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C-type natriuretic peptide and endothelium-
dependent hyperpolarization in the guinea-pig
carotid artery

V Leuranguer', PM Vanhoutte?, T Verbeuren' and M Félétou’

!nstitut Recherches Servier, Suresnes, France and *Department of Pharmacology, Faculty of Medicine, University of Hong Kong,
Hong Kong, China

Background and purpose: C-type natriuretic peptide (CNP) has been proposed to make a fundamental contribution in
arterial endothelium-dependent hyperpolarization to acetylcholine. The present study was designed to address this hypothesis
in the guinea-pig carotid artery.

Experimental approach: The membrane potential of vascular smooth muscle cells was recorded in isolated arteries with
intracellular microelectrodes.

Key results: Acetylcholine induced endothelium-dependent hyperpolarizations in the presence or absence of NC-nitro-L-
arginine, indomethacin and/or thiorphan, inhibitors of NO-synthases, cyclooxygenases or neutral endopeptidase, respectively.
Acetycholine hyperpolarized smooth muscle cells in resting arteries and produced repolarizations in phenylephrine-stimulated
arteries. CNP produced hyperpolarizations with variable amplitude. They were observed only in the presence of inhibitors of
NO-synthases and cyclooxygenases and were endothelium-independent, maintained in phenylephrine-depolarized carotid
arteries, and not affected by the additional presence of thiorphan. In arteries with endothelium, the hyperpolarizations
produced by CNP were always significantly smaller than those induced by acetylcholine. Upon repeated administration, a
significant tachyphylaxis of the hyperpolarizing effect of CNP was observed, while consecutive administration of acetycholine
produced sustained responses. The hyperpolarizations evoked by acetylcholine were abolished by the combination of apamin
plus charybdotoxin, but unaffected by glibenclamide or tertiapin. In contrast, CNP-induced hyperpolarizations were abolished
by glibenclamide and unaffected by the combination of apamin plus charybdotoxin.

Conclusions and implications: In the isolated carotid artery of the guinea-pig, CNP activates Karp and is a weak
hyperpolarizing agent. In this artery, the contribution of CNP to EDHF-mediated responses is unlikely.
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Abbreviations: ANP, atrial natriuretic peptide; BKc,, large conductance calcium-activated potassium channel; CNP, C-type
natriuretic peptide; IKc,, intermediate conductance calcium-activated potassium channel; Katp, ATP-sensitive
potassium channel; GIRK, G-protein regulated inward-rectifier potassium channel; SKc,, small conductance
calcium-activated potassium channel

Introduction

The endothelium controls the tone of the underlying
smooth muscle cells by releasing vasoactive substances such
as prostacyclin (Moncada and Vane, 1979) and nitric oxide
(Furchgott and Zawadzki, 1980). In some arteries, a pathway
that requires the hyperpolarization of both the endothelial
and smooth muscle cells (EDHF-mediated responses) con-
tributes to endothelium-dependent relaxations. EDHF-
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mediated responses involve an increase in the endothelial
intracellular calcium concentration and the opening of
calcium-activated potassium channels of small and/or inter-
mediate conductance (SKc, and IKc,). In many arteries,
including the rat mesenteric artery, the endothelium-
dependent hyperpolarization of the smooth muscle cells
can be evoked by direct electrical coupling through myo-
endothelial junctions and/or the accumulation of potassium
ions in the intercellular space. Potassium ions hyperpolarize
the smooth muscle cells by activating inward rectifying
potassium channels (K;;) and/or Na*/K*-ATPase (Chaytor
et al., 1998; Edwards et al., 1998, 1999; Sandow and Hill,
2000). Additionally, in some blood vessels, including large
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and small coronary arteries, the endothelium produces
arachidonic acid metabolites derived from cytochrome P450
monooxygenases. The epoxyeicosatrienoic acids generated are
not only intracellular messengers, but can also diffuse and
hyperpolarize the smooth muscle cells by activating large
conductance calcium-activated potassium channels (BKc,;
Hecker et al., 1994; Campbell et al., 1996; Fleming, 2004).

