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Abstract
Background-Endogenous vasodilators
such as endothelially derived relaxant
factor have been shown to modulate
hypoxic pulmonary vasoconstriction.
Sensory peptides such as substance P
(SP) and calcitonin gene related peptide
(CGRP) are also potent pulmonary
vasodilators in both animals and
humans. Their possible role in the mod-
ulation of the normal hypoxic pressor
response has been examined in an isolat-
ed, ventilated, and blood perfused rat
lung preparation.
Methods-Animals (n = 7) were pre-
treated with 50 mg/kg capsaicin adminis-
tered subcutaneously to deplete nerve
endings of sensory neuropeptides. A con-
trol group (n = 7) received a subcuta-
neous dose of capsaicin vehicle. One
week later the rats were killed and the
rise in pulmonary artery pressure was
measured during four successive periods
of hypoxic ventilation (Fio2 0*03), and
after four injections of angiotensin II
(1.O,g).
Results-A 600/o depletion of SP levels
was measured in the sciatic nerves of

amals treated with capsaicin. The
hypoxic pressor response was not signifi-
cantly altered in capsaicin treated ani-
mals compared with controls, except
during the fourth hypoxic episode when
it was augmented. The angiotensin II
pressor response was the same in both
groups during each ofthe injections.
Conclusion-The sensory neuropeptide
SP (and possibly CGRP) does not have a
major role in modulating the pulmonary
vascular response to hypoxia.

(Thorax 1993;48:554-557)

Although the phenomenon of hypoxic pul-
monary vasoconstriction (HPV) was
described over 40 years ago,' the underlying
mechanism remains unknown. One possible
explanation is the "indirect hypothesis" which
suggests that mediator(s) released as a conse-
quence of alveolar hypoxia lead to the con-
traction of pulmonary vascular smooth
muscle.2 Identifying such a substance has,
however, proved difficult. A second explana-
tion first proposed over 30 years ago suggest-
ed that HPV is a consequence of a local

alveolar vascular reflex,3 although this
hypothesis has not been widely investigated.
It is generally agreed that hypoxic vasocon-
striction is not a centrally mediated phenome-
non, being demonstrable in isolated, perfused
lung preparations4 and in transplanted human
lungs.5 Indeed, the possibility remains that
HPV is mediated via an intrapulmonary neural
reflex, perhaps through nerves located in pul-
monary arteries.

Non-adrenergic, non-cholinergic (NANC)
neural mechanisms have been described in
many peripheral systems and NANC mediat-
ed vasodilation has been reported in both the
pulmonary6 and systemic7 circulation of
rodents. Neurotransmitters for NANC medi-
ated vasodilation have not been identified
positively, although neuropeptides such as
substance P (SP) and calcitonin gene related
peptide (CGRP) are likely candidates in some
vessels.8
SP and CGRP are both known to be

potent vasodilators of the pulmonary circula-
tion in many species.9-" Available evidence
suggests that the vasodilation effected by SP
is endothelium dependent and that of CGRP
is endothelium independent.' 0 1 Endothelium
derived relaxant factor appears to be released
during hypoxia and modulates HPV.'4 15
We tested the hypothesis that depletion of

the vasodilator sensory neuropeptide SP (and
CGRP) would augment HPV. Rats were
treated with capsaicin which is known
to cause the selective degeneration of un-
myelinated chemosensitive primary afferent
neurones.16 The effects of this sensory
neuropeptide depletion on hypoxic pul-
monary vasoconstriction were investigated
with an isolated, blood perfused, rat heart
lung preparation. All procedures relating to
animals were approved by the Home Office
Licensing Authority, and in all cases proto-
cols and procedures were endorsed on the
relevant project and personal licences.

Methods
CAPSAICIN PRETREATMENT OF ANIMALS
To deplete sensory neuropeptides, male
Wistar rats (300-350 g) were treated with
capsaicin as described previously. 17 Briefly,
capsaicin (Sigma, Poole, UK) was dissolved
to a concentration of 50 mg/ml in 10% alco-
hol, 10% Tween, and 80% saline. Animals
were anaesthetised with ketamine (50 mg/kg
intramuscularly and xylazine (0- 1 mg/kg
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intramuscularly) and pretreated with terbu-
taline (0.1 mg/kg subcutaneously) and
aminophylline (25 mg/kg intraperitoneally)
60 and 30 minutes before capsaicin (or
vehicle) injection to prevent bronchospasm. A
single dose of capsaicin (50 mg/kg subcuta-
neously) (group 1, n = 7) or vehicle (group 2,
n = 7) in identical volumes was then adminis-
tered after which the experimental animals
were left in their cages for one week and
allowed free access to food and water.

