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Abstract
Objective-To assess the role of

neuropeptides in the control of vascular
tone in the human saphenous vein the
actions of substance P, vasoactive intes-
tinal peptide, calcitonin gene related
peptide, neuropeptide Y, and somatos-
tatin on this blood vessel were examined.
Methods-In vitro organ bath tech-

niques were used with preparations of
saphenous veins obtained from 29
patients (aged 41-66) who were under-
going coronary bypass surgery.
Results-Substance P, vasoactive

intestinal peptide, and calcitonin gene
related peptide relaxed pre-constricted
vessels in a dose dependent manner with
a rapid onset of action, taking one to two
minutes to reach a plateau at each dose.
Substance P (10' to 10' mol/l) induced
relaxation with a maximum response
(mean (SEM)) 23-0 (6 6)% of the total
relaxation induced by glyceryl trinitrate
1 pglml and a 50% maximal effective con-
centration of 6-8 x 10 molil. Vasoactive
intestinal peptide (10`' to 10- moll)
produced a relaxation of 27-0 (51)% at
10-' molIl. The maximum responses
induced by substance P and vasoactive
intestinal peptide were significantly
reduced, to 3-7 (2-8)% and 4-7 (2-0)% res-
pectively, after removal of the endothe-
lium. Calcitonin gene related peptide
(10"' to 10' mol/1) elicited only 14-3
(2'6)% relaxation at 10' mol/l, and this
was not affected by removal of the
endothelium. By contrast, neuropeptide
Y and somatostatin exerted concentra-
tion dependent constriction on resting
vessels. Neuropeptide Y (1010 to 10'
mol/l) caused prolonged contraction
(roughly 20 minutes to reach a maxi-
mum plateau at each dose). At 107' mol/l,
the constriction amounted to 28-0
(12-0)% of the response to 90 mM KCl, in
ring segments with or without endothe-
lium. Somatostatin (10-1l to 10' molIl)
quickly caused contraction with a
maximum response of 42-7 (15-'0)% and a
50% maximal effective concentration of
6-7 x 10' mol/l. The constriction was
greatly increased when endothelium was
removed, with a maximum response of
78-2 (16-8)% and a 50% maximal effective
concentration of 4-3 x 10' molIl.
Conclusions-Vasoactive peptides

have diverse effects on the vascular tone
of the human saphenous vein. Some of

these effects are endothelium dependent.
The exact physiological role and impli-
cation for performance of bypass grafts
require further investigation.

The control of vascular smooth muscle tone
may partly be mediated by peptidergic
mechanisms. Neuropeptides are ubiquitously
distributed in human blood vessels,' con-
tributing to vasodilatation (through endothe-
lium dependent or direct action on smooth
muscle) and vasoconstriction.23 The endothe-
lium has an important role in controlling vas-
cular tone through the secretion of relaxing
and contracting factors derived from the
endothelium.' Several peptides induce sig-
nificant vasomotor effects in human blood ves-
sels through endothelium dependent and
endothelium independent mechanisms.378
The human saphenous vein is of particular

interest as it is the vessel most commonly used
for aortocoronary artery bypass grafting.9
Understanding the mechanisms that control
vascular tone in this vessel will help the
understanding of how the saphenous vein
behaves as a bypass graft. We therefore
examined the effects of five endogenously
occurring peptides on isolated human saph-
enous veins.

Methods
The study was performed on 111 ring seg-
ments taken from 29 patients (aged 41-66)
undergoing coronary artery bypass surgery.
Human saphenous veins were placed imme-
diately in modified Tyrode's solution com-
posed of 136 8 mM NaCl, 11 9 mM Na
HCO3, 2 6 mM KC1, 04 mM NaH2PO4, 2 5
mM MgCl2, 2-5 mM CaCl2, 11 1 mM
glucose, and 0 04 mM disodium EDTA. The
veins were dissected free of adherent tissues
and cut into ring segments 3-5 mm long,
which were mounted on two L shaped metal
hooks in 5 ml organ baths within one hour.
The organ bath solution was maintained at
37°C and gassed continuously with a mixture
of 95% oxygen and 5% carbon dioxide. One
hook was fixed and the other attached to a
force displacement transducer (Grass FTO-
3C). The transducer was connected to a
polygraph (Grass 79D) which monitored
isometric changes in the tension of the vessel
wall.

