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ABSTRACT

Nicorandil, a well-established antianginal agent, is recommended as a second-line treatment for chronic stable angina in
European guidelines, demonstrating efficacy comparable to classic antianginal agents. Its clinical application extends to
various cardiovascular diseases, including variant or unstable angina and reperfusion-induced damage following
coronary interventions. The protective effects of nicorandil involve different mechanisms, either through adenosine
triphosphate-sensitive potassium (KATP) channel opening or nitric oxide (NO) donation. The prevalence of these
mechanisms depends on nicorandil dosage, disease location, and the functionality of the specific mechanism. Experimental
models indicate that nicorandil’s protection is primarily attributed to KATP channel opening in myocardial and pulmonary
fibrosis, renal injury, and glomerulonephritis. Conversely, NO donation dominates as a protective mechanism in hepatic
fibrosis and inflammatory bowel diseases. Recognizing the predominant mechanism in different conditions is crucial for
the optimal use of nicorandil, providing valuable insights into recommended dosage for specific diseases.
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INTRODUCTION

Nicorandil stands as a well-established and secure antianginal agent, granted approval for long-term
therapy in the management of chronic stable angina in both Japan and Europe [1]. The positive impact of
nicorandil on mortality and morbidity among patients with coronary artery disease (CAD) has been
underscored by the Japanese CAD and the Impact of Nicorandil in Angina studies [2,3]. Recognizing its
efficacy, the European Society of Cardiology recommends nicorandil as a second-line treatment for chronic
stable angina [4]. Comparative clinical trials have consistently demonstrated the comparable efficacy of
nicorandil in ameliorating effort angina and ischemic symptoms when compared to § blockers and calcium
antagonists. Remarkably, this improvement is achieved with minimal hemodynamic disturbance [5].
Furthermore, nicorandil exhibits a notable advantage by serving as an effective anti-ischemic agent for
patients unable to use beta blockers due to contraindications such as bradycardia or exacerbated
pulmonary disease [7]. Crucially, the pharmacokinetic profile of nicorandil suggests its safety for
individuals undergoing anticoagulant therapies or those with renal or hepatic impairments [8]. The
incidence of side effects is minimal, with headaches being a common occurrence, and less frequent side
effects including dizziness, gastrointestinal upset, flushing, and malaise. It is important to note that
nicorandil is contraindicated in cases of hypotension and should not be used concurrently with other
vasodilators [9]. Nicorandil has found clinical application across various cardiovascular conditions,
including variant angina (coronary vasospasm), unstable angina, and reperfusion-induced damage
following coronary angioplasty or thrombolysis [6,10]. In a clinical study addressing refractory angina,
Nicorandil demonstrated significant improvements in frequency, duration, electrocardiographic
perturbations, and patients' adverse reactions [11]. A noteworthy meta-analysis of 17 clinical trials
revealed that Nicorandil, when used in conjunction with coronary reperfusion therapy for acute myocardial
infarction (AMI), led to enhanced left ventricular ejection fraction and improved microvascular function
[12]. Long-term Nicorandil therapy exhibited positive effects on left ventricular remodelling and
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myocardial sympathetic nerve activity in AMI patients post-reperfusion therapy [13]. Additionally,
Nicorandil, as an adjunct to coronary angioplasty, demonstrated superior clinical and functional outcomes
for patients with anterior AMI compared to angioplasty alone. This improvement was attributed to reduced
myocardial injury, enhanced microvascular function, and a lower rate of no-reflow [14]. Intravenous
Nicorandil was found to decrease QT dispersion and ventricular fibrillation in patients following successful
coronary angioplasty [15]. However, caution is warranted as preoperative use of Nicorandil before
coronary artery bypass graft may lead to severe vasodilation and a drop in blood pressure, particularly
when influenced by various potentiating factors during surgery. Consequently, it is advisable to discontinue
Nicorandil therapy at least three days before admission for an operation [6].

Pharmacological Actions of Nicorandil

Nicorandil functions as an opener for adenosine triphosphate-sensitive potassium (KATP) channels and
acts as a nitric oxide (NO) donor. Its cardio protective effects stem from various mechanisms, encompassing
the enhancement of myocardial blood perfusion, reduction in preload and afterload, protection against
ischemic damage, anti-arrhythmic effects, prevention of calcium overload, energy-modulating actions, and
anti-inflammatory, antiapoptotic, and antiproliferative effects [16,17]. Remarkably, nicorandil achieves
improvements in cardiac function without impacting blood pressure (BP), cardiac conduction, or
contraction. The antianginal and anti-ischemic effects of nicorandil are attributed to the dilation of
coronary arteries and the reduction of myocardial oxygen demand, primarily by influencing afterload and,
to a lesser extent, preload. Nicorandil is recognized as a balanced vasodilator, affecting both arterial and
venous blood vessels. Notably, the impact of nicorandil on preload may be less than that observed with
nitrates, owing to a significant decrease in systemic vascular resistance that tends to increase venous return
[6,16,18].