ISOLATED LUNG EXPERIMENTS
Following anaesthesia with diazepam (0-6
mg/kg) and 0 15 ml Hypnorm (fentanyl
0-315 mg/ml and fluanisone 10 mg/ml), a
donor rat was exsanguinated and the blood
placed into a reservoir (maintained at 40°C
by a surrounding water bath) and used to
"prime" the perfusion circuit which consist-
ed, in order, of a left atrial cannula, reservoir,
roller pump (Watson Marlow MHRE 200,
Falmouth, UK), connecting tubing, bubble
trap, side arm pressure transducer (Bio
Medical Systems, Strathclyde, UK), and a
pulmonary artery cannula.4 The pressure
transducer was connected to a recorder
(Multitrace 2, Ormed, Hertfordshire, UK) to
permit constant monitoring. Total blood vol-
ume within the circuit including the reservoir
was 15-20 ml.
The experimental animals were anaes-

thetised (as above) and ventilated at a tidal
volume of 4 ml and frequency of 15
breths/min via a tracheostomy. The lungs
were exposed through a median sternotomy
and the animal heparinised and exsanguinat-
ed via the abdominal aorta. A purse string
suture was placed around the left atrium to
secure a catheter inserted through an atrio-
tomy which was allowed to drain freely into a
blood reservoir thereby ensuring a "left atrial
pressure" of zero. A cannula was inserted into
the main pulmonary artery via a right ven-
triculotomy and tied securely in place. A con-
stant flow of 18 ml/min resulted in a mean
(SE) initial pulmonary artery pressure (PPA)
of 18 (1) mm Hg (n = 14). Blood gases were
monitored during each experiment by collect-
ing blood anaerobically from the left atrial
line and analysing pH with a Corning blood
gas analyser (178 pH/blood gas analyser,
Corning, Essex, UK). Deviations in pH from
normal (7.35-7.45) were corrected with small
volumes of NaHCO, (1 0N) added to the
reservoir.
The lungs were initially ventilated with a

gas mixture of composition 21% 0,, 5% CO2,
and 84% N, (normoxia). After baseline PPA
was stable the inspired gas mixture was
changed to 3% 0,, 5% CO,, and 92% N,
(hypoxia) until the increase in PPA had
reached a plateau. The ventilating gas was
then changed back to normoxia and the pres-
sure allowed to stabilise. After a stable base-
line had been attained (6-7 minutes)
angiotensin II (10 ,ug) was injected into the
circuit just proximal to the pulmonary artery
catheter and the rise in PPA recorded. This
sequence was repeated so that each prepara-

tion had four episodes of hypoxic ventilation
alternating with four injections of angiotensin
II. The rise in PPA during hypoxic ventilation
or following angiotensin II administration was
determined as the difference between the
peak PPA and the PPA measured in the
immediately preceding normoxic period.

SUBSTANCE P ASSAY OF SCIATIC NERVES
After anaesthesia, but before thoracotomy, all
experimental animals plus others pretreated
with either capsaicin (n = 7) or vehicle (n =
7) had the right, left, or both sciatic nerves
carefully dissected free of surrounding tissue.
Care was taken not to touch or manipulate
the nerve unduly. A segment of nerve (15-40
mg) was then excised and immediately placed
into preweighed vials containing 0 1 mol
acetic acid. The vials were then reweighed
and maintained at - 70°C until substance P
assay was performed.
On the day of assay the vials of acetic acid

were thawed, homogenised by sonication,
and then boiled for 10 minutes. Samples were
centrifuged at 3000 g for 10 minutes and the
supernatants lyophilised and subsequently
reconstituted in 0-05 mol phosphate buffer
before radioimmunoassay. Samples were
analysed in duplicate for SP like immuno-
reactivity in a competitive radioimmunoassay
with the highly specific antibody a140 (kindly
supplied by Dr M Hanley, MRC
Neurobiology Unit, Cambridge) as previously
described."8 Standard curves were set up in
triplicate with SP standards (Sigma, Poole,
UK). Iodine-125 Bolton Hunter labelled SP
was used as tracer (Amersham, Bucks, UK).
After 48 hours incubation bound tracer was
separated from free by precipitation with
chilled ethanol and centrifugation at 4000 g
for 15 minutes Supernatants were decanted
and the radioactivity of the pellets counted
and analysed on a crystal multigamma
counter (Packard, Caversham, UK). The
minimum detectable concentration of the
assay is 0 -1 pg SP/tube, with interassay varia-
tion of 9% and intra-assay variation of 4%.
The cross reactivities of the antiserum with
other tachykinins (neurokinin A, neurokinin B,
SP 1-4 and SP 7-11) were all less than
0 05%.

STATISTICS
Normoxic and hypoxic PPA and percentage
increase in PPA during hypoxia and
angiotensin II injections in groups 1 and 2
were compared with one way analysis of vari-
ance. Post hoc analysis utilised the Fisher
protected least significant difference test.'9
Substance P values were compared between
groups 1 and 2 with an unpaired Student's t
test. Results are expressed as means (SE) and
p values less than 0-05 were considered sig-
mnifcant.

