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1 The sensitivity of the soluble guanylate cyclase (sGC)-cyclic guanosine-3',5'-monophosphate
(cyclic GMP) system to nitric oxide (NO) was investigated in mouse aorta from wild type (WT) and
NO synthase (NOS) knockout (KO) animals.

2 The NO donor, spermine-NONOate (SPER-NO) was more potent in aortas from eNOS KO
mice compared to WT (pEC50 7.30+0.06 and 6.56+0.04, respectively; n=6; P50.05). In contrast,
the non-NO based sGC activator, YC-1 was equipotent in vessels from eNOS WT and KO mice.
The sensitivity of aortas from nNOS and iNOS KO animals to SPER-NO was unchanged. Forskolin
(an adenylate cyclase activator), was equipotent in vessels from eNOS WT and KO animals.

3 The cyclic GMP analogue, 8-Br-cGMP was equipotent in eNOS WT and KO mice (pEC50

4.38+0.04 and 4.40+0.05, respectively; n=5; P40.05). Zaprinast (1075
M) a phosphodiesterase

type V (PDE V) inhibitor, had no e�ect on the response to SPER-NO in vessels from eNOS WT or
KO mice.

4 The NOS inhibitor NG-nitro-L-arginine methyl ester (L-NAME; 361074
M) increased the

potency of SPER-NO in aortas from WT mice (pEC50 6.64+0.02 and 7.37+0.02 in the absence and
presence of L-NAME, respectively; n=4; P50.05).

5 In summary, there is increased sensitivity of vessels from eNOS KO animals to NO. Cyclic
AMP-mediated dilatation is unchanged, consistent with a speci®c up-regulation of sGC± cyclic
GMP signalling. The functional activity of cyclic GMP-dependent protein kinase (G-kinase) and
PDE V was also unchanged, suggesting that sGC is the site of up-regulation. These alterations in the
sensitivity of the sGC± cyclic GMP pathway might represent a mechanism for the dynamic
regulation of NO bioactivity.
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noxa-lin-1-one

Introduction

Activation of the haemoprotein soluble guanylate cyclase

(sGC) by nitric oxide (NO) facilitates the conversion of
guanosine-5'-triphosphate (GTP) to the intracellular second
messenger cyclic guanosine-3',5'-monophosphate (cylic GMP).

In turn, cyclic GMP modulates cellular function via interaction
with cyclic GMP-dependent protein kinases, cyclic GMP-
binding phosphodiesterases or cyclic GMP-gated ion channels
(Hobbs, 1997); as such, the NO-sGC± cyclic GMP system

represents an important physiological signalling pathway,
involved in regulating platelet reactivity, smooth muscle
relaxation and non-adrenergic non-cholinergic neurotransmis-

sion. NO is generated endogenously by a family of enzymes
termed NO synthases (NOS; Knowles & Moncada, 1994). NO
synthesized by NOS present in vascular endothelial cells

(eNOS) activates sGC located in the adjacent vascular smooth
muscle cells to increase levels of cyclic GMP and induce
relaxation; this mechanism is thought to play a major role in
the regulation of vascular tone and blood pressure (Knowles &

Moncada, 1994).

Most endogenous signalling pathways incorporate reg-

ulatory feedback loops which permit adaptation, in both a
positive and negative fashion, to changes in the frequency of
activation. This is exempli®ed by sympathetic neurotransmis-

sion, where there are pre- and post-synaptic mechanisms to
alter activity (Langer, 1980, De Blasi, 1989, Bristow et al.,
1989). In the case of NO-sGC± cyclic GMP signalling, a
mechanism regulating the synthesis of NO has been

identi®ed; NO interacts with the haem iron of NOS,
reducing its catalytic activity (Griscavage et al., 1994).
Previous ®ndings have hinted at the possibility that

downstream (analogous to post-synaptic) mechanisms for
autoregulation of NO± sGC signalling pathway also exist,
whereby the sensitivity of the sGC± cyclic GMP system is

in¯uenced by the ambient NO concentration. Blood vessels
in vitro or in vivo exhibit greater sensitivity to NO if
endogenous synthesis of NO is reduced (by NOS inhibitors
or endothelial denudation; Moncada et al., 1991; Kovach et

al., 1992; Dowell et al., 1996). In addition, prolonged
exposure of vascular smooth muscle to NO-donors in vitro
and in vivo reduces the response of the system to subsequent

