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The effect of atrial natriuretic peptide on human
isolated resistance arteries
1A.D. Hughes, H. Nielsen & P.S. Sever

Department of Clinical Pharmacology, St. Mary's Hospital Medical School, Norfolk Place, London, W2

1 The action of (1-28) a-human atrial natriuretic peptide (ANP) was studied on human isolated
resistance arteries.
2 Renal, skeletal muscle, omental and subcutaneous resistance arteries were taken from tissue
removed at surgery and isometric tension responses were measured with a myograph.
3 ANP (10-`-10-6M) relaxed precontracted segments of renal and skeletal muscle arteries in a
concentration-dependent manner. ANP failed to relax isolated omental or subcutaneous arteries.
4 The effect of ANP on human isolated resistance arteries varies depending on the site of origin of
the artery.

Introduction

The discovery of a vasodilator and natriuretic sub-
stance, atrial natriuretic peptide (Kangawa &
Matsuo, 1984), has excited much interest in the
physiological role of this peptide in the control of
blood pressure and extracellular fluid volume
(Needleman et al., 1985). Alpha human (1-28) atrial
natriuretic peptide (ANP) has been shown to circu-
late in human plasma (Theiss et al., 1987) and to
possess natriuretic effects in man at low doses
(Anderson et al., 1986a), whilst higher doses have
been shown to be hypotensive in man (Richards et
al., 1985). Recent work in man, in vivo, has shown a
local vasodilator effect of ANP infusion into the
forearm arterial vasculature (Bolli et al., 1987;
Hughes et al., 1988). Studies in several species includ-
ing man (Winquist, 1985; Rappoport et al., 1986;
Hughes et al., 1988) have demonstrated a vasorelax-
ant effect of ANP on isolated arterial smooth muscle
from a variety of sites.
Most of these studies demonstrating a vasorelax-

ant effect of ANP on isolated vasculature have been
conducted on isolated vessels of internal diameter
greater than 0.5 mm. Such arteries do not play a sig-
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nificant role in the control of peripheral vascular
resistance (Haddy, 1960; Mulvany, 1983) and it is
recognised that considerable differences exist
between the pharmacological responsiveness of large
'conduit' arteries and smaller resistance arteries
(Altura, 1974). Recent studies in the rat (Aalkjaer et
al., 1985; Osol et al., 1986) and rabbit (Edwards &
Weidley, 1987) in which the effect ofANP on arteries
small enough to influence peripheral resistance was
examined, have generally failed to show direct vaso-
relaxant effects of ANP in a variety of sites with the
exception of the renal arcuate artery of the rat
(Aalkjaer et al., 1985). Consequently we have exam-
ined the effect of ANP on a variety of human iso-
lated resistance arteries. Some of these results have
been presented previously to the British Pharmaco-
logical Society (Sever et al., 1988).

Methods

Tissue was obtained from 14 patients (8 male) under-
going surgery (age range 40-78 years). Omentum
and subcutaneous tissue was obtained from abdomi-
nal surgery, macroscopically normal renal tissue
from nephrectomies for renal carcinoma and skeletal
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Table 1 Characteristics of
study

Site

Renal
Skeletal
Omental
Subcutaneous

Normalised
diameter

(pm)

291 + 74
262 ± 44
227 ± 35
339 + 96

arteries used in the

Active tension
induced by KDS

(Nm-1)

2.2 + 0.5
2.5 ± 0.7
2.4 ± 0.2
3.6 + 1.5

Values are mean + s.e.mean.

