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Effect of infused vasoactive intestinal peptide on
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ABSTRACT Vasoactive intestinal peptide, one of the putative neurotransmitters of non-adrenergic
inhibitory nerves in human airways, is a potent relaxant of human airways in vitro. Previous in vivo
studies of infused vasoactive intestinal peptide in asthmatic subjects have shown only a small
bronchodilator effect, which may have been secondary to the cardiovascular effects of the peptide.
The effect on airway function of infused vasoactive intestinal peptide was studied in normal sub-
jects, who readily develop bronchodilatation in response to a agonist. Separate experiments were
designed to assess whether there is any synergy between this peptide and the agonist isoprenaline.
Incremental doses of 1, 3, and 6 pmol/kg/min of vasoactive intestinal peptide were infused for 15
minutes. At 6 pmol/kg/min it caused a mean fall in systolic blood pressure from 108 to 88mm Hg
and a rise in heart rate from 71 to 95 beats/min. There was no significant change in specific airways
conductance (sGaw) at any dose of vasoactive intestinal peptide. No significant changes were found
with placebo. Isoprenaline (400 jg) given by inhalation at the end of the infusion produced a mean
increase in sGaw of 50%. Infused peptide caused no significant change in the cumulative dose-
response curve for inhaled isoprenaline. The lack of effect of vasoactive intestinal peptide on airway
responses in vivo may be due to rapid enzymatic breakdown of the peptide or to the fact that dosage
has to be limited by the cardiovascular effects.

Non-adrenergic inhibitory nerves have been
described in the airways of several species, including
man.' As histological and functional studies have
shown no evidence for direct sympathetic innervation
of human airway smooth muscle,2-6 non-adrenergic
nerves are the only known inhibitory neural mech-
anism and may therefore be particularly important in
man. Although the neurotransmitter in this sytem is
not yet known, the most likely candidate is vasoactive
intestinal peptide, a 28 amino acid polypeptide that is
localised to nerves in human airways.`0 Although
in vitro it is a potent relaxant of human bronchial
smooth muscle,"1 in vivo studies of the peptide have
shown equivocal results. Inhaled vasoactive intestinal
peptide has no effect on resting airway calibre in asth-
matic subjects, who readily develop bron-
chodilatation in response to an inhaled 1 agonist, and
it shows only minor protection against histamine
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induced bronchoconstriction.' One study of infused
vasoactive intestinal peptide in asthmatic subjects has
shown a small bronchodilator effect,'3 which may
have been secondary to the cardiovascular effects of
the infused peptide.'4
We have now studied the effects of infused vaso-

active intestinal peptide in normal subjects, who all
developed bronchodilatation in response to an
inhaled ,B agonist in preliminary studies. There is in
vitro evidence in some tissues that vasoactive intes-
tinal peptide and sympathomimetics may be syn-
ergistic."5 We have assessed this in separate experi-
ments by studying the effect of the infused peptide on
the dose-response curve obtained for inhaled iso-
prenaline from the same subjects.

Methods

SUBJECTS
We studied six non-asthmatic, non-smoking male vol-
unteers (two of whom were atopic), with a mean age
of 31 years (range 27-37). All had shown a rise in
specific airways conductance (sGaw) of at least 30%
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after inhaled isoprenaline (400 pg) in a pilot study.
Subjects attended the laboratory on two separate
occasions, at the same time of day, and did not take
any beverages containing xanthines for at least 12
hours before the study. The protocol was approved
by the hospital ethics committee and all subjects gave
informed consent.

EXPERIMENTAL PROTOCOL
Changes in airway calibre were recorded by measure-
ment of sGaw in a computerised, constant volume
body plethysmograph.16 Subjects panted at a fre-
quency of about 2 Hz. Before the start of the infusion
subjects rested for 15 minutes, during which time a
venous cannula (Butterfly 19G, Abbot Laboratories)
was inserted into both forearms, one for sampling for
determination of vasoactive intestinal peptide con-
centration in plasma and one for infusion of the pep-
tide. At the end of this period baseline measurements
of sGaw (mean of six measurements), radial pulse
rate, blood pressure, and plasma vasoactive intestinal
peptide were made. Subjects then received either syn-
thetic vasoactive intestinal peptide (Bachem, Tor-
rance, California), or vehicle (Haemaccel, Hoechst,
Middlesex) in a double blind randomised fashion.
Incremental doses of 1, 3, and 6 pmol/kg/min were
infused for 15 minutes each. At the end of each
infusion period sGaw, heart rate, blood pressure, and
plasma vasoactive intestinal peptide were measured.
The infusion was continued in the body plethysmo-
graph while measurements of sGaw were made. Val-
ues for blood pressure and heart rate are expressed as
the mean of three measurements, heart rate having
been measured for one minute on each occasion. On
completion of the infusion isoprenaline 400 pg was
given by metered dose inhaler and sGaw was mea-
sured after five minutes.

