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ABSTRACT

Introduction: Erectile dysfunction (ED) has been identified as the most common sexual problem that
affects mainly men older than 40 years. According to this, there is a strong evidence linking ED with a
number of medical conditions and related risk factors that had been described in the literature, yet there is
limited information about the specific mechanism involved in the establishment of ED among healthy older
men.

Aim: The purpose of this study is to review the literature and mainly focus on the basic physiologic and vascular
alterations and morphologic changes related to aging and its related risk factors, summarizing the main and the
latest findings in basic research of tissue remodeling process involved in ED pathophysiology.

Methods: Data from the pertinent literature were examined to inform our conclusions.

Main Outcome Measure: This article defines the morphologic and physiologic mechanisms involved in the
process of aging, which play a key role in the development of sexual dysfunction.

Results: ED has been considered as a nonlife-threatening condition, but the recognition of its multiple co-
morbid conditions, the importance of aging process over the male sexual performance among them its relation
with vascular and nitric oxide content alteration, as well as penile morphologic changes, and the fact that it is a
widespread under-reported disease, have established the need of an early diagnosis and treatment of this common
sexual problem within the general male population.

Conclusion: In this case, morphologic and physiologic mechanisms that are involved in the aging process play a
key role in the development of sexual dysfunction in the absence of any other clinical or medical condition.
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INTRODUCTION

Erectile dysfunction (ED) is defined as a consistent or recur-
rent inability to achieve and/or maintain a penile erection suf-
ficient for sexual activity. This condition has been identified as
the most common sexual problem that affects mainly men older
than 40 years.'

According to the World Health Organization (WHO), due to
the increase in life expectancy, by 2025 about 15% of worldwide
population will be over the age of 65 years. This will also relate
with increased prevalence of ED (~322 million of cases),
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establishing a serious demand of healthcare policies to prevent or

diminish sexual dysfunction within the male population.'**”

Despite the fact that this disorder has been present since
ancient times,” it is in the past few years that sexual medicine has
played an important role putting together a wide overview about
ED. There is a strong evidence linking ED with a number of
medical conditions such as neuropsychiatric disorders, vascular
and histologic changes, endocrine abnormalities and iatrogenic
causes.” Besides these medical conditions, there are related risk
factors associated with a higher prevalence of ED, being the most
important diabetes, hypertension, dyslipidemia, and coronary

heart disease.”

Even though these medical conditions and risk factors are well
known and have been described in the literature, there is limited
information about the specific mechanism involved in the
establishment of ED among healthy older men.”” To that end,
there are morphologic and physiologic mechanisms involved in
the process of aging that play a key role in the development of
sexual dysfunction in the absence of any clinical or medical

.. 912
condition.
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Figure 1. There are morphologic and physiologic mechanisms involved in the process of aging that play a key role in the development of
sexual dysfunction. Cardiovascular risk factors and hypogonadism have a critical impact during the establishment of the aging process that
could also lead to erectile dysfunction. Cellular senescence could induce oxidative stress and hence inflammation that with time leads to
accumulative damage. With this overview, the main mechanisms of the aging process that drive toward erectile dysfunction include

vascular and physiologic alterations and penile morphologic changes.

In this review, the authors will mainly focus on the basic
physiologic and vascular alterations and morphologic changes
related to aging and its related risk factors, summarizing the main
and the latest findings in basic research of tissue remodeling
process involved in ED pathophysiology (Figure 1).

ERECTILE DYSFUNCTION ETIOLOGIES

The NIH Consensus Statement determines that: “the multi-
factorial nature of erectile dysfunction, compromising both
organic and psychologic aspects, may often require a multdis-
ciplinary approach to its assessment and treatment”,” which
compels medical community to a full knowledge of its causes and
age-associated risk factors, and its impact over the male repro-
ductive system.

Regardless of multifactorial etiologies of ED, there are just few
diseases that can be considered as the primary cause of ED such
as hypertension, cardiovascular disease (CVD), and diabetes. In
fact, ED has been considered as a possible marker for comorbid
conditions including diabetes and CVD.'”™"> Despite this
general clinical knowledge, most of the erectile dysfunction
among older men takes place in those who are healthy but with
existent numerous vascular risk factors.”” Several epidemiologic
studies have shown direct correlation between age and male

potency: among men 40 to 70 years old showed decreased po-
tency from 60% to 33% '’ and it has been established that the
risk of ED was about 26 cases per 1,000 men annually and
increased with age from 1.2% per year for men aged between
40 and 49 years to 4.6% for men aged between 60 and 69 years,
results from the Massachusetts male aging study.'” Results from
a population-based cohort study in Brazil showed that this
condition also increased with age even with a 2.5-fold higher
incidence of ED among Brazilian men compared with the
Massachusetts male aging study,'® among others.””'*!?~**
According to this background, aging is considered as one of

> . 12,25
the most important risk factors for ED development.7 >

Historically, ED has been considered as a nonlife-threatening
condition”®; but it is in the past few years that recognition of its
multiple comorbid conditions, the importance of aging process
over the male sexual performance, and the fact that it is a
widespread under-reported disease, have established the need for
an early diagnosis and treatment of this common sexual problem

. . 712252
within the general male population.”'**>*

Age Related to Vascular Alterations
Erectile function (EF) is described as a neurovascular
phenomenon that demands an intact vascular endothelium;
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therefore, any complication that affects the arterial vasculature
may also affect the normal performance of the male reproductive

14,28—30
system.

The vascular endothelium is an active and dynamic tissue in
charge of many regulatory functions such as proliferative
processes, local homeostasis, vascular tone regulation, perfusion
maintenance, coagulation, and inflammatory responses. It has
been shown that the normal process of aging and its related risk
factors could result in an accumulative endothelial damage that
ultimately leads to endothelial dysfunction.”"”*

It has been established that over 80% of ED cases account for
organic causes, of which vascular alterations are the most com-
mon, suggesting that the severity of ED is directly related to the
presence of vascular risk factors (hypertension, hyperlipidemia,
atherosclerosis, and diabetes) that cause severe endothelial
dysfunction.'**’

Gonzalez and Selwyn3 % described that the integrity of vascular
endothelium is indispensable for the production of substances that
regulate the vascular tone (ie, nitric oxide [NO]) and provide
balance in processes such as cell adhesion, homeostasis of clotting,
and fibrinolysis. Thus, it has been implied that progressive
degeneration of endothelial tissue, associated with senescence,
hypogonadism, and cardiovascular risk factors, results in a
pathologic process causing ED by vascular dysfunction.”’*

A few years ago, it was not clear if low levels of total testosterone as
a consequence of the aging process were related with the bad per-
formance of EF. Nevertheless, currently it has been reported a direct
relationship of an increased prevalence of ED and testosterone
deficiency in old men with CVD. With time, several results have
confirmed that there is a gradual decrease in androgen levels in men
presenting ED and increased in prevalence related to the aging
process (from age 40 to 55 years)”” *’; however, the great variability
and no clinical significance among the results limit its applicability,
as well as the fact that hormonal changes are not the main deter-

.. L . . 36,41—43 .

mining factor within the decline of sexual function,®® even in

some circumstances bears no relation at all between ED and low
44,4° oy ..

serum testosterone, " * also considering that it is frequent that

46

sexual activity declines even in old men who are healthy.

Despite the fact that variable degrees of hypogonadism
frequently coexist with ED, it has been a controversial issue
throughout the history of sexual medicine.”*”~*’ Recently, it
has been reported that ED is in fact associated with low total
serum testosterone levels in intermediate risk men,’ in accor-
dance with the significant improvement in sexual function in
men with low and low-normal testosterone levels, receiving
standard replacement therapy doses of testosterone compared
with placebo.”’ However, in 2006, it was reported that the
increased severity of ED was associated with a consistent pro-
spective decrease in levels of testosterone throughout the 4 years
of follow-up; however, some authors suggest that could be more
related to the ultrastructural alterations because of the androgen
depletion than by the results of its biochemical level.””

