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Evidence against vasoactive intestinal polypeptide
(VIP) as a dilator and in favour of substance P as a
constrictor in airway neurogenic responses

J.-A.Karlsson & C.G.A.Persson

AB Draco, Research and Development Department, Pharmacology Lab., Box 1707,S-221 01 Lund, Sweden

Propranolol-resistant neurogenic relaxation per-
sisted in (carbachol-contracted) guinea-pig tracheae
already relaxed by supramaximal concentrations of
vasoactive intestinal polypeptide (VIP). Also, VIP
relaxed preparations that were under neurogenic in-
hibition. In hilus bronchi, about 60% of a neurogenic
contraction was atropine-resistant. (Arg5, p-Trp7-9)
SPs_, specifically antagonized this contraction and
those produced by exogenous substance P. Substance
P, but not VIP, seems to be involved in nerve-
mediated effects on guinea-pig airway tone.

Introduction Putative neurotransmitters for neur-
al, atropine-resistant contraction and propranolol-
resistant relaxation of guinea-pig airways have been
proposed on the basis of immunohistochemical
studies. Thus, substance P and vasoactive intestinal
polypeptide (VIP) are present in nerve fibres in
airways (Nilsson, Dahlberg, Brodin, Sundler &
Strandberg, 1977; Uddman, Alumets, Densert,
Hékanson & Sundler, 1978). Matsuzaki, Hamasaki
& Said (1980) showed that the relaxant peptide, VIP,
was released on nerve stimulation in guinea-pig
trachea and that incubation of trachea with anti-
bodies to VIP antagonized a neurogenic relaxation.
However, the specificity for inactivation of endogen-
ous VIP by the antibodies was not established. Furth-
ermore, Matsuzaki et al. (1980) obtained surprisingly
small mean relaxations (35 mg in tracheae with a tone
of about 1000 mg) and diminutive responses (5 mg)
were included in their calculations. We have ex-
amined responses to VIP, the effects of inhibitory
nerve stimulation and the interaction between these
two interventions in contracted guinea-pig tracheal
preparations.

Grundstrém, Andersson & Wikberg (1981) found
that nerve-induced contraction of guinea-pig hilus
bronchi was entirely atropine-resistant. With an-
tagonists to the contractile peptide, substance P, now
available (Folkers, Hérig, Rosell & Bjérkroth,
1981), it was of interest to study the interaction
between an antagonist and this neurogenic contrac-
tion. Inisolated, electrically contracted hilus bronchi,
the effect of a heptapeptide substance P antagonist
(Bynke, Hakanson, Horig & Leander, 1983) has
been studied.

Methods Tracheal rings from guinea-pigs (body
weight 300-500g) (see Karlsson & Persson, 1981)
were mounted in 2.5 ml organ baths containing Krebs
solution (gassed with 95% O, and 5% CO,) for
recording of isometric tension changes (Grass FTO3,
Grass polygraph model 5). Tubal segments were
taken from the hilus bronchi of the left and right
caudal lobes and mounted as described above (initial
tension 0.3 g). Tracheal and bronchial preparations
were electrically stimulated (Grass S88 stimulator)
using field stimulation via platinum electrodes. A
supramaximal voltage was used which produced re-
sponses that were blocked by tetrodotoxin (1 pg/ml).
When studying inhibitory nerve-stimulation in
tracheae, propranolol (0.1 uM) was always present.
Mean *s.e.mean values from preparations obtained
from different animals are given.

Drugs used were: atropine sulphate (Sigma), car-
bachol chloride (Sigma), propranolol dihydroch-
loride (Hissle), (Arg®, D-Trp”°) substance Ps_; (gift
from Dr Horig, Ferring), tetrodotoxin (Sankyo) and
vasoactive intestinal polypeptide (VIP, V. Mutt.). All
drugs were dissolved in 0.85% NaCl solution.

Results

Relaxation and vasoactive intestinal polypeptide
Tracheal preparations developed a spontaneous tone
of 1780+233 mg (n =9). Maximum relaxation in-
duced by a train of stimuli for 2 min (pulse duration
0.5ms and frequency 20 Hz) reduced tracheal tone
by 1314+ 130 mg (in the presence of 0.1 uM prop-
ranolol). This relaxation is considerably larger than
that reported by Matsuzaki et al. (1980).

