innervate airway smooth muscle in many

mammalian species and airway regions, and play a pre-
dominant role in the control of airways tone. Stimulation of
these nerves leads to the release of acetylcholine (ACh) from
postganglionic cholinergic nerves which, via activation of M3

cholinoceptors, induces airway smooth muscle contraction

(Henry et al., 1996). The release of ACh can be modulated by
many endogenous substances. Indeed, various autacoids and

in¯ammatory mediators including 5-hydroxytryptamine (Van
Oosterhout et al., 1991), thromboxane A2 (Serio & Daniel,
1988) and neuropeptides (Chung et al., 1985; Tanaka &

Grunstein, 1986) can enhance cholinergic nerve-mediated
contractions, purportedly via a mechanism involving the
increased release of ACh. In particular endogenous tachykinin

release from a�erent sensory nerves may normally facilitate
cholinergic neurotransmission; in fact a capsaicin pretreat-
ment which depletes sensory nerves of tachykinins, results in a
signi®cant reduction in cholinergic response both in vitro and

in vivo in guinea-pig airways (Stretton et al., 1992). Moreover,
capsaicin at a sub-threshold concentration, acutely releases
tachykinins which enhance cholinergic neurotransmission in

guinea-pig trachea in vitro (Aizawa et al., 1990).
In some asthmatics, muscarinic cholinoceptor antagonists

such as ipratropium bromide and atropine produce bronch-
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odilation (Ward et al., 1981) and are e�ective in limiting
bronchoconstrictor response to cold-dry air (Sheppard et al.,
1982), suggesting an abnormal cholinergic drive in some

asthmatic subjects.
There is a growing body of evidence indicating that

cholinergic neurotransmission is also enhanced by endothe-
lin-1 (ET-1) in rabbit bronchi (McKay et al., 1993;

Yoneyama et al., 1995), mouse trachea (Henry & Goldie,
1995) and in human isolated airway preparations (Fernandes
et al., 1996). Although the precise mechanisms underlying

agonist-induced modulation of ACh release are not well
understood, these processes appear to have an important role
for the neurogenic control of airway smooth muscle tone

(Barnes, 1992). Therefore, the aim of this study was to
examine further the role of secondary mediators in ET-1
induced potentiation of cholinergic nerve-mediated contrac-

tion in human bronchi, in particular the possible role of
neuropeptides in this phenomenon. We have studied the
e�ects of the tachykinin NK2 receptor antagonist, SR 48968,
on this phenomenon. We have also studied the e�ect of ET-1

on the synthesis and release of tachykinins.

Methods

Functional studies

Bronchial tissues were obtained immediately after surgery
from 24 patients (10 females of 57+5 years and 14 males

62+4 years of age) undergoing lobectomies for respiratory
tract tumour at the Second University Hospital of Naples, at
the Ascalesi and Monaldi Hospitals of Naples. The study was
approved by the local Ethic Committee, all patients were

properly informed of the nature of the study and written
informed consent was obtained. Bronchial rings (approx. 2 ±
7 mm i.d.65 ± 6 mm wide) were mounted in Krebs bicarbo-

nate solution (KBS) continuously aerated with 95% O2 and
5% CO2 and maintained at 378C, on two L-shaped metal
prongs (0.2 mm in diameter), one of which was connected to

an isometric force transducer (Narco F-60 Austin, Texas
U.S.A.) linked to a Linseis physiograph (Bioblock, Illkirch,
France) for continuous recording of the change in tension.
The rings were set up for tension measurement under a 1 g

load and then were equilibrated for 90 min, with changes in
KBS every 10 min. In order to assess tissue responsiveness,
carbachol 10 mM was added to the organ baths, upon

reaching a contraction plateau, preparations were repeatedly
washed and rested for a further 20 min.
The cyclo-oxygenase inhibitor, indomethacin 3 mM to

abolish prostanoid synthesis, propranolol 1 mM to abolish
beta-adrenergic e�ects, No-nitro-L-arginine methyl ester
100 mM to abolish neuronal nitric oxide-mediated relaxation