Sex Med Rev 2016;4:63—73
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The mechanisms associated with an abnormal function of
vascular endothelium are characterized by the alteration of
vascular tone, due to marked deficiency in the relaxation process
of smooth muscle cells (SMCs) located in the corpus cavernosum
and the wall of the small arteries, and by occlusion of the cav-
ernosal arteries due to atherosclerosis. Meaning that an impaired
release of NO because of endothelial dysfunction could affect the
SMC activity during penile erection and contribute to the loss of
its anti-atherogenic protection.m’31 It is important to know that
testosterone has effects on the peripheral mechanisms of EF,
which include endothelial production of NO by activation of
NO synthase (NOS).>> ¢ In agreement with this, animal data
suggest that testosterone may act as a vasodilator in the penis,
and that the use of replacement therapy prevents the 45% ac-
tivity reduction of NOS in castrated rats.”””

Solomon et al’’ reported that the presence of endothelial
dysfunction should be described as an early marker for subclin-
ical atherosclerosis; as a vascular risk factor it can lead to
arteriogenic ED, through manifestation of macro- or micro-
angiopathy of cavernosal penile arteries. In this sense, the
underlying changes involve different structures, such as penile
arteries, veins, and sinusoids,” being the damage to penile
arteries—the alteration that accounts approximately for up to
80% of the cases of ED. This suggests that the remodeling
process within the penile tissue that causes severe ED would
be associated with increasing levels of biomarkers or specific
inflammatory mediators related to thrombosis, endothelial cell

o 6062
activation, and dyslipidemia.” "

Other results suggest that the process of structural alteration of
penile arteries is due to endothelial cell activation (ECA), an
initiating event of atherosclerosis that can be generated by
oxidized low density lipoprotein providing an ideal environment
This agrees with the
biochemical measures of ECA, which associates with ED, inde-

for plaque formation.”’ increased
pendently of any cardiovascular risk factors and vascular damage,
suggesting that ED may be considered as a sentinel of early
atherosclerosis,”” which is also possible because of the highly
significant correlations between penile and systemic endothelial
functions.®* Also, it is possible to make an early detection of
atherosclerosis through diagnosis of ED, since the effects of
diffuse atherosclerosis unusually manifest simultaneously, and
larger vessels can endure a plaque burden better than smaller
ones. In agreement, this correlation might be related to the
caliber of blood vessels, considering that the diameter of penile
arteries is much smaller (I to 2 mm) compared with coronary
vessels, which could be twice the size, making penile vessels more

susceptible to blockade under the proper

65,66

pathologic

environment.

It is clear that beside the compromise of penile arteries, the
vasculogenic structure also depends on the normal performance
of venous system, more specifically the corporal veno-occlusive
(CVO) mechanism during the normal physiology of erection.
Some results also suggest that maybe testosterone enhances the
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process of erection by attenuation of the a-adrenergic activity
in vascular smooth muscle (SM) of the corpus cavernosum,’”%®
as well as a vasodilator signaling mechanism in the microvascu-
lature mediated primarily by peroxynitrite.”” CVO consists of
the relaxation of trabecular SM and dilation of the helicine ar-
teries of the penis, achieving a significant expansion of the
lacunar spaces that impede the return of the blood by com-

. . . L 3,69
pressing venules against the tunica albuginea.”*”

According to this, it has been established that the CVO
dysfunction is correlated with SM alterations, affecting the
function of corporal SMC, which might result in modification of
cavernosal expandability and consequently CVO dysfunction.
This alteration inside intracavernous structures could be related
to testosterone deprivation that could lead to a process of tissue
remodeling within tunica albuginea, with a large increase in
collagen deposition and provoked by the loss of corporal SMC,
in some cases causing fibrosis and leading to reduction of the size
of cellular compartments and an inadequate NO synthesis,
because of action maintenance of testosterone over NO pro-
duction in the cavernosal arterioles. This process not only affects
the veins but also sinusoids within the penis during penile

. 70—
erection. 77

In summary, the vasculogenic ED is triggered by endothelial
dysfunction that obeys to cardiovascular risk factors and to the
accumulative damage generated by the aging process. ED has also
been described as a vascular disease due to an interrupted pro-
duction of NO, since the decreased amount of vascular NO

translates into diminished sexual function.”® %°

Age and Pressure Changes in the Cavernosal Space
The pressure changes in the cavernosal vasculature manage the
balance between erectile/flaccid states of the penis. Among the
mechanisms of cavernosal vasorelaxation, we can find NO, which
is a neurotransmitter, involved in many regulatory functions, like
control of vascular tone and proliferation of vascular SMCs. It
has been reported that changes in its bioavailability trigger
endothelial dysfunction, leading to increased susceptibility to
vascular disease. NO is synthesized from L-arginine by the
enzyme NOS; there are three different forms but just two of
them, the endothelial (eNOS) and neuronal NOS, are thought
to be important sources of NO, allowing it to function in an

. . . 78,79,81—83
autocrine al’ld paracrine way in the corpus cavernosum.

Nocturnal tumescence induces production of neural NO
(nNO), which diffuses into the contiguous corporeal SM, acti-
vates soluble guanylate cyclase increasing cyclic guanosine
monophosphate (cGMP) levels, and decreasing calcium levels
through inhibition of the phosphoinositol pathway, relaxing
vascular SMCs.®"® Effective SMCs relaxation may also be
induced through the activation of different mediators including
neuropeptides such as vasoactive intestinal peptide, calcitonin-
related peptide, and prostaglandin E1; these react with SMC
membrane activating adenylate cyclase and converting adenosine
cyclic  adenosine 888,

triphosphate, in monophosphate
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consequently, eNOS phosphorylation translates into the decrease
of free intracellular calcium levels and SMCs relaxation.™

Urotensin IT is a cyclic peptide hormone with vasoactive effect
mediated by the coupling to a GPR14 (urotensin-1I [UT]
receptor), present on the endothelium of human corpus cav-
ernosum, which mediates an endothelium-dependent relaxation
related to L-arginine/NO pathway activating eNOS, and there-
fore NO production, which induces and maintains erectile

.o 90—93
function in man.

Normal performance of penile tissue during erection depends
on cavernosal SM tone, conditioned by the balance of vascular
relaxants and constrictors.”* NO is considered as a potent
vasodilator that acts to relax the cavernosal SM by stimulating
second messengers,”” resulting in a compression of the subtunical
small veins, blocking the local venous return and making possible
the process of erection.” Furthermore, mechanisms of cavernosal
vasoconstriction include the activation of « receptors on the
SMC, which leads to an enzymatic process with increased levels
of Ca*™ and the interaction of myosin and actin.”” Additionally,
the vascular endothelium also influences vascular tone through a
variety of other signals including vasoconstrictors as angiotensin
II, endothelin (ET)-1, and thromboxane, as well as other
vasodilators like prostacyclin.**”® And finally, it has also been
reported that vasoconstriction process is dependent on the small

G-protein, RhoA, and a downstream target, the Ser/Thr kinase,
Rho kinase.””

It has been reported that NO preserves vascular health of male
penis maintaining low vascular muscle tone, opposing vascular
SM proliferation, inhibiting platelet aggregation and inflamma-
tory cells adhesion to the endothelium, and reducing oxidative
stress and endothelial cell senescence. Taking note of this, NO
has been considered as an important factor playing a major role
in the performance of erectile process.”* *” On the other side,
the potential effects of RhoA/Rho kinase mediation in cellular
contraction and penile flaccidity, it is through the regulation of
the binding state of RhoA which activates this calcium sensitizing
pathway by an increased myosin light chain phosphorylation
through the inhibition of myosin light chain phosphatase by Rho
kinase.””” Both processes required by endogenous vasocon-

. . . 100102
strictors, such as norepinephrine and ET-1.