However, recent experiments performed in isolated rat
mesenteric arteries and in the isolated Langendorff-perfused
heart preparation have been used to suggest that EDHF-
mediated responses could involve the endothelial release of a
hyperpolarizing factor, the C-type natriuretic peptide (CNP;
Chauhan et al., 2003; Hobbs et al., 2004; Villar et al., 2007).
Endothelial cells can theoretically synthesize numerous
vasoactive peptides and among them CNP causes relaxation
and hyperpolarization of arterial and venous smooth muscle
cells (Koller and Goeddel, 1992; Stingo et al., 1992; Suga
etal.,, 1993; Wei et al., 1994; Banks et al., 1996; Honing et al.,
2001). The vasodilator effects of CNP are generally attributed
to the activation of natriuretic peptide receptors of the B
subtype (NPR-B) on the smooth muscle, followed by the
stimulation of particulate guanylate cyclase, the accumula-
tion of cyclic GMP and the subsequent opening of potassium
channels, including BKc, and ATP-sensitive potassium
channel, Kypp (Wei et al., 1994; Banks et al., 1996; Garcha
and Hughes, 2006). However, the mechanism underlying the
relaxation of vascular smooth muscle caused by CNP during
EDHF-mediated responses may involve a different pathway.
CNP could activate the NPR-C receptors and produce a
cyclic-GMP-independent hyperpolarization via the opening
of a G-protein-regulated inward-rectifier potassium channel
(GIRK; Chauhan et al., 2003; Ahluwalia and Hobbs, 2005).

The hypothesis that CNP is an endothelium-derived
hyperpolarizing substance should be examined with caution,
since it requires the validation of various concepts. First,
if NPR-C, originally thought to be a clearance receptor, can
mediate G-protein-dependent intracellular events such as
the inhibition of adenylyl cyclase activity (Ahluwalia et al.,
2004), it is unknown whether or not the CNP-dependent
activation of NPR-C in vascular smooth muscle cells
produces a cyclic GMP-independent, Pertussis toxin-sensitive
signal. Second, whereas the functional expression of GIRK in
neurons and cardiac myocytes is well documented, the
protein expression and the complete characterization of this
channel in vascular smooth muscle cells await full demon-
stration. And third, there is no evidence to date, in any cell
type, that CNP can activate GIRK (Feletou and Vanhoutte,
2006; Sandow and Tare, 2007).

In other arteries than the rat mesenteric artery, which also
exhibit EDHF-mediated responses, the involvement of CNP
has not been verified so far. For instance, in porcine coronary
arteries, the hyperpolarizations elicited by CNP do not
mimic endothelium-dependent hyperpolarizations (Barton
et al., 1998), while in mesenteric arteries taken from mice
deficient for the NPR-C gene, EDHF-mediated responses are
not altered (McGuire et al., 2004). Finally, in a variety of
arteries, CNP or activators of the NPR-C receptors do not
evoke relaxation (McGuire et al., 2004; Boussery et al., 2005).

The purpose of the present work was to evaluate in the
guinea-pig isolated carotid artery, one of the reference
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arteries used for studying EDHF-mediated responses (Busse
et al., 2002; Félétou and Vanhoutte, 2005), the effect of
natriuretic peptides on the membrane potential of smooth
muscle cells and to determine in this artery whether or not
CNP could contribute to the endothelium-dependent hyper-
polarization evoked by acetylcholine.

Methods

All animal procedures were in accordance with the National
Research Council Guide for the Care and Use of Laboratory
Animals and the guidelines established by the Ethical
Committee of the Institut de Recherches Servier.

Male Hartley guinea pigs (250-300g; Charles River,
I’Arbresle, France) were killed with an overdose of pento-
barbitone (200mgkg~!, intraperitoneal) and the internal
carotid arteries with their branches were dissected free.
Segments of artery (1 cm in length) were cleaned of adherent
connective tissues and pinned down to the bottom of an
organ chamber (0.5 ml in volume) superfused at a constant
flow (2mlmin~'; 37°C) with modified Krebs-Ringer bicar-
bonate solution of the following composition (in mMm): NaCl
118.3, KCl1 4.7, CaCl; 2.5, MgSO4 1.2, KH,PO4 1.2, NaHCO3
25, glucose 11.1 and EDTA 0.026 (buffered with 95% O, and
5% CO,, pH 7.4). In some arteries, the endothelium was
removed by infusing a saponin solution (1 mgml !, for 20s)
that was subsequently flushed with Krebs solution (Feletou
and Teisseire, 1990). Transmembrane potentials were re-
corded from the adventitial side of the internal carotid
arteries with glass capillary microelectrodes (tip resistance
of 50-90MQ) filled with KCI (3M) and connected to the
headstage of a recording amplifier (World Precision Instru-
ment intra 767, New Haven, CT, USA). An Ag/AgCl pellet, in
contact with the bathing solution and directly connected to
the amplifier, served as the reference electrode. The signal
was continuously monitored on an oscilloscope (Gould DSO
405, Valley view, OH, USA) and was recorded by using a
pClamp software (Axon instrument, Foster City, CA, USA).
Successful impalements were signalled by a sudden negative
drop in the potential from the baseline (zero potential
reference), followed by a stable negative potential for at least
3min. The acetylcholine-induced hyperpolarizations were
analysed using pClampfit (Axon instrument, Foster City, CA,
USA). Hyperpolarizations are expressed as the maximal
amplitude between the resting membrane potential and that
in the presence of the hyperpolarizing drugs (peak amplitude).