and, to abolish the intrinsic tone, a leukotriene receptor
antagonist, LY 171883 10 mM and (except for histamine dose
response curve) an H1 receptor antagonist, mepyramine 1 mM
(Ellis & Undem, 1994) were present in the KBS during all

studies.
A frequency-response curve was then constructed for each

preparation (70 V, 0.5 ms, 10 s train; 0.3, 1, 3, 10 and 30 Hz

at 2 min intervals). Contractile responses to electrical ®eld
stimulation (EFS) are expressed as a percentage of the
response obtained to a maximally e�ective concentration of

acetylcholine (ACh 1 mM, 100% Cmax) added to the bath at
the beginning of the experiment. EFS was delivered by a
Grass S44 stimulator connected to a stimulus isolation unit

(SIU5, Grass Instruments, Quincy, MA, U.S.A.) and an
automated timing device. Stimuli were applied across the
bronchial ring preparation by means of two parallel platinum
electrodes.

The contractile response of four bronchial rings were
examined concurrently. One segment was used as a time
control and the remaining three as test preparations.

To evaluate the role of cholinergic nerves in the contractile
response to EFS (frequency-response curve, 0.3 ± 30 Hz), we
investigated the e�ects of the muscarinic receptor antagonist,

atropine 0.1 mM, the neurotoxin, tetrodotoxin 10 mM and the
ganglion blocker, hexamethonium 10 mM. The in¯uence of
these agents on contractile response to cumulatively applied

acetylcholine (10 nM ± 0.3 mM at 0.5 log concentration
increments) was also tested.

Experimental protocol

Each of the three test preparations was exposed to two
concentrations (0.1 and 1 nM) of endothelin-1 or [b Ala8]

NKA 4-10, a tachykinin NK2 receptor agonist (3 and 30 nM)
or histamine (0.1 and 1 mM). When the endothelin-1, [b Ala8]
NKA 4-10 or histamine-induced contraction reached a

plateau (about 30 ± 40 min), a standard EFS (EFSst) was
performed every 3 min. EFSst was de®ned as the frequency
(0.5 ± 1 Hz) that produced a response of 30% of the

contraction observed for EFS 30 Hz.
In addition, in some experiments, preparations were

exposed for 30 min to a tachykinin NK2 receptor antagonist,
SR 48968 (0.01 ± 1 mM) and subsequently exposed to a

standard EFS or to a dose response curve of Ach or ET-1.
The e�ects of two di�erent concentrations of ET-1 (0.1 and
1 nM) on Ach dose response curve were also evaluated. In the

time-control preparations, the bronchial rings were exposed
only to EFSst. Responses were expressed as per cent of EFS
30 Hz. Samples of organ bath ¯uid (10 ml) were collected for

the extraction and characterization of tachykinins in reverse
phase HPLC. Release of tachykinins were determined just
before, 30 and 40 min after the addition of ET-1. Basal
release of tachykinins, expressed as pg ml71 of organ bath

¯uid, was de®ned as the release of tachykinins during 10 min
before the contractile challenge. All the samples were stored
at 7808C until assayed.

In a separate set of experiments, the human bronchi were
used for the RNA extraction and semiquantitative reverse
transcription polymerase chain reaction (RT ±PCR), prior to

and 30 ± 40 min after ET-1 challenge.

Extraction and assay

C18 Sep-pak cartridges (Waters Associates) were used to
extract peptides from organ bath ¯uid. Organ bath ¯uid
(10 ml) was passed four times through the cartridge to bind

peptides to the hydrated gel in the cartridge. The peptides
were eluted using 0.1% v v71 tri¯uoroacetic acid (TFA) in
acetonitrile and the eluent allowed to evaporate to dryness at

room temperature. The samples were then reconstituted in
assay bu�er (40 mM sodium phosphate pH 7.4 with 2%
horse serum) and subjected to each assay in serial dilution.
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To examine peptide recovery, known concentrations of
synthetic peptides were added to organ bath samples and
extracted and assayed as above.