The mechanisms of cavernosal vasorelaxation can be affected
by several causes that alter the content of organic NO, con-
cerning mostly endothelial damage and lifestyles. It has been
reported that men with ED, independent of other clinical con-
ditions, have elevated markers of ECA such as ET-1, indicating
the initial stage of diffuse vascular disease.”>'"*'* Endothelium
damage courses with pathogenic involvement of NO pathway
leading to impairment of endothelium-dependent vasodilatation.
Changes in the state of contraction to relaxation can be
accomplished either by eliminating the contraction influences
(ET-1, angiotensin-IT and Rho kinase signaling pathway)'*>'"
or by enhancing the effects of relaxant factors (NO and prosta-
glandin E2).5%!
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Several authors have shown that low levels of NO are associated
with risk factors of CVD, such as diabetes mellitus, atherosclerosis,
and increased age. Obesity is also strongly associated with ED, and
is an important risk factor for diabetes and atherosclerosis, which
correspond to conditions classified as states of chronic inflamma-
tion due to the release of tumor necrosis factor-alpha and
interleukin-6, causing systemic insulin resistance, raising circu-
lating glucose, and reduction of insulin stimulation by NO pro-

81,107—109
Moreover, several

duction, leading to atherosclerosis.
reports suggest that impaired EF during the aging process involves
elevated RhoA/Rho kinase signaling activity, as shown in the case
of the neurogenic erectile response and its relation to systemic
arterial pressure and the effect of a combined therapy with Rho-
Kinase antagonism (Y-27632) and phosphodiesterase-5 (PDE-5)
over the erectile response in young and old Brown Norway rats,
which first of all demonstrate that erectile capabilities diminish
with time, and that the administration of Rho-kinase antagonism
provides an attenuation of the aging-related changes as well as the
combined therapy, suggesting a possible derangement in penile
hemodynamic mechanism.''” In a more accurate molecular
approach, it was confirmed that in Fischer 344 aged rats
Rho-kinase activity is twofold greater than that in young rats and
that the gene therapy with T19NRhoA reversed ED in aged

111
rats.

It has been established that there is an evident interaction
between NO and RhoA/Rho kinase pathway. Inidally it was
demonstrated that the activation of RhoA/Rho kinase pathway
mediates the downregulation of penile eNOS in the streptozo-
tocin diabetic rat penis model’ 12115 and that NO mediates the
erectile response, in part, via inhibition of RhoA/Rho kinase

100,114 . .
According to this, the presence

Cat™ sensitizing pathway.
of elements of the RhoA/Rho kinase signaling pathway in the
penile SM is important, and it has been proposed on several
occasions the potential use of Rho kinase inhibitors in the
treatment of ED.'"”'*" The inhibition of Rho kinase by
Rho-kinase inhibitor Y-27632 can lead to erection process in rats
and as well in a castrated rat model of ED, suggesting that could
be independent of an NO-mediated pathway."'”'*' Moreover, it
has been proposed that adjusting the imbalance between nNO
and Rho-kinase activity through the administration of Y-27632
could improve the EF in old SD rats.'** Soitis clear that even a
subtle alteration of this equilibrium can lead to ED.*"'"?

ED and CVD, especially hypertension, are common clinical
conditions among aging men.'” Arteriosclerosis is also signifi-
cantly associated with aging, and is one of the main causes
leading to hypertension, as well as the possible involvement of
Rho kinase in this pathogenesis.”*'”*'*° Ferrini et al reported
that the common alterations observed in the SMCs of both penis
and peripheral vascular system in aging males leading to ED and
hypertension suggest that both conditions may share a common
etiology.'””'*® According to this, the reactive oxygen species
(ROS), produced by xanthine oxidase, NO synthase, and
nicotinamide nicotinamide

adenine  dinucleotide-reduced/

Sex Med Rev 2016;4:63—73
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adenine dinucleotide phosphate-oxidase (NADH/NADPH) ox-
idase among many others, and mainly regulated by superoxide
dismutase (SOD) acting as endogenous antioxidant, are consid-
ered important components of peripheral vascular disease
through oxidative injury, causing endothelial damage, SMC
proliferation, and collagen deposition in the vascular wall.'*”~"*'!
Jones et al reported that xanthine oxidase and SOD are present in
the penile corpora cavernosa. *> Smaller quantities of NO have
been associated with risk factors that generate an increase of
inflammation and oxidative stress conditions, which due to ROS
have been postulated to be central to impaired cavernosal func-

.. 132—134
tion in age-related ED. 3

Nitrosative pathways have been proposed to be protective
against ED by their influence over oxidative stress.'” It has been
reported by several authors that these pathways include the
formation of peroxynitrite through which NO reduces ROS
levels.' 171957157 NO has been suggested as a control of
collagen synthesis, inhibiting directly the production and
generally lean toward collagen degradation, through metal-
loproteinases stimulation and downregulating the expression of
their inhibitors (plasminogen activator inhibitor),"”® but if
oxidative stress increases in an uncontrolled way, the reaction
developed to maintain the balance of NO/ROS ratio will
culminate in the reduction of NO concentration in the tissues,
which in this case could lead to ED by a deficient SMC relax-
ation dependent of NO.'*”'?!

It is clear, then, that an intact endothelium is essential, and
every alteration impairing its biologic activities or disrupting its
functional integrity will alter its endothelial ability of maintain-
ing proper balance. Endothelial damage, dysfunction, and
perpetuated inflammation will lead to irreversible changes in
penile tissue morphology, especially structural vascular abnor-
malities, a condition considered as a common denominator be-

tween ED and CVD.°!%?

Age and Penile Morphological Changes

It is well known that CVD is associated with endothelial
dysfunction, and ED and testosterone deficiency is highly
prevalent in old men with CVD.””'*" Additionally, approxi-
mately one third of men with ED have androgen deficiency.”” In
line with this, a major impact of the mentioned conditions over
the penile ultrastructures is possible.

Erection initiates by relaxation of the smooth muscle, reducing
venous return, and thereby holding the blood within the penis.
Integrity of the tunica albuginea that encloses corpus cavernosum
defines smooth muscle fiber functionality as well as the right
conditions to achieve a normal erection. According to this, any
alteration of every structure within corpus cavernosum results in

a down-regulation of muscle tonus leading to ED.®>1!

Muscle tone regulates not just the erection but also detume-

nescence and flaccidity of the penis through the interaction of
. 141,142 . .

anatomic framework. Corpus cavernosum is the main
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structure of the male penis, its tissue composed of functional
endothelial cells, SMCs, blood vessels, extracelullar matrix with
abundant collagen and elastic fibers, vascular lamina, and
numerous unmyelinated and preterminal autonomic nerves.*>'*?
Every one of these components plays a specific and fundamental
role in the normal process of erection. Particularly, penile
endothelial bed has been considered as a specialized extension of
the peripheral vascular system, which plays an important role

. 1,32
controlling vascular tone.”"?

Besides the vascular endothelium, also identified as a passive
barrier, the smooth muscle cells network is considered as the
main relaxing-contractile component of the corpora cavernosa;
with numerous intracytoplasmic contractile filaments anchored
in dense bodies.'*> Moreover, several researchers have reported
that a good performance of the erection process demands an

Cs, 1% which assemble a viable

adequate percentage of SM

. 85,142
cavernosal SM tissue.”’

Collagen and elastic fibers within penile tissue support SMC.
Corpus cavernosum collagen mainly corresponds to types I, 111,
and IV. It is thought that within intracavernous structures,
endothelial cells secrete collagen type IV as part of basement
membrane of blood vessels; on the other hand, rigid bands of
fibrils are formed by collagen type I, and collagen type III is
found mainly in distensible elastic tissue, which makes it
necessary for normal tensile strength.'*®

Aging has been reported to associate with a specific decrease in the
amount of SM fibers, altering erectogenesis.r/’14(’7148 And testos-
terone deficiency is related with marked structural changes in cav-
ernosal nerves, which in twrn could lead to a diminished

149—151

intracavernosal pressure, as well a significant reduction in

trabecular SM content and increased connective tissue deposi-

152,153

tion, and an abnormal remodeling of tunica albuginea with a

possible decrease in penile tensile strength induced by the replace-

ment of elastic fibers with disorganized collagen deposition.”

