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Abstract
Alzheimer’s disease and related dementias (ADRD) remain a major healthcare challenge with few licensed medications. Repurposing existing drugs may afford prevention and treatment. Phosphodiesterase-5 (PDE5) is widely-expressed in vascular myocytes, neurons and glia. Potent, selective, FDA-approved PDE5 inhibitors are already in clinical use (sildenafil, vardenafil, tadalafil) as vasodilators in erectile dysfunction and pulmonary arterial hypertension. Animal data indicate cognitive benefits of PDE5 inhibitors. In humans, real-world patient data suggest that sildenafil and vardenafil are associated with reduced dementia risk. While a recent clinical trial of acute tadalafil on cerebral blood flow was neutral, there may be chronic actions of PDE5 inhibition on cerebrovascular or synaptic function. We provide a perspective on the potential utility of PDE5 inhibitors for ADRD. We conclude that further prospective clinical trials with PDE5 inhibitors are warranted. The choice of drug will depend on brain penetration, tolerability in older people, half-life and off-target effects. [149 words]
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1. Introduction
1.1 Dementia and current treatments 
Age-associated neurodegenerative disorders, including Alzheimer’s disease (AD) and AD-related dementias (ADRD), represent a major global healthcare challenge with few treatment options. The significant contribution of vascular disease to ADRD, alongside or interacting with neurodegenerative pathologies, is embodied in the concept of vascular contributions to cognitive impairment and dementia (VCID) [1, 2] . Currently no drugs are evidenced to specifically treat VCID [3, 4] . Repurposing existing, approved drugs may yield new pharmaceutical treatment options for these prevalent pathologies and diminish the burden of disability  [5].
Phosphodiesterase-5 inhibitors (PDE5i) are widely-prescribed for erectile dysfunction (ED) and pulmonary arterial hypertension (PAH). Their known mechanism in these diseases is to augment nitric oxide-dependent vasodilation, by impeding PDE5-mediated cGMP breakdown in vascular myocytes  [6]. Three PDE5i are currently licensed by the FDA for clinical use, sildenafil (brand named Viagra® or Revatio®), vardenafil (Levitra®) and tadalafil (Cialis®), see structures in Figure 1. 
A recent study combined endophenotype-based in silico network medicine discovery with real-world patient data mining from insurance records to identify candidate drugs for repurposing in AD.  The shortlist of 21 drugs included two PDE5i, sildenafil and vardenafil, with sildenafil identified as the overall best candidate [7]. The hypothesized benefit from this study is congruent with pre-clinical in vivo and in vitro data. Multiple research groups have reported that treatment with PDE5i ameliorated synaptic function in animal models, alongside improved behavioural performance in cognitive paradigms and biochemical markers of memory  [8-16]. PDE5i merit further investigation for possible use in dementia  [17]. Here we review the existing evidence base and discuss some key issues.

1.2 PDE5 and other PDEs 
PDE5 belongs to one of the eleven subfamilies of PDE enzymes that are responsible for the degradation of two cyclic nucleotides, cGMP and cAMP. While PDE1, 2, 3, 10, and 11 degrade both cyclic nucleotides, PDE5, 6, and 9 degrade only cGMP, and PDE4, 7, and 8 degrade only cAMP [6]. PDE5 is a critical component of a cascade of second messengers that starts with the release of nitric oxide (NO), activating soluble guanylyl cyclase that releases cGMP which, in turn, activates protein kinase G. This enzyme phosphorylates (among other targets) the transcription factor cyclic adenine monophosphate responsive element binding protein (CREB) (so-called NO/cGMP/PKG/CREB signalling pathway). Among other PDE family members, PDE5 is documented in brain tissue at mRNA and protein level [18, 19]. PDE5 is present in human brain neurons [20] and in vascular myocytes within subcortical white matter  [21].