Reverse phase HPLC

After sep-pak extraction, organ bath samples were recon-

stituted in 0.1% TFA in water and added to a micro-
Bondapak C-18 reverse phase column (Waters Associates).
The column was eluted with a gradient from TFA/water

(0.1 : 99.9) to TFA/water/acetonitrile (0.1 : 89.9 : 10) in 3 min
and then to TFA/water/acetonitrile (0.1 : 54.9 : 45) over the
next 45 minutes at a ¯ow rate of 1.5 ml min71. Fractions

were collected each minute, lyophilized using a Univap
evaporator attached to a refrigerated solvent trap (Uni-
scences) and a vacuum pump (Speed Vac Savant), recon-

stituted in assay bu�er, and assayed by RIA. The gradient
employed had previously been found to resolve synthetic SP,
NKA and NKB (Shaw et al., 1989).

Neuropeptide assays

Substance P (SP)-like immunoreactivity was measured using

an anti-serum (SP-152) highly speci®c for the whole molecule
(Maule et al., 1989) which was raised in rabbit to synthetic
human SP. It shows no signi®cant cross reactivity with

neurokinin A (NKA) and neurokinin B (NKB). NKA-like
immunoreactivity was measured using a C-terminal speci®c
anti-serum (SK-570) which was raised in rabbit to synthetic

human NKA. It cross reacts fully with NKB, but less than
0.1% with SP. Using monoiodinated, reverse phase HPLC
puri®ed tracers the SP assay can detect 0.5 pg per assay tube
and NKA assay 2 pg per assay tube (Maule et al., 1989). All

assays were performed in duplicate and samples were counted
in a b-scintillation counter (Packard, U.S.A.). Analysis of
results was performed using the Securia 1 (Packard, U.S.A.)

computer programme and ®nally expressed as pg61000
neuropeptide ml71 of organ bath ¯uid.

RNA extraction and semiquantitative (RT ±PCR)

The total RNA was extracted after each human bronchus,
then was disrupted in liquid nitrogen and homogenized with

a TRI reagent (Molecular Research Center, Inc., Cincinnati,
OH, U.S.A.) according to the manufacturer's protocol. The
RNA was treated with 5 u of DNase I (Rnase A free)

(Amersham Pharmacia Biotech, U.K.) at 378C for 30 min.
Primers used to amplify the PPT (preprotachykinin)-I

mRNAs corresponded to b-PPT. Total RNA (2.0 mg) isolated
from human bronchus, was reverse transcribed with random
examers as primer and 10 units Avian Myeloblastosis Virus
(AMV) reverse transcriptase (Promega Corporation, Madison,

WI, U.S.A.) at 428C for 60 min. The cDNAwas subjected to 33
cycles of ampli®cation with 1.25 units Taq-DNA polymerase
(Promega Corporation, Madison, WI, U.S.A.) in 10 mM Tris
HCl (pH 9.0), 50 mM KCl, 0.1% Triton, 1.5 mM MgCl2,

200 mM dNTP, and 0.3 mM each of the 5'- and 3'-primers. Each
cycle consisted of denaturation at 948C for 1 min, annealing at
538C for 1 min, and extension at 728C for 1 min.

Sequences for the human HPRT (Hypoxanthine phosphor-
ibosyltransferase) and PPT human mRNAs from GeneBank
(DNASTAR Inc., Madison, WI, U.S.A.) were used to design

primer pairs for RT ±PCR experiments (OLIGO 4.05 soft-
ware, National Biosciences Inc., Plymouth, MN, U.S.A.).
Primers were 20/22 nucleotides long and contained 50 ± 60%

G/C. Appropriate regions of the HPRT cDNA were
ampli®ed as controls.
Each RT±PCR experiment was repeated at least three

times. Ampli®cation products were electrophoresed on 2%

agarose gel in 16TAE. A semiquantitative analysis of
mRNA levels was carried out using the software associated
with the GEL DOC 1000 u.v. Fluorescent Gel Documenta-

tion System (BioRad Company, Hercules, CA, U.S.A.).