Pathologic conditions and social habits related to risk factors
play an important role in the beginning of ED; however,
senescence has a huge impact over the human body, and as in
other systems, the male reproductive system suffers several
changes at the cellular and extracellular components of the penis
affecting mechanic process or erection.'?”'*® According to a
comparative analysis of the penis corpora cavernosa between
patients with ED and controls, they define penile erection as an
elaborate neurovascular event that requires a specific teamwork of
corpora cavernosa tissue, elastic system fibers and smooth muscle
cells, that in the absence of this highly organized system could
show alterations in the mechanical properties of erectile tissue,

mainly related to the amount of elastic fibers.'*’

CONCLUSION

ED is the most common sexual problem among men older
than 40 years.'
important role in the establishment of this condition, age by

7 Despite that some risk factors play an

Echeverri Tirado et al

itself could be sufficient for the presence of diminished sexual
function. In this case, morphologic and physiologic mechanisms
that are involved in aging process play a key role in the devel-
opment of sexual dysfunction in the absence of any other clinical
or medical condition. Sexual dysfunction depends entirely on the
integrity of the vascular endothelium, so minimal penile
morphologic changes through the years could lead to accumu-
lative damage generated by the aging process. Despite the fact
that ED has been considered as a nonlife-threatening condition,
its role as a sentinel of early atherosclerosis makes it a good
marker for other comorbid conditions of worldwide huge impact,

such as CVD.

In these circumstances, healthy lifestyles are not just pre-
venting major diseases, but also contributing to maintaining
sexual health, which can help to improve life quality of older
male adults.

ACKNOWLEDGMENTS

We would like to thank Lina Yassin Norefia, PhD, who offered
reviews, suggestions and corrections to our manuscript.

Corresponding Author: Laura C. Echeverri Tirado, BSc, Basic
Sciences, Universidad CES, Calle 10 A # 22—04, Medellin,
Antioquia 055450, Colombia. Tel: +57-4-4440555 Ext. 1283;
Fax: +57-4-2666046; E-mail: lecheverrit@ces.edu.co

Funding: None.

Conflict of Interest: The authors report no conflicts of interest.

STATEMENT OF AUTHORSHIP
Category 1
(a) Conception and Design
Laura C. Echeverri Tirado; Ana M. Herrera; Julio E. Ferrer
(b) Acquisition of Data
Laura C. Echeverri Tirado

(c) Analysis and Interpretation of Data
Laura C. Echeverri Tirado; Ana M. Herrera

Category 2

(a) Drafting the Article

Laura C. Echeverri Tirado; Ana M. Herrera; Julio E. Ferrer
(b) Revising It for Intellectual Content

Laura C. Echeverri Tirado; Ana M. Herrera; Julio E. Ferrer

Category 3

(a) Final Approval of the Completed Article
Laura C. Echeverri Tirado; Ana M. Herrera; Julio E. Ferrer

REFERENCES

1. Simopoulos EF, Trinidad AC. Male erectile dysfunction:
Integrating psychopharmacology and psychotherapy. Gen
Hosp Psychiatry 2013; 35:33.

2. Shamloul R, Ghanem H. Erectile dysfunction. Lancet 2013;
381:153.

Sex Med Rev 2016;4:63—73

£20z Aenuga4 g uo 1sanb Ag z19/289/€9/L/v7/a101e/lws/wod dnoolwapede//:sdijy woly papeojumoq


mailto:lecheverrit@ces.edu.co
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref1
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref1
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref1
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref2
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref2

Aging and Erectile Dysfunction

3,

10.

1.

12.

13.

15.

17.

18.

. Bacon CG, Mittleman MA, Kawachi |,

Consensus development conference statement. National
Institutes of Health. Impotence 1992. Int J Impot Res 1993;
5:181.

. Ayta IA, McKinlay JB, Krane RJ. The likely worldwide increase

in erectile dysfunction between 1995 and 2025 and some
possible policy consequences. BJU Int 1999; 84:50.

Giovannucci E,
Glasser DB, Rimm EB. Sexual function in men older than 50
years of age: Results from the health professionals follow-up
study. Ann Intern Med 2003; 139:161.

. Shah J. Erectile dysfunction through the ages. BJU Int 2002;

90:433.

Wagle KC, Carrejo MH, Tan RS. The implications of increasing
age on erectile dysfunction. Am J Mens Health 2012;
6:273.

. Linder AE, Dorrance AM, Mills TM, Webb RC, Leite R. Erectile

function in two-kidney, one-clip hypertensive rats is main-
tained by a potential increase in nitric oxide production. J Sex
Med 2009; 6:279.

. Feldman HA, Johannes CB, Derby CA, et al. Erectile

dysfunction and coronary risk factors: Prospective results
from the Massachusetts male aging study. PrevMed 2000;
30:328.

Feldman HA, Goldstein |, Hatzichristou DG, Krane RJ,
McKinlay JB. Impotence and its medical and psychosocial
correlates: Results of the Massachusetts Male Aging Study.
J Urol 1994; 151:54.

Smith LJ, Mulhall JRB, Deveci S, Monaghan N, Reid MC. Sex
after seventy: A pilot study of sexual function in older per-
sons. J Sex Med 2007; 4:1247.

Costa C, Vendeira P. Does erectile tissue angioarchitecture
modify with aging? An immunohistological and morphometric
approach. J Sex Med 2008; 5:833.

Berookhim BM, Bar-Chama N. Medical implications of erectile
dysfunction. Med Clin North Am 2011; 95:213.

. Hackett G. The burden and extent of comorbid conditions in

patients with erectile dysfunction. Int J Clin Pract 2009;
63:1205.

Gandaglia G, Briganti A, Jackson G, et al. A systematic review
of the association between erectile dysfunction and cardio-
vascular disease. Eur Urol 2014; 65:968.

. Kinsey AC, Pomeroy WR, Martin CE. Sexual behavior in the

human male. 1948. Am J Public Health 2003; 93:894.

Johannes (B, Araujo AB, Feldman HA, Derby CA,
Kleinman KP, McKinlay JB. Incidence of erectile dysfunction in
men 40 to 69 years old: Longitudinal results from the Mas-
sachusetts male aging study. J Urol 2000; 163:460.

Moreira ED, Lbo CFL, Diament A, Nicolosi A, Glasser DB.
Incidence of erectile dysfunction in men 40 to 69 years old:
Results from a population-based cohort study in Brazil.
Urology 2003; 61:431.

. Panser LA, Rhodes T, Girman CJ, et al. Sexual function of

men ages 40 to 79 years: The Olmsted County study of
urinary symptoms and health status among men. J Am
Geriatr Soc 1995; 43:1107.

Sex Med Rev 2016;4:63—73

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

3.

32.

33.

34.

35.

36.

37.

69

Laumann EO, Paik A, Rosen RC. Sexual dysfunction in the
United States: Prevalence and predictors. JAMA 1999;
281:537.

Ansong KS, Lewis C, Jenkins P, Bell J. Epidemiology of
erectile dysfunction: A community-based study in rural New
York State. Ann Epidemiol 2000; 10:293.

Moreira ED, Abdo CH, Torres EB, Lobo CF, Fittipaldi JA.
Prevalence and correlates of erectile dysfunction: Results of
the Brazilian study of sexual behavior. Urology 200T;
58:583.

Moreira ED, Lisboa Lobo CF, Villa M, Nicolosi A, Glasser DB.
Prevalence and correlates of erectile dysfunction in Salvador,
northeastern Brazil: A population-based study. Int J Impot
Res 2002; 14:S3.

Derby CA, Araujo AB, Johannes (B, Feldman HA,
McKinlay JB. Measurement of erectile dysfunction in
population-based studies: The use of a single question

self-assessment in the Massachusetts male aging study. Int J
Impot Res 2000; 12:197.

Sampson N, Untergasser G, Plas E, Berger P. The ageing male
reproductive tract. J Pathol 2007; 211:206.

Melman A, Gingell JC. The epidemiology and pathophysiology
of erectile dysfunction. J Urol 1999; 161:5.

Frederick LR, Cakir OO, Arora H, Helfand BT, McVary KT.
Undertreatment of erectile dysfunction: Claims analysis of 6.2
million patients. J Sex Med 2014; 11:2546.

Coldstein I. The mutually reinforcing triad of depressive
symptoms, cardiovascular disease, and erectile dysfunction.
Am J Cardiol 2000; 86:41F.

Meuleman EJH. Prevalence oferectile dysfunction: Need for
treatment? Int J Impot Res 2002; 14:522.