After an initial pre-tension of 60 mN was
applied to each vessel the segments were al-
lowed to relax out to a stable baseline. They
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Figure 1 Relaxant effect
(measured as percentage of
that induced by glyceryl
trinitrate I 1ug/ml) of
increasing doses of
substance P (A, n = 7),
vasoactive intestinal
peptide (B, n=4), and
calcitonin gene related
peptide (C, n=6) on the
human saphenous vein in
the presence ( 0 ) and
absence (0) of
endothelium.
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The contractile effect was expressed as the
percentage of the maximum contraction
induced by 90 mM KCl, and the relaxation
response was calculated as the percentage of
the response induced by glyceryl trinitrate
(1 ig/ml. Data are given as means (SEM). In
all experiments n is the number of patients
from whom the blood vessels were taken and
at least six segments were taken from each
patient. The unpaired Student's t test was
used for statistical analysis, and p < 0 05
indicates a statistical difference.
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were then challenged twice with 90 mM KC1
to assess the viability of each vessel segment.
When the maximum response to each dose of
KC1 had been measured the buffer solution
was changed twice and the vessels allowed to
return to their resting tension.
Dose-response curves were determined for

several different peptides. Each peptide was
added to the bath cumulatively in loglo units
until the maximum response of each vessel to
each dose of drug had been reached. Each
segment was tested with only a single peptide.
Some ring segments were pre-constricted
with the thromboxane mimetic U46619 to
achieve a tension of 60-70% of the contrac-
tion seen with KC1 before peptides were
added.
To assess the endothelium dependent

action of peptides some vessel segments were
denuded by gently rubbing the,intimal surface
with a metal spatula. These segments showed
absence of endothelium when examined his-
tologically with the specific endothelium
marker EN4.

All drugs used (substance P, calcitonin gene
related peptide, neuropeptide Y, and somato-
statin (Sigma) and vasoactive intestinal
peptide (Peninsula)) were reconstituted in
distilled water and stored at - 20°C. Aliquots
were diluted in modified Tyrode's solution
immediately before use.

Results
Initial studies showed that cumulative addition
of substance P, vasoactive intestinal peptide,
and calcitonin gene related peptide had no effect
on resting vessels. Pre-constricted segments,
however, relaxed to these peptides in a dose
dependent manner, with a rank order of max-
imum relaxation: substance P = vasoactive
intestinal peptide > calcitonin gene related
peptide. They all quickly induced relaxation,
which lasted 1-2 minutes for each dose. Sub-
stance P (1O to 1O mol/l) produced relaxation
with a maximum response of 23-0 (6-6)% and a
50% maximal effective concentration of 6-8 x
IO' mol/l (fig IA). Vasoactive intestinal peptide
(10`0 to 10- mol/l) induced relaxation up to
27-0 (5 1)% at the highest dose used (fig 1B).
The maximal vasodilatations achieved by sub-
stance P and vasoactive intestinal peptide were
significantly attenuated to 3-7 (2-8)% and 4 7
(2 0)% respectively after removal of the endo-
thelium (p < 001). Calcitonin gene related
peptide (10`0 to 10' mol/l) caused only 14-3
(2.6)% relaxation at 10-' mol/l, and this was not
affected by removal of endothelium (fig 1 C).
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Figure 2 Contractile effect (measured as percentage of
maximum concentration induced by 90 mM KCI) of
neuropeptide Y (A, n= 6) and somatostatin (B, n= 6)
on the human saphenous vein in the presence (0) and
absence (*) of endothelium.
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Glyceryl trinitrate (1 jug/ml) relaxed pre-
constricted blood vessels back to their resting
tension but no further. This suggests that
glyceryl trinitrate does not reduce resting
tension.
Neuropeptide Y and somatostatin caused