Drugs

The drugs and the chemicals used were: endothelin-1
(Novabiochem, Laufel®ngen, Switzerland); acetylcholine

HCl, atropine HCl, tetrodotoxin, hexamethonium, indo-
methacin, propranolol HCl, carbachol HCl, N-nitro-L-
arginine methyl-ester, LY 171883 {5-(4-[4-Acetyl-3-hydroxy-
2-propylphenoxy]butyl)-1H-tetrazole}, mepyramine HCl, his-

tamine HCl, [b Ala8] Neurokinin A (4-10), (Sigma Aldrich,
Milan, Italy); SR 48968 {(S)-N-methyl-N-[4-acetyl-amino-4-
phenilpiperidino-2-(3,4-dichlorophenyl)-butyl]-benzamide}

(Sano® Recherche, Montpellier, France).

Data analysis

In time control preparations, there were no apparent
di�erence in the e�ect of time on EFS-induced cholinergic

contractile responses, therefore data obtained from all time
control experiments were pooled and used in comparisons
with treatment groups. The time-related changes in EFS
responses were subtracted to ET-1 related changes in EFS-

response at each time-point. ET-1 induced changes were
expressed as means+s.e.mean.
Di�erences between EFS treatment groups were assessed

by analysis of variance, paired t-test was used for the EFS
responses before and after ET-1 treatment.
For HPLC results, comparisons were made using non-

parametric methods throughout. The Kruskal ±Wallis of
variance was used to examine for signi®cant intergroup
di�erences and, if signi®cant, the Mann ±Whitney U test was
used for between group comparison.

Results

EFS-induced contractions in human bronchus

Electrical ®eld stimulation (EFS; 70 V, 0.5 ms duration, 10 s
train, 0.3 ± 30 Hz) induced frequency-dependent contractions
of human bronchial rings (Figure 1) which were prevented by

prior incubation either with the muscarinic receptor antago-
nist atropine (0.1 mM) or with the neural sodium channel
blocker, tetrodotoxin (10 mM) but not by the ganglion
blocker, hexamethonium (10 mM) (data not shown). Addi-

tionally, responses to exogenously applied ACh were
inhibited by atropine, but were una�ected by hexamethonium
and tetrodotoxin (data not shown). EFS-induced contractions

obtained at 0.5 ± 1 Hz (standard EFS-induced contraction
EFSst) were 28+5% of the response to stimulation at 30 Hz
(EFSst=1265+115 mg; n=8).
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Modulation of EFS-induced contractions

ET-1 1 nM induced a transient contraction that peaked

within 5 ± 8 min (19+2% Cmax), but which decreased towards
baseline levels of tone over about 30 min period; ET-1 0.1 nM
showed no signi®cant contractile e�ect (data not shown).
Both ET-1 0.1 and 1 nM increased the EFSst-induced

contractions [40+4% of EFS30 (n=8, P50.05); 56+2.5%
of EFS30 (n=8, P50.01), vs control 28+5% of EFS30
respectively] (Figure 2).

[b Ala8] NKA 4-10 (30 nM) induced a small contraction
(16+3% Cmax); [b Ala8] NKA 4-10 (3 nM) showed no
signi®cant contractile e�ect (data not shown). Both concen-

trations of [b Ala8] NKA 4-10 (3 and 30 nM) increased the
EFSst-induced contractions [37+1.73% of EFS30 (n=8,
P50.05); 51+2.5% of EFS30 (n=8, P50.01) respectively]

(Figure 2). The latter was unchanged by a previous
exposition to histamine (0.1 and 1 mM) (Figure 2) that only
at 1 mM induced a transient contraction (22+3% Cmax) (data
not shown).

Endothelin-1 effect on exogenously applied Ach

The response of human isolated bronchi to exogenously

applied ACh was also assessed in the presence and in absence
of 0.1 or 1 nM ET-1. Cumulative concentration-e�ect curves
to ACh were unchanged in the presence of 0.1 or 1 nM ET-1
(Figure 3).