2. PDE5 inhibitors
2.1 Existing licensed drugs and Indications 
Zaprinast was the first synthesized PDE5i. It is a bronchodilator in exercise-associated asthma and induced smooth muscle relaxation and a NO/cGMP-dependent relaxation of the corpus cavernosum. It predated the chemically related cGMP-based derivative, sildenafil [22] that was originally developed as an anti-hypertensive drug, but ultimately was approved by FDA for ED [23]. Subsequently, new PDE5i agents (vardenafil, tadalafil, avanafil) received FDA approval for the treatment of ED. These drugs were followed by a new generation of PDE5i lodenafil (Helleva), udenafil (Zydena), and mirodenafil (Mvix) that have not been approved by the FDA, but are available in Brazil and Korea for ED treatment [24]. 
The three best known potent, selective PDE5i drugs are sildenafil, tadalafil and vardenafil (for a pharmacological comparison, see Table 1).  All three have low nanomolar IC50 for PDE5 (Table 1). Sildenafil has cross reactivity with PDE6 (IC50 ~ 10 nM). Vardenafil likewise cross-reacts with PDE6 in the low nanomolar range and, at much higher concentrations, with PDE1, 9 and 11 (Table 1). Tadalafil has interactions with PDE11, and at much higher concentrations, PDE6 (Table 1). The older, much less-potent agents dipyridamole and zaprinast are also shown in Table 1 for comparison.
********* Table 1 near here

2.2 Novel compounds with ideal CNS and blood brain barrier (BBB)-penetrant profiles
[bookmark: bf0020][bookmark: bt0005]The hypothesis that PDE5i may be AD/ADRD therapeutics derived from the involvement of the NO cascade in memory mechanisms [9]. Following the initial publication of a proof-of-concept manuscript using sildenafil as a classical PDE5i [9], a series of studies was performed aiming at developing inhibitors with improved selectivity with respect to PDE5 vs. other PDE isoforms. The rationale behind this approach was the need for reducing side effects in chronic conditions, such as ADRD, which generally affect an elderly population with likely comorbidities. Quinoline-based, naphthyridine-based and 1H-pyrroloquinolinone-based PDE5i were proposed to have potential for chronic treatment of ADRD patients [8]. The quinoline compound 7a (Figure 1) potently inhibited PDE5 (IC50 0.27 nM) and readily crossed the BBB. The compound rescued synaptic and memory defects in an in vivo mouse model of amyloid elevation [8], as well as following tau elevation [11]. Importantly, compared to sildenafil, vardenafil and tadalafil, 7a showed improved PDE5/PDE6 potency (IC50 = 339 nM for PDE6) and did not inhibit any of the other PDE isozymes. As the compound showed a low water solubility, a new scaffold was designed by locking the rotatable bonds of the hydroxymethyl group of the quinoline-base compounds into a ring, which ultimately led to the design of compound 6c, a naphthyridine-based and 1H-pyrroloquinolinone-based PDE5i [25]. Compound 6c showed improved water solubility with respect to compound 7a, with excellent PDE5 potency and selectivity (IC50 = 0.056 nM for PDE5, 30.1 nM for PDE6), and 6 min half-life in human liver microsome stability test, indicating rapid metabolism of the compound by human microsomes. Most importantly, 6c ameliorated learning and memory deficits in a mouse model of amyloid elevation. In silico docking studies identiﬁed two plausible binding modes in the same pocket, which provided insights into the structural basis of PDE5i activity. Further optimization studies via a structure-based approach may provide candidates for ADRD therapy.
****** Figure 1 near here

3. PDE5i for possible clinical use in AD/ADRD? 
3.1 Evidence from real-world patient data
[bookmark: _Hlk83823381]Based on amyloid and tau synergistic endophenotype findings, Fang et al., identified that sildenafil usage was significantly associated with ~30-60% reduced risk of AD, using retrospective case-control pharmacoepidemiologic analyses of insurance claims data for 7.23 million older individuals [7]. Propensity score-stratified analyses confirmed that sildenafil use was significantly associated with a decreased risk of AD across all four drug cohorts tested (diltiazem, glimepiride, losartan and metformin, Figure 2) after adjusting age, sex, race, and disease comorbidities. In the same study, sildenafil increased neurite growth and decreases phospho-tau expression (i.e., p-Tau181) in AD patient iPSC-derived neuron models, supporting mechanistically its potential beneficial effect in AD [7]. 
******* Figure 2 near here

This study has several limitations [7]. First, the association between sildenafil use and decreased incidence of AD does not establish causality or its direction, which requires further studies, including more real-world patient data observations and clinical trials. Second, by lack of true active compactor design analysis, sildenafil may be more likely to be prescribed for wealthy individuals and increased wealth was associated with a reduced risk of developing AD. Propensity score-based analyses account only for measured differences in characteristics between exposure groups. In addition, the used propensity score approach may have been susceptible to unmitigated time-related biases. The influence of unmeasured differences not available in insurance claims, such as frailty, blood pressure control, or glycemic control, cannot be determined and are likely to be important. Additional pharmacoepidemiologic studies with appropriate study designs are warranted in the future, using causal inference approaches [26].