challenge with NO (Waldman & Murad, 1987; Ljusegren et
al., 1998). As a whole, these observations suggest that the*Author for correspondence.
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responsiveness of the sGC± cyclic GMP system is altered to
compensate for changes in the production of NO. However,
the mechanism(s) underlying these adaptations have not

been de®ned. A full understanding of this autoregulatory
loop may have important therapeutic implications for
conditions in which there is inappropriate NO production
and/or sGC activation such as septic shock, atherosclerosis,

erectile impotence or tolerance following nitrate therapy.
Therefore, the present study has attempted to characterize

regulatory aspects of the sGC± cyclic GMP system using

tissues from wild type (WT) and eNOS knockout (KO) mice,
the latter representing a model of chronic NO de®ciency. The
sensitivity of sGC was assessed using the NO-donor, spermine-

NONOate (SPER-NO), and the non-NO based activator, YC-
1 (3-(5'-hydroxymethyl-2'-furyl)-1-benzyl indazole). G-kinase
sensitivity in these vessels was assessed using the cell-permeable

cyclic GMP analogue, 8-bromo cyclic GMP (8-Br-cyclic
GMP). The functional activity of phosphodiesterase type V
(PDE V) was determined using the selective inhibitor,
zaprinast. To exclude non-speci®c e�ects of genetic manipula-

tion, certain studies were repeated using forskolin (to test the
sensitivity of cyclic AMP-mediated relaxation), or using vessels
from iNOS and nNOS KO animals.

Methods

Male eNOS, nNOS and iNOS WT and KO mice (25 ± 35 g;
eNOS and nNOS, F1 hybrid between SV129 and C57BLK/6,

Cardiovascular Research Center, Massachusetts General
Hospital-East, USA; iNOS, C57BLK/6J, The Jackson
Laboratory, Maine, U.S.A.) were stunned and killed by
cervical dislocation. The thoracic aorta was dissected out,

cleaned of connective tissue and cut into rings (3 ± 4 mm wide).
Aortic rings were suspended in 25 ml organ baths containing
Krebs-bicarbonate bu�er (composition (mM)): Na+ 143; K+

5.9; Ca2+ 2.5; Mg2+ 1.2; Cl7 128; HCO3
7 25; HPO4

27 1.2;
SO4

27 1.2; D-glucose 11), maintained at 378C and gassed with
95% O2/5% CO2. A resting tension of 0.3 g was applied to

each tissue and changes in isometric tension measured using a
force displacement transducer (FT03) connected to a
Rikadenki chart recorder. The tissues were allowed to
equilibrate for 60 min prior to experimentation. During this

time tissues were washed three times, and the tension re-
adjusted to baseline.

Tissues were primed with KCl (4.861072
M) before a

concentration (1077
M) of phenylephrine (PE) producing a

sub-maximal (70 ± 85% of maximum) contraction was added.
Once the response had stabilized (5 min) acetylcholine

(1076
M) was added to assess the endothelial integrity of WT

vessels. If the contractions to PE were not maintained or
relaxations 450% of the PE induced tone to acetylcholine

were not observed, the tissues were discarded. Endothelial
integrity of the aortic rings from eNOS KOmice was not tested
functionally. However, during processing of vessels, 96% of all
rings from WT animals were endothelium-intact; therefore we

have assumed that a similar proportion of rings from KO
animals will also have an intact endothelium.

Tissues were washed over 30 min after which a cumulative

concentration-response curve to PE was constructed. The
tissues were then washed over 60 min to restore basal tone
before contracting to approximately 80% of the maximum PE-

induced response. Once a stable response to PE was obtained,
concentration-response curves to SPER-NO (1079

M ± 1075
M),

8-Br-cyclic GMP (1076
M ± 361074

M), YC-1 (361078
M ±

361075
M) or forskolin (361079

M ± 1076
M) were obtained.

To assess if the responses to SPER-NO and YC-1 were
mediated by sGC, concentration-response curves to these
agents were carried out in the WT tissues before and in the

presence of the sGC inhibitor, ODQ (1H-[1,2,4]oxadiazolol
[4,3,a]quinoxalin-1-one; 561076

M; 30 min incubation) and
compared to a time-matched control. The speci®city of ODQ
was tested by carrying out concentration-response curve to

forskolin in WT tissues in the presence of the same
concentration of ODQ.