In a separate experiment four subjects received
either vehicle or vasoactive intestinal peptide
6 pmol/kg/min for 10 minutes before and then during
an isoprenaline dose-response study, in which cumu-
lative doses of 10, 35, 60, 110, and 410Og were given
by metered dose aerosol. sGaw was measured five
minutes after each dose of isoprenaline.

VASOACTIVE INTESTINAL PEPTIDE ASSAY
Plasma vasoactive intestinal peptide was collected in
lithium heparin tubes containing 200,u1 of aprotinin
(Bayer) to prevent enzymatic breakdown of vaso-
active intestinal peptide. Samples were placed
immediately in ice and spun within five minutes, the
plasma being stored at - 20°C for subsequent anal-
ysis. The assay of plasma vasoactive intestinal peptide
concentrations was performed by radio-
immunoassay. 17 Natural porcine vasoactive intes-
tinal peptide was used as a standard. The assay was
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able to detect 0-4 fmol of the peptide in an assay tube
with 95% confidence; the intra-assay and interassay
variations were 7% and 18%.

DATA ANALYSIS
Data are expressed as absolute values for blood press-
ure and heart rate before and after vasoactive intes-
tinal peptide infusion or vehicle and as percentage
change in sGaw from baseline values. sGaw before
and after the infusions and change in the sGaw during
the isoprenaline dose-response studies were analysed
by Wilcoxons rank sum test. Blood pressure and pulse
before and after the infusions were analysed by two
way analysis of variance and Students t test, a level of
p < 0 05 being taken as significant. All values are
given as means with standard errors in parentheses.

Results

There was no significant difference between baseline
mean sGaw measurements on the placebo and vaso-
active intestinal peptide study days, the values being
1-79 (SE 0 16) and 1 90 (0-28) s-1 kPa - '; and neither
infused peptide nor vehicle caused a significant
change in sGaw from baseline values. Absolute values
of sGaw (s- 1 kPa- 1) during the peptide infusion were
2 03 (SE 0-21) at I pmol/kg/min, 1 91 (0-31) at
3 pmol/kg/min, and 2-01 (0-22) at 6 pmol/kg/min.
At the end of the infusion of vasoactive intestinal
peptide and vehicle isoprenaline produced percentage
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Fig 1 Effects ofinfused vasoactive intestinal peptide (0)
and vehicle (0) on specific airways conductance (sGaw),
expressed as percentage changefrom baseline values.
Isoprenaline 400 ig (Iso) was given by inhalation at the end
of the infustion.
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Fig 2 Effects ofinfused vasoactive intestinal peptide
( VIP-*) and vehicle (0 ) on systolic and diastolic blood
pressure and heart rate. * p < 001 for significant difference
between pretreatment and post-treatment values.

increases in sGaw of 50 (9) and 46 (11) respectively
from baseline values (fig 1). At 6 pmol/kg/min the
peptide caused a mean fall in systolic pressure from
108 (4) to 88 (5)mm Hg and in diastolic pressure from
73 (3) to 60 (3)mm Hg and a rise in heart rate from 71
(4) to 95 (4) beats/min (p < 0-01 in each case). At
3 pmol/kg/min a significant fall in diastolic blood
pressure and rise in heart rate were also observed
(fig 2). No significant changes in heart rate or blood
pressure were seen with placebo infusion. Plasma
vasoactive intestinal peptide concentrations deter-
mined at the end of each infusion period were
3 6 (0 5) pmol/l at I pmol/kg/min, 14 (0 5) pmol/l at
3 pmol/kg/min, and 34 6 ( 1-8) pmol/l at 6 pmol/
kg/min.