Drugs were added by continuous superfusion via the Krebs
solution reservoir with the exception of the studies involving
tertiapin. In this latter set of experiments, the prohibitive
cost of this toxin prevented running experiments with
continuous superfusion via the Krebs solution reservoir.
Therefore, the membrane potential and the effect of
acetylcholine were recorded first. Then, after washout of
acetylcholine, the superfusion was stopped and the oxyge-
nation (95% O, and 5% CO,) was given directly in the
chamber to maintain adequate pO, and pH. The carotid
arteries were incubated in the presence or absence of
tertiapin (10 uM) for at least 20 min. An injection of a stock
solution of acetylcholine diluted in Krebs solution (with or



without tertiapin) was administered directly in the chamber
to obtain a final concentration of 1uM acetylcholine
(Chataigneau et al., 1998a).

Statistics

Data are shown as mean+s.e.m.; n indicates the number of
cells in which membrane potential was recorded. Compari-
sons vs control were performed statistically using a one-way
analysis of variance, followed by Bonferroni's multiple
comparison test for paired or unpaired experiments or by
use of Student’s t-test for paired or unpaired observations, as
appropriate. Differences were considered to be statistically
significant when the P-value was less than 0.05.

Drugs

Following drugs were used: acetylcholine, indomethacin,
NC-nitro-L-arginine, phenylephrine, glibenclamide, levcro-
makalim, sodium nitroprusside and thiorphan (Sigma, La
Verpillére, France); charybdotoxin and apamin (Latoxan,
Valence, France); atrial natriuretic peptide (ANP), and CNP
(Calbiochem, VWR, Fontenay/bois, France); tertiapin (Alomone
labs, Jerusalem, Israel).
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Results

The membrane potential of the smooth muscle cells of the
isolated guinea-pig carotid artery with endothelium was
—55.4+2.8mV (n=9). Acetylcholine (1pM) produced a
hyperpolarization, while CNP (1pM) did not produce
significant changes in membrane potential. Phenylephrine
(0.5uM) caused a depolarization (9.5mV, n=2). In the
presence of the ay-adrenergic agonist, CNP did not affect
the membrane potential, while acetylcholine still hyper-
polarized the smooth muscle cells (Figure 1).

Effects of CNP in the presence of the combination of indomethacin
(5 uM) plus N€-nitro-L-arginine (100 uM)

In the presence of the two inhibitors, the resting membrane
potential was not significantly affected (—56.7+1.8mV,
n=18). Acetylcholine produced a similar hyperpolarization
and CNP produced a small but measurable hyperpolarization
in four out of five cells recorded from four different
preparations. Phenylephrine (0.3 uM) caused a depolarization
(membrane potential: —49.9+1.2mV, n=15). The addition
of acetylcholine hyperpolarized the cells and, in five out of
six arteries, CNP produced hyperpolarizations of varying
amplitudes and the mean value is shown in Figure 1.
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Figure 1

Acetylcholine (ACh: 1 pm)- and CNP (1 pm)-induced hyperpolarizations in guinea-pig carotid arteries with endothelium, under

various experimental conditions. Phenylephrine (PE: 0.3-0.3 uM); N®-nitro-L-arginine (LNA: 100 um); indomethacin (Indo: 5 uM); thiorphan
(5 um). Data are shown as means +s.e.m. The numbers in parenthesis indicate the number of cells recorded. * indicates a statistically significant
difference between the amplitude of acetylcholine-induced hyperpolarization and that of CNP (t-test for unpaired experiments, P<0.05). CNP,

C-type natriuretic peptide.
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Table 1

Resting MP (mV) and hyperpolarizations (mV) induced by either acetylcholine (1 um), CNP (1 pm), ANP (1 um) and levcromakalim (1 uMm) of

smooth muscle cells of guinea-pig isolated carotid arteries with and without endothelium, in the presence of indomethacin (5 um) plus N®-nitro-L-

arginine (100 um) and thiorphan (5 um).

