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Abstract: Heart failure nowadays has a high degree of morbidity and mortality rates. Various treatments have been introduced but still 

the prognosis remains poor. This justifies the search of newer agents with the development of soluble cyclase guanylate inhibitors which 

has been studied through the NO oxide pathway cyclase. Therefore, the development of the sGCs have reduced the risk of 

hospitalizations with heart failure with reduced ejection fraction that are at a high risk of cardiovascular events. The novel sGC 

stimulators increase sGC sensitivity to NO and independently stimulate sGC, whereas the sGC activators target oxidized and heme free 

sGC to stimulate cGMP production. This review will discuss the pathophysiologic basis for sGC stimulator and activator use in HFrEF, 

review pre-clinical and clinical data, and propose a place in the HFrEF armamentarium for this novel pharmacotherapeutic class 
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1. Introduction 
 

Soluble cyclase inhibitors are the receptors for the target 

nitric oxide (NO). NO is usually initiated by the signaling 

pathway where it is regulated by the activation of the NO 

synthase in the donor receptor to produce NO molecules. It 

plays an essential role in the functioning of tissues and cells 

in body and the deregulation of NO leads to the disturbance 

in the normal physiological process which leads to various 

cardiovascular diseases and cardiopulmonary diseases, it not 

only affects the major organs associated with the cardiac 

system but also affects the kidneys and brain. 

 

1.1    How do the sGCs work? 

 

NO readily passes across the cellular membrane and binds 

to the target receptor sGC’s which boosts the activity of 

sGC’sfor the production of cGMP. sGC’s is composed of 

one alpha and one beta sub-unit, both of which contains 

the homology in their domains and has common domains: 

N-terminal H-NOX domain, PAS domain and C-terminal 

catalytic domain. In recent studies in human sGC it has 

been recognized that sGC is an allosteric enzyme and is 

composed of three structural modules: sensor module and 

transducer module and a catalytic module.Endogenous 

synthase is synthesized in the vasculature by the L- 

Arginine which is then activated by the enzyme 

endothelium synthase. Endothelium synthase can also be 

activated by the ligands such as acetylcholine, adenosine 

and bradykinin and also sheer stress produced by the blood 

vessels. This activated NO then binds to the heme group 

on the sGC enzyme. sGC is an enzyme that catalyzes the 

conversion of guanosine triphosphate to cGMP and the 

conversion is mediated by the cGMP targets such as 

cGMP protein kinases and cGMP regulated ion channels. 

Phosphodiesterase’s breakdown the cGMP, terminating the 

effects of this pathway. 

 

cGMP downregulates the effects of this pathway such as 

inhibition of platelet aggregation, subsequent hypotension 

and inhibition of smooth muscle proliferation. In heart, 

natriuretic factor leads to the activation of NO-sGC-cGMP 

pathway .This results in cardioprotective actions such as 

leads to the increase in dilatory relaxation, improved 

coronary blood flow, reduced hypertrophy, inflammation 

and fibrosis. 

 

 
Figure 1: NO-sGC-cGMP pathway 

cGMP: cyclic guanosine monophosphate: CNGC: cyclic 

nucleoside gated-ion channels;  

GMP: guanosine monophosphate; GTP: guanosine 

triphosphate; 

 NO: nitric oxide; NOS: nitric oxide synthase; PDE: 

phosphodiesterase; 

PKG: protein kinase G; sGC: soluble guanylate cyclase 

 

HF pathology itself can also cause endothelial dysfunction. 

Elevated levels of tumor necrosis factor-α (TNF-α), a 

common finding in heart failure, have been identified as a 

possible factor in eNOS impairment. Decreased NO 

production may also contribute to reduced exercise because 

NO has a significant impact on limb. blood. flow during 

exercise. Impaired exercise capacity can lead to a sedentary 

lifestyle, which can further increase ROS levels and reduce 
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eNOS activity due to reduced shear stress due to lower heart 

rates. afterload and disorders of regulation of both renal and 

coronary blood flows  

 

Endothelial dysfunction is one of the independent factor 

found mostly in the patients afflicted with heart failure. This 

may also occur as a part of other comorbid diseases such as 

diabetes, hyperlipidemia, and hypertension. However, the 

studies has also been done on the NO-cGMP-sGCs pathway  

where it was found that isosorbide dinitrate reduced 

mortality in patients given with a standard therapy and it 

usually requires multiple dosing a day with the concomitant 

use of hydralazine to reduce the nitrate tolerance. 

Randomized trials didn’t show any improvement with the 

use of PDE 5 inhibitors and showed no efficacy whereas 

when low bioavailability of cGMP in endothelial 

dysfunction may limit the efficacy of PDE 5 inhibitors. 