further constriction of pre-constricted vessels.
Cumulative administration of these peptides
resulted in contraction of resting vessels that
depended on the concentration. Neuropeptide
Y (10-10 to IO-' mol/l) induced prolonged con-
traction (roughly 20 minutes for each dose to
reach its maximum plateau), amounting to 28 0
(12-0)% at 10-7 mol/l, and this effect was un-
altered by removing the endothelium (fig 2A).
Somatostatin (10`0 to 10' mol/l) quickly
elicited contraction, each dose taking roughly
two minutes to reach its maximum effect.
Somatostatin had a maximum response of 42-6
(15)% and a 50% maximal effective concentra-
tion of 6-7 x 10' mol/l. This constriction was
significantly increased when the endothelium
was removed, the response being 78-2 (16 8)%
and the 50% maximal effective concentration
4-3 x 10-7mol/l(p < 0-01;fig2B).

Discussion
Peptidergic mechanisms have been implicated
in controlling vascular smooth muscle tone.'01
The neuropeptides used in our study (sub-
stance P, vasoactive intestinal peptide, cal-
citonin gene related peptide, neuropeptide Y,
and somatostatin) are widely distributed in the
body and have vasoactive effects on several
human vascular beds.3 1213 We have shown that
substance P, vasoactive intestinal peptide, and
calcitonin gene related peptide are weak
vasodilators whereas neuropeptide Y and
somatostatin elicit constriction in human
saphenous vein.5
The mode of action of substance P has been

studied in the human coronary and gastro-
epiploic arteries.'4"' It induces vasodilatation
by interacting with the endothelium to release
nitric oxide, which has recently been identified
as the substance responsible for the action of
endothelium derived relaxing factor.'6 In our
studies substance P produced only weak endo-
thelium dependent relaxation, which could be
due to a differential density of receptors on the
vein compared with other human vascular
tissues or the low release of nitric oxide in
saphenous veins as previously reported.'7

Vasoactive intestinal peptide is a 28 amino
acid peptide originally isolated from porcine
intestine,'8 and subsequently found in the
central nervous system and in peripheral
nerves supplying many organs.'9 Its main
physiological role has been postulated to be
that of a local neurotransmitter.20 It produces
endothelium dependent dilatation of the rat
aorta,21 22 rabbit mesenteric artery,23 and human
coeliac artery.24 By contrast, endothelium
independent relaxation due to vasoactive
intestinal peptide has been seen in cat cerebral
arteries,25 dog coronary arteries,26 and human
pulmonary arteries.27 Our study showed
endothelium dependent relaxation of isolated

human saphenous vein in response to vaso-
active intestinal peptide.

Calcitonin gene related peptide elicits only
weak relaxation in the saphenous vein,
apparently through a direct action on the
vascular smooth muscle. This peptide is
claimed to be the most potent endogenous
vasodilator in human blood vessels.1 29 It
causes both endothelium dependent and endo-
thelium independent relaxation.73031 Minor
dilatation caused by calcitonin gene related
peptide in the saphenous vein might be due to
the absence of the endothelium-dependent
relaxation mechanism.731
Neuropeptide Y is a 36 amino acid peptide

that is found with noradrenaline in sympathetic
neurones.32 It has a direct vasoconstrictive
action and may influence the action of nor-
adrenaline as well as other transmitters in the
control of vascular tone in many blood ves-
sels.3>35 Compared with other reported
vasoconstrictors, neuropeptide Y and somato-
statin induce only moderate contraction in the
saphenous vein.36 Furthermore, the constric-
tion induced by somatostatin was greatly in-
creased in the absence of endothelium, whereas
that of neuropeptide Y was not affected. The
difference between the responses to neuropep-
tide Y and somatostatin after removal of the
endothelium may be explained by lack of basal
secretion of endothelium derived relaxing fac-
tor by the saphenous vein37 coupled with the
ability of somatostatin but not neuropeptide Y
to stimulate the release of the relaxing factor.
The concentrations of peptide used in this