9

muscle from hip surgery. Tissue was collected in
physiological saline solution (PSS) of composition
(mM): NaCl 118, KCl 4.7, MgCI2 1.2, NaHCO3 21,
glucose 20, NaH2PO4 1, CaCl2 2.5, Na2EDTA 0.03
and used immediately for studies; arteries from all
sites were treated similarly. Arteries were dissected
from surrounding tissue with a dissecting microscope
and mounted on two 40jpm stainless steel wires in a
myograph to allow the measurement of isometric
tension (Mulvany & Halpern, 1977). The myograph
contained 10 ml PSS at 37°C aerated with 95% 02

5% CO2. Following 30 min equilibration, vessels
were normalised on the basis of their passive internal
circumference to tension relationship to an internal
circumference (0.9 L100), that is, 0.9 times the inter-
nal circumference which they would possess if dis-
tended by 100mmHg pressure on the basis of the
Laplace relationship (pressure = tension/radius)
Under these conditions the contractile responses of

5 mN
co r-

Ix x \

2inKDS ANP > Wash

5 mN

2min
ot ttt

2 min KDS ANP " r Wash

(M) ° ° ° ° 0 0

x

Figure 1 Representative traces showing the effect of
cumulative addition of (1-28) a-atrial natriuretic
peptide (ANP) (10-010-6 M) to human isolated resist-
ance arteries taken from kidney (internal
diameter = 197 pm) and skeletal muscle (internal
diameter = 226 pm). Arteries were contracted with a

potassium depolarizing solution (KDS) and ANP added
cumulatively as indicated by the arrows.

such small vessels are near to optimal (Mulvany &
Halpern, 1977).

Prior to any study the viability of vessels was
investigated by exposing them to a sequence of a
depolarizing potassium solution (KDS), consisting of
PSS containing equimolar KCl substituted for NaCl,
followed by washout with PSS and then addition of
noradrenaline (NA, 10- M). Vessels not generating
active tension in response to KDS equivalent to or
greater than 90mmHg effective active pressure
(calculated by Laplace's relationship) were not used
for further studies; 3 out of a total of 23 vessels
studied did not satisfy this criterion.

Following washout, arteries were allowed to
equilibrate for a further 30 min in PSS before experi-
ments were started. Since arteries rarely possessed
much intrinsic tone in PSS, tone was induced with
either NA (10- M) or KDS in order to demonstrate
relaxation. ANP (1010-10-6M) was added cumula-
tively and responses were calculated as % reduction
of induced tone. Concentration-response data from
individual arteries was fitted to a logistic function
with a computer programme (Barlow, 1984) to
derive values for EC50. ECjo values are presented as
geometric means (95% confidence intervals) and
maximum responses (max) as mean + s.e.mean.
ANP and noradrenaline were obtained from

Sigma Chemical Co. Ltd., UK.

Results

The characteristics of the vessels used in these
studies are shown in Table 1. Addition of ANP
relaxed contracted segments of renal and skeletal
muscle arteries in a concentration-dependent manner
(Figure 1). The potency and efficacy of ANP was
similar in renal and skeletal muscle arteries irrespec-
tive of the contractile agonist used, (EC50
(x 10-9M) = 11 (3-37) and 8 (3-21); max = 66 + 5%
and 69 + 16% using KDS and EC50 (x 10-9M) = 9
(4-20) and 10 (5-17); max = 73 + 4% and 69 + 13%
using NA for renal and skeletal muscle arteries
respectively). The concentration-response relation-
ships derived from these studies are shown in
Figure 2.

In contrast to the results obtained in renal and
skeletal muscle vasculature, ANP failed to relax sub-
cutaneous (n = 4) or omental arteries (n = 4) precon-
tracted by either NA or KDS (Figure 3).

Discussion

This study demonstrates that ANP relaxes human
isolated renal and skeletal muscle resistance arteries.
The maximum contractile responses of these small
human arteries are similar to those reported by
others for similar sized arteries obtained from man



ANP RELAXATION OF HUMAN RESISTANCE ARTERIES 1029

100

80

0

Z, 60

40 -7

20

10-9 1o-8 10-7 10-6

Concentration ANP (M)

