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INTRODUCTION
Erectile dysfunction (ED) is the most prevalent complication of prostate cancer treatment.
Post-radical prostatectomy ED can occur in up to 70% of these patients even in centers of
excellence that apply nerve sparing techniques [1–3], severely affecting the quality of life of
patients, and posing a heavy burden on health care costs [4–6]. The fear of this complication
is often a deterrent for the patient to opt for radical prostatectomy even when it is the
treatment of choice.

In post-radical prostatectomy/radiotherapy, and possibly cryotherapy [7,8], cavernosal nerve
damage causes first an acute neurogenic ED by interfering with the nitrergic
neurotransmission originated from the brain, mediated by nitric oxide (NO) [9], and then a
neuropraxia of the corpora cavernosa leading to fibrosis, apoptosis and loss of corporal
smooth muscle cells (CSMC) [10]. This impairs the compliance of the tissue and its ability
to retain blood during erection causing corporal veno-occlusive dysfunction (CVOD) [10–
12]. This is a form of vasculogenic ED that is the prevalent type of ED [13]. The frequent
resistance of post-radical prostatectomy CVOD to oral PDE 5 inhibitors (PDE5i), or
intracorporeal injections applied “on demand” to induce erections [14], is because
vasodilation by the oral PDE 5 inhibitors requires the integrity of both the cavernosal nerve
to transmit the sexual stimulus and the CSMC to respond, and local vasodilators are
ineffective when the corporal tissue is injured [8].

There is therefore a considerable clinical interest in finding new strategies for penile
regeneration and this has spurred experimental studies in animal models of post-RP,
essentially in rats and mice where the cavernosal nerve damage is induced by bilateral
cavernosal nerve resection (BCNR) [11,12,15,16], transection (BCNT) [17], or controlled
bilateral cavernosal nerve crush (BCNC) [18]. Using BCNR procedures in the rat, it has
been demonstrated that long-term continuous administration of the three PDE 5 inhibitors
(PDE 5i), sildenafil, tadalafil, and vardenafil, partially prevent CVOD by counteracting the
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underlying corporal histopathology by an antifibrotic mechanism [11,15,16,19]. This is
different from the vasodilator mechanism that operates in the conventional “on demand”
palliative interventions to facilitate penile erection upon sexual stimulation. However, since
the daily doses of PDE5i in these BCNR studies were, when translated from rats to humans,
about 2–3 fold higher than the usual ones used on demand, and so far only a few clinical
studies with non-conclusive results have been performed on this modality with standard
doses [20,21], further experimental studies with lower doses are needed to improve this
approach.

In addition to this pharmacological therapy, alternative strategies, such as the use of stem
cells, either by themselves or in combination with long-term continuous administration of
PDE5i need to be examined. Despite the promising results in several studies with different
stem cell types in animal models of ED associated with aging and diabetes [17,22–28], only
a few reports are available for ED post-radical prostatectomy models, and they share some
limitations [29]. This field of was opened in the BCNC model by applying embryonic stem
cells [30], which suffer from the fact that their clinical use for non-life threatening
conditions is unlikely. These cells failed to be detected at late stages, the correction of ED
by EFS was partial, and no studies on corporal damage or CVOD were performed.

Some of these experimental concerns on stem cell therapy for ED apply to a study using
skeletal muscle derived stem cells (MDSC) in a BCNT model [17], and more recently in a
short report on the amelioration of CVOD in the BCNR model, compounded by questions
on the “MDSC” population employed [31]. MDSC were effective correcting an impaired
EFS response in aged rats and to convert to SMC and other differentiated cells in the
corpora cavernosa and in the injured vagina [28,32]. To our knowledge, no combination of
PDE5i and stem cell treatments or with NO donors has been tested for ED in animal models,
even if this modality was studied for myocardial infarction with some inconclusive results
[33].

In the present work we have investigated whether sildenafil given for 45 days to BCNR rats
at 1/2 through 1/16 the doses previously tested, and the NO donor molsidomine, in
combination or not with sildenafil, could prevent CVOD and improve the underlying
corporal histopathology, and whether similar or better effects could be obtained with MDSC
alone or in the presence of a chronic very low dose of sildenafil.

