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Abstract

Introduction—Corporal veno-occlusive dysfunction (CVVOD), which usually is associated with
a loss of smooth muscle cells (SMC) and an increase in fibrosis within the corpora cavernosa, can
be induced by an injury to the cavernosal nerves. The corporal tissue expresses inducible nitric
oxide synthase (iNOS), presumably as an anti-fibrotic and SMC-protective response.

Aims—We studied the temporal relationship in the corpora between the expression of iNOS,
other histological and biochemical changes, and the development of CVOD, after bilateral
cavernosal nerve resection (BCNR) in the rat.

Methods—Rats underwent either BCNR or sham operation. Cavernosometry was performed 1,
3,7, 15, 30, and 45 days (n=8/groups) after surgery. Penile tissue sections were subjected to
Masson trichrome staining for SMC and collagen, and immunodetection for alpha smooth muscle
actin, iNOS, neuronal NOS (nNOS), endothelial NOS (eNOS), proliferating cell nuclear antigen
(PCNA), and TUNEL. Quantitative western blot analysis was done in homogenates.

Main outcome measures—Time course on the development of fibrosis and CVOD

Results—Following BCNR, CVVOD was detectable 30 days later and it became more pronounced
by 45 days. In contrast, the SMC/collagen ratio in the BCNR corpora was reduced at 7 days and
bottomed at 30 and 45 days, due in part to the reduction of SMC, presumably caused by an
increase in apoptosis peaking at 3 days. PCNA also peaked at 3 days but then decayed. nNOS was
reduced early (3-7 days) and disappeared at 30 days, whereas eNOS was not affected. iINOS was
induced at day 3, and steadily increased peaking at 30 days.

Conclusions—CVOD develops in the BCNR rat as a result of the early loss of corporal SMC by
the neuropraxia-induced apoptosis, which the initial cell replication response cannot counteract,
followed by fibrosis. The time course of iNOS induction supports the antifibrotic role of iNOS.
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INTRODUCTION

Despite the use of nerve-sparing surgical techniques during radical pelvic surgery in men,
the cavernosal nerves still appear to be somewhat susceptible to injury during the surgical
procedure as evidenced by persistent and relatively high rates of erectile dysfunction in the
immediate post operative period following such nerve sparing techniques (1-4). The primary
reason for this surgically induced impotence is corporal veno-occlusive dysfunction
(CVOD) or venous leakage (5-8) which becomes manifest whenever there is a decrease in
the content of corporal smooth muscle cells (SMC) (9). When this occurs, the remaining
corporal smooth muscle mass is unable to achieve sufficient relaxation to attain the high
intracorporeal pressures which are necessary for the passive occlusion of the veins that
egress the corporal bodies as they traverse underneath and through the tunica albuginea of
the penis.

We have previously demonstrated in the rat, in a model of cavernosal nerve resection, that
CVOD is apparent at 45 days after the neural injury (10-13). This functional impairment was
associated with a decrease in the SMC mass and an increase in collagen content in the
corporal tissue. In addition, we also observed a concomitant increase in the expression of the
inducible nitric oxide synthase (iNOS) following bilateral cavernosal nerve resection
(BCNR). Since we have shown in other experimental injury models that the upregulation of
iNOS post-injury, presumably via the synthesis of NO, can act as an anti-fibrotic defense
mechanism against the development of fibrosis, we then hypothesized that the iINOS may be
acting in a similar manner on the corporal tissue in this BCNR model. The evidence to
support this hypothesis comes from our finding that the long-term continuous oral
administration of a PDES5 inhibitor, which is known to upregulate the action of nitric oxide,
not only prevented both the BCNR-induced CVVOD and the loss of the corporal SMC mass
(10,11,12) normally seen following this type of injury, but there was the unexpected finding
that the PDE5 inhibitors also enhanced replication of the corporal SMC themselves.

However, even though it has been well established that CVVOD develops after BCNR and
that iINOS expression is increased in the corporal tissue, the temporal relationship between
these processes have never been fully elucidated. The aim of this study was to determine: a)
whether the development of the histological and biochemical changes that occur after BCNR
precedes the onset of the CVOD, and b) when and how long does iNOS induction occur
following such a neural injury. These observations would help establish the time frame of
when to initiate treatment with PDES5 inhibitors following cavernosal nerve damage in order
to achieve the optimum anti-apoptotic and anti-fibrotic effect of these drugs.