Therefore meta analysis was found effective in showing the 

clinical outcomes in patients with endothelial dysfunction 

with the utilization of PDE 5. 

 

Two novel classes of medications i.e., sGC stimulators and 

activators are the main criteria for the treatment in HF 

pharmacotherapy. sGC activators such as cinaciguat, can 

activate both the oxidized haem and stimulate the production 

of cGMP by mimicking the haem group. The sGCactvators 

also prevent the degradation of sGC’s and increase sGC 

protein levels. Whereas sGC stimulators such as riociguat 

and vericiguat require a reduced haem to stimulate the 

production of cGMP independent of NO. They are also 

found to have synergistic affects to activate the sGCin its 

active configuration. 

 

2. sGC agonists in cardiovascular, 

cardiopulmonary and cardiorenal diseases 
 
In accordance with the well-established mode of action of 

cGMP, the chemical patent applications addressed the full 

spectrum of cardiovascular, cardiopulmonary, and 

cardiorenal problems, as well as illnesses of the heart, lung, 

and kidney. While the sGC stimulator praliguat recently 

finished phase 2 clinical development for both HFpEF( A 

study of the effect of IW-1973 on the exercise capacity of 

patients with heart failure with preserved ejection fraction)  

and diabetic nephropathy, the sGC stimulator vericiguat 

completed late-stage phase 3 clinical development for Heart 

Failure (HFrEF) and phase 2 for HFpEF. Riociguat, also 

known as Dempas®, is an authorized sGC stimulant for the 

treatment of PAH (Pulmonary arterial hypotension) and 

CTEPH (Chronic Thromboembolic Pulmonary 

Hypertension). Thus combinations of sGC agonists with 

PDE5 inhibitors with neprilysin inhibitors with 

mineralocorticoid receptors antagonists or with lipid 

lowering drugs were identified. 
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2.1sGC stimulators: Discovery, mode of action, and pre 

clinical profiling of their therapeutic potential  

 

Researchers at Bayer initiated a screening program in 1994 

to find compounds that could boost NO production and 

accelerate sGC in pig endothelial cells. In these 

investigations, cGMP levels were measured using RIA. 

Nearly 20,000 molecules were investigated, resulting in the 

identification of 5-substituted-2-furaldehyde-hydrazone 

derivatives as direct, NO-independent sGC stimulators. 

However, light boosted these compounds' effectiveness in 

stimulating sGC in vitro and relaxing isolated blood arteries, 

making them unsuitable for further therapeutic development. 

In 1994, it was discovered that the synthetic benzyl YC-1 

inhibited platelet aggregation mediated by increased 

intracellular cGMP . YC-1 was profiled because of its 

structural closeness to our compounds, and it was discovered 

to directly stimulate isolated sGC in the same NO-

independent, but haem-dependent manner. YC-1 was then 

characterized in several in vitro experiments and had a 

promising profile in various pharmacological studies. 

However, it had a poor pharmacokinetic (PK) profile and a 

lack of selectivity, as it inhibited PDEs and altered several 

cGMP-independent actions, in addition to its relatively weak 

sGC-stimulating activity. As a result, additional optimization 

is required. Therefore, it marked the starting point for the 

extensive studies of structure-activity relationship by 

modifying the development of YC-1 inhibitors with the 

introduction of more than 4000 compounds. 

 

The discovery of BAY 41-2272(a potent activator of soluble 

guanylyl cyclase) , which demonstrated significantly 

improved sGC-stimulating potency, was the first 

breakthrough in terms of improved potency. BAY 41-2272, 

in contrast to YC-1, is a highly selective sGC stimulator 

with no significant inhibition of PDEs. Further research 

resulted in the identification of BAY 41-8543(heme 

dependent stimulator of sGC), which has a threefold 

increase in potency. 

 

2.1.1    Discovery of Riociguat 

BAY 41-2272 and BAY 41-8543 had limited metabolic 

stability and oral bioavailability in rats, and BAY 41-2272 

inhibited and induced cytochrome P450 (CYP) enzymes. 

Despite these limitations, these compounds were utilized as 

instruments in various pharmacological investigations to 

research this emerging class of medications. 

 

 

BAY 41-2272 and BAY 41-8543 metabolite identification 

studies revealed oxidative metabolism at the cyclopropyl 

and morpholino substituents, respectively. In vitro, riociguat 

potently stimulated purified recombinant sGC and 

demonstrated the typical profile of sGC stimulators: strong 

synergistic enzyme stimulation when combined with NO-

releasing agents and critical dependency on the presence of 

the reduced prosthetic haem moiety, thereby bypassing the 

need for endogenous NO production and increasing cGMP 

levels via a mechanism distinct from that of PDE5is. 

