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ABSTRACT

Purpose: To describe a technique for en bloc harvesting of the corpus cavernosum, cavernous artery and urethra from 
transplant organ donors and contraction-relaxation experiments with corpus cavernosum smooth muscle.
Materials and Methods: The corpus cavernosum was dissected to the point of attachment with the crus penis. A 3 cm segment 
(corpus cavernosum and urethra) was isolated and placed in ice-cold sterile transportation buffer. Under magnification, the 
cavernous artery was dissected. Thus, 2 cm fragments of cavernous artery and corpus cavernosum were obtained. Strips 
measuring 3 x 3 x 8 mm3 were then mounted vertically in an isolated organ bath device. Contractions were measured iso-
metrically with a Narco-Biosystems force displacement transducer (model F-60, Narco-Biosystems, Houston, TX, USA) 
and recorded on a 4-channel Narco-Biosystems desk model polygraph.
Results: Phenylephrine (1µM) was used to induce tonic contractions in the corpus cavernosum (3 - 5 g tension) and cavern-
ous artery (0.5 - 1g tension) until reaching a plateau. After precontraction, smooth muscle relaxants were used to produce 
relaxation-response curves (10-12M to 10-4 M). Sodium nitroprusside was used as a relaxation control.
Conclusion: The harvesting technique and the smooth muscle contraction-relaxation model described in this study were 
shown to be useful instruments in the search for new drugs for the treatment of human erectile dysfunction.
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INTRODUCTION

	 Erectile dysfunction (ED) affects approxi-
mately 150 million people worldwide. The prevalence 
of ED in Brazil is high: more than 40% of Brazilian 
men between 40 and 70 years of age suffer from ED 
and more than a million new cases are registered an-
nually (1,2).
	 Although phosphodiesterase type-5 (PDE-5) 
inhibitors have revolutionized the treatment of erectile 
dysfunction, many patients, mostly those with endo-
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thelial dysfunction (56% of cases), do not benefit from 
this form of therapy (3).
	 At present many studies are being carried 
out using nitric oxide (NO) donors, guanylyl cyclase 
activators (both soluble intracellular and membrane-
bound isoforms), ion channel agonists and RhoA-ki-
nase inhibitors in order to formulate new drugs with 
different mechanisms of action to treat this patient 
population (4,5).
	 The vast majority of these studies employ rat 
and rabbit corpus cavernosum due to the difficulty in 
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obtaining samples of human tissue (5-7). However, 
at our Urology Service, experimental studies on ED 
have been in progress since 2004 using human corpus 
cavernosum tissue from organ donors.
	 The purpose of the present study was to pro-
vide a detailed description of the technique used for en 
bloc harvesting of the corpus cavernosum, cavernous 
artery and urethra of transplant organ donors and the 
methods used in contraction-relaxation experiments 
with corpus cavernosum smooth muscle.

MATERIALS AND METHODS

	 All study protocols were previously approved 
by the Human Subjects Research Ethics Committee of 
the Federal University of Ceará and by the National 
Research Ethics Committee of the Brazilian Ministry 
of Health.
	 Following authorization from the family, hu-
man corpus cavernosum was obtained from cadaver 
donors (< 40 years) during surgery for organ trans-
plantation.
	 After removal of the heart, liver and kidneys 
and through the same incision (xiphoid pubic), the 
corpus cavernosum was located above the pubic sym-
physis by digital hypodermic approach. The corpus 
cavernosum was dissected to the point of attachment 
with the ischiopubic ramus (crus penis) (Figure-1).
	 A 3 cm segment including the corpus caver-
nosum and urethra was isolated en bloc (Figure-2). 
No additional external incision was made at the end 
of procedure. Subsequently, the tissues were placed in 
ice-cold sterile transportation buffer (Collins solution) 
and processed within 1 hour after collection.
	 The samples were processed under stereo-
scopic magnification. The entire cavernous artery in 
the center of the corpus cavernosum was dissected 
and isolated from the surrounding cavernous tissues 
(Figure-3). Then cavernous tissues were separated 
from connective tissues and the tunica albuginea. 
Thus, 2 cm fragments of each cavernous artery and 
corpus cavernosum were obtained.
	 The corpus cavernosum fragments were cut 
into strips measuring approximately 3 x 3 x 8 mm3 
and mounted vertically under 1g resting tension. The 
cavernous artery was cut into 5 mm rings and mounted 