MP Acetylcholine CNP ANP Levcromakalim
With endothelium -51.14+0.7 22.4+0.6 5.2+0.72 1.1+0.72 19.44+1.5
n=72 n=72 n=42 n=3 n=9
Without endothelium —545+1.9 2.940.9° 5.0+1.3 0.8+0.8 21.343.3°
n=12 n=9 n=9 n=2 n=6

Abbreviations: ANOVA, analysis of variance; ANP, atrial natriuretic factor; CNP, C-type natriuretic peptide; MP, membrane potential.

Data are shown as means+s.e.m. N indicates the number of cells recorded.

?Statistically significant difference from the hyperpolarizations produced by acetylcholine.
PA statistically significant difference between values obtained in arteries with and without endothelium (ANOVA followed by Bonferroni’s post hoc test or unpaired

t-test, P<0.05).

Under these experimental conditions, ANP (1uMm) pro-
duced small but measurable hyperpolarizations, which never
exceeded 7mV (4.4+1.0mV, n=5 and 4.24+0.2mV, n=2,
in resting and phenylephrine-depolarized carotid arteries,
respectively).

Effects of CNP in the presence of the combination of indomethacin
plus N°-nitro-L-arginine and thiorphan (5 uM)

Control conditions. In the presence of the three inhibitors,
acetylcholine produced an endothelium-dependent hyper-
polarization of the guinea-pig carotid arteries. CNP hyper-
polarized 36 out of 42 preparations with endothelium (86%)
and eight out of nine preparations without endothelium
(89%). The changes in membrane potential induced by CNP
varied widely from O to —17 mV in arteries with and from —1
to —12mV in preparations without endothelium (Figure 1,
Table 1). In arteries without endothelium, sodium nitroprus-
side (SuM) hyperpolarized the smooth muscle cells
(14.1+1.5mV, n=7), as did levcromakalim (1 uMm, Table 1).
In the presence of phenylephrine (0.3 uM), acetylcholine
produced hyperpolarizations and so did CNP in four out of
five preparations (Figure 1, last panel).

Upon repeated administration of CNP, during continuous
recording from the same impaled cell, a significant tachy-
phylaxis of the hyperpolarization was observed. The CNP-
induced hyperpolarization was significantly reduced but
still measurable upon the second exposure (Figure 2). Under
identical experimental conditions, the acetycholine-induced
hyperpolarization, although significantly reduced by ap-
proximately 2.5 mV, remained robust (Figure 2).

Under the same conditions, ANP produced minimal
changes in membrane potential in preparations with and
without endothelium (Table 1).

Potassium channel blockers. Glibenclamide (1um) did not
affect the membrane potential of the vascular smooth
muscle cells (-=51.4+1.0.mV, n=14) or the hyperpolariza-
tion evoked by acetylcholine. However, it abolished both
levcromakalim- (1 uM) and CNP-induced hyperpolarizations
(Figures 3 and 4). The combination of charybdotoxin
(0.1 uMm) plus apamin (0.5 pM) produced a small depolariza-
tion (membrane potential: —48.0+3.6mV, n=10), and
inhibited the hyperpolarization to acetylcholine, but did
not affect that to CNP or levcromakalim (Figure 4).
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Figure 2 Amplitude of hyperpolarizations elicited by two con-
secutive administrations of acetylcholine (1 pm) and CNP (1 um), as
measured during a continuous recording from the same impaled
cell, in guinea-pig carotid artery with endothelium, in the presence
of NG-nitro-L-arginine (100 puMm) plus indomethacin (5pmM) and
thiorphan (5 pm). Data are shown as means+s.e.m. from measure-
ments performed in 15 different cells from arteries taken from 15
different guinea-pigs. * indicates a statistically significant difference
between the first and second administration (paired t-test, P<0.05).
In both the cases, the amplitude of acetylcholine-induced hyper-
polarization was significantly larger than that of CNP (unpaired t
test, P<0.05). CNP, C-type natriuretic peptide.