study are comparable with those used in in
vitro studies of human mesenteric arteries and
veins.3 We avoided using high concentrations
to enable better comparison with the concen-
trations of peptides circulating in the body to
be made. Circulating concentrations of various
peptides have been assayed in healthy patients:
substance P and calcitonin gene related peptide
concentrations have been measured at 1 2 (0- 1)
and 35 0 (4 0) pmol/l respectively,38 and plasma
vasoactive intestinal peptide concentration at
0-5-21 pmol/l.39 It is difficult, however, to
predict the local concentrations of these pep-
tides at their receptors.
The sensitivity ofthe saphenous vein to these

five neuropeptides differs from that of other
human vascular tissues.37 This further high-
lights the heterogeneity of the response of
human blood vessels to vasoactive compounds.
A similar heterogeneity between human
arteries and veins has been reported for both
endothelial function and the action of vasocon-
strictors.37 4 41 This difference in response could
have important physiological and pathological
implications.
Neuropeptides have been shown to be local-

ised with neurotransmitters-for example,
neuropeptide Y is stored with noradrenaline,32
and acetylcholine and vasoactive intestinal
peptide are present together in parasympath-
etic nerves.42 As the saphenous vein is supplied
in situ with both sympathetic and parasympa-
thetic nerves, neuropeptides may act as
neuromodulators42 and play an integral part in
the neuronal control ofvascular smooth muscle
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tone before the vein is removed during surgery.
Harvesting the saphenous vein for bypass graf-
ting results in total denervation of the vessel.
Hence the sensitivities of the endothelium and
smooth muscle become the determinant factors
in the action of neuropeptides when the vein is
used as a bypass graft.

Evidence is increasing that saphenous vein
grafts cannot be regarded as rigid tubes with
little tendency for vasomotion. Their dyn-
amic properties could modulate blood flow and
hence affect myocardial perfusion. We have
characterised the action of certain vasoactive
peptides on the isolated human saphenous vein
and their possible dependence on endothelium.
More studies are required to determine the
exact role of neuropeptides in controlling flow
in the saphenous vein before and after its use as
a bypass graft and their possible effects on long
term patency.

We thank the staffof the cardiac theatre at Harefield Hospital for
their help in harvesting the vessels.

1 Edvinsson L, Hakanson R, Sundler F, et al. Peptide-
containing nerve fibres in human arteries and veins:
vasomotor responses to the neuropeptides. In: Nobin A,
Owman C, Arnek lo-Nobin B, eds. Neuronal messengers in
vascularfunction. Amsterdam: Elsevier, 1987:199-209.

2 Pernow J. Actions of constrictor (neuropeptide Y and
endothelin) and dilator (substance P, calcitonin gene-
related peptide and vasoactive intestinal peptide) peptides
on pig splenic and human skeletal muscle arteries: in-
volvement of the endothelium. Br J Pharmacol 1989;97:
983-9.

3 Tornebrandt K, Nobin A, Owman C. Vasomotor effects of
nine neuropeptides on isolated human mesenteric blood
vessels. Peptides 1987;8:251-6.

4 Bassenenge E, Busse R. Endothelial modulation of coronary
tone. Pro Cardiovasc Dis 1988;XXX:349-80.

5 Feletou M, Vanhoutte PM. Endothelium-dependent hyper-
polarization of canine coronary smooth muscle. Br J
Pharmacol 1988;93:515-24.

6 Yanagisawa M, Kurihara H, Kimura S, et al. A novel potent
vasoconstrictor peptide produced by vascular endothelial
cells. Nature 1988;332:411-5.

7 Thorm SM, Hughes AD, Goldberg P, et al. The actions of
calcitonin gene-related peptide and vasoactive intestinal
peptide as vasodilators in man in vivo and in vitro. Br J
Clin Pharmacol 1987;24:139-44.