 

In contrast to the findings of Fang et al., a recent study by Desai and colleagues in PAH patients reported no significant association between initiation of PDE5i and risk of incident ADRD [27]. The authors compared incidence of ADRD between patients taking PDE5i (sildenafil and tadalafil) with those taking an endothelin receptor antagonist (ERA), using 1:1 propensity score-matching study. They found no significant association between ADRD incidence between PDE5i users and ERA users [27]. In that study confounding by indication was mitigated using an active-comparator, new-user design in people with the indication [27]. This design was a strength, ensuring that the treatment group and the comparator did not differ widely in most characteristics.  

There are also potential limitations in the Desai study [27]. First, PAH is a rare disease, usually seen in adults under the age of 60, and carries a poor prognosis (35% survival at 3 years). PAH represents a limited population in the Medicare claims database. Hence there is a risk that the study may be under-powered. A second, related concern is the duration of follow-up of patients included in the analysis (approximately 6 months) [27]. This is a relatively short time-window, unlikely to be sufficient for detecting cognitive differences in a dementia trial.  Third, the doses of PDE5i agents in many patients were too low to achieve adequate brain concentrations, to produce a potential central effect [27]. Thus it seems premature to conclude that PDE5i are without efficacy for treating dementia [27].

3.2 Neuronal or vascular site of action?
Current prescribing of PDE5i drugs is based on a vascular site of action. The enzyme is located within vascular myocytes and by degrading cGMP is a determinant of vasoconstrictor tone. PDE5i treatment preserves cGMP and promotes vasodilatation. In the context of brain vasculature, PDE5i action might be expected to dilate small penetrating arteries and thus to increase perfusion and metabolic health of downstream brain tissue. Alternatively, a neuronal site of action may be predicted. PDE5 is expressed in brain neurones [20]. At the synapse, cGMP participates in the nitric oxide-dependent process of synaptic strengthening (an example being “long term potentiation”) [10, 28]. On this basis we hypothesize that brain penetrant PDE5i drugs have potential to augment NO-driven synaptic strengthening and thus to improve memory function. Relevant studies in humans and in experimental animals are discussed in Section 4.


4. Testing a PDE5i for possible use in dementia
4.1 The PASTIS trial: testing tadalafil for use in VCID
We recently performed a phase II randomised clinical trial of the PDE5 inhibitor tadalafil in older women and men with symptomatic small vessel disease [29], which is the major cause of vascular cognitive impairment [30]. The Perfusion by Arterial Spin Labelling Following Single Dose Tadalafil in Small Vessel Disease (PASTIS) trial is registered at: https://clinicaltrials.gov/ct2/show/NCT02450253. We compared a single dose of tadalafil (20 mg) with placebo, the primary outcome measure being change in subcortical cerebral blood flow (CBF) measured by arterial spin labelling [31]. Secondary outcome measures included change in cortical CBF, and a panel of neuropsychological assays of cognition (listed in the protocol, [31]).
We selected tadalafil on the basis of long plasma half-life (16 hours) [32, 33] and evidence of brain penetration. Reports in experimental rodents and primates indicate that tadalafil crosses the blood-brain barrier [13, 34, 35]. Oral dosing of non-human primates with 2.4 mg/kg tadalafil gave brain concentrations of 10 nM [35], well above the concentration for half maximal PDE5 inhibition. The tadalafil brain:plasma concentration ratios reported in animals are modest (0.10-0.12) [13, 34] but appreciably greater than those reported for sildenafil (0.028-0.050) [34, 36]. 
In the PASTIS trial we did not detect a difference between tadalafil and placebo with respect to CBF, despite a small but significant reduction in blood pressure following tadalafil [29]. The sample size was N=65, with 55 completing the protocol. Our a priori power calculation indicated a need for 54 participants to detect a 15% change in subcortical CBF.  The largest effect size observed was a trend for increased blood flow within white matter hyperintensities, which are a radiological feature of cerebral small vessel disease (9.8% increase, p=0.096) [37].  In post hoc analyses, we noticed a trend for increased brain blood flow in participants aged over 65 (Figure 3) [29]. No serious adverse events were observed.
***** Figure 3 near here