Figure 1 – Dissection of the corpora cavernosa to the point 
of attachment with the crus penis.

Figure 2 – Corpora cavernosa and urethra.

horizontally under 0.2g resting tension. The tissues 
were maintained in 5 mL organ chambers contain-
ing Krebs-Henseleit medium composed of 114.6 
mM NaCl, 4.96 mM KCl, 1.3 mM MgSO4, 2.0 mM 
CaCl2, 1.23 mM NaH2PO4, 25 mM NaHCO3 and 3.6 
mM glucose, enriched with 10 μM guanethidine and 
10 μM indomethacin (pH 7.4, 37ºC, gassed with 5% 
CO2 and 95% O2).
	 The tissues were allowed to equilibrate for 
90 min with washing at 15 min intervals. The ten-
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Figure 3 – Cavernous artery.

sion was measured by an isometric transducer (F-60 
Narco-Biosystems connected to a 4-channel desk 
model polygraph) (Figure-4).
	 One micromole phenylephrine was added 
to the baths to obtain 60-70% submaximal smooth 
muscle contractions. Subsequently, concentration-
response curves (10-8M to 10-2 M) to smooth-muscle 
relaxants or sodium nitroprusside (SNP), a nitric oxide 
donor, were plotted to check for endothelial functional 
integrity.

Figure 4 – Isolated bathing system.

RESULTS

	 Phenylephrine (1µM) was used to induce 
tonic contractions in the corpus cavernosum (3 - 5g 
tension) and cavernous artery (0.5 - 1g tension) until 
reaching a plateau. After precontraction, smooth 
muscle relaxants were used to produce relaxation-
response curves (10-12M to 10-4 M). SNP was used as 
a relaxation control.
	 A number of chemical substances have been 
used in our laboratory to induce smooth muscle re-
laxation, including Ru[(NH3)4(caffeine)(NO)]C13, 
a nitric oxide donor. It completely relaxes the human 
corpus cavernosum and cavernous artery achieving an 
Emax of 100% and an EC50 of 6.4 ± 0.14 (Figure-5).
	 Using preparations of corpus cavernosum 
with intact endothelium from human donors under 
40 with no history of erectile dysfunction or cardio-
vascular risk factors (e.g. diabetes, hypertension and 
dyslipidemias), this physio-pharmacological model 
proved to be an attractive instrument in the search 
for new drugs for the treatment of human erectile 
dysfunction.

