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Abstract

Phosphodiesterase type-5 inhibitor (PDE5-i) drugs
were first marketed in 1998 (sildenafil) for 'on-dem-
and' treatment of male erectile dysfunction (ED) of
any origin. They selectively inhibit intrapenile PDE5
isoenzyme which in turn increases intracellular cyclic
guanosine monophosphate levels, thus resulting in
prolonged relaxation of cavernosum smooth muscle
cells and facilitating the erectile process. Since 2003,
two new molecules (tadalafil and vardenafil) have
been introduced, resulting in greater interest in these
compounds and leading patients to ask for more pre-
scriptions from their doctors. The vast use of PDE5-i in
diabetic and cardiovascular ED patients led researchers
to investigate their possible extra sexual effects. Several
studies investigating their effects on endothelium, cor-
onary and pulmonary circulation, inferior oesophageal
sphincter and kidney functions have appeared and,
finally, sildenafil was approved for the treatment of
pulmonary arterial hypertension. Recent animal studies
highlighted a possible interaction between chronic
PDES inhibition and glucose homeostasis which occurs
through a marked improvement of high fat diet induced
insulin resistance. If this data is extended to humans,
a new scenario will be opened for the chronic use of
PDE5-i for sexual rehabilitation along with cardiovascular
and metabolic benefits.

© 2010 Baishideng. All rights reserved.

144

&?s:iﬁm"‘ WJD | www.wjgnet.com

Key words: Endothelium; Insulin; Cardio protection;
Diabetes; Atherosclerosis; Erectile dysfunction

Peer reviewers: Mohammad Abdollahi, Professor, Faculty
of Pharmacy, Tehran University of Medical Sciences, Tehran
1417614411, Iran; Cevdet Kaya, MD, Associate Professor, Hayd-
arpasa Numune Training and Research Hospital, Department of
Urology, Kadikoy, Istanbul, Turkey

Aversa A. Systemic and metabolic effects of PDES-inhibitor
drugs. World J Diabetes 2010; 1(1): 3-7 Available from:
URL: http://www.wjgnet.com/1948-9358/full/v1/i1/3.htm
DOI: http://dx.doi.org/10.4239/wjd.v1.i1.3

INTRODUCTION

Erectile dysfunction (ED) is the persistent inability to
achieve and maintain an erection adequate for satisfactory
sexual performancem. Its prevalence is underestimated
because the patients treated (less than 20% out of total)
are considered as only the ‘tip of the iceberg’lzj. The
probability of ED increases with ageing and the presence
of diabetes mellitus, hypertension, hypercholesterolemia,
ischemic cardiac disease, depression and obesity. Although
cigarette smoking is not a direct causative factor, it may
increase the risk of presenting with peripheral vascular
disease and hypertension. Drugs and alcohol abuse may
also increase the risk of ED. Based on our data, as more
than 70% of the male population affected by moderate
to severe ED complain of concomitant diseases, we con-
clude that it is a symptom and not a disease itself”. The
probability of manifested severe ED increases two-fold
in the presence of the above mentioned diseases, thus sug-
gesting that modification of associated risk factors may
contribute to improve ED in internal medicine patients.
Phosphodiesterase type-5 inhibitors (PDE5-i) are
currently used in the treatment of male ED. Sildenafil,
vardenafil and tadalafil all inhibit PDES5 at the level of
the corpus cavernosum'’ with different onset of action,
bioavailability and pharmacokinetic profiles (Table 19,
However, tadalafil is innovative due to its longer half-life
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(17.5 and proven efficacy rates after 36 h) and highest
selectivity (Table 2). These molecules are contraindicated
in the presence of class New York Heart Association III
/IV cardiac disease and in all men consuming nitric oxide
(NO)-derivatives in any pharmaceutical form. In the
remaining cases, they can be used safely with an overall
response rate of approximately 70%-80%; adverse events
are dose-related, mild-moderate in intensity (mainly
headache 15%-20%, gastric discomfort 10% and rhinitis
5%-10%) and tend to disappear over the time”. Since
tadalafil has a longer half-life but similar onset of action
when compared to sildenafil and vardenafil, we can
assume that it can be considered the ideal drug for men
who do not wish to be tied to pill consumption for sexual
activity, thus contributing to the elimination of the state
of performance-induced anxiety frequently encountered
in almost all sexual dysfunctions.