Maximal contraction was also unmodi®ed by ET-1 (ACh
control: 3.1+0.3 g, n=5; ACh after ET-1 0.1 nM 2.9+0.4 g,
n=5; ACh after ET-1 1 nM 3.0+0.3 g, n=5).

Inhibition of ET-1 effects by SR 48968

In presence of SR 48968 (0.1 mM), a tachykinin NK2 receptor
antagonist, the ET-1 1 nM potentation of the EFSst-induced
contractions, was attenuated from 56+2.5% of EFSst to

38+4% of EFSst (n=8; P50.05) (Figure 4).
The highest dose (1 mM) of the NK2 receptor antagonist

did not enhance the inhibitory e�ect of SR 48968 (0.1 mM) on
ET-1 potentation of the EFSst-induced contractions (Figure

4), while the lowest dose (0.01 mM) did not show signi®cant
e�ects (Figure 4).

SR 48968 (0.1 mM) had no e�ect on both ACh and ET-1

concentration response curves and on EFS alone (Figure 5).

Reverse phase HPLC for tachykinins

SP, NKA and NKB immunoreactive peptides were resolved
in reverse phase chromatographic fractions using organ bath

¯uid specimens (10 ml). Figure 6 shows the retention times
for synthetic human tachykinin peptides previously calibrated
using Shaw et al., (1989) system.

Radioimmunoassay quantitation of NKA and SP

The concentrations of NKA and SP in the di�erent samples

are expressed as pg61000/ml of organ bath ¯uid and are

Figure 1 Means EFS frequency-response curves in human isolated
bronchial rings. Data are expressed as percentage of the response to a
maximally e�ective concentration of carbachol (10 mM, 100% Cmax).
Values are means+s.e.mean of eight preparations.

Figure 2 E�ect of endothelin-1 (ET-1 0.1 and 1 nM), [bAla8] NKA
4-10 (3 and 30 nM) and histamine (0.1 and 1 mM) on EFS standard
induced contraction (a stimulus frequency that induced a 30% of
contraction induced by an EFS on 30 Hz) in human isolated
bronchial rings. Values are per cent of contraction induced by an
EFS of 30 Hz. *P50.05, **P50.01 compared to control values.
Data are expressed as the means+s.e.mean from eight preparations.

Figure 3 Cumulative concentration-response curves to acetylcholine
(ACh) in human isolated bronchial preparations, obtained in the
absence and presence of 0.1 nM ET-1 or 1 nM ET-1. Data are
expressed as the means+s.e.mean of response from ®ve preparations.
Response are shown as a percentage of the response to a maximally
e�ective concentration of carbachol (10 mM, 100% Cmax).
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shown in Figures 7A,B. Signi®cantly highest concentrations
were found in all bronchial preparations treated with ET-1.

Reverse transcription (RT)-polymerase chain reaction
(PCR)

PPT mRNA level 40 min after stimulation of bronchi with

ET-1 (1 nM) was increased about 2 fold respect to control
untreated bronchi (Figures 8 and 9), while PPT mRNA level
30 min after ET-1 (1 nM) treatment, was not signi®cantly

di�erent from control untreated bronchi (Figures 8 and 9).
The mRNA levels were measured by a GELDOC instrument
and normalized with respect to HPRT mRNA, which was

chosen as the RT±PCR control.