MATERIALS AND METHODS

Animal treatments

Five month-old male Fisher 344 rats (Harlan Sprague-Dawley, San Diego, CA) were
randomly divided into sham operated and BCNR groups. Animals were sacrificed at 1, 3, 7,
15, 30 and 45 days after surgery (n=8 each group). BCNR was performed as previously
described (9-12). Animals were operated under aseptic conditions and isoflurane anesthesia.
In supine position, a midline incision was done, the pelvic cavity was opened, and the
bladder and prostate were located. Under an operating microscope, the major pelvic
ganglion and its inflow and outflow nerve fibers were identified after removing the fascia
and fat on the dorsolateral lobe of the prostate. The main branch of the cavernosal nerve is
the largest efferent nerve which runs along the surface of the prostatic wall. Above the main
branch there are another four to six small efferent fibers which also run towards the
membranous urethra, considered as ancillary branches of the CN. In order to recognize the
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main cavernosal nerve, stimulation with an electrode to induce penile erection was applied.
In the sham-operated group both cavernosal nerves were identified but not resected. In
BCNR, the main cavernosal nerves and ancillary branches were resected by removing a 5-
mm segment. This procedure mainly eliminates the nitrergic NANC stimulation to the
corporal smooth muscle that elicits its relaxation during penile erection, while also
interrupting some vasoconstrictor neurotransmission through coalescent adrenergic fibers in
the cavernosal nerve. All animal experiments were approved by the IACUC at our
institution.

Dynamic Infusion Cavernosometry (DIC)

Cavernosometry was performed as previously described (10-12,14). Briefly, basal
intracavernosal pressure (ICP) was recorded, and 0.1 .ml papaverine (20 mg/ml) was
administered through a cannula into the corpora cavernosa. The ICP during tumescence was
recorded as “ICP after papaverine”. Saline was then infused through another cannula,
increasing infusion rate by 0.05 ml/min every 10 seconds, until the ICP reached 80 mmHg
(“maintenance rate”). The “drop rate” was determined by recording the fall in ICP within the
next 1 minute after the infusion was stopped.

Histochemistry and immunohistochemistry

After cavernosometry, animals were sacrificed and the skin-denuded penile shafts were
fixed overnight in 10% buffered formalin, washed, and stored in alcohol (70%) at 4°C until
processed for paraffin embedded tissue sections (5 um). Adjacent tissue sections were used
for: a) Masson trichrome staining for collagen (blue) and SMC (red); ¢) immunodetection
with: 1) monoclonal antibodies against a-smooth muscle actin (ASMA) as a SMC marker
(Sigma kit, Sigma Diagnostics, St Louis, MO) and proliferating cell nuclear antigen
(PCNA) as marker of cell proliferation (Chemicon, Temecula, CA); 2) polyclonal antibody
against iNOS (15) (Calbiochem, La Jolla, CA); 3) monoclonal antibody against eNOS (16)
(Calbiochem); 4) monoclonal antibody against nNOS (17) (Calbiochem). The specificity of
the antibodies was validated by western blot.

Sections were then incubated with biotinylated anti-Mouse 1gG (ASMA PCNA, eNOS,
nNOS) or biotinylated anti-Rabbit 1gG (iNOS), respectively, followed by ABC complex
(Vector labs, Temecula, CA) and 3,3'diaminobenzidine (Sigma) (PCNA and iNOS), or with
the ASMA Sigma kit (ASMA) and 3-amino-9-ethylcarbazole. TUNEL assay was performed
as described (10-13) by applying the Apoptag peroxidase detection assay (Chemicon), with
TdT enzyme and anti-digoxigenin-conjugated peroxidase, and 3,3'diaminobenzidine/H202.
Sections were counterstained with hematoxylin. Negative controls in the
immunohistochemical detections were done by replacing the first antibody with IgG isotype.
The negative control for TUNEL was by substituting buffer for the TdT enzyme. Testicular
tissue sections were used as positive control.