SYSTEMIC EFFECTS OF PDE5

INHIBITORS

Since PDE5-i is highly efficacious and widely used in
treating male ED, it is a timely hypothesis that it may exert
important systemic effects at the endothelial level™. To
further investigate this, several studies have investigated
the effects of sildenafil on blood pressure variations
mainly due to its vasodilatory effects and possible int-
eractions with anti-hypertensive drugs[sl. Sildenafil did
not decrease systemic arterial pressure because of its
effect on renal PDES5 inactivation which elicits renin
production, thus counterbalancing hypotensive effects”.
Also, subsequent confirmatory studies carried out in men
with liver cirrhosis and ascites suggested the activation
of the renin-angiotensin-aldosterone pathway as a
possible regulatory mechanism"”. Further studies in an
animal cirthosis model cleatly concluded that both acute
and chronic sildenafil administration has a natriuretic
effect, helping to prevent water retention associated
with liver cirthosis'". The recent approval of sildenafil
for the treatment of pulmonary arterial hypertension
(PAH) opens new applications for this class of drug
(Figure 1), considering its efficacy in such a difficult-
to-treat population usually refractory to conventional
therapies'”. Recently, new acquisition data revealed that
tadalafil"” and vardenafil'? are equally safe and effective
for the treatment of PAH. In a rat model of chronic
NO deprivation where hypertension and aggravation of
post-ischemic ventricular dysfunction are associated with
loss of vascular endothelium-relaxant function, sildenafil
provided significant cardiovascular protection, primarily
by maintaining tissue cyclic guanosine monophosphate
(cGMP) levels">'"". Tt is important to remember that
sildenafil efficacy has been already demonstrated in
idiopathic refractory achalasia”’ and Raynaud’s pheno-
menon'"*. Tadalafil has also been demonstrated to be
effective in improving Raynaud’s attacks in men with sys-
temic sclerosis' . However, because NO promotes upper
airway congestion, muscle relaxation and pulmonary

144

TR
Reishideng”

WJD | www.wjgnet.com 4

Parameter Sildenafil 100 mg Tadalafil 20 mg Vardenafil 20 mg
Tmax (h) 1.16 £ 0.99 2 0.66 (0.250-3.0)
Ti/2 (h) 3.82+0.84 17.5 3.94+131

C (max ng/m) 327 + 236 378 209+1.83
AUC (ng x h/m) 1963 + 859 8066 74.5+1.82

PDES5-i: Phosphodiesterase type-5 inhibitor; ED: Erectile dysfunction.

PDE isoform Sildenafil Tadalafil Vardenafil
PDE-1 60 >10 000 257
PDE-2 >10 000 >10 000 >10 000
PDE-3 2 600 >10 000 3600
PDE-4 1800 >10 000 5700
PDE-5 3.8 1 0.7
PDE-6 7.4 780 15.7

Factors associated with endothelial Interventions to correct endothelial

dysfunction dysfunction
Aging L-arginine
Male sex Estrogens

Cigarette smoking Smoking cessation

History of CHD Antioxidants

Low HDL- and high LDL-COL Statins

Hypertension ACE-i

Hyperomocysteinemia Homocysteine lowering (folates)
Diabetes/ obesity Exercise

Erectile dysfunction PDE5-i

vasodilatation, it is remarkable that in patients with severe
obstructive sleep apnoea, a single 50-mg dose of sildenafil
at bedtime worsens respiratory and desaturation events"”.

Since endothelial dysfunction plays a key role in
the pathogenesis of the atherosclerotic process, grow-
ing interest in the effects of PDE5-i in preventing
atherosclerosis and the vascular endothelium damage
has developed™. The event that triggers endothelial
dysfunction is represented by the reduction of overall
antioxidant pool with the consequent reduced response
to oxidative stress and the activation of several pro-
atherogenic processes” (Table 3): (1) reduction of
NO bioavailability; (2) increased levels of circulating
free fatty acids with subsequent sub-endothelial storage
of lipid depots; and (3) increased smooth muscle cell
proliferation of the media layer of the vascular wall®!,
Pro-inflammatory and infective processes may in turn
contribute to activate and amplify the acute endothelial
injury, thus perpetuating a vicious circle. In early
atherogenic lesions, endothelial dysfunction causes
adhesion and migration of monocytes and T-lymphocytes
in the vascular inner layer in response to increased end-
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Cardiovascular disease Miscellaneous

