Discovery of Riociguat: A Potent, Oral Stimulator of Soluble Guanylate Cyclase for the Treatment of Pulmonary Hypertension
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Soluble guanylate cyclase (sGC) is a key signal-transduction enzyme activated by nitric oxide (NO). Impairments of the NO-sGC-signaling pathway have been implicated in the pathogenesis of various cardiovascular and other diseases. Direct stimulation of sGC therefore represents a promising therapeutic strategy particularly for the treatment of pulmonary hypertension (PH), a devastating disease where a markedly impaired bioactivity of NO contributes to excessive pulmonary vasoconstriction.[1] 
Direct NO-independent sGC stimulation was first demonstrated in 1994 when Ko and colleagues reported cGMP-stimulating properties for benzylindazole YC-1. Our initial chemical optimization program based on YC-1 as a lead structure resulted in the identification of sGC stimulators such as pyrazolopyridine BAY 41-2272 with approximately 2-3 orders of magnitude higher potency. 
BAY 41-2272 demonstrated beneficial effects in experimental models of PH, but was associated with unfavorable drug metabolism and pharmacokinetic properties. These issues were addressed in an extended exploration of the structure-activity-relationships[2] and led to the identification of the potent sGC stimulator Riociguat, which exhibits an improved DMPK profile and exerts strong effects on pulmonary hemodynamics and exercise capacity in patients with PH. Based on robust efficacy in phase III clinical studies Riociguat was recently appoved in Canada and the U.S. for the treatment of two life-threatening forms of pulmonary hypertension. 
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