Quantitative image analysis

Quantitative image analysis (QIA) was performed by computerized densitometry using the
ImagePro 4.01 program (Media Cybernetics, Silver Spring, MD), coupled to an Olympus
BHS microscope equipped with an Olympus digital camera (11-15). For Masson staining,
40x magnification pictures of the penis comprising half of the corpora cavernosa were
analyzed for SMC (stained in red) and collagen (stained in blue), and expressed as SMC/
collagen ratio. For ASMA and iNOS staining, only the corpora cavernosa were analyzed in a
computerized grid and expressed as % of positive area vs. total area of the corpora
cavernosa. For PCNA and TUNEL determinations, the number of positive cells at 400X was
counted and results were expressed as a % of positive cells/total cells in the corpora
cavernosa. In all cases, two fields at 40x (both sides of the corpora cavernosa) or 8 fields at
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400x, were analyzed per tissue section, with at least 4 matched sections per animal and 8
animals per group.

Western blot analysis

Penile tissue homogenates (100 mg tissue) were obtained in T-PER (PIERCE, Rockford, IL)
and protease inhibitors (3 uM leupeptin, 1 uM pepstatin A, 1mM phenyl methyl sulfonyl
fluoride), and centrifuged at 10,000 g for 5 min. Supernatant proteins (30-50 pg) were
subjected to western blot analyses (17-20) by 7-10 % Tris-HCI polyacrylamide gel
electrophoresis (PAGE) (Bio-Rad, Hercules, CA) in running buffer (Tris/Glycine/SDS).
Proteins were transferred overnight at 4°C to nitrocellulose membranes in transfer buffer
(Tris/glycine/methanol) and the next day, the non-specific binding was blocked by
immersing the membranes into 5% non-fat dried milk, 0.1% (v/v) Tween 20 in PBS for
lhour at room temperature. After several washes with washing buffer (PBS Tween 0.1%),
the membranes were incubated with the primary antibodies for 1 hour at room temperature
monoclonal antibodies were as follows: a) ASMA, as described above (1/1,000)
(Calbiochem, La Jolla, CA); b) glyceraldehide-3-phosphate dehydrogenase (GAPDH)
(1/10,000) (Chemicon International, Temecula, CA); and c) PCNA (Chemicon
International).The washed membranes were incubated for 1 hour at room temperature with
1/3,000 dilution (anti-mouse), followed by a secondary antibody linked to horseradish
peroxidase. After several washes, the immunoreactive bands were visualized using the ECL
plus western blotting chemiluminescence detection system (Amersham Biosciences,
Piscataway, NJ). The densitometric analyses of the bands were performed with Image J
(NIH, Bethesda, MD). A positive control was run throughout all gels for each antibody to
standardize for variations in exposures and staining intensities. Negative controls were
performed omitting the primary antibody. Band intensities were determined by densitometry
and corrected by the respective intensities for a housekeeping protein, glyceraldehyde
phosphate dehydrogenase (GAPDH), upon reprobing.

Statistical analysis

Values were expressed as mean + SEM. The normality distribution of the data was
established using the Wilk-Shapiro test. Multiple comparisons were analyzed by a two factor
(time and treatment) analysis of variance (two way ANOVA), followed by post-hoc
comparisons with the Bonferroni test, according to the GraphPad Prism V 4.1. Differences
were considered significant at p < 0.05.

RESULTS

Alterations in the SMC/collagen ratio in the corpora cavernosa precede the onset of CVOD
following BCNR

DIC was performed at 1, 3, 7, 15, and 30 days after cavernosal nerve injury in order to
determine when CVVOD occurs post-BCNR. DIC values for the 45 day time period were
taken from one of our previous papers with identical sets of BCNR- and sham-operated rats
(11). However, in all the subsequent figures for histological observations the representative
micrographies for 15 and 45 days are omitted to reduce space. Figure 1 (top) shows that the
peak ICP following papaverine injection was not significantly affected by BCNR during the
observed 30 days post-injury, although at 45 days after surgery the value was significantly
reduced. The drop rate, however, began to slowly increase by 7 days but only became
significant by 30 days and markedly progressed by 45 days post-injury.