 

As a result, sGC stimulators like riociguat provide a novel 

approach to increasing NO-mediated cGMP synthesis for the 

treatment of cardiopulmonary diseases 

 

2.1.2    Discovery and development of Vericiguat 

Vericiguat was created to identify orally bioavailable sGC 

stimulators with a longer duration of action than riociguat to 

support a profile that allows for once-daily oral dosing and 

less oxidative metabolism to lower interaction potentials. 

Riociguat has a moderate half-life in various animal species, 

which translated into a three-times-daily dosing regimen in 

patients. The strategy was to improve riociguat's metabolic 

stability, which is primarily catalyzed by CYP1A1, but also 

by CYP3A4, CYP3A5, and CYP2J2, and thus reduce blood 

clearance to achieve a longer half-life while maintaining 

potency. Vericiguat had the best overall PK profile in these 

studies, with low clearance and a long half-life in different 

species, as well as high oral bioavailability. Vericiguat also 

had no inhibitory effects on major CYP isoforms. Vericiguat 

was chosen as a clinical candidate after extensive preclinical 

drug metabolism and pharmacokinetics (DMPK) studies. 

Vericiguat had pronounced effects on the cardiovascular 

system ex vivo on blood vessels and the heart due to its 

mode of action and pharmacological properties. Vericiguat 

reduced coronary perfusion pressure in an isolated rat heart 

preparation while not affect heart rate or contractility. 

Additional research with vericiguat and other sGC 

stimulators in animal models of hypertension, heart failure, 

and kidney disease found dose-dependent anti-fibrotic and 

organ-protective properties consistent with the sGC 

stimulator mode of action. 

 

SOCRATES-REDUCED was a dose-finding study that 

looked at adding vericiguat to standard HF therapy in adult 

subjects with CHF and reduced EF (defined as EF 45%) 

after clinical stabilization after a worsening HF event. The 

study's goal was to determine the optimal dose of vericiguat 

for Phase III that could be used in addition to standard HF 

therapy by characterizing its efficacy, safety, tolerability, 

and PK/pharmacodynamic (PD) effects and detecting a 

dose-response relationship. 

 

2.2    sGC Activators: Mode of Action and Development 

 

In 1997, ultra-high-throughput screening (uHTS) revealed a 

distinct class of compounds from sGC stimulators, the NO- 

and haem-independent sGC activators, as well as an 

unexpected drug target, the dysfunctional sGC. Cinaciguat is 

an example of a sGC activator, which was discovered after 

the first uHTS screening hit, followed by optimisation via 

chemical synthesis of approximately 1000 compounds. sGC-

overexpressing CHO reporter cell line containing 
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recombinant sGC, a cGMP-sensitive cation channel, and 

aequorin was used to study uHTS. Activators of sGC bind to 

the unoccupied haem-binding domain and activate the haem-

free oxidised form of sGC, increasing cGMP synthesis. As a 

result, a new drug target and a new class of compounds were 

discovered. Cinaciguat (BAY 58-2667) (Figure 4) was used 

in vitro, in vivo, in healthy volunteers, and in patients with 

acute decompensated HF (ADHF) to establish this new 

pharmacological principle. Cinaciguat's efficacy profile was 

investigated in various in vivo models of MI, chronic renal 

failure, arterial hypertension and PH, and CHF. 

 

 
 

Anthranilic acid derivatives, a novel structural class of 

compounds, were also found to activate the oxidized and/or 

haem-free forms of sGC. Ataciguat is one of the best-

described examples. The pharmacological efficacy of high-

dose ataciguat and S-3448 in various in vivo models of 

atherosclerosis and peripheral arterial occlusive disease was 

demonstrated; however, ataciguat demonstrated limitations 

in early clinical phases, and further development was halted. 

Bayer also published monocarboxylic acids with novel 

structural features in order to improve their DMPK profile, 

as well as lower MW 3-phenylpropionic acid congeners 

containing the new sGC activator runcaciguat (BAY 

1101042). 

 

3. Conclusion 

 

 
 

SAR Conclusions 

The above structure is of vericiguat. 

 

The modification of the central ring enhances the sGC 

stimulation effect and reduces CL. 

 

The change of carbamate enhances the sGC stimulating 

effect, but for extending the half-life is not preferred. 

 

Keeping the N on the carbamate unsubstituted andthe 

terminal methyl group isrequired for prolonged metabolism. 
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