Nitric Oxide Donation

The administration of Nicorandil elevates the level of nitric oxide (NO) by initiating a reaction between its
nitrate group and the sulfhydryl group within the cells of vascular smooth muscle. Subsequently, this
process either activates guanylate cyclase or promotes the release of NO. As a result, there is an
augmentation of cGMP levels accompanied by a decrease in intracellular calcium, ultimately leading to the
relaxation of vascular smooth muscle cells [18].

KATP Channel Opening

Nicorandil acts as an opener of the ATP-sensitive potassium (KATP) channel, a channel sensitive to the
adenosine triphosphate/adenosine diphosphate ratio, reflecting the cell's energy status. This channel
exhibits diverse actions depending on its type and tissue specificity, found at both sarcolemmal and
mitochondrial levels in myocardial cells and vascular smooth muscle cells [17,19,20]. Nicorandil
specifically activates the receptors Kir6.2/sulfonylurea receptor 2A (SUR2A) and Kir6.2/SUR2B,
demonstrating its specificity for KATP channels in cardiac and smooth muscles. Notably, it has no
observable effect on insulin secretion, indicating good tolerability in diabetic patients [21]. Sarcolemmal
KATP channels in cardiomyocytes link electrical activity to metabolic and energy states, modulating action
potential duration. Opening these channels during ischemia results in action potential shortening and
reduced myocardial work [22]. In vascular smooth muscle, opening sarcolemmal KATP channels induces
hyperpolarization, leading to the closure of voltage-sensitive calcium channels, reduced calcium influx, and
intracellular calcium, ultimately causing myosin light chain dephosphorylation and vascular smooth muscle
relaxation [6,23]. These channels also play a role in maintaining basal vascular tone in mesenteric and
coronary arteries [24]. Nicorandil's NO donation and KATP channel opening contribute to its vasodilatory
properties. Notably, KATP channel opening primarily dilates peripheral and coronary resistance arterioles
at low doses, while its NO donating property predominantly dilates epicardial coronary arteries and veins
at high doses [25-27]. The lack of tolerance with nicorandil administration compared to nitrates is
attributed to its KATP channel opening effect rather than its nitrate activity [17].

KATP Channel Opening

Nicorandil activates ATP-sensitive potassium (KATP) channels, influencing cellular energy status. Specific
to cardiac and smooth muscles, it activates Kir6.2/SUR2A and Kir6.2/SUR2B receptors. This action
shortens action potentials during ischemia in cardiomyocytes and induces vascular smooth muscle
relaxation. In vascular smooth muscle, KATP channel opening causes hyperpolarization, closing calcium
channels, reducing calcium influx, and promoting relaxation. This process maintains basal vascular tone.
Nicorandil's NO donation and KATP channel opening drive its vasodilatory effects. At low doses, it primarily
dilates peripheral and coronary resistance arterioles, while at high doses, it predominantly dilates
epicardial coronary arteries and veins. Unlike nitrates, the lack of tolerance with nicorandil is linked to its
KATP channel opening, not its nitrate activity [17].
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Different Mechanisms in Various Disease Conditions

The protective effects of nicorandil involve diverse mechanisms, with the prevalence of KATP channel
opening or NO donation contingent on the nicorandil dose, the location of diseased conditions, and the
functionality of the specific mechanism.

Male and Female Reproductive Diseases

Nicorandil exhibits significant efficacy in addressing functional disorders induced by asymmetric
dimethylarginine-induced preeclampsia in animals. The activation of KATP channels appears to
predominantly contribute to these effects, as evidenced by the partial reduction in nicorandil's impact with
glibenclamide[52]. Furthermore, nicorandil's ability to relax uterine muscle, primarily achieved through
KATP channels, holds potential for improving placental microcirculation [53]. In the context of male
impotency, nicorandil demonstrates notable effectiveness. Through in vitro experiments, it was found to
relax corpora cavernosal smooth muscle mainly via KATP channel opening and, to a lesser extent, through
NO donation. Its vasodilative action on the deep cavernous artery primarily involves guanylate cyclase
stimulation [54,55].