COMMENTS

	 PDE-5 inhibitors have revolutionized the 
treatment of erectile dysfunction. However, many 
patients with ED also suffer from endothelial dysfunc-
tion (56%) and are therefore unresponsive to this class 
of drugs (3).
	 Endothelial dysfunction is often observed in 
patients with comorbidities such as arterial hyper-
tension and diabetes mellitus. It is characterized by 
a deficiency in the endogenous production of  NO 
(8).
	 In true ED, diabetes, hypertension, and dys-
lipidemia (components of the metabolic syndrome) 
tend to be associated with endothelial dysfunction. 
ED has also been reported to be a marker for cardio-
vascular arterial disease (9).
	 The search for new drugs capable of increas-
ing the availability of endogenous NO has been a 
considerable challenge. Several experimental models 
have been used over the past decades based on rat, 
rabbit and human corpus cavernosum (6,7,10,11).
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	 Using corpus cavernosum in vivo and other 
tissues (e.g. platelets) from species such as rats, rab-
bits and humans, Peng Wang et al. (12) concluded that, 
in spite of similar kinetics and enzymatic features, 
different PDEs have different sensitivities to inhibi-
tors. This should be taken into account when working 
with experimental models of this type.
	 Our experimental model employed healthy 
corpus cavernosum tissues from young cadaver do-
nors killed by trauma or stroke in order to minimize 
the concern about distortion of results caused by 
sample tissues of poor condition.
	 In contrast, in a study using a similar human 
corpus cavernosum model for the evaluation of the 
effect of sildenafil on enzymatic PDE inhibition and 
consequent smooth muscle relaxation, samples were 
obtained from patients with ED during surgery for 
penile prosthesis implantation, so it seems likely that 
in this case most of the subjects presented endothelial 
injury to some degree (6).
	 Another concern in this field of research is 
the availability of tissues to perform the experiments. 
In Ceará, eight organ transplantations are carried out 
every month, making it possible to complete studies 
without major interruptions.
	 Seidler et al. (4) worked on a similar model 
using corpus cavernosum donated by patients un-
dergoing sex reassignment surgery as treatment for 
transsexualism and gender identity disorder. In spite 
of the good condition of the tissues, the small number 
of men submitting to this type of procedure limits the 
possibility of collecting sufficient tissue for experi-
mental work.

	 The present paper presents a comprehensive 
model for harvesting human corpus cavernosum tis-
sues and for carrying out smooth muscle relaxation 
experiments in vivo. Healthy human corpus caverno-
sum is removed from cadaver donors and subjected to 
experiments in isolated baths. The technique allows to 
dissect and isolate the corpus cavernosum, cavernous 
artery and urethra.
	 The importance of the technique lies in that 
it makes it possible to test a range of new drugs, 
including stable NO donors, guanylyl cyclase activa-
tors and RhoA-kinase inhibitors, on smooth muscle 
corpus cavernosum, penile arteries and urethra (7,12-
15).

CONCLUSION

	 This experimental model involves the dis-
section, harvesting, isolation and conservation of 
the human corpus cavernosum, cavernous artery 
and urethra under ideal conditions along with the 
accompanying physio-pharmacological studies. 
The feasibility and reproducibility of the model 
makes it an attractive instrument in the search 
for new drugs for the treatment of human erectile 
dysfunction.

CONFLICT OF INTEREST
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Figure 5 – Physiographic tracing of the Rut-CAF (10-12 - 10-4 M) effect in human corpus cavernosum strips placed in 
Kreb-Henseleit (37ºC; pH 7.4, 95% O2 and 5% CO2) solution, under a 1g tension and pre-contracted with phenylephrine. 
Vertical scale = 10 mN and horizontal scale = 5 min.
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EDITORIAL COMMENT

	 Penile erection is a complex neurovascular 
event that relies on vasodilatation of erectile tissues 
due to neuronal and endothelial derived nitric oxide 
(NO) released by activation of parasympathetic 
nerves on sexual stimulation of the cavernous endo-
thelial lining (1).
	 This sexual stimulus brings about blood 
flow into the corpus cavernosum and the consequent 
penile rigidity is maintained by means of a veno-oc-
clusive mechanism.
	 This is enabled by the particular micro-ar-
chitecture of the corpus cavernosum, which consents 
a sophisticated hemodynamic system.
	 Otherwise, the tunica albuginea plays a key 
role in the erectile function.
	 Being rich in elastic fibers it is able to resist 
overstretching of the corpus at raised levels of intra-
cavernous pressure, compressing the trans-albugineal 
effluent veins, as well providing on inextensible 
protective structure to the arteriole and to the intra-
cavernous nerves.
	 This function is possible due to its structure 
made of collagenic fibers linked by elastic fiber 
bridges (2,3).
	 Therefore, it is very important to keep its in-
tegrity to maintain its fundamental role in the erectile 
mechanism.
	 The presence of structural disorders like an 
excessive collagen deposition gives rise to the forma-
tion of a plaque, fibrotic first and then calcified, as 
can be found in  Peyronie’s disease.
	 Moreover, there is a significant decrease of 
elastic fiber concentration as well in these patients 
affected by induration penis plastica (4).
	 Similar changing were found in patients 
who underwent radical prostatectomy, where the tra-
becular elastic fibers and smooth muscle fibers were 
decreased and collagen content was significantly 
increased (5).
	 As age advances the gonadal steroid hor-
mones, and in particular, testosterone production 
decreases (6), nerve conduction slows down and 
the efficiency of the vascular microcirculation of the 
penis is reduced.