8 Marshaw I, Al-Kazwini SJ, Holman JJ, et al. Human
alphacalcitonin gene-related peptide is a potent
vasodilator in human mesenteric vasculature. Br J Clin
Pharmacol 1988;26:691-5.

9 Dain R, Kenchington G. Femoro-popliteal vein or proe-
thetic bypass: which conduit is best after 3 years? In:
Greenhalgh CW, Jamieson AN, Nicolaides WB, eds. Limb
salvage and amputation for vascular disease. Philadelphia:
WB Saunders, 1988:68-72.

10 Martling CR, Matran R, Alving K, et al. Innervation of
lower airways and neuropeptide effects on bronchial and
vascular tone in the pig. Cell Tissue Res 1990;260:223-33.

11 Lundberg JM, Fahrenkrug J, Hokfelt T, et al. Co-existence
of peptide HI (PHI) and vasoactive intestinal peptide in
nerves regulating blood flow and bronchial smooth muscle
tone in various mammals including man. Peptides 1984;
5:593-606.

12 McEwan J, Larkin S, Davies G, et al. Calcitonin gene-
related peptide: a potent dilator of human epicardial
coronary arteries. Circulation 1986;74:1243-8.

13 Smitherman TC, Popma JJ, Said SI, et al. Coronary
hemodynamic effects of intravenous vasoactive intestinal
peptide in humans. Am J Physiol 1989;157:1254-62.

14 Chester AH, O'Neill GS, Moncada S, et al. Low basal and
stimulated release ofnitric oxide in atherosclerotic epicar-
dial coronary arteries. Lancet 1990;336:897-900.

15 O'Neil GS, Chester AH, Allen SP, et al. Endothelial
function of human gastroepiploic artery: implications for
its use as a bypass graft. J Thorac Cardiovasc Surg 1991;
102:561-5.

16 Palmer RMJ, Ferrige AG, Moncada S. Nitric oxide release
accounts for the biological activity of endothelium-
derived relaxing factor. Nature 1987;327:525-6.

17 Yang Z, Segesser LV, Bauer E, et al. Different activation of
the endothelial L-arginine and cyclooxygenase pathway in

the human internal mammary artery and saphenous vein.
Circ Res 1991;68:52-60.

18 Said SI, Mutt V. Polypeptide with broad biological activity:
avenisolation from small intestine. Science 1970;169:
1217-8.

19 Hokfelt T, Schultzberg M, Lundberg JM, et al. Distribution
of vasoactive intestinal polypeptide in the central and
peripheral nervous systems as revealed by immunocyto-
chemistry. In: Said SI, ed. Vasoactive intestinal peptide.
New York: Raven Press, 1982:65-90.

20 Larsson LI. Localization of vasoactive intestinal polypep-
tide: a critical appraisal. In: Said SI, ed. Vasoactive
intestinal peptide. New York: Raven Press, 1982:51-63.

21 Sata T, Linden J, Liu LW, et al. Vasoactive intestinal
peptide evokes endothelium-dependent relaxation and
cyclic AMP accumulation in rat aorta. Peptides 1988;
9:853-8.

22 Davis JM, Williams KI. Endothelium-dependent relaxation
effects of vasoactive intestinal polypeptide and arachidonic
acid in rat aorta strips. Prostaglandins 1984;27:195-202.

23 Itoh T, Sasaguri T, Makita Y, et al. Mechanisms of
vasodilation induced by vasoactive intestinal polypeptide
in rabbit mesenteric artery. Am J Physiol 1985;249:
231-40.

24 Thom S, Hughes A, Martin G, et al. Endothelium-
dependent relaxation in isolated human arteries and veins.
Clin Sci 1987;73:547-52.

25 Edvinsson L, Fredholm BB, Hamel E, et al. Perivascular
peptides relax cerebral arteries concomitant with stimula-
tion of cyclic adenosine monophosphate accumulation or
release of an endothelium-derived relaxing factor in the
cat. Neurosci Lett 1985;58:213-7.

26 Brum JM, Go VMW, Vanhoutte PM, et al. Evidence for
VIP-ergic control of coronary vasoregulation. Regul Pept
1985;3:37.