Aversa A, Bruzziches R, Francomano D, Natali M, Gareri P,
Spera G. Endothelial dysfunction and erectile dysfunction in
the aging man. Int J Urol 2010; 17:38.

Aversa A. Strategies to improve endothelial function and its
clinical relevance to erectile dysfunction. Eur Urol Suppl
2009; 8:71.

Conzalez MA, Selwyn AP. Endothelial function, inflammation,
and prognosis in cardiovascular disease. Am J Med 2003;
115:99S.

Wu FCW, Tajar A, Beynon JM, et al. Identification of late-
onset hypogonadism in middle-aged and elderly men.
N Engl J Med 2010; 363:123.

Empen K, Lorbeer R, Dérr M, et al. Association of testos-
terone levels with endothelial function in men: Results from a
population-based study. Arterioscler Thromb Vasc Biol
2012; 32:481.

Gray A, Feldman HA, McKinlay JB, Longcope C. Age, disease,
and changing sex hormone levels in middle-aged men:
Results of the Massachusetts male aging study. J Clin
Endocrinol Metab 1991; 73:1016.

Tserotas K, Merino G. Andropause and the aging male. Arch
Androl 1998; 40:87.

Vermeulen A. The male climacterium. Ann Med 1993; 25:531.

€20z Arenige $z uo 1senb Aq Z¢9/289/€9/1/y/e1one/iws/woo dno olwspese//:sdny wol) papeojumoq


http://refhub.elsevier.com/S2050-0521(15)00012-8/sref3
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref3
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref3
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref4
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref4
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref4
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref5
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref5
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref5
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref5
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref6
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref6
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref7
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref7
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref7
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref8
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref8
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref8
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref8
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref9
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref9
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref9
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref9
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref10
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref10
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref10
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref10
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref11
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref11
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref11
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref12
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref12
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref12
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref13
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref13
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref14
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref14
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref14
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref15
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref15
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref15
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref16
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref16
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref17
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref17
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref17
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref17
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref18
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref18
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref18
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref18
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref19
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref19
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref19
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref19
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref20
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref20
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref20
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref21
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref21
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref21
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref22
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref22
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref22
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref22
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref23
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref23
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref23
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref23
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref24
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref24
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref24
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref24
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref24
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref25
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref25
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref26
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref26
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref27
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref27
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref27
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref28
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref28
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref28
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref29
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref29
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref30
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref30
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref30
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref31
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref31
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref31
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref32
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref32
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref32
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref33
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref33
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref33
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref34
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref34
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref34
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref34
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref35
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref35
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref35
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref35
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref36
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref36
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref37

70

38.

39.

40.

41.

42.

43,

44,

45.

46.

47.

48,

49,

50.

51

52.

53,

54,

Morales A, Heaton JP, Carson CC. Andropause: A misnomer
for a true clinical entity. J Urol 2000; 163:705.

Allan CA, McLachlan RI. Age-related changes in testosterone
and the role of replacement therapy in older men. Clin
Endocrinol (Oxf) 2004; 60:653.

Koéhler TS, Kim J, Feia K, et al. Prevalence of androgen
deficiency in men with erectile dysfunction. Urology 2008;
71:693.

Feldman HA, Longcope C, Derby CA, et al. Age trends in
the level of serum testosterone and other hormones in
middle-aged men: Longitudinal results from the Massa-
chusetts male aging study. J Clin Endocrinol Metab 2002;
87:589.

Tenover JS, Matsumoto AM, Plymate SR, Bremner WJ. The
effects of aging in normal men on bioavailable testosterone
and luteinizing hormone secretion: Response to clomiphene
citrate. J Clin Endocrinol Metab 1987; 65:1118.

Gray A, Berlin JA, McKinlay JB, Longcope C. An examination
of research design effects on the association of testosterone
and male aging: Results of a meta-analysis. J Clin Epidemiol
1991; 44:671.

Rhoden EL, Teldken C, Sogari PR, Souto CAV. The relationship
of serum testosterone to erectile function in normal aging
men. J Urol 2002; 167:1745.

Kupelian V, Shabsigh R, Travison TG, Page ST, Araujo AB,
McKinlay JB. Is there a relationship between sex hormones
and erectile dysfunction? Results from the Massachusetts
male aging study. J Urol 2006; 176:2584.

Martin CE. Factor affecting sexual functioning in 60-79-year-
old married males. Arch Sex Behav 1981; 10:399.

Spark RF, White RA, Connolly PB. Impotence is not always
psychogenic. Newer insights into hypothalamic-pituitary-
gonadal dysfunction. JAMA 1980; 243:750.

Slag MF, Morley JE, Elson MK, et al. Impotence in medical
clinic outpatients. JAMA 1983; 249:1736.

Tsitouras PD, Martin CE, Harman SM. Relationship of serum
testosterone to sexual activity in healthy elderly men.
J Gerontol 1982; 37:288.

Novo S, lacona R, Bonomo V, et al. Erectile dysfunction is
associated with low total serum testosterone levels and
impaired flow-mediated vasodilation in intermediate risk men
according to the Framingham risk score. Atherosclerosis
2015; 238:415.

Isidori AM, Giannetta E, Gianfrilli D, et al. Effects of testos-
terone on sexual function in men: Results of a meta-analysis.
Clin Endocrinol (Oxf) 2005; 63:381.

El-Sakka Al, Hassoba HM. Age related testosterone depletion
in patients with erectile dysfunction. J Urol 2006; 176:2589.

Guay AT. Testosterone and erectile physiology. Aging Male
2006; 9:201.

Lugg JA, Rajfer J, Gonzalez-Cadavid NF. Dihydrotestosterone
is the active androgen in the maintenance of nitric oxide-
mediated penile erection in the rat. Endocrinology 1995;
136:1495.

56.

57.

58.

58.

60.

el.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

Echeverri Tirado et al

. Park KH, Kim SW, Kim KD, Paick JS. Effects of androgens on

the expression of nitric oxide synthase mRNAs in rat corpus
cavernosum. BJU Int 1999; 83:327.

Reilly CM, Lewis RW, Stopper VS, Mills TM. Androgenic
maintenance of the rat erectile response via a non-nitric-
oxide-dependent pathway. J Androl 1997; 18:588.

Chamness SL, Ricker DD, Crone JK, et al. The effect of
androgen on nitric oxide synthase in the male reproductive
tract of the rat. Fertil Steril 1995; 63:1101.

Puttabyatappa Y, Stallone JN, Ergul A, et al. Peroxynitrite
mediates testosterone-induced vasodilation of microvascular
resistance vessels. J Pharmacol Exp Ther 2013; 345:7.

Solomon H, Man JW, Jackson G. Erectile dysfunction and the
cardiovascular patient: Endothelial dysfunction is the common
denominator. Heart 2003; 89:251.

O’Kane PD, Jackson G. Erectile dysfunction: Is there silent
obstructive coronary artery disease? Int J Clin Pract 2001;
55:219.

Virag R, Bouilly P, Frydman D. Is impotence an arterial
disorder? A study ofarterial risk factors in 440 impotent men.
Lancet 1985; 1:181.

Eaton CB, Liu YL, Mittleman MA, Miner M, Glasser DB,
Rimm EB. A retrospective study of the relationship between
biomarkers of atherosclerosis and erectile dysfunction in 988
men. Int J Impot Res 2007; 19:218.

Bocchio M, Desideri G, Scarpelli P, et al. Endothelial cell
activation in men with erectile dysfunction without cardio-
vascular risk factors and overt vascular damage. J Urol
2004; 171:1601.

Wu H-T, Lee C-H, Chen C-J, Tsai I-T, Sun C-K. A simplified
approach to assessing penile endothelial function in young
individuals at risk of erectile dysfunction. J Androl 2012;
33:1254.

Tamler R. Diabetes, obesity, and erectile dysfunction. Gend
Med 2009; 6:4.