Cardiovascular Diseases

Nicorandil demonstrates its beneficial impact on stunned myocardium in anesthetized dogs by directly
activating KATP channels. This cardioprotective effect is impeded by pretreatment with glibenclamide, a
KATP channel blocker [38]. Furthermore, nicorandil's role in preventing cardiac fibrosis involves KATP
channel opening, as evidenced by its attenuation of myocardial infarction (MI)-induced cardiac fibrosis in
rats. This effect is hindered by the addition of glibenclamide, which acts as both a KATP channel blocker
and a vasorelaxant through NO generation [39].In various experimental models of myocardial injury, such
as ischemia-reperfusion (IR), nicorandil provides cardioprotection through the opening of mitochondrial
KATP channels, a phenomenon known as pharmacological preconditioning [36,41]. Pharmacological
preconditioning with a lower oral dose of nicorandil selectively opens mitochondrial KATP channels and
offers enhanced cardioprotection against biochemical changes and ventricular arrhythmias induced by IR
[42]. Experiments on ventricular myocytes confirm the role of mitochondrial KATP channels, rather than
their sarcolemmal counterparts, as the target for nicorandil's cardioprotective action [43]. Nicorandil also
mitigates mitochondrial dysfunction in experimentally induced heart failure by improving mitochondrial
oxidative stress status, energy production capacity, and inhibiting ultrastructural changes, apoptotic
signaling pathways, and DNA fragmentation [33]. Its protective effect against doxorubicin-induced reactive
oxygen species (ROS) in the HL-1 cardiomyocyte cell line is attributed to mitochondrial KATP opening, not
NO donation [32]. Crucially, pharmacological preconditioning with nicorandil enhances the efficacy of bone
marrow-derived mesenchymal stem cell (BM-MSC) transplantation after isoproterenol-induced
myocardial damage. This is achieved by creating a supportive environment for BM-MSC, improving their
survival and homing, and reducing factors of inflammation, fibrogenesis, and apoptosis that could impede
cell-based therapy [44].

Bowel Diseases

Nicorandil improves experimentally induced inflammatory bowel disease (IBD) using a dose that does not
significantly affect blood pressure. Its mechanism, partially or entirely independent of KATP channels (as
observed with coadministration of glibenclamide), involves the upregulation of endothelial nitric oxide
synthase (eNOS), the production of nitric oxide (NO), and its antioxidant potential through its nicotinamide
moiety. These factors contribute significantly to the remission of IBD [37]. Nicorandil also exhibits anti-
inflammatory effects by inhibiting the release of inflammatory mediators, such as tumor necrosis factor-
alpha. This effect is primarily attributed to NO donation and, to a lesser extent, KATP channel opening [51].
Pulmonary Diseases

Nicorandil has been shown to alleviate monocrotaline-induced endothelial damage and pulmonary arterial
hypertension in rats. This effect is primarily attributed to KATP channel opening, with an additional
contribution from its nitric oxide (NO)-releasing property. The confirmation of these beneficial effects
involved the use of glibenclamide and N omega-nitro-L-arginine methyl ester (L-NAME), an inhibitor of NO
synthase, which blocked nicorandil's effects [45]. In contrast, the activation of KATP channels plays a major
role in nicorandil's positive impact against pulmonary fibrosis induced by cyclophosphamide in rats. The
concurrent administration of glibenclamide completely nullified the effects provided by nicorandil in this
context [46].

Hepatic Diseases

Nicorandil has demonstrated effectiveness as a therapeutic approach against experimentally induced liver
fibrosis by bile duct ligation. Its protective effects on biochemical and histological changes were fully
reversed when co-administered with L-NAME. In contrast, glibenclamide coadministration offered less
protection compared to nicorandil alone. These findings suggest that nicorandil's protection against
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hepatic fibrosis is primarily associated with its role as a nitric oxide (NO) donor and, to a lesser extent, its
KATP channel opening [50].

Renal Diseases

Nicorandil exhibits beneficial effects in various experimental models of renal diseases. In diabetic eNOS-
deficient mice, it significantly reduces renal injury and urinary albumin excretion, with the protective
mechanism excluding the role of nitric oxide (NO) donation. The reduction of oxidative stress, likely
initiated through KATP channel opening, constitutes a key element of this protective mechanism, as
evidenced by its attenuation with the use of glibenclamide[47]. Nicorandil also safeguards podocytes in the
kidney from hyperglycemia-induced oxidative stress by activating KATP channels and stimulating
manganese superoxide dismutase (MnSOD) expression in the mitochondria [48]. Additionally, it
ameliorates renal injury induced by unilateral ureteral obstruction in rats by increasing renal NO and
reducing transforming growth factor-beta. The renoprotective effects are compromised by L-NAME
coadministration [49].

CONCLUSION

In diverse diseased or clinical conditions, understanding the predominant mechanism behind nicorandil's
therapeutic or protective effects is crucial. This insight can provide valuable information for the
appropriate utilization of the medication and the determination of its recommended dose tailored to
specific diseases.
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