	 Androgens are essential for the development, 
growth and maturation of erectile tissues, acting on 
the hemostatis in the corpora cavernosum, regulating 
the growth of smooth muscle and protein synthesis of 
the connective tissues.
	 Therefore, a decrease in their production 
could give rise to the switch from elastic fibers to col-
lagen fibers, which is the basis of cavernosal fibrosis 
(7,8).
	 Recent studies have shown that testosterone 
also regulates the expression of phosphodiesterasis 
type 5 (PDE5) (9).
	 It is known that erectile dysfunction (ED) 
affects 150 million people worldwide.
	 Until few years ago, it was thought that 90% 
of ED had a psychogenetic etiology.
	 Moreover, further neurophysiological, hemo-
dynamical and pharmacological studies have helped 
us to understand better the complex biochemical and 
micro-anatomical mechanism of the erectile function, 
showing us that 50% of ED has an organic etiology 
(10).
	 On the other hand, even psychogenetic  ED 
could be the consequence of an increase of adrenergic 
stimulation and having itself an organic origin (11).
	 The past 20 years have witnessed remarkable 
changes in the treatment of ED.
	 The emergence and the success of PDE5 in-
hibitors as effective therapy for erectile dysfunction 
is remarkable considering the intent behind the devel-
opment of the original compound: initially designed 
as an antianginal agent, it quickly became apparent 
that the first PDE5 inhibitor on the market, sildenafil, 
displayed erectogenesis as a side effect, and the drug 
was soon recognized as a potential revolutionary 
treatment for ED..
	 Furthermore, sildenafil has been shown to 
prevent the progression of fibrosis of the corpus caver-
nosum in prostatectomized patients. Its efficacy seems 
to result from an anti-proliferative effect exerted on 
fibroblasts (12).
	 It is known that PDE-5 inhibitors have revo-
lutionized the treatment of erectile dysfunction and 
changed the life of million people worldwide.
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	 However there still a high percentage of pa-
tients with ED that are also affected by endothelial 
dysfunction (56%) and subsequently they are unre-
sponsive to this class of drugs (13).
	 Although already extensively studied, NO 
donors continue to be an important topic as regards 
ED.
	 Many studies have been carried out to find 
new NO donors or new guanylyl cyclase activators to 
try to find new drugs to treat these patients who are 
non-responders to PDE-5 inhibitors (14).
	 The present work shows us a model for har-
vesting human corpus cavernosum tissues and for 
making smooth muscle relaxation experiments in 
vivo.
	 The healthy corpus cavernosum taken from 
young cadaver donors killed by trauma or stroke offer 
tissues in good condition.
	 In the literature, we have not found a similar 
approach due the difficulty to obtain samples of hu-
man tissues.
	 With this technique is possible to test new 
drugs, like NO donors, guanylyl cyclase activators 
and RohA-Kinase inhibitors on human smooth muscle 
tissues in vivo rather then using corpus cavernosum in 
vivo from animals like rats, or rabbits as it has been 
performed by Pen Wang et al. (15).
	 Finally, this harvesting technique and smooth 
muscle contraction-relaxation model could be a very 
useful instrument to help us to find new drugs to treat 
ED.
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