Montorsi P, Montorsi F, Schulman CC. Is erectile dysfunction
the «tip of the iceberg» of a systemic vascular disorder? Eur
Urol 2003; 44:352.

Mikhail N. Does testosterone have a role in erectile function?
Am J Med 2006; 119:373.

Aversa A, Isidori AM, De Martino MU, et al. Androgens and
penile erection: Evidence for a direct relationship between free
testosterone and cavernous vasodilation in men with erectile
dysfunction. Clin Endocrinol (Oxf) 2000; 53:517.

Fournier GR Jr, Juenemann KP, Lue TF, Tanagho EA.
Mechanisms of venous occlusion during canine penile erec-
tion: An anatomic demonstration. J Urol 1987; 137:163.

Wespes E, Sattar AA, Golzarian J, Wery D, Daoud N,
Schulman CC. Corporeal veno-occlusive  dysfunction:
Predominantly intracavernous muscular pathology. J Urol
1997; 157:1678.

Reilly CM, Zamorano P, Stopper VS, Mills TM. Androgenic
regulation of NO availability in rat penile erection. J Androl
1997; 18:110.

Sex Med Rev 2016;4:63—73

€20z Arenige $z uo 1senb Aq Z¢9/289/€9/1/y/e1one/iws/woo dno olwspese//:sdny wol) papeojumoq


http://refhub.elsevier.com/S2050-0521(15)00012-8/sref38
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref38
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref39
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref39
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref39
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref40
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref40
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref40
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref41
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref41
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref41
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref41
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref41
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref42
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref42
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref42
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref42
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref43
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref43
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref43
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref43
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref44
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref44
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref44
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref45
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref45
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref45
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref45
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref46
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref46
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref47
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref47
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref47
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref48
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref48
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref49
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref49
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref49
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref50
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref50
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref50
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref50
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref50
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref51
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref51
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref51
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref52
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref52
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref53
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref53
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref54
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref54
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref54
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref54
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref55
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref55
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref55
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref56
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref56
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref56
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref57
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref57
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref57
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref58
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref58
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref58
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref59
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref59
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref59
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref60
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref60
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref60
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref61
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref61
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref61
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref62
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref62
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref62
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref62
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref63
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref63
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref63
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref63
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref64
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref64
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref64
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref64
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref65
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref65
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref66
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref66
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref66
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref66
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref66
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref67
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref67
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref68
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref68
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref68
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref68
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref69
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref69
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref69
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref70
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref70
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref70
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref70
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref71
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref71
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref71

Aging and Erectile Dysfunction

72.

73.

74.

75.

76.

77.

78.

79.

80.

8l

82.

83.

84.

85.

86.

87.

Raviv G, Kiss R, Vanegas JP, et al. Objective measurement
of the different collagen types in the corpus cavernosum of
potent and impotent men: An immunohistochemical
staining with computerized-image analysis. World J Urol
1997; 15:50.

Mills TM, Lewis RW, Stopper VS. Androgenic maintenance of
inflow and veno-occlusion during erection in the rat. Biol
Reprod 1998; 59:1413.

Hu W-L, Hu L-Q, Li S-W, Zheng X-M, Tian B-C. Expression of
transforming growth factor-betal in penile tissue from rats
with bilateral cavernosal nerve ablation. BJU Int 2004;
94:424,

Shen Z-J, Zhou X-L, Lu Y-L, Chen Z-D. Effect of androgen
deprivation on penile ultrastructure. Asian J Androl 2003;
5:33.

Ferrini MG, Kovanecz |, Sanchez S, Umeh C, Rajfer J,
Gonzalez-Cadavid NF. Fibrosis and loss of smooth muscle in
the corpora cavernosa precede corporal veno-occlusive
dysfunction (CVOD) induced by experimental cavernosal
nerve damage in the rat. J Sex Med 2009; 6:415.

Ferrer JE, Velez JD, Herrera AM. Age-related morphological
changes in smooth muscle and collagen content in human
corpus cavernosum. J Sex Med 2010; 7:2723.

Napoli C, Ignarro LJ. Nitric oxide and pathogenic mechanisms
involved in the development of vascular diseases. Arch
Pharm Res 2009; 32:1103.

Meldrum DR, Gambone JC, Morris MA, Meldrum DAN,
Esposito K, Ignarro LJ. The link between erectile and
cardiovascular health: The canary in the coal mine. Am J
Cardiol 20T1; 108:599.

Dashwood MR, Crump A, Shi-Wen X, Loesch A. Identifica-
tion of neuronal nitric oxide synthase (nNOS) in human
penis: A potential role of reduced neuronally-derived nitric
oxide in erectile dysfunction. Curr Pharm Biotechnol 2011;
12:1316.

El Melegy NT, Ali M-EM, Awad EMA. Plasma levels of
endothelin-1, angiotensin Il, nitric oxide and prostaglandin E in
the venous and cavernosal blood of patients with erectile
dysfunction. BJU Int 2005; 96:1079.

Moncada S, Palmer RM, Higgs EA. Nitric oxide: Physiology,
pathophysiology, and pharmacology. Pharmacol Rev 199];
43:109.

Xie Y, Garban H, Ng C, Rajfer J, Gonzalez-Cadavid NF. Effect
of long-term passive smoking on erectile function and penile
nitric oxide synthase in the rat. J Urol 1997; 157:1121.

Henderson AH. St Cyres lecture. Endothelium in control. Br
Heart J 1991; 65:116.

Costa C, Virag R. The endothelial-erectile dysfunction
connection: An essential update. J Sex Med 2009; 6:2390.

Andersson KE. Pharmacology of penile erection. Pharmacol
Rev 2007; 53:417.

Porst H. The rationale for prostaglandin E1 in erectile
failure: A survey of worldwide experience. J Urol 1996;
155:802.

Sex Med Rev 2016;4:63—73

88.

89.

S0.

gl

92.

g3,

84.

95.

96.

g7.

98.

9.

100.

101.

102.

103.

104.

7

Virag R, Ottesen B, Levy C, Wagner G. Vasoactive intestinal
polypeptide release during penile erection in man. Lancet
1982; 2:1166.

Hurt KJ, Musicki B, Palese MA, et al. Akt-dependent phos-
phorylation of endothelial nitric-oxide synthase mediates
penile erection. Proc Natl Acad Sci USA 2002; 99:4061.

Ames RS, Sarau HM, Chambers JK, et al. Human urotensin-I|
is a potent vasoconstrictor and agonist for the orphan re-
ceptor GPR14. Nature 1999; 401:282.

D’Emmanuele di Villa Bianca R, Cirino G, Mitidieri E, et al.
Urotensin Il: A novel target in human corpus cavernosum.
J Sex Med 2010; 7:1778.

Ignarro LJ, Bush PA, Buga GM, Wood KS, Fukuto JM,
Rajfer J. Nitric oxide and cyclic GMP formation upon electrical
field stimulation cause relaxation of corpus cavernosum

smooth muscle. Biochem Biophys Res Commun 1990;
170:843.

Burnett AL, Lowenstein CJ, Bredt DS, Chang TS, Snyder SH.
Nitric oxide: A physiologic mediator of penile erection. Science
1992; 257:401.

Burnett AL. Neurophysiology of erectile function: Androgenic
effects. J Androl 2003; 24:S2.

Sironi G, Colombo D, Poggesi E, et al. Effects of intra-
cavernous administration of selective antagonists of alpha(1)-
adrenoceptor subtypes on erection in anesthetized rats and
dogs. J Pharmacol Exp Ther 2000; 292:974.

Quyyumi AA. Endothelial function in health and disease: New
insights into the genesis of cardiovascular disease. Am J Med
1998; 105:32S.

Uehata M, Ishizaki T, Satoh H, et al. Calcium sensitization of
smooth muscle mediated by a Rho-associated protein kinase
in hypertension. Nature 1997; 389:990.