To investigate the functional activity of PDE V, concentra-

tion-response curves to SPER-NO were obtained in the
presence of the PDE V inhibitor zaprinast (1075

M; 30 min
incubation), and the e�ects compared with a time-control

(carried out in tissues from the same animals). To study the
e�ects of acute NOS inhibition, concentration-response curves
to SPER-NO were carried out in WT tissues in the presence of

the NOS inhibitor NG-nitro-L-arginine methylester (L-NAME;
361074

M; 30 min incubation) and the e�ects compared with
a time control.

Data analysis

Relaxations are expressed as a percentage reversal of the

PE-induced tone. Responses are plotted graphically as
means from at least four separate experiments with vertical
bars representing standard error of the mean+s.e. mean.

Curves were ®tted to all the data by non-linear regression
using Prism (GraphPAD software San Diego, California,
U.S.A.) to calculate pEC50 values (7log of the EC50 values).

pEC50 values were used to compare the relaxant e�ects of
the drugs.

A t-test was used to assess the signi®cance of di�erences
between pEC50 values. A P value50.05 was taken to indicate a

statistically signi®cant di�erence. Statistical analysis was
performed using Prism software.

Drugs

Phenylephrine hydrochloride, acetylcholine chloride, 8-Br-

cyclic GMP, forskolin, L-NAME and zaprinast were
obtained from Sigma (Poole, Dorset, U.K.). Spermine-
NONOate ([N-(2-Aminoethyl)-N-(2-hydroxy-2-nitrosohydra-
zino)-1,2-ethylenediamine; SPER-NO) was obtained from

Calbiochem (Nottingham, U.K.). ODQ and YC-1 were
synthesized by the Medicinal Chemistry Department at the
Wolfson Institute for Biomedical Research.

Preparation of all stock solutions and their subsequent
dilution were made using distilled water. Exceptions to this
were zaprinast, ODQ and YC-1 which were dissolved in

DMSO. Control responses to DMSO alone were conducted
to allow for the possibility of non-speci®c solvent e�ects
(data not shown).

Results

PE produced concentration-dependent contractions of the
mouse thoracic aorta with similar pEC50 values in both WT
and eNOS KO animals (pEC50 7.12+0.05 and 7.15+0.06 in

WT and KO, respectively; 126 observations from n=60
animals; P40.05). The maximum contractions produced by
PE were greater in tissues from eNOS KO mice

(1.00+0.03 g) compared to WT (0.80+0.02 g; 126 observa-
tions from n=60 animals; P50.001). Acetylcholine relaxed
pre-contracted vessels from WT mice by 68.1+0.93% (126
observations from n=60 animals).
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E�ects of NOS gene disruption on the sensitivity of the
sGC-cyclic GMP pathway

The NO-donor, SPER-NO produced concentration-dependent
relaxations of the PE pre-contracted aortic rings from eNOS
WT and KO mice, but was signi®cantly more potent in KO
animals (pEC50 6.56+0.04 and 7.30+0.06 in WT and KO,

respectively; n=6; P50.05; Figure 1a). In contrast, the non
NO-based sGC activator, YC-1 was equipotent on aorta from
WT and eNOS KO animals (pEC50 6.36+0.04 and 6.23+0.06,

in eNOS WT and KO, respectively; n=5; P40.05; Figure 1b).
Concentration-response curves to both SPER-NO and YC-1
were shifted to the right in the presence of the sGC inhibitor

ODQ (SPER-NO pEC50 6.64+0.04 and 5.12+0.07; YC-1
pEC50 6.16+0.04 and 5.29+0.05 in the absence and presence
of ODQ, respectively; both n=6; P50.05; Figure 2a,b).

SPER-NO was equipotent in aorta from nNOS WT and
KO (pEC50 6.87+0.04 and 6.83+0.04, respectively; n=4;
P40.05; Figure 3a) and iNOS WT and KO animals (pEC50

6.76+0.05 and 6.69+0.04, respectively; n=6; P40.05; Figure

3b). Relaxations to the adenylate cyclase activator, forskolin
were similar in WT and eNOS KO animals (pEC50 7.24+0.02
and 7.18+0.04 respectively; n=8; P40.05; Figure 3c); these

responses were not a�ected by a concentration of ODQ
(561076

M) which signi®cantly inhibited relaxations to both

SPER-NO and YC-1 (pEC50 7.58+0.04 and 7.55+0.02 in the

absence and presence of ODQ, respectively; n=4; P40.05).