4.2 PDE5i in ADRD
Two pilot studies showed potential benefits of sildenafil in treatment of AD.  In one,  a single dose of 50 mg sildenafil decreased spontaneous neural activity in right hippocampus in 10 patients [38]. In a second, a single dosage of 50 mg sildenafil increased cerebral metabolic rate of oxygen and CBF in 12 patients, and decreased cerebral vascular reactivity in 8 patients [39]. It is challenging to interpret these quantitatively, owing to the small cohorts and lack of control participants. Nevertheless they offer intriguing pilot data.
4.3 Other clinical studies 
Other studies have reported changes in CBF following PDE5i treatment in older people with brain disease [39-41] though no clear message emerges. In a small series of 24 consecutive male patients with ED, a diverse pattern of regional CBF changes was apparent, one hour after a single oral administration of sildenafil (50 mg) [40]. Similarly, in thirty older males with ED and a history of ischemic stroke, tadalafil was given orally either as a single 20 mg dose or as 5 mg/day for seven days, with regional CBF mapped 6 hours later. A mosaic of regional CBF changes was observed following tadalafil, the only pattern being reduced CBF in the perilesional area after treatment [41].  There was no consistent pattern in regional CBF change between the two PDE5i drugs.  As these studies lacked a placebo-treated control group, it is difficult to interpret them regarding acute effects of PDE5i on CBF in humans [39-41]. In other studies, healthy young adults showed no change in CBF following acute PDE5i treatment [42, 43]. 

5. Neuronal actions of PDE5 inhibitors 
5.1 Animal studies 
Published data from multiple other laboratories support a cognitive benefit of PDE5i treatment in rats and mice [44-50] (examples in Figure 4). In two standard spatial learning paradigms, sildenafil was tested in young male Fischer-344 rats for cognition enhancing efficacy [15]. In the T-maze and Morris water maze learning performance was not improved by PDE5i treatment (up to 4.5 mg/kg sildenafil, given 15 minutes before the training session). Following a 7-day drug washout period, PDE5i-treated animals had better memory retention than aged controls [15]. Acute treatment with vardenafil also improved memory acquisition in rats, in a cholinergic-deficit model of amnesia (based on scopolamine treatment) [14].

In mice, a highly potent novel PDE5i KJH-1002 reversed cognitive impairment, again in a scopolamine-based model [16]. Young male mice were given the agent acutely (up to 20 mg/kg, p.o. 15 minutes before testing). Similarly, in young male mice sildenafil reduced noise-induced cognitive deficits [51] and vardenafil ameliorated sleep deprivation [52]. Experiments in transgenic murine models of AD pathology support a cognitive benefit of PDE5i treatment. Young adult APP/PS1 mice, both males and females, were treated with sildenafil (3 mg/kg/d) for 21 days, then underwent behavioural testing 9 weeks later [9]. Sildenafil improved memory, amyloid plaque load, inflammation, and neurogenesis [9] (Figure 4). In another AD model, aged J20 mice (age 18 months) of both sexes were treated with sildenafil (15 mg/kg/d) for 10 weeks [13]. Sildenafil improved memory, tau hyperphosphorylation, and GSK3 phosphorylation [13] , consistent with mechanistic observations in AD patient iPSC-derived neurons [7]. Tadalafil has given more contradictory findings in transgenic mouse models of AD, with some groups observing improved cognitive performance in vivo [13] and others not [9]. With exceptions [9] [13], the majority of rodent studies have selected sildenafil as the PDE5i agent of choice and most have used young, male animals. 
[bookmark: _Hlk115942237]***** Figure 4 

[bookmark: _Hlk115942370]In non-human primates [53] acute treatment with sildenafil dose-dependently increased cognitive function, in accord with rodent data. Adult male cynomolgus monkeys (age 5-14 y) received sildenafil (up to 3mg/kg/d, i.m.) every 3-4 days, 60 minutes prior to testing. Following drug treatment they performed better in a paradigm considered a prefrontal task of executive function (accurate retrieval of a food reward from a small open box) [53].