Evaluation of the smooth muscle and collagen content within the corpora was then
performed in cross-sections of the penile tissue harvested from the animals following
performance of DIC. Fig. 2 top shows that there does not appear to be any obvious visual
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changes in the Masson trichrome staining for collagen and SMC on representative
micrographs in the sham groups through out the experiment. However, a progressive
intensification of the collagen deposition (stained in blue) and a reduction in the smooth
muscle (stained in red) started to be visualized at day 7 after BCNR. When QIA was
performed (bottom), an alteration in the SMC/collagen ratio is detected as early as day 3
post injury, which becomes significantly severe by day 7 and remains so for the remainder
of the study. The red staining of the SMC was easily differentiated from the red blood cells
which were not considered in the QIA determinations.

Picrus sirius red assays and observation under polarized microscope were done in adjacent
sections to the ones used for Masson in order to discriminate the collagen I11/I ratio. We
have found that at the time points 7 and 30 there is an increase in collagen I11/1 ratio towards
more production of collagen I11, whereas at 45 days the ratio is inverted to more collagen |
than I11 (not shown). This difference could be due to the fact that the rate of collagen Il
synthesis is much faster than collagen |

A second procedure to estimate SMC content based on the immunohistochemical
determination of ASMA, an accepted marker of SMC in the corpora cavernosa, was also
performed. Fig. 3, top shows a considerable reduction with time in ASMA staining in the
BCNR group as compared to the sham group as early as 3 days after BCNR that
progressively worsens at 30 and 45 days. The respective reductions in ASMA content
determined by QIA (bottom, A) were 40%, 76%, and 78% at 7, 30 and 45 days,
respectively, post injury. The expression of ASMA in the sham-operated group remained
unchanged throughout the experiment. When western blot analysis of ASMA expression in
homogenates of penile shaft tissue (bottom, B) was performed, it paralleled the
immunohistochemical measurements. Collectively, these results suggest that the histological
changes induced by BCNR precede, as expected, the functional impairment of vasculogenic
erectile response, and that the earliest event is SMC loss rather than collagen deposition.
This is based on the fact that the reduction in ASMA+ cells is rather considerable at a period
(3 days) when the SMC/collagen ratio has only slightly decreased.

BCNR results in a decrease in nNOS, an increase in iNOS and no change in eNOS content
in the corpora

Since BCNR causes damage to the axons of the cavernosal nerve, Fig. 4 A confirms by
immunohistochemistry with an antibody selective for nNOS a decrease in nNOS staining,
that is seen in cross sections of the cavernosal nerve as early as 24 hours following the nerve
injury. This antibody does not cross-react with eNOS and iNOS. Because the decrease in
staining intensity was so evident, no quantitative determination was deemed necessary to
corroborate the visual inspection. In contrast, no changes were appreciable in the
immunohistochemical detection of eNOS, which was constrained to the endothelium lining
of the corpora cavernosa lacunar spaces or cisternae (Fig. 4 B). This was confirmed by QIA.

In an even more marked contrast to nNOS decrease, iNOS immunostaining in the corpora of
the BCNR rats started to increase by 10-fold at day 3, and continued to remain high
throughout the study period, while it stayed almost undetectable in the sham-operated
animals at all time periods (Fig. 5 top). The quantitative determination indicated that iINOS
expression reached a peak at 30 days when there was about a 50-fold increase over both the
sham operated and the pre-injury values (bottom).
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The reduction in SMC occurring after BCNR is due to an early peak of apoptosis that
initially is compensated by increased cell proliferation but later on predominates over this

process

TUNEL immunodetection assay revealed that by 1 day, and more so at 3 days following
BCNR, there was a marked increase in apoptosis of cells in the corpora (not shown) and this
was confirmed by QIA which showed that the peak of apoptosis occurred at 3 days with a 5-
fold increase in the apoptotic index in the BCNR animals. This was followed by a gradual
reduction, but still showing an over 2-fold higher apoptotic index at 45 days after BCNR
(Fig 6 top).

When cell proliferation was measured by immunohistochemistry for PCNA, there was an
intensification of cell proliferation at 1 and 3 days post BCNR but this level was
subsequently reduced by day 7 post injury to basal levels (Fig. 6 middle). QIA showed that,
as in the case of apoptosis the cell proliferation peak occurred at 3 days, with a similar 5-
fold increase in PCNA staining, which decreased thereafter. Interestingly, at 30 and 45 days
post BCNR, the PCNA values in the BCNR groups were lower than in the control sham-
operated animals. Because of the initial stimulation of cell replication, the ratio between the
proliferation and apoptotic indexes in the corpora (bottom) remains around a value of 1
until 7 days after BCNR, with no significant differences between BCNR and the sham
operated rats. However, at both 30 and 45 days there is a considerable reduction in PCNA
due to the predominance of cell death over cell proliferation. This agrees with the time
course for SMC content in Fig. 3.