Maximum effective concentrations of VIP
(23.0 uM) reduced the tone in carbachol-contracted
tracheal preparations by 29.8+4.1% (n=4). A
comparable maximal relaxation, 24.5+2.9%
(n = 8), was produced by nerve stimulation, using the
same stimulus parameters as above. Carbachol
5.5 x 10~%M was used. This concentration raised the
tone to 2620+ 200 mg (n = 12) and corresponded to
carbachol’s ECys. In carbachol-contracted tracheal
preparations with a supramaximal concentration of
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Figure 1 (a) In a carbachol-contracted (5.5 uM) tracheal ring in the presence of propranolol (0.1 uM), electrical
field stimulation (horizontal lines above the tracing) produces a relaxant effect that is not changed by the presence of
maximally effective concentrations of vasoactive intestinal polypeptide (VIP). (b) In a carbachol-contracted
(5.5 uM) tracheal ring preparation already relaxed by prolonged electrical stimulation (horizontal line), VIPis still an
efficient relaxant (0.1 uM propranolol present). (¢) In a tubal segment of hilus bronchi electrical stimulation (vertical
lines) produces contraction, the major part of which is antagonized by a heptapeptide substance P antagonist. The
minor part is antagonized by atropine (Atr). Time calibration (2 min) is shown to the left of the figure. (d) A transient
contraction is produced by the substance P antagonist in a bronchial preparation. The contraction is not attenuated

by mepyramine (Mep). Time calibration as in (c).

VIP present (VIP was added until no further relaxa-
tion was recorded and then its concentration was
doubled) the inhibitory response to nerve stimulation
was intact (Figure 1a). Moreover, the mean relaxa-
tion induced by 6.0uM VIP (19.9+6.5%, n=S5;
corresponding to the EC;) was unchanged
(18.7+£3.2%, n =5) when evaluated during a maxi-
mal inhibitory response to prolonged nerve stimula-
tion (Figure 1b).

Contraction and substance P Electrical stimulation
using a train of stimuli for 15 s (pulse duration 0.6 ms
and frequency 15 Hz) of the hilus bronchi produced
reproducible contractile responses. Atropine, 1uM,
reduced these by 37.7+4.9% (n=9). Atropine-
resistant contractions had a mean tension of
201+36mg (n=13).

Treatment of bronchial preparations with (Arg?,
D-Trp”°) SPs_;, for 15 min reduced the magnitude of
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the electrically induced contraction, the residual re-
sponse being completely blocked by atropine (Figure
1c). In the presence of atropine (1puM) (Arg’, D-
Trp”™®) SPs_1; 1075M, 3 x10~5M and 10~*M inhi-
bited the amplitude by 16.2+6.9% (n=35),
63.5+8.2% (n=5)and 77.1+3.4% (n = 8), respec-
tively.

(Arg3, D-Trp”?) SPs_;; (1075M to 1074 M) pro-
duced a transient (< 15 min) contractile response in
16 of 36 preparations. Treatment with mepyramine
(3-10 puM) did not affect this contraction (Figure 1d).

The concentration-response relationship to his-
tamine, carbachol, and substance P was examined in
the absence and presence of 10~*M (Arg’, D-Trp’?)
SPs_1;. Only substance P-induced contractions were
antagonized. Its concentration-response line was
shifted to the right 2.3 times (P <<0.05, two-tailed
Student’s ¢ test). The concentration-response lines to
histamine and carbachol tended to be shifted to the
left although this was not statistically significant
(P> 0.05). The following ECs, values were ob-
tained; histamine (n=3) 14.6+4.8uM and
8.21+0.8 uM, carbachol (n=4) 1.65+0.61 uM and
0.83+0.19 uM, substance P (n=3) 26.3t6.4um
and 62.7+20.2uM in the absence and presence,
respectively, of the antagonist.

Discussion In the presence of maximally effective
concentrations of VIP the neurogenic inhibition of
carbachol-contracted tracheae persisted, suggesting
that the relaxation induced by nerve stimulation is
unrelated to VIP. Against this interpretation it could
perhaps be argued that a neurotransmitter, when
added exogenously, may not reach subsynaptic re-
ceptors because of diffusion barriers and thus be less
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During the preparation of this communication we
have become aware of studies from two other
laboratories. Hikanson and Leander (personal com-
munication) observed that a substance P antagonist
inhibited atropine-resistant neurogenic contractions
in guinea-pig stem bronchi, while Lundberg, Saria,
Brodin, Rosell & Folkers (1983) showed that in the
presence of mepyramine, an undecapeptide sub-
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Thus, this study of guinea-pig airways provides
evidence against a role for VIP as a neurogenic
dilator of the trachea, but supports a role for sub-
stance P and acetylcholine as neurally released con-
strictors of hilus bronchi.
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