Figure 2 Concentration-response relationships for
(1-28) a-atrial natriuretic peptide (ANP)-induced relax-
ation in renal and skeletal muscle resistance arteries.
Arteries were contracted by potassium depolarizing sol-
ution (open symbols) or noradrenaline (closed symbols).
Points represent means of n observations. Some points
have been offset and s.e.means have been omitted for
clarity: (0) renal arteries (n = 7); (@) renal arteries
(n = 3); (Cl) skeletal muscle arteries (n = 5); (U) skeletal
muscle arteries (n = 5).
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Figure 3 Trace illustrating the failure of (1-28) a-atrial
natriuretic peptide (ANP) to induce relaxation in
human isolated omental (internal diameter = 264pMm)
and a subcutaneous resistance artery (internal
diameter = 238pm). Arteries were contracted with a

potassium depolarizing solution (KDS) and ANP added
cumulatively as indicated by the arrows. Representative
of four separate experiments.

(Aalkjaer & Mulvany, 1983) or other species
(Mulvany & Halpern, 1976). The vasorelaxant action
of ANP probably involves a direct relaxant effect on
vascular smooth muscle cells, as has been suggested
by others (Winquist et al., 1984). A notable feature of
these results is that the effect of ANP on human iso-
lated resistance arteries varies between arteries taken
from different vascular beds. This finding is in con-
trast to previous studies with large human arteries
from a variety of sites in vitro (Rappoport et al.,
1986; Hughes et al., 1988).

Similar differences with respect to the pharmaco-
logical responses of conduit and resistance arteries
have been reported previously with respect to neuro-
hypophyseal peptides in the rat (Altura, 1974) and
a-adrenoceptor agonists in human vasculature
(Nielsen et al., 1987). The findings presented here
emphasize the differences between conduit and
resistance arteries and indicate caution in extrapo-
lating results obtained in one to the other.

However, these results obtained in human isolated
resistance arteries should not be interpreted as defi-
nitely excluding the existence of ANP receptors on
vascular smooth muscle cells of the omentum and
subcutaneous tissue. A recent report by Cauvin and
colleagues (1988) suggests that in the rat, at least,
although it is not possible to demonstrate vasorelax-
ant effects of ANP on precontracted mesenteric
resistance arteries, ANP does attenuate the phasic
component of the response to noradrenaline. This
was not studied in our experiments and it is possible
that our failure to demonstrate relaxation in
response to ANP in subcutaneous and omental
arteries similarly reflects the inability of the peptide
to relax tonic contraction in these sites. The relaxant
effects ofANP in renal and skeletal muscle under the
same conditions may therefore reflect a greater effi-
cacy of the peptide in these tissues or some other
factor. Further studies will be necessary to establish
whether this is the case. The results obtained in these
human resistance arteries are nevertheless very
similar to those reported by Aalkjaer and colleagues
(1985) investigating the vasorelaxant effect of ANP
in rat isolated resistance arteries. However, some dif-
ferences exist, in that skeletal muscle arteries from
the rat were found to be unresponsive to ANP,
whereas in this study arterioles supplying human
skeletal muscle were found to relax in response to
ANP. It is possible that this may represent a species
difference. In this context, it is interesting that
increased central venous pressure, a stimulus to
ANP release (Ogihara et al., 1986) is reported to
increase skeletal muscle blood flow in man in con-
trast to some other species (Donald & Shepherd,
1978). However, an involvement of ANP in this
response is clearly speculative at present. Indeed the
physiological significance of the vasorelaxant effects
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of ANP is currently unclear, since the concentrations
of ANP necessary, both to produce vasodilatation in
vivo (Richards et al., 1985; Bussein et al., 1986) or to
relax arterial smooth muscle in vitro exceed the levels
seen circulating under physiological conditions
(Anderson et al., 1986b; Ogihara et al., 1986).
Further work will be necessary to define the precise
role of the receptors for ANP sited on vascular

smooth muscle cells and the conditions under which
they may be activated.

We would like to thank the surgeons, anaesthetists and
theatre staff of St. Mary's Hospital Medical School for their
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vascular Fellow.
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