In the absence of superfusion while tertiapin is present
or absent (10pM), the membrane potential of the smooth
muscle cells was not significantly different from that
measured in control superfused arteries (Figure 5). Thus,
the figure also shows that tertiapin did not significantly
affect the acetylcholine-induced hyperpolarization.

Discussion

The present study confirms that, in the guinea-pig carotid
artery with endothelium, acetylcholine produced hyper-
polarizations of the smooth muscle in the presence or
absence of NS-nitro-L-arginine, indomethacin and/or thior-
phan, inhibitors of NO-synthases, cyclooxygenases or neu-
tral endopeptidase, respectively. Furthermore, acetycholine
not only produced hyperpolarizations in resting arteries, but
also repolarized phenylephrine-depolarized smooth muscle
cells. Finally, the hyperpolarizations evoked by acetylcholine
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Figure 3 Effect of glibenclamide (1 um) on acetylcholine (ACh: 1 pum)-, CNP (1 pm)- and levcromakalim (1 um)-induced hyperpolarizations in
guinea-pig carotid artery with endothelium, in the presence of N®-nitro-L-arginine (100 uM) plus indomethacin (5 uM) and thiorphan (5 um).
Original recordings showing the effects of acetylcholine, CNP and levcromakalim under control conditions (top trace: ipsilateral carotid artery)
and in the presence of glibenclamide (lower trace: contralateral carotid artery). Original recordings showing the effects of acetylcholine and
CNP in the presence or absence of glibenclamide, as measured during a continuous recording from the same impaled cell. The parallel dotted
lines indicate a 15-min incubation with glibenclamide. In both the cases, glibenclamide prevented the hyperpolarizations in response to CNP
or levcromakalim. The bars shown under the name of each substance indicate the duration of exposure with the time points of administration
and washout. CNP, C-type natriuretic peptide.
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Figure 4 Summary bar graphs showing the inhibitory effects of glibenclamide (1 um) and that of the combination of charybdotoxin (0.1 um)
plus apamin (0.5 uMm) on acetylcholine (ACh: 1 um)-, CNP (1 um)- and levcromakalim (1 pm)-induced hyperpolarizations, in guinea-pig carotid
arteries with endothelium, in the presence of NC-nitro-L-arginine (100 uM) plus indomethacin (5 um) and thiorphan (5 um). Data are shown as
means +s.e.m. The numbers in parenthesis indicate the number of cells recorded. Controls have been pooled for the sake of clarity. * indicates
a statistically significant effect of an inhibitor (unpaired t-test, P<0.05). CNP, C-type natriuretic peptide.

were endothelium-dependent and abolished by the combi-
nation of the Kc, channels blockers, apamin plus charybdo-
toxin, but unaffected by the Karp blocker, glibenclamide
(Corriu et al., 1996; Chataigneau et al., 1998a; Quignard
et al., 2000a; Gluais et al., 2005).

The observation that in the guinea-pig carotid artery, ANP
inconsistently produced minor hyperpolarizations is in
agreement with previous findings that, in the aorta of the
same species, opening of potassium channels and changes
in membrane potential are only minor contributors to
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Figure 5 Summary bar graphs showing the effects of tertiapin (10 pmM) on resting membrane potential (left panel) and acetylcholine (ACh:
1 uM; right panel)-induced hyperpolarization in guinea-pig carotid arteries with endothelium, in the presence of N®-nitro-L-arginine (100 um)
plus indomethacin (5uM) and thiorphan (5puM). Measurement of changes in resting membrane potential and hyperpolarization to
acetylcholine in continuously superfused carotid arteries are also shown. Data are shown as means+s.e.m. of six different carotid arteries
originating from six different guinea-pigs. NS indicates a not statistically significant difference (ANOVA, followed by Bonferroni post hoc test for

paired experiments, P>0.05). ANOVA, analysis of variance.

relaxation following the activation of NPR-A receptors
(Otsuka et al., 2002).