The western blot analysis of PCNA expression in total penile shaft homogenates (Fig. 7)
confirmed the decrease in PCNA staining seen by immunohistochemistry in the tissue
sections of the corpora cavernosa of BCNR rats (Figure 6, middle panel). However, the
levels of PCNA in the homogenates of the penile shaft (Fig 7) were inconsistently high at
the two earliest time periods, probably reflecting the presence of tunical and corpus
spongiosum tissue (not considered in the analysis of the tissue sections of Figure 7).

DISCUSSION

The current results clarify the sequential events that lead to the development of CVOD in the
rat following cavernosal nerve damage. The assumption is that CVOD or venous leakage
occurs because the SMC mass in the corpora is impacted in such a way that it cannot
achieve sufficient relaxation to attain an intracorporeal pressure high enough that can
compress the subtunical veins as they egress from the tunica albuginea of the penis.
Normally this is evident by a decrease in the SMC content together with an increase in tissue
fibrosis within the corpora.

The absolute amount of corpora smooth muscle, that only drops significantly at day 30, but
not at 7, approaching the value at day 45, appears to be more critical for corporal
compliance and venous occlusion than the smooth collagen content ratio that falls down
earlier. This interpretation would explain the fact that the significant increase in drop rate
occurs at day 30 but not at 7 days, thus implying that a certain threshold in the corporal
smooth muscle content combined with collagen deposition may be needed below which the
functional impairment would become evident.

The absence of a parallel significant decrease in the papaverine response at day 30 (despite
the trend seen on Fig. 1) may be due to the relatively high papaverine dosage (100 ul of 20
mg/ml solution, which is approximately 5 mg/kg. B.W) used in this study. This may be
excessive to detect a marginal CVOD, based on the erectile response to the drug. However,
we have recently conducted a papaverine dose/response titration curve during DIC in the rat,
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and we have found that 15 mg/ml of papaverine is an optimal concentration (or 3.8 mg/kg)
for performing DIC, and this intracorporal dose will be used in the future.

Therefore, if the hypothesis of the decrease in the SMC content together with an increase in
tissue fibrosis within the corpora is correct, then apoptosis should occur first followed by an
observed decrease in the corporal smooth muscle content in combination with an increase in
tissue fibrosis before CVOD becomes evident. Indeed, in our animal model of BCNR, the
process of apoptosis is apparent 24 hours following the neural injury, an observation that has
been previously reported by others (21-24). What our data does show for the first time is that
this apoptotic process peaks around 3 days following BCNR and, although there is a slight
decrease from this peak level seen after day 3, the level of apoptosis continues to remain
elevated up to the end of the experiment which was 45 days after BCNR.

The data confirm the observation of previous investigators (20-23) that programmed cell
death is apparent as early as 1 day after the onset of the neural injury. In addition, while the
peak for these pro-apoptotic processes occurs by day 3 following the neural injury, there
also appears to be a considerable increase in cell proliferation within the trabecular tissue
around the cisternae, a finding that has not been previously reported and one that may
represent an attempt by the tissue itself to counteract apoptosis. Thereafter, cell proliferation,
by drastically declining already at 7 days, becomes insufficient to counteract the much
slower decline in apoptosis. As a result, the imbalance between both processes manifests at
30 days, agreeing with the earliest period where there is a net loss of SMC. Since the ratio of
the SMC to collagen decreases significantly, and rather drastically at 7 days after BCNR, but
the content of the SMC decreases much earlier, at 3 days, which coincides with the peak in
apoptosis, it may be concluded that collagen deposition is intensified after the SMC loss,
and that therefore the reduction of the cellular compartment precedes the onset of fibrosis. It
is the net loss of SMC what appears to trigger the first manifestation of CVVOD that occurs
30 days after BCNR.

