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Pre-eclampsia is a serious multisystem disorder with diverse clinical manifestations. Although not causal, endothelial dysfunction and
reduced nitric oxide bioavailability are likely to play an important role in the maternal and fetal pathophysiology of this condition. Lack
of treatment modalities that can target the underlying pathophysiological changes and reverse the endothelial dysfunction frequently
leads to iatrogenic preterm delivery of the fetus, causing neonatal morbidity and mortality, and the condition itself is associated with
short- and longer term maternal morbidity and mortality. Drugs that target various components of the nitric oxide-soluble guanylyl
cyclase pathway can help to increase NO bioavailability. The purpose of this review is to outline the current status of clinical research
involving these therapeutic modalities in the context of pre-eclampsia, with the focus being on the following: nitric oxide donors,

including organic nitrates and S-nitrosothiols; L-arginine, the endogenous precursor of NO; inhibitors of cyclic guanosine
3’,5"-monophosphate breakdown, including sildenafil; and other novel inhibitors of NO donor metabolism. The advantages and
limitations of each modality are outlined, and scope for development into established therapeutic options for pre-eclampsia is

explored.

Introduction

Pre-eclampsia is a multisystem disorder that complicates
2-8% of pregnancies [1]. Its presentation can be highly
variable but is usually characterized by hypertension and
proteinuria after 20 weeks of gestation, in an otherwise
normotensive woman [2]. Pre-eclampsia is a major cause
of maternal mortality, accounting for 16% of the direct
maternal deaths in developed countries [3], and can be
associated with a wide spectrum of serious complications,
including eclampsia, haemorrhagic stroke, haemolysis,
elevated liver enzymes and low platelets (HELLP) syn-
drome, renal failure and pulmonary oedema.

Early onset pre-eclampsia is associated with significant
perinatal morbidity and mortality. This is primarily due to
the need for premature delivery, further complicated by
the presence of intrauterine growth restriction. Despite
recent improvements in survival rates at very early gesta-
tions, the incidence of long-term neurological complica-
tions and neurodevelopmental delay remains high [4]. In

addition to the immediate complications of prematurity,
over half of these extremely low-birthweight babies
have neurodevelopmental impairment, and nearly one in
10 show signs of cerebral palsy at 18-22 months of age
[5]. In addition, 10% of babies born before 26 weeks are
affected by visual and/or hearing loss at 18 months [6]. The
neurodevelopmental sequelae can persist into adoles-
cence and adulthood, and cognitive impairment and
school difficulties are seen in a significant proportion [7].

Pathophysiology of pre-eclampsia

The aetiology of pre-eclampsia is complex and not yet fully
elucidated. The primary cause of pre-eclampsia is thought
to be inadequate placentation [8]. The failure of tropho-
blast invasion and remodelling of the uterine spiral arteries
leads to a high-resistance uterine circulation, causing
a reduction in blood flow and placental ischaemia. The
resultant reperfusion causes an increase in oxidative stress,
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leading to a widespread systemic inflammatory response
[9] and alterations in angiogenic factor signalling. This, in
turn, results in generalized endothelial dysfunction, which
is thought to be central to the maternal manifestations of
pre-eclampsia and may account for the diverse spectrum
of its clinical complications [10, 11], although direct evi-
dence for this in humans is limited.

Vascular endothelium performs various haemostatic
functions, many of which are mediated by nitric oxide
(NO). Nitric oxide, originally identified as the endothelium-
derived relaxing factor, is the predominant vasodilatory
substance produced by the endothelium in response to
mechanical and chemical stimuli. It is an autocrine and
paracrine signalling molecule that is synthesized from
L-arginine by a family of calcium-calmodulin-dependent
enzymes called nitric oxide synthases (NOS); the most
important one of which, in this context, is endothelial NOS
(eNOS) (Figure 1). Nitric oxide causes relaxation of vascular
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smooth muscle cells by activating soluble guanylate
cyclase (sGC), which in turn causes an increase in intracel-
lular cyclic guanosine 3’,5-monophosphate (cGMP) and
activation of cGMP-dependent protein kinases.