CNP causes endothelium-independent relaxations (Potter
et al., 2006), although an endothelium-dependent compo-
nent of the vasodilator response to the peptide has been
described in some vascular beds, such as the rat coronary
microcirculation (Brunner and Wolkart, 2001). In the
present study, the effects of CNP were endothelium-inde-
pendent and unmasked by the inhibition of NO synthases
and/or cyclooxygenases. The potentiation of the response to
natriuretic peptides (including CNP) by inhibitors of NO-
synthases has been attributed to modulation of the particu-
late guanylate cyclase associated-receptors, NPR-A and NPR-B,
by a NO- and cyclic-GMP-dependent mechanism (Madhani
et al., 2003; Hobbs et al., 2004). This then suggests that, in
the guinea-pig carotid artery, the hyperpolarizing effect of
CNP involves particulate guanylate cyclase, possibly via the
activation of NPR-B receptors. However, the amplitude of the
hyperpolarization evoked by high concentrations of CNP, in
the guinea-pig carotid artery, was highly variable and in
average much smaller that observed in the rat mesenteric
artery (Chauhan et al., 2003; Villar et al., 2007). However, the
amplitude of CNP-induced hyperpolarization in the present
study was similar to that reported previously in the porcine
coronary artery (Barton et al., 1998).

The variability of the effects of CNP could have been
explained by varying degree of enzymatic degradation. For
instance in the guinea-pig carotid artery and under similar
experimental conditions to those of the present study,
hyperpolarization to substance P is observed only in the
presence of thiorphan and perindoprilat, inhibitors of
neutral endopeptidase 24.11 and angiotensin converting
enzyme, respectively (Quignard et al., 2000a). CNP is the
most susceptible of all natriuretic peptides to metabolism
by neutral endopeptidase and is rapidly degraded by this
enzyme (Kenny et al., 1993; Brandt et al., 1997). Thus,
inhibitors of neutral endopeptidase can enhance the effects
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of CNP both in vivo and in vitro (Seymour et al., 1996; Honing
et al., 2001; Marton et al., 2005; Garcha and Hughes, 2006),
although this is not always the case (Kugiyama et al., 1996;
Brandt et al., 1997; Kelsall et al., 2005). In agreement with
this latter conclusion, in the present in vitro study, thiorphan
did not enhance the CNP or the ANP-induced hyperpolari-
zations and did not reduce the large variability in amplitude
of the response to CNP. Variations in the inactivation of CNP
by the clearance receptor NPR-C and/or in the activity of
phosphodiesterases controlling cGMP levels in smooth
muscle cells may explain the phenomenon (Barber et al.,
1998).

In the guinea-pig carotid artery, the acetylcholine-induced
endothelium-dependent hyperpolarization is reproducible
(Chataigneau et al., 1998b) as confirmed in the present
study. By contrast, the hyperpolarization elicited by a second
stimulation with CNP was attenuated. This is best explained
by the observation that CNP produces rapid (in the minutes
following a brief exposure) desensitization of the NPR-B
receptor by a phosphorylation-dependent regulatory
mechanism (Potter, 1998) and, after a prolonged exposure,
induces the downregulation of the expression of NPR-B
receptors (Rahmutula and Gardner, 2005).

CNP induces hyperpolarization of vascular smooth muscle
by activating BKc, (Wei et al., 1994; Banks et al., 1996; Barber
et al., 1998; Garcha and Hughes, 2006) and/or Karp (Wei
et al., 1994; Barber et al., 1998) and possibly also GIRK
(Chauhan et al., 2003; Villar et al., 2007). The present study
demonstrates that glibenclamide, at a concentration that
abolished the hyperpolarizing effect of levcromakalim,
without affecting the endothelium-dependent hyperpolari-
zation to acetylcholine, prevented the hyperpolarization
elicited by CNP. This then indicates that CNP activated Karp
and also demonstrates that, in the guinea-pig carotid artery,
the natriuretic peptide was not involved in acetylcholine-
induced endothelium-dependent hyperpolarization (Félétou
and Vanhoutte, 2005). The inhibitory effect of glibenclamide



probably is explained best if hyperpolarizations to CNP
involve a cGMP-dependent component. Indeed, in the same
preparation, various NO donors produce Karp-dependent
and endothelium-independent hyperpolarizations (Corriu
et al., 1996; Quignard et al., 2000b). The hyperpolarization in
response to CNP was not influenced by the combination of
charybdotoxin plus apamin, which abolished the endothe-
lium-dependent hyperpolarization evoked by acetylcholine,
confirming the specificity of the inhibition produced by
glibenclamide. Additionally, since charybdotoxin is a non-
specific blocker of both IKc, and BK¢, (Garcia et al., 1991),
CNP did not activate BKc, in the smooth muscle of the
guinea-pig carotid artery.