5.2 Human data 
[bookmark: _Hlk115941775]Reports of central PDE5 inhibitor actions in humans are sparse. In young healthy volunteers, acute treatment with vardenafil was tested for central actions on auditory “gating”, an adaptive sensory mechanism whereby the EEG response to a second paired sound stimulus is reduced relative to the first. Vardenafil was administered 90 minutes prior to testing and no effects of the PDE5i on gating were detected [54]. Several other low-powered studies of the acute actions of sildenafil on cognitive measures found no effects in stable schizophrenic outpatients (N=17) [55], or in small cohorts of healthy volunteers (N=6-10) [56], [57].  In one of these, changes in scalp EEG were interpreted as evidence of CNS penetration by sildenafil [57].
Following more chronic PDE5i treatment, indications of cognitive effects were reported. A cohort of 27 ED patients were treated for 2 months with the novel agent udenafil (100 mg), though unfortunately the study did not include control participants. Significant improvements were noted in variants of the MMSE and frontal assessment battery (adapted for Korean language users) [58].   

6. Real world perspective. 
6.1 The older, multiply-medicated Neurology patient
Despite recent developments in anti-amyloid therapies [59] there remains a large unmet need for drug treatments in dementia.  Older patients are frequently under-represented in clinical trials of anti-amyloid drugs, due to upper age limits for inclusion and also exclusion of participants with more than trivial cerebrovascular disease.  There is a pressing clinical need for therapies that can safely be given to older people with mixed Alzheimer and vascular pathologies who, due to demographic ageing, will ultimately constitute the majority of people with dementia.
An open question is whether the primary mechanism of action of PDE5i in the brain is via PDE5 activity located within cells of the vasculature (as in ED and PAH) or through direct action on PDE5 located within brain cells.  This will determine whether the target patient population should be those with mixed AD and vascular pathology, or whether PDE5i might also be beneficial in people with dementia entirely ascribed to AD pathology, such as sporadic and genetic early-onset AD, or alternatively to persons with sporadic vascular dementia with no evidence of amyloid deposition, or genetic forms of small vessel disease (such as CADASIL).
Mechanistic studies in rodents and in vitro platforms support a benefit of PDE5i in AD, and a  recent systematic review concluded that a clinical trial of sildenafil for cognitive enhancement in AD is warranted [17]. This claim was supported by some real-world big clinical data [7] but not by others [27]. The small number of clinical trials that have addressed brain actions of PDE5i treatment have been neutral or shown very modest effects [29, 38, 39, 60]. These trials are limited by small cohorts size [39], too brief treatment periods [29] and possibly inappropriate disease populations [60].  They do not preclude future trials to test for a disease-modifying effect on Alzheimer or vascular pathology, or a symptomatic effect in AD.  

6.2 Future directions
The results discussed in Section 5 raise multiple questions for drug development in VCID. Do in vitro and in vivo preclinical paradigms provide non-translatable findings because these systems do not adequately model the complexity of vascular and AD pathologies in an ageing human body? Does the duration of clinical trials with drugs that would target one disease component suffice to reach statistically significant effects on cognition, given the multi-factorial nature of such an outcome and evolution of pathologies over many years prior to symptom onset? Specifically, are PDE5i targeting AD-related neuropathology or brain vascular aging? What should be emphasized in the design of a definitive RCT for this class of therapeutics and what would be the interventional window where effect could be maximized? Finally, what biomarker sets could be used to respond to these questions and design a definitive clinical trial to determine whether PDE5i drugs have a place in the dementia pharmaceutical cabinet, for prevention or treatment.   

Prior to embarking on future clinical trials of PDE5i in ADRD, several translational directions are indicated.  For sildenafil and other agents currently licensed for clinical use, definitive data on brain penetration in older humans is a clear need. Repurposing these existing medicines will bring its own challenges, around commercialization for example, though these are tractable [61]. In terms of bringing on novel drugs, the design and syntheses of new small molecules with high BBB permeability and longer half life (~24 hours) would be optimal, with high specificity for PDE5 (over PDE6 and PDE11 in particular).
  