A key feature of endothelial dysfunction in pre-
eclampsia is a reduction in the bioavailability of NO. In
turn, this is thought to lead to a rise in blood pressure due
to a disturbance in the balance between vasodilator and
vasoconstrictor influences on the vascular smooth muscle.
Nitric oxide is also a potent inhibitor of platelet aggrega-
tion and activation by both c¢GMP-dependent and
-independent mechanisms [12]. Increased aggregation
and widespread systemic activaton of platelets is seen in
women with this disorder [13]. The functions of NO also
include inhibition of vascular smooth muscle cell prolifera-
tion [14] and inhibition of inflammatory cell activation [15].

In addition, NO can modulate protein function through
S-nitrosylation, which may be of biological importance.
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Figure 1
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Overview of the mechanisms of action of NO donors and related drugs. Abbreviations are as follows: cGMP, cyclic guanosine 3’,5-monophosphate; eNOS,
endothelial nitric oxide synthase; GSNO, S-nitrosogluthione; GSNOR, S-nitrosoglutathione reductase; GTP, guanosine triphosphate; NO, nitric oxide; PDE5,

phosphodiesterase 5; sGC, soluble guanylyl cyclase; SNOs, S-nitosothiols
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Significant alterations to the placental S-nitroso-proteome
are seen in pre-eclampsia compared with normotensive
women [16]. S-Nitrosylation of endogenous thiols, the
most abundant one of which is glutathione, produces a
class of compounds called S-nitrosothiols (RSNO), which
have a significant role in NO physiology, having a longer
half-life than NO itself and acting as reservoirs of
bioavailable NO.

An increase in the markers of oxidative stress is seen
in women with pre-eclampsia [17, 18] and small-for-
gestational-age infants [18]. Angiotensinogen is predomi-
nantly in its more active oxidized form in women with
pre-eclampsia, resulting in activation of the renin-
angiotensin axis. This may partly explain the rise in blood
pressure seen in these women [19]. A reduction in antioxi-
dant factors was seen in some studies, which found lower
levels of glutathione [17, 20, 21] and glutathione-to-
haemoglobin ratios [20]. S-Glutathionylation of proteins
has also been the focus of recent research. This post-
translational modification is thought play a crucial role in
the regulation of the intracellular redox state [21].

The levels of numerous pro-inflammatory and
anti-angiogenic factors are raised in women with pre-
eclampsia, including soluble Fms-like tyrosine kinase-1
(sFlt-1) [9]. Soluble Fms-like tyrosine kinase-1 is a
circulating splice variant of the vascular endothelial
growth factor receptor and binds to vascular endothelial
growth factor and placental growth factor, hence reduc-
ing their bioavailability [22]. Serum levels of sFlt-1 are
raised in women with pre-eclampsia, and correlate with
the severity of the disease and proximity to its onset [23].
Endoglin is a transforming growth factor B1 and B3
coreceptor that is expressed on the surface of endothelial
cells. Upregulation of endoglin in the placentae of pre-
eclamptic pregnancies is associated with release of
soluble endoglin (sEng) into the maternal circulation.
Increased circulating sEng interferes with normal trans-
forming growth factor B signalling [24]. Levels of sEng
increase 2-3 months prior to the onset of clinical disease
[15]. The increase in sFlt-1 and sEng levels in pre-
eclampsia leads to a reduction in angiogenesis and
downregulation of NO production [22, 24].

Increasing knowledge about the pathophysiology of
pre-eclampsia has not yet been translated into new treat-
ment modalities for this condition [25]. The current man-
agement of severe pre-eclampsia involves treatment with
antihypertensive medications, seizure prevention with
magnesium sulphate and expediting delivery, sometimes
at very early gestations. Therapeutic measures that focus
on reversing the underlying endothelial dysfunction
could potentially help to ameliorate the widespread sys-
temic manifestations of this disorder. The aim of this
review is to outline the current status of the various
streams of pharmacological investigations, with the focus
being on the restoration of the NO-sGC pathway
(Table 1). Although oxidative stress has been investigated
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in the causation of pre-eclampsia, there is no proven
benefit from traditional antioxidants [26]. This review also
aims to explore the basis for the theoretical potential of
endogenous antioxidants, such as glutathione, in the
management of pre-eclampsia.

Clinical studies and pharmacology
of nitric oxide donors

Given that endothelial dysfunction and disruption of NO
bioavailability are major contributors to the maternal
manifestations of pre-eclampsia, supplementation with
exogenous NO donors would be an apparently logical
solution. The use of NO donors in cardiovascular diseases
is well established, and evidence for their role in the pre-
vention and treatment of pre-eclampsia is emerging. The
classes of NO donors that have been studied in the
context of pre-eclampsia include organic nitrates and
S-nitrosothiols.