Results
Capsaicin pretreatment (group 1) significant-
ly decreased the SP content of the sciatic
nerves from a mean (SE) level of
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Mean (SE) room air (baseline) pulmonary artery pressure (mm Hg)

Period of room air ventilation

lst 2nd 3rd 4th

Group 1 (capsaicin treated) 16 (1) 16 (1) 16 (1) 17 (1)
Group 2 (control) 19 (1) 19 (1) 19 (1) 20 (1)

12 1 (2 3) ng/g nerve tissue in controls to
4X7 (0 9) in those pretreated with capsaicin,
representing a 62% decrease (p < 0 01).

There was no significant difference in base-
line PPA between animals from group 1

(16 (1) mm Hg) and the controls (19 (1) mm
Hg) (table). The hypoxic pressor responses in
groups 1 and 2, expressed as percentage
increase in PPA, are shown in fig 1. The HPV
response was significantly greater in group 1
animals only during the fourth hypoxic
episode (p < 0-05). There was no significant
difference in the pressor responses to
angiotensin II between groups 1 and 2 (fig 2).

Discussion
The main findings of this study were that sen-

sory neuropeptide depletion by capsaicin
caused only a small increase in HPV after
successive exposures to hypoxia. The pressor
response to angiotensin II was unaffected.
There are several possible reasons that could
explain the lack of a large effect of sensory
neuropeptide depletion on the hypoxic pres-

sor response in this study.
Firstly, both SP and CGRP are localised in

afferent nerve fibres20 and both are potent
vasodilators in the bronchial and pulmonary
circulations.""-3 Although no potent antago-
nists of these peptides are available, pretreat-
ment of adult rats with capsaicin is known to
cause the selective degeneration of primary
afferent neurones'6 which have been shown to
contain both tachykinin-for example, sub-
stance P-and CGRP immunoreactive mate-
rials.202' Studies have shown significant
reduction in the SP and CGRP content of
pulmonary and non-pulmonary tissue in sev-

eral species following treatment with systemic
capsaicin.'722 It is possible that capsaicin
treatment in this study did not reduce the
sensory neuropeptide content of intrapul-
monary nerves. This is unlikely since,
although we did not measure the amount of

Figure 1 Pressor response
to each offour periods of
hypoxic ventilation in
control and capsaicin
treated animals.
*p < 0-05.
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Figure 2 Pressor response to each offour angiotensin II
injections (1 0 ,ug) in control and capsaicin treated
animals.

CGRP present, the decrease in SP content of
the sciatic nerve in animals treated with cap-
saicin in the current study was comparable to
that reported in other studies where similar
degrees of lung SP depletion has been noted
after the same dose of capsaicin.23 We were
not able to assay the pulmonary vessels
directly for SP content. In a pilot experiment
there was insufficient SP for assay in pul-
monary arteries from normal animals despite
pooling of tissue. As the pulmonary artery did
not have a large enough signal for detection
with our assay, it was decided to assay sciatic
nerve as this had previously been shown to
contain large amounts of SP24 and there is no
reason to suspect that systemic capsaicin
treatment would selectively diminish the SP
content of sciatic and not pulmonary nerves.
A second explanation is that the residual

SP remaining in the animals treated with cap-
saicin (38% of control) is enough to provide
normal modulation of HPV through release
of endothelium derived relaxant factor. This
is also unlikely as a 60% reduction in SP con-
tent of pulmonary nerves has been shown to
significantly reduce the non-cholinergic
increase in insufflation pressure following
vagal stimulation.'7
The third and most likely explanation is

that the sensory neuropeptide SP (and possi-
bly CGRP) does not play an important part
in modulating HPV in the rat. SP has been
found in nerves adjacent to the rat pulmonary
artery by immunohistochemistry25-27 and SP
receptors have been characterised in these
vessels as being of the NK2 subtype.'102 No
physiological role for this peptide in the con-
trol of the pulmonary circulation has been
described to date, however. It is of interest
that a small, but nonetheless significant,
augmentation in HPV was seen in lungs pre-
treated with capsaican after successive
hypoxic challenges and that responses to the
pressor angiotensin II were unaffected. This
may indicate that sensory neuropeptides have
a modulating effect on pulmonary vascular
tone only in repeated or chronic hypoxaemia.
The baseline PPA was not significantly

reduced in capsaicin treated animals com-
pared with controls. This is in contrast to the
report of Donnerer et a128 where the resting
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systemic arterial pressure from capsaicin
treated rats was significantly less than that of
controls. This suggests that the sensory

neuropeptides SP (and probably CGRP) are

not as important in the pulmonary circulation
as the systemic circulation in maintaining
normal vascular tone during normoxia. The
reason for the difference between the pul-
monary and systemic circulation is not clear,
although it may relate to the higher resting
tone of the systemic than the pulmonary cir-
culation. Alternatively, the difference may be
that our observations were made in vitro
whereas Donnerer performed in vivo experi-
ments.

In conclusion, our results do not suggest
an important role for SP (and probably
CGRP) in the modulation of normal pul-
monary vascular tone or HPV in the normal
rat. It remains to be determined whether
these peptides play a part in the control of the
pulmonary circulation in disease.
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