The reduction of nitrergic nerve terminals that are clearly distinguishable from the dorsal
nerve and may be ascribed topologically to the cavernosal nerve, is evident as early as 1 day
after BCNR. This suggests that Wallerian nerve degeneration exacerbated throughout the 45
day-period is most likely responsible for the changes observed in the corpora cavernosa
SMC. Most interestingly and somewhat surprisingly was, the lack of changes in the content
of eNOS, thereby suggesting that the endothelium is not considerably affected by BCNR.
This indicates that: a) eNOS-dependent endothelial dysfunction may not be elicited by
neuropraxia and is not involved in CVOD, that appears to result mainly from corporal SMC
loss and fibrosis; and b) in the absence of nNOS, eNOS cannot per se produce sufficient
nitric oxide as to sustain the papaverine-induced production of cGMP caused by the
unspecific PDE inhibition exerted by the drug (25). However, since neither endothelial
function nor eNOS activity has been determined, it is not possible to rule out a possible
functional impairment of the endothelium after BCNR despite unaltered expression of
eNOSs.

Perhaps the most intriguing observation is the time course of iINOS induction by BCNR,
which seems to follow the NNOS decrease in the nitrergic nerves but peaks at 30 days. This
is long after apoptosis has reached a maximum at 3 days, thus ruling out the possibility that
this cell death is triggered by nitric oxide from iNOS, a compound that is usually considered
as pro-apoptotic (26,27). However, there is evidence that nitric oxide can in fact be anti-
apoptotic according to tissue and physiological conditions (28). Alternatively, this sustained
increase of iINOS expression may be responsible for the observed reduction of the
compensatory cell proliferation in the corpora after BCNR, based on the fact that both nitric
oxide and cGMP are considered to be antiproliferative for the SMC in the arterial media
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(29). However, this possibility appears to be ruled out by our previous results with L-NIL,
an inhibitor of iNOS activity (11,15). At least at 45 days after BCNR, a steady iNOS
inhibition by daily oral L-NIL significantly reduced the SMC/collagen ratio, thus suggesting
that iINOS is acting protecting the SMC or inhibiting collagen deposition which would be in
agreement with the cardioprotective effects of nitric oxide, cGMP, and iNOS on
cardiomyocytes during ischemia reperfusion pre- or post-conditioning (30-32). iNOS may
not only be produced by smooth muscle cells, since macrophages, and interstitial fibroblasts
are also known to express this protein upon induction. No co-localization studies for iINOS
and ASMA were performed in this work, and therefore it cannot be ruled out that iINOS
synthesis in the corpora occurs also in cell types other than the smooth muscle cells. In
addition, it is not surprising that a steady increase in iNOS would occur in the presence of a
sustained decline in the overall content of the putative cell type where iNOS is induced,
since iNOS expression is due to transcriptional stimulation that by a steady increase within
each cell and the cumulative production of nitric oxide can substantially exceed the rate of
cell loss.

However, since CVOD and fibrosis do develop in BCNR despite the steady iNOS
production, this process is apparently insufficient to counteract the factors that trigger
“corporal dystrophy” (fibrosis and SMC loss), a term that we propose as analogous to
skeletal muscle dystrophy.

This leads to the fundamental question regarding which factors triggered by the neuropraxia
are responsible for causing corporal SMC dystrophy. The most likely is the interruption of
the secretion of neurotrophins which in addition to their effects on neural tissue (33,34) are
postulated to stimulate smooth muscle hyperplasia, particularly in the respiratory airways
and the intestine (35,36). This depletion may cause the down-regulation of SMC
proliferation triggered by a spontaneous defense mechanism against neuropraxia.
Conversely, the induction of cytokine release, mainly TNFa and TGFf1, that are pro-
apoptotic and fibrotic factors and activate the proteasome ubiquitin proteolytic pathway, is a
recognized feature of Wallerian degeneration (37), and it underlies, at least in part, the
skeletal muscle atrophy subsequent to denervation (38,39). However, the lack of neuromotor
discharge and activity may also be an essential factor in this atrophy.