Organic nitrates

Organic nitrates have been used as vascular smooth
muscle relaxants for over 100 years. The organic nitrates
that have been studied in the context of pre-eclampsia
include glyceryl trinitrate (GTN) or nitroglycerine and
isosorbide dinitrate (ISDN) (Table 2).

Glyceryl trinitrate Glyceryl trinitrate is a widely used
organic nitrate in clinical practice, particularly for the treat-
ment of angina pectoris. It releases NO from its terminal
nitrate group after enzyme-mediated bioactivation.
Although the identity of the activating enzyme remains
elusive, recent evidence has proposed mitochondrial alde-
hyde dehydrogenase as a likely candidate [27].

The use of GTN in women at risk for pre-eclampsia was
first reported in 1994. A study of intravenous GTN infusion
in 15 women with abnormal uterine artery Doppler
velocimetry at 24-26 weeks gestation showed a dose-
dependent reduction in uterine artery resistance without
any effect on the maternal cardiovascular parameters or
the fetal circulation [28]. Further studies, however, have
shown a significant reduction in the maternal blood pres-
sure [29-31] and umbilical artery resistance [29] without
any significant adverse effects [31, 32] after intravenous
infusion of GTN.

Transdermal GTN patches have been the focus of
various studies, for both prevention and management
of pre-eclampsia and related disorders [32, 33]. A
randomized, placebo-controlled trial of low-dose trans-
dermal GTN patches in women with abnormal uterine
artery Doppler velocimetry at 24-26 weeks showed that
although there was no change in the incidence of pre-
eclampsia, growth restriction or preterm delivery, GTN
increased the likelihood of a complication-free pregnancy,
with a significant reduction in hazard ratio in the GTN-
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treated group. There was no effect on maternal cardiovas-
cular parameters or on uterine and fetal Doppler
velocimetry [32]. Studies of both transdermal [34, 35] and
sublingual GTN [36] in women affected by pre-eclampsia
consistently showed a significant reduction in blood pres-
sure and resistance in the uterine artery without an
adverse effect on fetal Doppler parameters.

The evidence for the clinical use of GTN for the
prevention or treatment of pre-eclampsia is, therefore,
limited by the small numbers of women in the studies
mentioned above, which were not powered to identify
alterations in maternal or fetal outcomes. These studies
have, nonetheless, highlighted the potential use of GTN
as an antihypertensive agent in pre-eclampsia. However,
it remains to be established whether GTN offers any com-
petitive advantage over the existing treatment options in
pre-eclampsia.

The major disadvantage of organic nitrates in general,
and GTN in particular, is the development of tolerance
upon continuous dosing, necessitating the requirement
of regular 'nitrate-free’ intervals. There are many theories
regarding the molecular basis of tolerance, including
increased oxidative stress and generation of superoxide
anions, uncoupling of NOS leading to worsening of the
underlying endothelial dysfunction, and plasma volume
expansion due to fluid retention [37]. Continuous
exposure to GTN may also reduce the activity of
mitochondrial aldehyde dehydrogenase [27]. Paradoxi-
cally, the increase in oxidative stress and potentiation of
endothelial dysfunction may also worsen the underlying
disease process [38].

As previously noted, platelet activation plays a signifi-
cant role in the aetiology of pre-eclampsia. Organic
nitrates have not been found to have any significant in vivo
antiplatelet effects [39].

The safety profile of these drugs is well established in
the nonpregnant population. The side-effects observed
with their use are not usually serious and include head-
ache, flushing and dizziness, but can be severe enough to
affect compliance, causing discontinuation of their use
[40].

Isosorbide  dinitrate Isosorbide dintirate undergoes
bioactivation by a similar mechanism to GTN, but has a
longer half-life. A few small studies have demonstrated
a reduction in maternal blood pressure [41-43] and resist-
ance in the uterine arteries with the use of both trans-
dermal and sublingual ISDN in women with pre-eclampsia
[44, 45]. However, it has the same disadvantages as
GTN, including tolerance, worsening of the underlying
endothelial dysfunction and lack of platelet effects at
vasodilatory doses.

Other organic nitrates A recent study demonstrated that
pentaerythryl tetranitrate, a long-acting organic nitrate,
improved uteroplacental perfusion in women at risk for
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pre-eclampsia. The frequency of pre-eclampsia, growth
restriction and preterm births was also found to be
lower in high-risk women who received pentaerythryl
tetranitrate proplylaxis [46].