Discussion

The ®rst report that suggest a neuromodulatory role of
endothelin-1 in the peripheral nervous system is the paper of

Henry & Goldie (1995) where in mouse trachea, ET-1 was
found to evoke the release of ACh in a concentration
dependent manner. More recently, it has been suggested that

ET-1 may play an important role in modulating cholinergic
neurotransmission in human airway smooth muscle on the
basis of functional studies (Fernandes et al., 1996; 1999). The

present results demonstrate that ET-1 can produce an
enhancement of contractile responses evoked by EFS of
human bronchi in vitro, con®rming the latter study. This

e�ect was observed with low concentrations of ET-1 (0.1 and
1 nM) which induced only a slight contraction. Under similar
conditions and for concentrations which induced a similar
level of contraction, histamine was unable to increase the

EFS responses. This shows that the e�ect of ET-1 is not
related to the contraction itself. Moreover, this e�ect was
speci®c for EFS-induced contractions, since ET-1 did not

modify exogenous Ach concentration-response curves. In
order to evaluate the role of tachykinins in the e�ect of ET-1,
we performed experiments with SR 48968, a selective

tachykinin NK2 receptor antagonists (Emonds-Alt et al.,
1992) on ET-1 evoked potentiation of cholinergic nerve-

Figure 4 E�ect of endothelin-1 (ET-1; 1 nM) on EFS standard
induced contraction (a stimulus frequency that induced a 30% of
contraction induced by an EFS of 30 Hz) prior to and 30 min after
pretreatment with tachykinin NK2 receptor antagonist (SR 48968:
0.01 ± 1 mM). Values are per cent of contraction induced by an EFS of
30 Hz. *P50.05, **P50.01. Data are expressed as the means
+s.e.mean from eight preparations.

Figure 5 E�ect of SR 48968 (0.1 mM) pre-treatment on acetylcholine
(ACh; A), endothelin-1 (ET-1; B), and EFS (C) induced bronchial
smooth muscle contraction. Data are expressed as per cent of the
response to a maximally e�ective concentration of carbachol (10 mM;
100% Cmax). Values are the means+s.e.mean from eight prepara-
tions.

Figure 6 Reverse phase HPLC chromatogram showing retention
times for synthetic neurokinin A (NKA), neurokinin B (NKB), and
substance P (SP). (- - - - -) gradient of elution.
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mediated contraction of the human isolated bronchus. We

showed that SR 48968 was e�ective to reducing ET-1
potentiation e�ect suggesting that tachykinin activation may
be important in this phenomenon. Under our experimental
conditions, SR 48968 was unable to modify (1) the ACh and

ET-1 concentration-response curves and (2) the EFS-induced
contractions without ET-1 pretreatment. These results
demonstrate that the e�ect of SR 48968 is restricted to the

enhancement of EFS response by ET-1.
The role of tachykinin and the involvement of tachykinin

NK2 receptors were further con®rmed by the ability of [b
Ala8] NKA 4-10, a tachykinin NK2 receptor agonist (Regoli
et al., 1994), to increase the EFS response in a similar manner
to ET-1.

Previous data from this laboratory (D'Agostino et al.,
1998) have demonstrated that ET-1, acting via a tachykinin
release, was able to evoke an airway hyperresponsiveness to
inhaled histamine in the rabbit. Moreover, other papers in

the literature documented that some ET-1 actions are
mediated in part, through release of secondary mediators.
In fact, PAF and TXA2 have been implicated in ET-1 -

induced mobilization of intracellular Ca2+ in cultured
vascular smooth muscle cells (Takayasu et al., 1989; Filep
et al., 1991; Battistini et al., 1994).

In the current experiments and to con®rm results of
functional studies, we have ®rst studied the e�ect of ET-1
on the synthesis of tachykinin and we have determined the

production of the mRNA of b-PPT. Indeed, mammalian
tachykinin peptides are the products of two distinct genes:
the SP/NKA gene, also called preprotachykinin (PPT) gene
I and the NKB gene (PPT gene II). (Carter & Krause, 1990;

Nawa et al., 1984; Kotani et al., 1986) The neuropeptides
SP and NKA, are encoded by mRNAs resulting from SP/
NKA gene transcription (Nawa et al., 1983; Krause et al.,

1986). Using primers corresponding to sequences that span
a region of b-PPT mRNA in agreement with the method
used by other authors for RNA extraction from carotid

arteries (Forte et al., 2001), we demonstrated that b-PPT
mRNA level after stimulation of bronchi with ET-1 was
increased about 2 fold in respect to control untreated

bronchi. We have then shown, using HPLC and RIA after
sep-pak, that ET-1 was able to induce the generation of
signi®cant quantities of neurokinins that acting via TK
receptors, appeared to amplify the ET-1 induced potentia-

tion of EFS-induced contractions. The predominant tachy-
kinin retrieved in organ bath e�uents was NKA, which was
present in signi®cant quantities in respect to SP. All

bronchial preparations released detectable amounts of
neurokinins at rest which were increased after stimulation
with ET-1.