7. Synthesis and Conclusions
In our view PDE5 inhibitors merit further investigation for possible use as dementia preventative treatments, with relevance to ADRD and VCID. We believe it is a tenable hypothesis that brain penetrant PDE5i drugs can augment NO-driven synaptic strengthening and so improve memory function. Testing this will require chronic treatment with a PDE5i (for at least 12 months) in a placebo-controlled, randomised clinical trial. Such a trial should recruit both female and male participants, including patients aged 80 years and older, with a long-term follow-up. The choice of drug for future clinical trials will be informed by multiple considerations including tolerability in older people, brain penetration and plasma half-life. 
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Figure Legends
Figure 1. Chemical structures of licensed and novel PDE5i compounds.

Figure 2. Hazard ratios and 95% confidence interval for sildenafil across five cohort studies: (1) sildenafil (n = 116,412) vs. propensity score (PS) matched control population (n = 465,648), (2) sildenafil vs. diltiazem (n = 248,455), (3) sildenafil vs. losartan (n = 2,036,012), (4) sildenafil vs. glimepiride (an anti-diabetic drug, n= 159,597), and (5) sildenafil vs. metformin (n = 460,356). Using propensity score stratified survival analyses, non-exposures and two comparators were matched to the exposures by adjusting age gender, race, and comorbidities. From Fang et al. 2021 Nature Aging, ref [7]. Reproduced with permission.

Figure 3. Change in cerebral blood flow (CBF) following placebo or tadalafil in older people with small vessel disease, as a function of age. Change in CBF in total grey matter (A), and normal-appearing white matter (B). Lines of best fit are shown for placebo (solid line), or tadalafil (dashed line) or for all data points (grey line). Figure from Pauls et al. 2022 Alzheimers & Dementia, ref. [29], reproduced with permission.

Figure 4. The PDE5i Sildenafil augments synaptic strengthening in vitro and in vivo.
A. Sildenafil augments long term potentiation (LTP) in vitro, in hippocampal slices from APP/PS1 transgenic mice. Sildenafil (50 nm) increased LTP in slices from APP/PS1 mice that were potentiated through 1 or 2 series of tetanic stimulations (1 tetanus: p = 0.007 compared with vehicle-treated APP/PS1 slices; 2 tetani: p = 0.003; 3 tetani: p < 0.001; n = 6 slices from 6 males for each group). Slices from WT mice that received one tetanic stimulation showed a significant increase in LTP with sildenafil treatment, compared with vehicle-treated WT slices (p = 0.048; n = 6 slices from 6 males for each group). 
B. Sildenafil improves contextual memory in vivo, in 3-month-old APP/PS1 transgenic mice. After 24 h, the reduction in freezing time of APP/PS1 mice is rescued by sildenafil (3 mg/kg i.p.).  n = 12 (7 males, 5 females) sildenafil-treated APP/PS1 mice, n = 17 (10 males, 7 females) in vehicle-treated APP/PS1 mice, p = 0.013. Sildenafil does not increase freezing in WT littermates (n = 17 (10 males, 7 females) vehicle-treated WT vs n = 14 (8 males, 6 females), Sildenafil treated WT, p = 0.06). Images reproduced from Puzzo et al. 2009. J. Neurosci. Ref [9]. Copyright [2009] Society for Neuroscience.



Table 1. Potency of well-known PDE5 inhibitors. Potencies stated are IC50 values unless otherwise stated.
	Drug Name 
	Potency: PDE5i 
	Potency: other actions 

	References 

	Sildenafil
	1 – 9 nM 
KD 3.1 nM
	PDE6: 10-40 nM 

	[8, 62-65]

	Tadalafil
	1 – 7 nM
KD 1.7 nM
Ki 1.9 nM 
	PDE6: Ki 700 nM 
PDE11: 10-300 nM 
	[8, 62-64, 66, 67]

	Vardenafil
	0.1-1.0 nM
KD 0.32 nM
Ki 2.3 nM 
	PDE1: 300 nM
PDE6: Ki 0.3-11 nM
PDE9 : 680 nM
PDE11: 240 nM
	[8, 62 , 63, 66]

	Udenafil
	6-8 nM
	PDE 1: 870 nM
PDE 6: 50 nM
	[68]

	Dipyridamole
	900-2000 nM
	PDE6: 380 – 1000 nM
PDE7: 1-2 µM
PDE10: 1 µM
PDE11: 800 nM
	[64, 65, 67]

	Zaprinast
	50 nM - 2.5 µM1
	PDE6: 150 nM
	[64, 65]



1Wide species and tissue dependence of zaprinast potency as a PDE5i.
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