Assessment of G-kinase and PDE V activity

The cell-permeable cyclic GMP analogue, 8-Br-cyclic GMP
was equipotent in aorta from WT and eNOS KO mice
(pEC50 4.38+0.04 and 4.40+0.05, respectively; n=5;

P40.05; Figure 4). Incubation of vessels with zaprinast
(1075

M) had no e�ect on the responses to SPER-NO. In the
absence and presence of zaprinast, the pEC50 values were

6.74+04 and 6.75+0.07, respectively in WT (n=5; P40.05)
and 7.31+0.04 and 7.28+0.03, respectively in KO mice
(n=5; P40.05; Figure 5).

Acute e�ect of eNOS inhibition in vessels from WT
animals

Incubation of tissues from WT animals with L-NAME
(361074

M; 30 min) produced a 5 fold leftward shift of the
SPER-NO concentration-response curve. The pEC50 values

were 6.64+0.02 before and 7.37+0.02 in the presence of L-
NAME (n=4; P50.05; Figure 6). The potency of SPER-NO
in aortas from eNOS KO animals was similar to that in WT

animals in the presence of L-NAME.

Figure 1 Concentration-response curves to SPER-NO (a) n=6 and
YC-1 (b) n=5 in PE pre-contracted aortic rings from WT and eNOS
KO mice. Relaxation is expressed as the mean+s.e.mean percentage
reversal of the PE induced tone. SPER-NO, but not YC-1, was more
potent in vessels from eNOS KO animals.

Figure 2 Concentration-response curves to SPER-NO (a) n=6 and
YC-1 (b) n=6 in PE pre-contracted aortic rings from WT mice in the
absence and presence of ODQ (561076

M). Relaxation is expressed
as the mean+s.e.mean percentage reversal of the PE induced tone.
ODQ inhibited the responses to both SPER-NO and YC-1.
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Discussion

The present study demonstrates that vascular smooth muscle
from eNOS knockout mice exhibits increased sensitivity to the
NO-donor SPER-NO. This is consistent with increased

sensitivity of the sGC-cyclic GMP pathway in chronic vascular

NO de®ciency. YC-1, a non NO-based activator of sGC that
causes cyclic GMP-dependent vascular smooth muscle relaxa-

tion, was equipotent in vessels from WT and KO animals. This
®nding suggests that there is a speci®c increase in the
responsiveness of sGC to NO. However, changes in the

sensitivity of other aspects of this signalling cascade do not
appear to occur. 8-Br-cyclic GMP was equipotent in vessels
from WT and KO mice, suggesting equivalent responsiveness

of G-kinase to cyclic GMP. In addition, the lack of e�ect of
zaprinast on the response of these vessels to SPER-NO
implicates low levels of PDE V activity. Incubation of vessels
from WT animals with the NOS inhibitor, L-NAME mimicked

the increase in sensitivity of vessels to SPER-NO that occurred
in eNOS KO animals. This observation suggests that up-
regulation of sGC± cyclic GMP signalling can occur rapidly

(within minutes) in response to a reduction in NO levels.
Previous studies have suggested that the sensitivity of blood

vessels to NO and NO donors can be modi®ed by the

prevailing NO concentration. Vessels that are denuded of the
endothelium or exposed to NOS inhibitors are more sensitive
to exogenous NO (Moncada et al., 1991; Dowell et al., 1996);
conversely, exposure of vessels to NO donors reduces

subsequent responsiveness to exogenous NO (Waldman &
Murad, 1987; Ljusegren et al., 1988). Under such conditions,
changes in the sensitivity of the sGC± cyclic GMP system

might compensate for altered concentrations of NO. This
might be achieved by several mechanisms including modi®ca-
tion of the sensitivity of sGC to NO (Papapetropoulos et al.,

1996a), altered expression of sGC (Papapetropoulos et al.,
1996b;) or G-kinase (So� et al., 1997), or changes in the
activity of PDE V (Holzmann et al., 1996). The current

investigation has attempted to identify which aspects of sGC±
cyclic GMP signalling might adjust to bring about these
changes in the sensitivity of the pathway as a whole.