Sodium nitroprusside is a very potent nitrovasodilator
used as an antihypertensive in nonpregnant patients for
the treatment of hypertensive emergencies. It can cause
profound hypotension, hence requiring very cautious
dose titration. Another potential adverse effect of sodium
nitroprusside is cyanide toxicity. The data for its use in
pregnant patients is limited, with animal studies suggest-
ing the risk of fetal toxicity.

S-Nitrosothiols

S-Nitrosothiols are a class of compounds that have an NO
group attached to the thiol (RSH) moiety by a single
chemical bond. S-Nitrosothiols release the NO moiety by
a variety of mechanisms, such as exposure to light, heat
and transition metals, in addition to bioactivation by
various enzymes. As a result of this wide array of mecha-
nisms of activation, S-nitrosothiols are not susceptible to
tolerance [47]. Their NO moiety can be effectively trans-
ferred to endogenous thiols, which act as biological
reservoirs of NO. This protects NO from being rapidly
metabolized to nitrites in conditions of oxidative stress
[38]. This permits a longer duration of action of S-
nitrosothiols than can be expected from the short half-life
of NO. S-Nitrosothiols can also transfer the NO moiety
across plasma membranes by transnitrosation catalysed
by protein disulphide isomerases [48]. The S-nitrosothiol
that has been investigated in women with pre-eclampsia
is S-nitrosoglutathione (GSNO).

S-nitrosoglutathione (Table2) is an endogenous
S-nitrosothiol that is found ubiquitously in tissues, in con-
centrations as high as 250 nm [49]. S-Nitrosoglutathione is
not currently in clinical use, but has been the focus of
research for its therapeutic role in a variety of conditions,
including pre-eclampsia, cardiovascular and cerebrovas-
cular disorders and cystic fibrosis. The effects of GSNO are
tissue specific. A significant reduction in platelet aggrega-
tion in response to ADP [50, 51] and activation via
increased surface expression of P-selectin (an o-granule
adhesion molecule) and glycoprotein Ilb/llla (a fibrinogen
receptor with increased expression on activated platelets)
has been shown at doses that have only a minimal cardio-
vascular effect [52, 53]. This has highlighted its therapeutic
potential in conditions associated with platelet over-
activation, which include pre-eclampsia.

The first reported use of GSNO in pre-eclampsia was in
a severely thrombocytopaenic woman with postpartum
HELLP syndrome in 1994 [54]. A rapid improvement in the
patient’s clinical condition and improvement in platelet
count was seen with GSNO infusion. A study of GSNO infu-
sion in 10 women with severe pre-eclampsia showed a
significant dose-dependent reduction in blood pressure,
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uterine artery resistance and platelet activation. Despite a
fallin blood pressure, there was no significant effect on the
fetal circulation [55]. The reduction in blood pressure at
doses that affect platelet activation was contrary to the
findings in healthy volunteers in previous studies [50]. This
was attributed to the reduction in endogenous production
of NO in women with pre-eclampsia, leading to hypersen-
sitivity of the NO-depleted vascular system to GSNO [55].
The use of GSNO in women with early onset pre-eclampsia
has also been the focus of a recent dose-ranging study by
our team, which showed a significant reduction in aug-
mentation index (a biomarker of small vessel tone that is
increased in pre-eclampsia [56]) and platelet activation,
without any significant change in mean arterial pressure. A
significant postinfusion reduction was observed in urinary
protein-to-creatinine ratio in comparison to the pre-
infusion value, and the reduction in sEng level approached
significance. These studies, albeit small, indicate that
GSNO may have a role in targeting the underlying
endothelial dysfunction of pre-eclampsia. However, evi-
dence for an effect of GSNO on clinical end-points, such as
prolongation of pregnancy, is lacking. Further research is
required to investigate the safety and efficacy of GSNO in
women with pre-eclampsia and to elucidate effects on
maternal and fetal outcomes.

S-Nitrosoglutathione is known to modulate cell
signalling by post-translational S-nitrosylation and S-
glutathionylation of redox-sensitive proteins [57]. As
previously mentioned, an alteration in the redox state
of various plasma proteins and the oxidative switch
of angiotensinogen to its more active form have been
shown in patients with pre-eclampsia. S-Nitrosylation of
angiotensinogen by a S-nitrosothiol (S-nitroso-N-acetyl
penicillamine) resulted in a shift towards its less active,
reduced form [19]. It can, hence, be inferred that post-
translational modification of proteins by GSNO may also
target the underlying pathophysiological changes in
pre-eclampsia.