27 Sata T, Misra HP, Kubota E, et al. Vasoactive intestinal
polypeptide relaxes pulmonary artery by an endothelium-
independent mechanism. Peptides 1986;7:225-7.

28 Brain SD, Williams TJ, Tippins JR, et al. Calcitonin gene-
related peptide is a potent vasodilator. Nature 1985;313:
54-6.

29 Struthers AD, Brown MJ, Macdonald DWR, et al. Human
calcitonin gene-related peptide: a potent endogenous
vasodilator in man. Clin Sci 1986;70:389.

30 Greenberg B, Rhoden K, Barnes P. Calcitonin gene-related
peptide (CGRP) is a potent non-endothelium-dependent
inhibitor of coronary vasomotor tone. Br J Pharmacol
1987;92:789-94.

31 MacCormack DG, Mak JCW, Coupe MO, Barnes PJ.
Calcitonin gene-related peptide vasodilation of human
pulmonary vessels. Am J Physiol 1989;67:1265-70.

32 Ekblad E, Evinsson L, Wahlestedt C, et al. Neuropeptide Y
co-exists and co-operates with noradrenaline in perivas-
cular nerve fibres. Regul Pept 1984;8:225-35.

33 Macho P, Perez R, Huidobro-Toro JP, Domenech RJ.
Neuropeptide Y: a coronary vasoconstrictor and poten-
tiator of catecholamine-induced coronary constriction.
Eur J Pharmacol 1989;167:67-74.

34 Wahlestedt C, Edvinsson L, Ekblad E, Hakanson R.
Neuropeptide Y potentiates noradrenaline-evoked
vasoconstriction. Mode of action. J Pharmacol Exp Ther
1985;234:735-41.

35 Edvinsson L, Ekblad E, Hakanson R, Wahlestedt C.
Neuropeptide Y potentiates the effects ofvarious vasocon-
strictor agents on rabbit blood vessels. Br J Pharmacol
1984;83:519-600.

36 Chester AH, Bodelsson M, Arnek lo-Nobin B, et al.
Characterization of 5-HT receptors in the human saphe-
nous vein, implications for patency of bypass grafts.
J Appl Cardiol 1990;5:51-9.

37 Luscher TF, Diederich D, Siebenmann R, et al. Difference
between endothelium-dependent relaxation in arterial and
in venous coronary bypass grafts. N EnglJMed 1988;319:
462-7.

38 Edvinsson L, Ekman R, Thulin T. Reduced levels of
calcitonin gene-related peptide but not substance P during
and after treatment of severe hypertension in man. J Hum
Hypertens 1989;3:267-70.

39 Mitchell S, Bloom SR. Measurement of fasting and post-
prandial plasma vasoactive intestinal peptide in man. Gut
1978;19:1043-8.

40 Yang Z, Diederich D, Schneider K, et al. Endothelium-
derived relaxing factor and protection against contractions
induced by histamine and serotonin in the human internal
mammary artery and in the saphenous vein. Circulation
1989;80: 1041-8.

41 Weinstein JS, Grossman W, Weintraub RM, et al. Differ-
ences in a-adrenergic responsiveness between human
intemal mammary arteries and saphenous veins.
Circulation 1989;79:1264-70.

42 Burnstock G. Mechanisms of interaction of peptide and
nonpeptide vascular neurotransmitter systems.
I Cardiovasc Pharmacol 1987;10:74-81.

43 Mann JM, McIntosh CL, Roberts WC. Spasm ofsaphenous
veins used as conduits for aortocoronary by-pass grafting.
Am J Cardiol 1987;15:1000-2.

44 D'Souza VJ, Velasquez G, Kahl FR, et al. Spasm of the
aortocoronary venous graft. Radiology 1984;151:83-4.

477

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

B
r H

eart J: first published as 10.1136/hrt.67.6.474 on 1 June 1992. D
ow

nloaded from
 

http://heart.bmj.com/