To investigate these mechanisms in vascular smooth muscle

the present study employed aortas from eNOS KO as a model
for chronic vascular NO de®ciency. SPER-NO, which releases
NO spontaneously in aqueous solution (Morley et al., 1993),

was a more potent relaxant of pre-contracted aortic rings from
eNOS KO mice compared with their WT controls. This was
speci®c for vessels with reduced eNOS-generated NO because

SPER-NO was equipotent on vessels from WT and iNOS or

Figure 3 (a,b) Concentration-response curves to SPER-NO in PE
pre-contracted aortic rings from (a) nNOS WT and KO mice (both
n=4) and (b) iNOS WT and KO mice (both n=6). (c)
Concentration-response curves to forskolin (n=8) in PE pre-
contracted aortic rings from eNOS WT and KO mice. Relaxation
is expressed as the mean+s.e.mean percentage reversal of the PE
induced tone. The responses to the relaxants were similar in vessels
from WT and KO animals.

Figure 4 Concentration-response curves to 8-Br ± cyclic GMP (n=5)
in PE pre-contracted aortic rings from WT and eNOS KO mice.
Relaxation is expressed as the mean+s.e.mean percentage reversal of
the PE induced tone. 8-Br ± cyclic GMP was equipotent in vessels
from eNOS WT and KO animals.
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nNOS KO mice (thereby also con®rming that genetic
manipulation was not responsible for the di�erences). More-
over, the increase in sensitivity was speci®c to the sGC± cyclic

GMP pathway because forskolin, which causes vascular
smooth muscle relaxation through activation of adenylate
cyclase, was equipotent on vessels from WT and eNOS KO
mice. These observations established the validity of this model

in which to explore the mechanism of altered responsiveness to
NO.

To explore the site(s) in the sGC± cyclic GMP pathway that

might be responsible for the observed increase in sensitivity to
NO, the responses of vessels from WT and eNOS KO mice to
YC-1 were compared. YC-1 activates sGC by an unknown

mechanism, which may involve stabilization of the active
conformer of the enzyme, but causes smooth muscle relaxation
via the generation of cyclic GMP in a similar fashion to NO

(Mulsch et al., 1997; Friebe & Koesling, 1998) In the present
study, the sGC inhibitor ODQ reduced the potency of YC-1
and SPER-NO, suggesting that relaxations caused by both
agents were mediated, at least in part, via activation of sGC.

However, in contrast to SPER-NO, YC-1 was equipotent in
vessels from WT and eNOS KO animals. Assuming that the
pathways downstream from sGC respond similarly to rises in

cyclic GMP irrespective of the mechanism of activation of sGC
(i.e. by NO or YC-1), these data indicate that the activities of
G-kinase or PDE V are unlikely to account for the increased

responsiveness of vessels from eNOS KO mice to NO.
Previous studies have indicated that there is reduced activity

and expression of G-kinase associated with increased

stimulation of the sGC± cyclic GMP pathway in vascular and
non-vascular smooth muscle cells (So� et al., 1997). To
investigate speci®cally the involvement of G-kinase in
regulating the sensitivity of sGC± cyclic GMP signalling, the

activity of this enzyme was examined functionally in vessels
from WT and eNOS KO mice using 8-Br-cyclic GMP (a cell
permeable analogue of cyclic GMP that is resistant to

hydrolysis by PDE V but which activates G-kinase) to cause
vasorelaxation. 8-Br-cyclic GMP was equipotent on vessels
from both WT and eNOS KO animals, consistent with

equivalent activity of G-kinase in both types of animals.
A second determinant of cyclic GMP-mediated relaxation is

the rate of hydrolysis of cyclic GMP to inactive 5'-GMP. PDE
V is thought to be the most important cyclic nucleotide

phosphodiesterase in regulating cyclic GMP levels in vascular
smooth muscle (Rabe et al., 1994). This isozyme can be
inhibited in a relatively selective manner by zaprinast (Liu et

al., 1992, Harris et al., 1989, Thusu et al., 1995). In the present
investigation, zaprinast had no e�ect on the sensitivity of
vessels to SPER-NO in both the WT and eNOS KO mice. The

inability of zaprinast to alter responses to SPER-NO is
consistent with low PDE V activity in the mouse aorta or
that alternative PDE isoforms are important in modifying

cyclic GMP responses in this tissue (e.g. PDE III; Rabe et al.,
1994). It is also possible that the concentration of zaprinast
was insu�cient to cause signi®cant blockade of PDE V.
However, the concentration we used (1075

M) has been shown

previously to inhibit PDE V in other vessel types. In
conjunction with the YC-1 data, this suggests that PDE V
activity is not likely to account for the di�erences in the

sensitivity of vessels from WT and eNOS KO mice to NO
donors.