Altitude sickness

Diabetes

Achalasia

Liver cirrhosis and ascites
Prostate growth and LUTS
Pain disorders

Pulmonary hypertension
Coronary artery disease
Hear failure

Peripheral vascular disease
Atherosclerosis progression

othelial production of intercellular molecules, i.e. selectin,
Vascular Cellular Adhesion Molecule-1 and Inter-Cellular
Adhesion Molecule-1 (ICAM-1)"", Although data
regarding the effects of PDE5-i on endothelial function
are scarce, pilot studies using chronic administration of
sildenafil have shown improvements both in endothelial™
and cardiac functions™. Subsequent studies with an
alternative dosing regimen of tadalafil (every other day)
confirmed patients’ preference in the treatment of ED".
By using a once-a-day dosing in initially non-responders
to on-demand treatment, tadalafil was able to restore
potency in more than 30%. In another study by Porst
et al”) daily tadalafil at low dosages (5 and 10 mg) was
safe and effective with almost 50% of men and produced
normalization of erectile function. These benefits were
confirmed by our group in a recent study in men with ED
of broad etiologym]. In that study, it was demonstrated that
the rehabilitative effects of chronic tadalafil on vascular
function occurs ziaz improvement of surrogate markers of
endothelial function, i.e. C-reactive protein, endothelin-1
and ICAM-1. This led to marked improvement of flow-
mediated-vasodilatation (FMD) at the level of the cav-
ernous arteries as well as better inflow to the penis, as
shown by ultrasound technique, when compared with on-
demand regimes. Moreover, this study was the first one
to report consistent improvements in morning erections
as a possible mechanism for rehabilitative effects which
persisted even after 15 d withdrawal. The same group
confirmed those results in men without ED and increased
cardiovascular risk”". Another possible explanation of
increased endothelial function comes from pioneer studies
suggesting a direct effect of PDES5-1 on modulating the
number of circulating endothelial progenitor cells (EPCs).
In men with ED, this number is reduced compared with
controls and studies have demonstrated that chronic
tadalafil significantly increases EPCs™ thus leading to
improvements in brachial FMD. Overall, these data give
the rationale for the chronic use of PDE5-i in men with
ED and cardiovascular risk factors””. Attention has been
given to the endocrine effects of PDE5-1 administration.
In a recent studyml, the effects of the administration
of sildenafil and tadalafil on steroid hormones wete ass-
essed for three months in 80 patients with ED. Total
and free testosterone rose significantly in subjects using
tadalafil, probably due to a higher number of sexual
intercourses pet month allowed by the long-acting drug,
speculated to cause an indirect and sustained activation
of the hypothalamic-pituitary-testicular axis. However,
our studies demonstrated that this rise is lost after 12 mo
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Figure 1 Potential applications of PDE5 inhibitors in
internal medicine.

Immunological disease
Arthritis (rheumatoid)
Systemic sclerosis
Raynaud’s phenomenon
Acrocyanosis

of continuous tadalafil consumption (3 pills per whk)®,
Subsequent studies carried out in human adipocytes ex
vivo suggest that, during acute exposure to tadalafil, an
aromatase activation occurs that causes an increase in
estradiol concentrations (data not published) that may
be responsible for vascular beneficial effects of the
drug. Thus, the hypothesis that tadalafil may modulate
aromatase activity in humans during acute and chronic
administration highlights potential implications for the
treatment of prostate and breast cancer. Evidence-
based medicine with off-label use of PDES5 inhibitors
is scarce but pilot studies suggest that chronic PDE5-i
use determines better endothelial function and may slow
down progression of atherosclerosis, especially in men
with organic ED and endothelial dysfunction at baseline.
This latter effect may be a consequence of improvements
in FMD (brachial and cavernous arteries), in biomarkers
of endothelial function, in the number of EPCs and

. . . 36
finally, in testosterone/estradiol ratio™”.

METABOLIC EFFECTS OF PDE5
INHIBITORS

Besides the above mentioned vascular systemic effects,
emerging data suggest that PDE5-i may also impact
on metabolic parameters. It is known that NO plays
an important role in mediating insulin-induced effects,
especially on glucose uptake at the muscular level®™.
Knock-out mice models for endothelial NO-synthase
(€NOS) are insulin-resistant”™ and their treatment with
drugs that inhibit NO formation produces inhibitory
effects on insulin-mediated glucose uptakem]. Also,
in a diabetic human model where eNOS synthesis is
reduced, insulin-resistance frequently occurs™!. Given the
important role of the NO-cGMP pathway in muscular
metabolism, the effects of sildenafil on insulin function
has been investigated in an animal model of insulin-
resistance zz vivo. Chronic sildenafil administration (12 wk)
counteracted the detrimental effects of a high-fat diet on
endothelial function and insulin resistance by improving
energy balance and insulin function. This effect persisted
even in the presence of NO donors, suggesting direct
effects of sildenafil on metabolism other than eNOS
activation™. In this regard, a pilot study in humans has
been carried out using tadalafil and it demonstrated that
in ED men who are not insulin resistant, a 30% increase
of basal insulin secretion occurs”™. However, in that
study, insulin sensitivity was not assessed. Overall, these
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preliminary suggest a fascinating interplay between energy
balance, insulin action and PDE5-1 and may give new
potential applications to this class of drugs (Figure 1).

CONCLUSION

11 years after the sildenafil launch, ED is still an under
diagnosed and under treated condition in the internal
medicine setting, probably as it is perceived by the pa-
tient as a stress or age related condition. ED alters self-
esteem and quality of life for patients and their partners
and should be considered a symptom of an underlying
condition, which can often lead to a diagnosis of organic
disease. Each physician should consider the close rela-
tionship between internal medicine diseases and the
pathophysiology of ED and each intervention should
be intended to modify lifestyle and concomitant drugs
with anti-erectile properties. Taking preliminary data
into account, it can be postulated that PDE5-i may exert
systemic other than penile rehabilitative effects, as well
as important effects on pulmonary, gastrointestinal and
metabolic systems. However, extra-sexual applications ate
not evidence-based and cost-effective at the moment. In
the near future, the approval of new PDE5-i molecules
will allow reduced costs related to investigational protocols
targeted for a larger use of these drugs.
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