Figure 8 mRNA expression levels of PPT gene in untreated bronchi
and in bronchi stimulated for 30 and 40 min with ET-1 respectively.
The mRNA levels were measured by GELDOC instrument and
normalized with respect to HPRT mRNA, which was chosen as the
RT±PCR control. Each value is the mean of at least three di�erent
experiments.

Figure 9 Agarose gel electrophoresis analysis of RT±PCR products
of b-PPT and HPRT mRNAs in untreated bronchi and in bronchi
stimulated for 30 and 40 min with ET-1 respectively.Figure 7 SP (A) and NKA (B) concentrations in organ bath ¯uid

prior to and 40 min after ET-1 treatment. *P50.05 compared with
pretreatment; **P50.01 compared with pre-treatment. Data are
expressed as the means+s.e.mean from eight preparations.
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The fact, that there are signi®cant quantities of NKA in
organ bath e�uents raises an important issue: what is the
exact source of tachykinins? In fact, such large quantities are

unlikely to be derived solely from neural store, as previously
thought, and may be derived from another cellular source.
Pro- and anti-in¯ammatory mediators are now being

isolated from cells that were not previously thought to play

a part in the regulation of in¯ammation. For example, over the
past decade, the respiratory ephithelium has been shown as an
important source of both pro- and anti-in¯ammatory factors,

in addition to its physical protective function (Thompson et
al., 1995; Raeburn & Webber, 1994; Churchill et al., 1989).
Airway smooth muscle has traditionally been thought of as

a passive player in airway in¯ammation, responding only to
the release of bronchoconstrictor mediators from other
neighbouring cells by contraction, leading to narrowing of

the airways and airways obstruction (Stephens et al., 1998).
Recently, an increasing number of studies, derived mainly
from isolated airway smooth muscle cells in culture, indicate
that the airway smooth muscle can also exhibit a synthetic

potential with the elaboration of in¯ammatory mediators (see
review of Chung, 2000). In vitro airway smooth muscle cells
have been shown to express immunoglobulin receptors

(Hakonarson & Grunstein, 1988), HLA-DR (Lazaar et al.,
1997), vascular cell adhesion molecule 1 (VCAM-1), inter-
cellular adhesion molecule 1 (ICAM-1) (Lazaar et al., 1994),

cytokines including RANTES (John et al., 1997; Hallsworth

et al., 2001), IL-1 (Hakonarson et al., 1997), IL-6 (Elias et al.,
1997), IL-8 (Hallsworth et al., 2001), eotaxin (Gha�ar et al.,
1999; Hallsworth et al., 2001), and nerve growth factor (NGF)

(Olgart et al., 1999). Our observation suggest that ET-1 might
also be able to induce in ASM the synthesis and release of
tachykinins such as NKA and to a lesser degree, SP.
In conclusion, these results support recent studies which

demonstrate that ET-1 potentiated cholinergic nerve-
mediated contraction in human bronchi; however, our data
further demonstrated that, at least in part, the ET-1

potentiation of cholinergic nerve-induced contraction is
mediated by tachykinin release. Moreover, these data
contribute to the growing body of evidence suggesting that

in addition to nerves and human in¯ammatory cells
(macrophages (Germonpre et al., 1999) and T- and B-cells
(Braun et al., 1999)), airway smooth muscle cells might be

able to synthesize and release tachykinins under in¯amma-
tory conditions. However, further experiments are needed to
establish in human bronchi the exact source of the
neuropeptides.
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