There was no significant difference in the cumu-
lative dose-response curve obtained for isoprenaline
(expressed as percentage change in sGaw from base-
line values) during infusion with either vasoactive
intestinal peptide or vehicle (fig 3).

jects. This finding is at variance with the results of a
previous study, which showed a small bronchodilator
effect in asthmatic subjects,"3 though it is possible
that the changes in airway calibre in that study were
secondary to the cardiovascular effects of the infused
peptide and not a primary effect of the peptide at air-
way receptor sites.'4 The cardiovascular effects of
vasoactive intestinal peptide in the present study,
however, did not result in bronchodilatation, so poss-
ibly asthmatic subjects respond differently. In our
study cardiovascular responses, which include
appreciable facial flushing, hypotension, and tachy-
cardia, were the dose limiting effects of the peptide;
they occur when plasma concentrations are in the
picomolar range. In vitro the EC50 of vasoactive
intestinal peptide in human bronchi (that is, the con-
centration of the peptide required to reverse 50% of
induced contraction) is about 0-01 pmol/l. " This con-
centration would not be achieved in vivo by infusion
because of dose limiting cardiovascular side effects. In
vitro studies in man suggest that vasoactive intestinal
peptide may be more potent in relaxing vascular than
airway smooth muscle.'8 Normal subjects were cho-
sen as it has been suggested that asthmatic subjects
might have a less effective non-adrenergic nervous
system or may be less responsive to the putative neu-
rotransmitter action of vasoactive intestinal peptide.'
The lack of effect of the infused peptide on airway
tone may be explained by its failure to diffuse from
the circulation to reach airway receptor sites in
sufficient concentration, or by its rapid enzymatic
breakdown in the systemic circulation and the limita-
tion in the dose that can be given because of cardio-
vascular effects. The inhaled peptide similarly has no
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Discussion

These results show that infused vasoactive intestinal
peptide, in doses that have appreciable cardiovascular
effects, has no bronchodilator effect in normal sub-

Cumulative inhaled dose of isoprenaline (pg)

Fig 3 Effect ofinfused vasoactive intestinal peptide (0)
and vehicle (0) on cumulative dose-response curvesfor
inhaled isoprenaline (specific airways conductance (sGavv)
expressed as the percentage changefrom baseline values).
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effect on resting airway tone and only a small protec-
tive effect against histamine induced broncho-
constriction. 2

Despite the disappointing in vivo results there is
accumulating in vitro evidence that vasoactive intes-
tinal peptide may the neurotransmitter in non-
adrenergic inhibitory nerves in human airways. It is
localised, according to immunohistochemical studies,
to human airway nerves'-'1; it appreciably relaxes
human bronchial smooth muscle in vitro, being about
50 times more potent than isoprenaline; and it mimics
the non-adrenergic neural relaxation induced by elec-
trical field stimulation.'" In other species electrical
field stimulation of isolated airway smooth muscle
causes a rise in the concentration of vasoactive intes-
tinal peptide in the bathing medium, which can be
blocked with the nerve blocker tetrodotoxin,
implying neural release. 19 20 Another possible candi-
date as neurotransmitter is the peptide histidine
methionine, which is structurally similar to vasoactive
intestinal peptide, and coded by the same genome.2'
Recent immunohistochemical studies have shown
that the two peptides coexist in airway nerves of
several species, including man,22 and in vitro studies
on human bronchi show it to be approximately equi-
potent to vasoactive intestinal peptide." Neither of
these peptides, however, can be confirmed as the
neurotransmitter of non-adrenergic inhibitory nerves
until specific blockers are identified.

Studies in other tissues have suggested that vaso-
active intestinal peptide and sympathomimetics are
synergistic. 5 Although both stimulate adenylate
cyclase to produce their effects, possibly different
pools of cyclic AMP are mobilised. Vasoactive intes-
tinal peptide might therefore potentiate the effect of ,B
agonists on the airways despite having no effect on
bronchomotor tone. Our studies, however, have
shown that the peptide has no significant effect on the
bronchodilator dose-response curves for isoprenaline.
We conclude that infused vasoactive intestinal

peptide has no demonstrable effect on airway tone in
normal subjects and because of its dose limiting
cardiovascular effects is unlikely to have any ther-
apeutic potential in asthmatic subjects.
JP and FMC are supported by the Medical Research
Council.
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