Kimura K, Ito M, Amano M, et al. Regulation of myosin
phosphatase by Rho and Rho-associated kinase (Rho-ki-
nase). Science 1996; 273:245.

Feng J, Ito M, Kureishi Y, et al. Rho-associated kinase of
chicken gizzard smooth muscle. J Biol Chem 1999;
274:3744,

Chitaley K, Webb RC, Mills TM. RhoA/Rho-kinase: A novel
player in the regulation of penile erection. Int J Impot Res
2001; 13:67.

Chang S, Hypolite JA, Changolkar A, Wein AJ, Chacko S,
DiSanto ME. Increased contractility of diabetic rabbit corpora
smooth muscle in response to endothelin is mediated via
Rho-kinase beta. Int J Impot Res 2003; 15:53.

Jin L, Burnett AL. RhoA/Rho-kinase in erectile tissue:
Mechanisms of disease and therapeutic insights. Clin Sci
2006; 10:153.

Francavilla S, Properzi G, Bellini C, Marino G, Ferri C,
Santucci A. Endothelin-1in diabetic and nondiabetic men with
erectile dysfunction. J Urol 1997; 158:1770.

Schwartz BG, Economides C, Mayeda GS, Burstein S,
Kloner RA. The endothelial cell in health and disease: lIts

€20z Arenige $z uo 1senb Aq Z¢9/289/€9/1/y/e1one/iws/woo dno olwspese//:sdny wol) papeojumoq


http://refhub.elsevier.com/S2050-0521(15)00012-8/sref72
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref72
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref72
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref72
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref72
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref73
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref73
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref73
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref74
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref74
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref74
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref74
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref75
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref75
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref75
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref76
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref76
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref76
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref76
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref76
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref77
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref77
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref77
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref78
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref78
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref78
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref79
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref79
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref79
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref79
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref80
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref80
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref80
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref80
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref80
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref81
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref81
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref81
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref81
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref82
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref82
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref82
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref83
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref83
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref83
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref84
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref84
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref85
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref85
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref86
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref86
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref87
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref87
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref87
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref88
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref88
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref88
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref89
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref89
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref89
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref90
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref90
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref90
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref91
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref91
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref91
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref92
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref92
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref92
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref92
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref92
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref93
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref93
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref93
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref94
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref94
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref95
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref95
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref95
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref95
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref96
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref96
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref96
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref97
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref97
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref97
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref98
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref98
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref98
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref99
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref99
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref99
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref100
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref100
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref100
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref101
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref101
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref101
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref101
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref102
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref102
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref102
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref103
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref103
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref103
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref104
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref104

72

105.

106.

107.

108.

108.

0.

m.

2.

3.

N4.

115.

116.

7.

118.

118.

120.

function, dysfunction, measurement and therapy. Int J Impot
Res 2010; 22:77.

Wingard CJ, Moukdar F, Prasad RY, Cathey BL, Wilkinson L.
Reversal of voltage-dependent erectile responses in the
Zucker obese-diabetic rat by rosuvastatin-altered RhoA/Rho-
kinase signaling. J Sex Med 2009; 6:269.

Jin L, Ying Z, Hilgers RHP, et al. Increased RhoA/Rho-kinase
signaling mediates spontaneous tone in aorta from angio-
tensin ll-induced hypertensive rats. J Pharmacol Exp Ther
2006; 318:288.

Hamed EA, Meki ARMA, Gaafar AAA, Hamed SA. Role of
some vasoactive mediators in patients with erectile
dysfunction: Their relationship with angiotensin-converting
enzyme and growth hormone. Int J Impot Res 2003; 15:418.

Vernet D, Cai L, Garban H, et al. Reduction of penile nitric
oxide synthase in diabetic BB/WORdp (type I) and BBZ/
WORdp (type II) rats with erectile dysfunction. Endocrinology
1995; 136:5709.

Muniyappa R, Quon MJ. Insulin action and insulin resistance
in vascular endothelium. Curr Opin Clin Nutr Metab Care
2007; 10:523.

Rajasekaran M, White S, Baquir A, Wilkes N. Rho-kinase in-
hibition improves erectile function in aging male Brown-
Norway rats. J Androl 2005; 26:182.

Jin L, Liu T, Lagoda GA, Champion HC, Bivalacqua TJ,
Burnett AL. Elevated RhoA/Rho-kinase activity in the aged rat
penis: Mechanism for age-associated erectile dysfunction.
FASEB J 2006; 20:536.

Bivalacqua TJ, Champion HC, Usta MF, et al. RhoA/Rho-ki-
nase suppresses endothelial nitric oxide synthase in the penis:
A mechanism for diabetes-associated erectile dysfunction.
Proc Natl Acad Sci USA 2004; 101:9121.

Wingard C, Fulton D, Husain S. Altered penile vascular reac-
tivity and erection in the Zucker obese-diabetic rat. J Sex Med
2007; 4:348.

Mills TM, Chitaley K, Lewis RW, Webb RC. Nitric oxide inhibits
RhoA/Rho-kinase signaling to cause penile erection. Eur J
Pharmacol 2002; 439:173.

Mills TM, Lewis RW, Wingard CJ, Chitaley K, Webb RC. In-
hibition of tonic contraction—a novel way to approach erectile
dysfunction. J Androl 2002; 23:S5.

Mills TM, Chitaley K, Wingard CJ, Lewis RW, Webb RC. Effect
of Rho-kinase inhibition on vasoconstriction in the penile
circulation. J Appl Physiol 2001; 91:1269.

Chitaley K, Wingard CJ, Clinton Webb R, et al. Antagonism of
Rho-kinase stimulates rat penile erection via a nitric oxide-
independent pathway. Nat Med 2001; 7:119.

Mills TM. Vasoconstriction and vasodilation in erectile physi-
ology. Curr Urol Rep 2002; 3:477.

Jin L, Linder AE, Mills TM, Webb RC. Inhibition of the tonic
contraction in the treatment of erectile dysfunction. Expert
Opin Ther Targets 2003; 7:265.

Park K, Kim SW, Rhu KS, Paick J-S. Chronic administration of
an oral Rho kinase inhibitor prevents the development of

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131

132.

133.

134.

135.

Echeverri Tirado et al

vasculogenic erectile dysfunction in a rat model. J Sex Med
2006; 3:996.

Wingard CJ, Johnson JA, Holmes A, Prikosh A. Improved
erectile function after Rho-kinase inhibition in a rat castrate
model of erectile dysfunction. Am J Physiol Regul Integr
Comp Physiol 2003; 284:R1572.

Gao BH, Zhao ST, Meng FW, Shi BK, Liu YQ, Xu ZS. Y-
27632 improves the erectile dysfunction with ageing
in SD rats through adjusting the imbalance between
nNo and the Rho-kinase pathways. Andrologia 2007;
39:146.

Kloner RA, Speakman M. Erectile dysfunction and athero-
sclerosis. Curr Atheroscler Rep 2002; 4:397.

Intengan HD, Schiffrin EL. Structure and mechanical proper-
ties of resistance arteries in hypertension: Role of adhesion
molecules and extracellular matrix determinants. Hyperten-
sion 2000; 36:312.

Intengan HD, Schiffrin EL. Vascular remodeling in hyperten-
sion: Roles of apoptosis, inflammation, and fibrosis. Hyper-
tension 2001; 38:581.

Masumoto A, Hirooka Y, Shimokawa H, Hironaga K,
Setoguchi S, Takeshita A. Possible involvement of Rho-kinase
in the pathogenesis of hypertension in humans. Hyperten-
sion 2001; 38:1307.

Ferrini MG, Davila HH, Valente EGA, Gonzalez-Cadavid NF,
Rajfer J. Aging-related induction of inducible nitric oxide
synthase is vasculo-protective to the arterial media. Car-
diovasc Res 2004; 61:796.