Tertiapin, a 21-aa peptide extracted from honeybee
venom, is a potent and specific inhibitor of renal outer
medullar potassium channel (ROMK1 or K;1.1) and of
GIRK1/4 (K;3.1-K;;3.4; Jin and Lu, 1998). This toxin blocks
muscarinic potassium channels in cardiac myocytes with an
ICs( of approximately 8 nMm (Kitamura et al., 2000). Chauhan
et al. (2003), in the study that concluded that CNP can
contribute to EDHF-mediated responses, used tertiapin at the
concentration of 10pM. In the present study, the same
concentration of tertiapin did not affect the membrane
potential of the guinea-pig carotid artery and did not affect
the acetylcholine-induced hyperpolarization. These results
contrast with those in the rat mesenteric artery (Chauhan
et al., 2003). This discrepancy could possibly be explained
by the fact that tertiapin, although selective for GIRK and
ROMK, at concentrations up to 1uM, can inhibit other
populations of inwardly rectifying potassium channels at
higher concentrations (Jin and Lu, 1998; Kitamura et al.,
2000). EDHF-mediated responses are associated with the
opening of endothelial IKc, and SK¢,, which causes an efflux
of potassium ions that accumulate in the intercellular space
(Edwards et al., 1998; Burnham et al., 2002; Bychkov et al.,
2002). In rat and murine mesenteric arteries, but not in the
guinea-pig carotid artery, potassium ions activate smooth
muscle K;2.1 and this pathway contributes to the overall
EDHF-mediated responses (Edwards et al.,, 1998, 1999;
Quignard et al., 1999; McGuire et al., 2004). A nonspecific
effect of an elevated concentration of tertiapin (10 um) could
explain, in the rat mesenteric artery, the partial inhibition
of EDHF-mediated responses, which partially rely on Kir
activation (Chauhan et al., 2003), while the same elevated
concentration of tertiapin has no effect in the guinea-pig
carotid artery. Although EDHF-mediated responses in the
murine mesenteric artery partially rely on the activation of
K;;, the concentration of tertiapin tested being much lower
(100nM) nonspecific effects of the inhibitor were not
observed (McGuire et al., 2004).

In the guinea-pig carotid and in rat mesenteric arteries,
acetylcholine produces a true hyperpolarization (that is,
driving the membrane potential below the resting mem-
brane potential toward the equilibrium value for potassium
ions) in quiescent tissues and both repolarization and
hyperpolarization in phenylephrine-depolarized tissue.
EDHF-mediated responses can evoke both repolarization
and hyperpolarization, since the activation of SK¢, and IKc,
is virtually voltage-independent (Burnham et al.,, 2002;
Bychkov et al., 2002), although the contribution of each
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channel subtype in these different phenomena may depend
on their subcellular localization (Crane et al., 2003; Sandow
et al., 2006). Levcromakalim, the opener of Karp can also
produce both hyperpolarization and repolarization, since
Karp shows only small inward rectification (Edwards and
Weston, 1995). In the present study, CNP induced both true
hyperpolarization and repolarization of phenylephrine-
depolarized smooth muscle cells, an observation consistent
with the activation of Kapp. In rat mesenteric arteries, the
studies performed by Chauhan et al. (2003) and Villar et al.
(2007) involved the presence of a contractile agent that
depolarized the smooth muscle cells. CNP repolarized the
smooth muscle cells, bringing back the membrane potential
close to the resting membrane potential. Whether or not
CNP is able to truly hyperpolarize the smooth muscle of the
rat mesenteric artery is unknown.

In conclusion, the present study demonstrates that
natriuretic peptides are weak hyperpolarizing agents in the
isolated carotid artery of the guinea-pig. CNP-induced
hyperpolarizations involve probably a GMP-dependent
mechanism via the activation of NPR-B receptors. In the
guinea-pig carotid artery, as in porcine coronary and murine
mesenteric arteries, the contribution of CNP to EDHF-
mediated responses appears to be most unlikely.
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