Reduced levels of glutathione have been shown in
women with pre-eclampsia [17, 20, 21]. It can hence be
hypothesized that exogenous GSNO can replenish these
antioxidant reserves of glutathione.

The therapeutic effects of GSNO, a molecule with a very
short half-life, persisted up to 24 h after cessation of the
infusion in two studies investigating the reduction of
embolic signals from carotid plaque [58, 59]. It is poss-
ible that this phenomenon is attributable to the post-
translational modification reactions described above. It
remains to be elucidated whether the changes in cardio-
vascular parameters, uteroplacental circulation or platelet
function also persist in pre-eclamptic women after GSNO
infusion.

S-Nitrosoglutathione has been found to have a favour-
able toxicity profile in animal toxicology studies using
inhalational GSNO, with no biologically significant adverse
effects seen [60].
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Clinical studies and pharmacology
of nitric oxide precursors

L-Arginine

L-Arginine acts as a precursor of NO and is converted into
NO and L-citrulline by NOS, as described in the ‘Patho-
physiology of pre-eclampsia’ section. It has been the focus
of studies aimed at investigating its preventative role in
women at high risk for developing pre-eclampsia. A study
of intravenous infusion of L-arginine in pregnant women
showed a significant reduction in blood pressure; an effect
that was greater in women with pre-eclampsia [61].
Recently, the focus has been on the effects of L-arginine
supplementation on the prevention of pre-eclampsia in
high-risk women. A randomized, controlled trial showed
that dietary supplementation with a combination of
L-arginine and antioxidants was associated with a signifi-
cant reduction in the incidence of pre-eclampsia, com-
pared with antioxidants alone and placebo [62]. These
results, however, have to be interpreted with caution,
because the effects of L-arginine alone were not studied,
and it is difficult to ascertain the relative contributions of
L-arginine and antioxidants in reducing the incidence of
pre-eclampsia. In addition, the prevalence of recurrent
pre-eclampsia reported in the study population was very
high (nearly 30%), hence raising a question about the
generalizability of these results to other obstetric popula-
tions and low-risk women. Interestingly, a previous study
that investigated the effects of L-arginine supplementa-
tion in women with chronic hypertension showed less
need for antihypertensive medications and fewer mater-
nal and neonatal complications, but no difference in the
incidence of superimposed pre-eclampsia [63]. Given that
L-arginine is a widely available food supplement, conclu-
sive evidence about its beneficial effects could provide a
feasible means of preventing pre-eclampsia. Further
research is, hence, warranted into its role in reducing the
incidence of pre-eclampsia in low-risk populations.

Clinical studies and pharmacology
of inhibitors of cGMP breakdown

Phosphodiesterase inhibitors

Sildenafil citrate (SC), marketed as Viagra®, is a cGMP-
specific phosphodiesterase inhibitor commonly used in
the treatment of erectile dysfunction. It potentiates the
action of NO downstream by inhibiting the degradation of
cGMP. Sildenafil citrate was the focus of a randomized,
placebo-controlled trial in 35 women with pre-eclampsia,
which showed no significant difference in randomization-
to-delivery interval. This indicated that treatment with SC
did not prolong the pregnancy, although it was well toler-
ated and did not increase maternal or fetal morbidity or
mortality [64]. Further in vivo studies of SC in rat models of
pre-eclampsia have since shown a significant reduction in



sFlt-1 and sEng [65], as well as an improvement in blood
pressure, proteinuria and uteroplacental and fetal perfu-
sion after treatment with SC [66]. However, the effects of
SC on intrauterine growth restriction were found to be
conflicting [67, 68]. These studies indicate that SC may
hold potential as a therapeutic option for pre-eclampsia;
however, larger randomized, controlled trials are required
to elucidate its role.