Miyata K, Shimokawa H, Kandabashi T, et al. Rho-kinase is
involved in macrophage-mediated formation of coronary
vascular lesions in pigs in vivo. Arterioscler Thromb Vasc
Biol 2000; 20:2351.

Cai H, Harrison DG. Endothelial dysfunction in cardiovas-
cular diseases: The role of oxidant stress. Circ Res 2000;
87:840.

Zalba G, Beaumont J, San José G, Fortuno A, Fortuno MA,
Diez J. Vascular oxidant stress: Molecular mechanisms and

pathophysiological implications. J Physiol Biochem 2000;
56:57.

Barassi A, Colpi GM, Piediferro G, Dogliotti G, D’Eril GVM,
Corsi MM. Oxidative stress and antioxidant status in patients
with erectile dysfunction. J Sex Med 2009; 6:2820.

Jones RWA, Rees RW, Minhas S, Ralph D, Persad RA,
Jeremy JY. Oxygen free radicals and the penis. Expert Opin
Pharmacother 2002; 3:889.

Bivalacqua TJ, Armstrong JS, Biggerstaff J, et al. Gene
transfer of extracellular SOD to the penis reduces O2-* and
improves erectile function in aged rats. Am J Physiol Heart
Circ Physiol 2003; 284:H1408.

Meldrum DR, Gambone JC, Morris MA, Esposito K,
Giugliano D, Ignarro LJ. Lifestyle and metabolic approaches to
maximizing erectile and vascular health. Int J Impot Res
2012; 24:61.

Ferrini MG, Vernet D, Magee TR, et al. Antifibrotic role of
inducible nitric oxide synthase. Nitric Oxide 2002; 6:283.

Sex Med Rev 2016;4:63—73

€20z Arenige $z uo 1senb Aq Z¢9/289/€9/1/y/e1one/iws/woo dno olwspese//:sdny wol) papeojumoq


http://refhub.elsevier.com/S2050-0521(15)00012-8/sref104
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref104
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref105
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref105
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref105
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref105
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref106
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref106
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref106
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref106
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref107
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref107
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref107
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref107
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref108
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref108
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref108
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref108
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref109
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref109
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref109
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref110
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref110
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref110
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref111
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref111
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref111
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref111
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref112
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref112
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref112
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref112
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref113
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref113
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref113
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref114
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref114
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref114
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref115
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref115
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref115
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref115
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref116
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref116
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref116
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref117
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref117
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref117
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref118
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref118
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref119
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref119
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref119
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref120
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref120
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref120
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref120
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref121
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref121
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref121
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref121
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref122
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref122
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref122
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref122
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref122
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref123
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref123
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref124
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref124
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref124
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref124
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref125
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref125
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref125
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref126
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref126
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref126
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref126
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref127
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref127
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref127
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref127
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref128
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref128
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref128
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref128
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref129
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref129
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref129
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref130
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref130
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref130
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref130
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref131
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref131
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref131
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref132
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref132
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref132
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref133
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref133
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref133
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref133
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref134
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref134
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref134
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref134
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref135
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref135

Aging and Erectile Dysfunction

136.

137.

138.

139.

140.

141.

142.

143.

144.

Vernet D, Ferrini MG, Valente EG, et al. Effect of nitric oxide on
the differentiation of fibroblasts into myofibroblasts in the
Peyronie’s fibrotic plaque and in its rat model. Nitric Oxide
2002; 7:262.

Gewaltig MT, Kojda G. Vasoprotection by nitric oxide: Mech-
anisms and therapeutic potential. Cardiovasc Res 2002;
55:250.

Kaikita K, Schoenhard JA, Painter CA, et al. Potential roles of
plasminogen activator system in coronary vascular remodel-

ing induced by long-term nitric oxide synthase inhibition.
J Mol Cell Cardiol 2002; 34:617.

Behrendt D, Ganz P. Endothelial function. From vascular
biology to clinical applications. Am J Cardiol 2002;
90:40L.

Kelly DM, Jones TH. Testosterone and cardiovascular risk in
men. Front Horm Res 2014; 43:1.

de Almeida Claro J, Aboim J, Andrade E, et al. Histo-
morphometry of penile smooth muscle fiber in severe erectile
dysfunction. Sao Paulo Med J 2005; 123:181.

Christ GJ, Richards S, Winkler A. Integrative erectile biology:
The role of signal transduction and cell-to-cell communication
in coordinating corporal smooth muscle tone and penile
erection. Int J Impot Res 1997; 9:69.

Costa WS, Carrerete FB, Horta WG, Sampaio FJB. Compara-
tive analysis of the penis corpora cavernosa in controls and
patients with erectile dysfunction. BJU Int 2006; 97:567.

Goldstein AM, Meehan JP, Zakhary R, Buckley PA, Rogers FA.
New observations on microarchitecture of corpora cavernosa
in man and possible relationship to mechanism of erection.
Urology 1982; 20:259.

Sex Med Rev 2016;4:63—73

145.

146.

147.

148.

149.

150.

151.

152.

153.

73

Wespes E, Goes PM, Schiffmann S, Depierreux M,
Vanderhaeghen JJ, Schulman CC. Computerized analysis of
smooth muscle fibers in potent and impotent patients. J Urol
1991; 146:1015.

Wespes E. Smooth muscle pathology and erectile dysfunc-
tion. Int J Impot Res 2002; 14:S17.

Conti G, Virag R. Human penile erection and organic impo-
tence: Normal histology and histopathology. Urol Int 198S;
44:303.

Wespes E. Erectile dysfunction in the ageing man. Curr Opin
Urol 2000; 10:625.

Rogers RS, Graziottin TM, Lin C-S, Kan YW, Lue TF. Intra-
cavernosal vascular endothelial growth factor (VEGF) injection
and adeno-associated virus-mediated VEGF gene therapy

prevent and reverse venogenic erectile dysfunction in rats. Int
J Impot Res 2003; 15:26.

Armagan A, Kim NN, Goldstein |, Traish AM. Dose-response
relationship between testosterone and erectile function: Evi-
dence for the existence of a critical threshold. J Androl 2006;
27:517.

Traish AM, Goldstein |, Kim NN. Testosterone and erectile
function: From basic research to a new clinical paradigm for
managing men with androgen insufficiency and erectile
dysfunction. Eur Urol 2007; 52:54.

Traish AM, Park K, Dhir V, Kim NN, Moreland RB, Goldstein .
Effects of castration and androgen replacement on erectile
function in a rabbit model. Endocrinology 1999; 140:1861.

Traish AM, Munarriz R, O'Connell L, et al. Effects of medical
or surgical castration on erectile function in an animal model.
J Androl 2003; 24:381.

€20z Arenige $z uo 1senb Aq Z¢9/289/€9/1/y/e1one/iws/woo dno olwspese//:sdny wol) papeojumoq


http://refhub.elsevier.com/S2050-0521(15)00012-8/sref136
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref136
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref136
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref136
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref137
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref137
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref137
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref138
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref138
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref138
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref138
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref139
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref139
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref139
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref140
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref140
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref141
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref141
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref141
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref142
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref142
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref142
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref142
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref143
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref143
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref143
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref144
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref144
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref144
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref144
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref145
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref145
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref145
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref145
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref146
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref146
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref147
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref147
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref147
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref148
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref148
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref149
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref149
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref149
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref149
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref149
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref150
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref150
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref150
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref150
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref151
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref151
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref151
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref151
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref152
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref152
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref152
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref153
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref153
http://refhub.elsevier.com/S2050-0521(15)00012-8/sref153

	Aging and Erectile Dysfunction
	Introduction
	Erectile Dysfunction Etiologies
	Age Related to Vascular Alterations
	Age and Pressure Changes in the Cavernosal Space
	Age and Penile Morphological Changes

	Conclusion
	Acknowledgments

	Statement of Authorship
	References