To compare the e�ects of chronic versus acute NO

de®ciency on the responsiveness of the sGC± cyclic GMP
system to NO vessels from WT animals were incubated with
the NOS inhibitor, L-NAME (Rees et al., 1990). Following a
30 min incubation, WT vessels developed equivalent super-

Figure 6 Concentration-response curves to SPER-NO in WT mouse
aortic rings in the absence and presence (both n=4) of L-NAME
(361074

M). Relaxation is expressed as the mean+s.e.mean
percentage reversal of the PE induced tone. Following incubation
with L-NAME for 30 min, there was an increase in the potency of
SPER-NO.

Figure 5 Concentration-response curves to SPER-NO in PE pre-
contracted aortic rings from (a) eNOS WT (n=5) and (b) eNOS KO
(n=5) in the absence and presence of zaprinast (1075

M). Relaxation
is expressed as the mean+s.e.mean percentage reversal of the PE
induced tone. Incubation with zaprinast for 30 min had no e�ect on
the responses to SPER-NO.
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sensitivity to NO as was observed in eNOS KO animals. These
observations are consistent with increased activity of con-
stitutive sGC rather than induction of sGC protein in NO-

de®cient vessels, a conclusion that is also supported by the lack
of increased potency of YC-1 in vessels from eNOS KO
animals. However, there is evidence from studies on smooth
muscle cells in culture that sGC expression is down-regulated

by NO donors (Fillippov et al., 1997; Scott & Nakayama,
1998). To determine if analogous mechanisms might con-
tribute to the altered sensitivity of the sGC± cyclic GMP

pathway to NO observed in the present study, it will be
necessary to study sGC mRNA and protein expression in these
tissues.

The e�ect of ODQ on the relaxation to SPER-NO is
consistent with a major role for sGC± cyclic GMP signal
transduction in response to NO in mouse aorta. However,

involvement of other mechanisms in the change of sensitivity
of the smooth muscle to NO cannot be excluded. Cyclic GMP-
independent mechanisms of relaxation to NO donors have
been implicated in rabbit (Weisbrod et al., 1998) and rat (Van

der Zypp & Majewski, 1998) vessels, perhaps through
activation of potassium channels (Wu et al., 1999). Whether
such mechanisms also contribute to NO-mediated relaxation

of mouse aorta remains to be determined.
In summary, there is increased sensitivity of blood vessels

from eNOS KO mice to NO donors. Up-regulation seems to

occur at the level of sGC because neither functional activity of
G-kinase or PDE was changed in aortas from eNOS KO mice.
The lack of any increase in the sensitivity to YC-1, and the

time-course of up-regulation following acute NOS inhibition,
suggests that there is increased sensitivity of constitutive sGC
to NO. These alterations in the sensitivity of the sGC± cyclic

GMP pathway might represent an important physiological
mechanism for the dynamic regulation of NO-mediated
responses in the vasculature or other systems. In addition, in
diseases where there is inappropriate release NO, autoregula-

tion of sGC± cyclic GMP signalling might be a compensatory
homeostatic mechanism; e.g. in vascular sepsis this mechanism
might limit excessive vasodilatation without interfering with

non-cyclic GMP-mediated e�ects of NO (such as killing of
pathogens; see Vallance & Moncada, 1993). Moreover, failure
of autoregulation of the sGC± cyclic GMP system might

contribute to the pathophysiology of disease states associated
with abnormal NO production. Autoregulation of sGC± cyclic
GMP signalling might also have therapeutic implications, by

contributing to the development of tolerance to NO-donors or
rebound vasoconstriction after cessation of NO-replacement
therapy (Warren & Higenbottam, 1996). The results of the
present study suggest that tolerance of sGC might be speci®c

for NO, and might not occur with non-NO based activators of
sGC. This class of compound might have therapeutic
advantages over currently available NO donors.

A.J. Hobbs is a recipient of a Wellcome Trust Career Development
Fellowship. This work was supported by a project grant from the
British Heart Foundation.
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