Clinical studies and pharmacology
of inhibitors of NO donor
metabolism

S-Nitrosoglutathione reductase inhibitors
S-Nitrosoglutathione is metabolized in vivo by GSNO
reductase, an alcohol dehydrogenase that plays a central
role in regulating the levels of endogenous GSNO. Small
molecule inhibitors of this enzyme have recently been the
focus of research. N6022 is a first-in-class compound that
is a very potent, specific and fully reversible inhibitor of
GSNO reductase [69]. It has been shown to improve
endothelial function in vivo [70], and has been found to
have an acceptable safety profile in animal toxicology
studies [71]. N6022 is currently the focus of an early phase
trial in humans for the treatment of asthma and cystic
fibrosis. Hence, it is possible that GSNO reductase inhibi-
tors hold potential to be studied in the context of pre-
eclampsia, in conjunction with GSNO.

Clinical studies and pharmacology
of other novel NO donors

The role of the antiplatelet agent aspirin in prevention of
pre-eclampsia has been the focus of extensive research. In
1994, the CLASP trial found that although the reduction in
the incidence of pre-eclampsia in women at risk was not
significant, there was a trend towards a greater reduction
in its incidence at earlier gestations. It was recommended
that its use could be justified in women at risk of early
onset pre-eclampsia requiring very preterm delivery [72].
Novel derivatives of aspirin that release NO have been
investigated in the context of cardiovascular diseases,
and have been found to have a more pronounced
antithrombotic effect in vivo when compared with aspirin
[73]. These nitroaspirins may hold potential in the preven-
tion or treatment of pre-eclampsia in the future.

Diazeniumdiolates (NONOates) are compounds that
decompose spontaneously at physiological pH to release
two molar equivalents of NO, following first-order kinet-
ics. The rate of NO release and therefore their biological
effects are predictable. These compounds are currently
the focus of research into treatment of certain cancers,
but lack an established safety record, precluding their use
in pregnancy.

Nitric oxide pathway and pre-eclampsia BJCP

Dinitrosyl iron complexes with glutathione have
recently been studied in healthy volunteers for their anti-
hypertensive effects and have been recommended for the
second phase of clinical trials [74].

Conclusion

Pre-eclampsia is a serious condition with significant
long-term consequences for both mother and baby. The
mechanisms underlying the disease process are increas-
ingly understood, but the discovery of a definitive cure has
proved elusive. Glutathione and nitric oxide donors target
the underlying molecular processes and have shown early
potential, which may lead to them becoming valuable
adjuncts to conventional management, which focuses
largely on management of hypertension and seizure
prevention.

As the most established nitric oxide donors, organic
nitrates have been the obvious first line of investigation.
However, the evidence for their effectiveness in the
prevention and treatment of pre-eclampsia is currently
limited. Their nonvascular pharmacological actions have
been limited by hypotension, thus they offer little advan-
tage over existing drugs. Also, given the known significant
side-effects, including headache, patient compliance may
be affected.

S-Nitrosoglutathione has also been infused in women
with pre-eclampsia, but current data are limited to only a
few small studies. Although theoretically GSNO is a tissue-
selective NO donor, the limited evidence so far has shown
it not only to target the endothelial dysfunction of pre-
eclampsia, but also to reduce platelet aggregation and
activation, whilst improving uteroplacental perfusion. It is
likely that GSNO can replenish the reduced glutathione
levels seen in women pre-eclampsia. In addition, the
absence of any significant adverse effects contributes
to its potential as a valuable therapeutic modality for
pre-eclampsia. Further research is required to ascertain
whether GSNO can alter major clinical end-points, such as
prolongation of pregnancy, preventing delivery at very
early gestations. It remains to be seen whether GSNO
reductase inhibitors may also hold potential in the man-
agement of this condition.

Dietary supplementation with L-arginine and treat-
ment with sildenafil citrate have been investigated in the
prevention and treatment of pre-eclampsia, respectively.
However, further studies are warranted before they can be
employed in clinical practice. Novel NO donors, including
nitroaspirins, are being investigated for their role in the
treatment of various cardiovascular disorders, which may
also pave the way for investigation of their use in the pre-
vention or treatment of pre-eclampsia.

To conclude, altered nitric oxide physiology is a major
factor in the aetiology of pre-eclampsia, and the delivery
of exogenous NO is an attractive therapeutic option.
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Extensive research is, however, needed before NO donors
can be incorporated into the existing treatment pro-
tocols for pre-eclampsia. There is currently very limited
evidence for the preventative role of any of these drugs
in women at risk of developing pre-eclampsia. Nonethe-
less, NO donors may hold potential for improving out-
comes and reducing the burden of mortality and
morbidity of women affected by pre-eclampsia, and their
babies suffering growth restriction and preterm delivery
as a result.
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