Irrespective of the mechanism that triggers fibrosis and SMC loss subsequent to cavernosal
nerve damage, three things became obvious through this work. First, that is the early
histopathological impairment within the corpora smooth muscle that leads later to the
functional impairment, CVOD. It may require a certain threshold in the smooth muscle/
collagen ratio that below that the functional impairment become evident Therefore in the
clinical setting an early therapeutical intervention to reduce apoptosis of the corporal SMC
or sustain their initial proliferation response, would be warranted, e.g., immediately after
radical prostatectomy. Secondly, since iNOS induction appears to be an endogenous
antifibrotic and protective response on the smooth muscle, the early therapy may be based
on pharmacological agents that mimic this process, such as the continuous long-term
administration of PDES inhibitors we have studied in rats (10-13,33,40), or of nitric oxide
generators (41,42), or in men for a combination of both types of compounds (43). Such a
therapeutic modality may be accompanied with neurotrophin administration such as BDNF
(34) in an attempt to restore the anabolic signals to the smooth muscle that endogenous
neurotrophic factors are no longer mediating. Thirdly, since our experimental model of
BCNR, where the cavernosal nerves are both completely resected, may not be very
representative of the cavernosal nerve injury that may occur with pelvic surgery in which the
nerves may only be partially damaged, it is possible that axonal regeneration, which does
not seem to occur after BCNR within the time course of this study, may occur with radical
pelvic surgery particularly with the nerve sparing procedures. As such, the treatments
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described above to prevent the histological changes in the corpora may also be efficacious in
stimulating axonal regeneration.
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Figure 1. Time course of effect of bilateral cavernosal nerve resection on the erectile function of
the rat measured by pharmacological and infusion cavernosometry

Top: Response of the intracavernosal pressure to papaverine; Bottom: Response of the
intracavernosal pressure to the interruption of saline infusion. SHAM: sham-operated
animals; BCNR: animals subjected to nerve resection and killed at 1, 3, 7,15, 30 and 45 days
after surgery.*: p<0.05; **: p<0.01; ***P<0.001
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Figure 2. Time course of the effect of bilateral cavernosal nerve resection on the smooth muscle/
collagen ratio in the rat corpora cavernosa

Penile corpora cavernosa tissue sections from the rat groups presented on Figure 1 were
stained with Masson trichrome. Top: representative pictures (200X, Bar=50 um). Bottom:
QIA. SHAM: sham-operated animals; BCNR: animals subjected to nerve resection killed at
1, 3, 7 and 30 days after surgery. ** P<0.01, ***: p<0.001
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Figure 3. Time course of the effect of bilateral cavernosal nerve resection on the smooth muscle
cell content in the rat corpora cavernosa

Penile corpora cavernosa sections adjacent to those presented on Fig. 2 were immunostained
for ASMA as an SMC marker. Top: 40X, Bar=50 um). Middle: quantitative image analysis.
***: p<0.001

J Sex Med. Author manuscript; available in PMC 2009 October 2.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Ferrini et al. Page 15

&%

SHAM 1day  3days 7days  30days

BCNR

Figure 4. Time course of nNOS expression after nerve resection in cavernosal nerve terminals
and of eNOS in the corporal enothelium

A. Penile sections sections adjacent to those presented on Fig. 2 were immunostained for
nNOS. Magnification: 400X, Bar=50 um). B. Sections adjacent to those presented on Fig. 2
were immunostained with an eNOS antibody. The expression of eNOS is not altered by
nerve resection. Top: 400X, Bar=50 um). Bottom: quantitative image analysis.
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Figure 5. Time course of the effect of bilateral cavernosal nerve resection on the expression of
iNOS in the penile corpora cavernosa

Penile corpora cavernosa sections adjacent to those presented in Fig 2 were subjected to
immunodetection for INOS. Top: representative pictures (200X, Bar=50 pm). Bottom:
quantitative image analysis. ***p<0.001.
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Figure 6. Time course of the effect of bilateral cavernosal nerve resection on the cell turnover in
the rat corpora cavernosa

Penile corpora cavernosal sections adjacent to those presented on the preceding figures were
subjected to TUNEL and PCNA staining. Top: QIA for TUNEL. Middle: QIA for PCNA;
Bottom: The ratio between the total area occupied by cells undergoing cell replication
(PCNA+) and the apoptotic index obtained above was established for each animal, and then
used to calculate means+/-SEM. * p:<0.05; **: p<0.01; ***p<0.001
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Figure 7. Corroboration of the PCNA immunostaining by western blot
Homogenates from corpora cavernosa tissue were subjected to western blot analysis with the
same antibody used for figure 6. ** P<0.01
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