MATERIALS AND METHODS
MDSC isolation and culture

MDSC were prepared from the hind limb muscles from the mouse [34–36], using the
preplating procedure, a validated standardized method for MDSC isolation [37], as in our
previous reports [28,32,38]. Tissues were dissociated using sequentially collagenase XI,
dispase II and trypsin, and after filtration through 60 nylon mesh and pelleting, the cells
were suspended in Dulbecco’s Modified Eagle’s Medium (DMEM) with 20% fetal bovine
serum. Cells were plated onto collagen I-coated flasks for 1 hr (preplate 1 or pP1), and 2 hrs
(preplate 2 for pP2), followed by sequential daily transfers of non-adherent cells and re-
platings for 2 to 6 days, until preplate 6 (pP6). The latter is the cell population containing
MDSC. Cells were then selected using magnetic beads coated with the Sca 1 antibody. Cells
were replicated on regular culture flasks (no coating) and used in the 5th-10th passage, since
the mouse counterparts have been maintained in our laboratory for at least 40 passages with
the same, or even increasing, growth rate. Flow cytometry was performed to show that these
cultures were Sca 1+/CD34+/CD44+ cells and expressed the key stem cell gene Oct 4 [38].
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BCNR procedure
Five month-old male Fisher 344 rats (Charles River, Wilmington, MA) were subjected to
BCNR as previously described [12,15,16,19]. All animal experiments were approved by the
IACUC at our institution. Essentially, 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
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 neuro-transmission through coalescent adrenergic fibers in
the cavernosal nerve.

Animal treatments
Animals (total: 80 rats; n=8/group) were treated as follows: 1) SH: sham-operated,
untreated; Series I: 2) LS: BCNR, low dose sildenafil, in water: 2.5 mg/kg/day, 1/8 of the
dose previously used [15]; 3) LS(RL): BCNR, low dose sildenafil, retrolingual; 4) MS:
BCNR, medium dose sildenafil, in water: 10 mg/kg/day; 5) M: BCNR, molsidomine, IP, 10
mg/kg/day [29]; 6) M+LS: BCNR, molsidomine IP, with low dose sildenafil in water; 7) M
+MS: BCNR, molsidomine IP, with medium dose sildenafil in water; Series II: 8) SC:
MDSC (106 cells) injected in 0.05 ml Hanks, intracorporal [28]; the MDSC were labeled
with the nuclear fluorescent stain 4′,6-diamidino-2-phenylindole (DAPI) and implanted
aseptically into two different sites in the mid-part of the shaft in anaesthetized rats;
tacrolimus was given daily (1 mg/kg, s.c.) to avoid immuno-rejection of the mouse stem
cells; 9) SC+VLS: MDSC (106 cells) injected, with tacrolimus, as in #8, and supplemented
with very low dose sildenafil, in water: 1.25 mg/kg/day, 1/16 of the dose previously used
[15]; and 10) VLS: very low dose sildenafil, in water.

Treatments were interrupted at 42 days, and the experiment was finalized 3 days later
(washout). The drinking volumes were determined daily, and body weights were recorded
weekly. The daily sildenafil doses given to these animals were as stated above. They are
estimated at approximately equivalent to doses 10-fold higher in men when expressed in mg/
day (i.e., 1.25 mg/kg/day in rats equivalent to 12.5 mg/day in men), based on differences in
total body surface area between the rat and the human [40,41].

Dynamic Infusion Cavernosometry (DIC)
Cavernosometry was performed as previously described [12,15,16,19]. Briefly, basal
intracavernosal pressure (ICP) was recorded, and 0.1ml 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 100 mmHg
(“infusion rate”). The “drop rate” was determined by recording the fall in ICP within the
next 1 minute after the infusion was stopped.
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Determinations in tissue sections
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 (6–8 μm). Adjacent tissue sections were
used for [12,15,16,19]: a) Masson trichrome staining for collagen (blue) and SMC (red); and
b) immunodetection with monoclonal antibodies against α-smooth muscle actin (ASMA) as
a SMC marker (Sigma kit, Sigma Diagnostics, St Louis, MO). For immunodetection
sections were then incubated with biotinylated anti-Mouse IgG, followed by ABC complex
(Vector labs, Temecula, CA) and 3,3′diaminobenzidine (Sigma) (PCNA and iNOS).
Sections were counterstained with hematoxylin. Negative controls in the
immunohistochemical detections were done by replacing the first antibody with IgG isotype.

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 [12,15,16,19]. For Masson
staining, 40× 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, only the corpora cavernosa were analyzed in a
computerized grid and expressed as % of positive area vs. total area of the corpora
cavernosa. In all cases, two fields at 40× (both sides of the corpora cavernosa) or 8 fields at
400×, were analyzed per tissue section, with at least 4 matched sections per animal and 8
animals per group.

Qualitative dual immunofluorescence determinations were also performed in frozen tissue
sections (8–10 μm) for neurofilament 70 (NF70) with an antibody clone DA2, mouse
monoclonal (Millipore, Billerica, MA), and for neuronal nitric oxide synthase (nNOS) using
a rabbit monoclonal (ABCAM, Cambridge, MA).

Determinations in tissue homogenates
Penile tissue homogenates (80–100 mg tissue) were obtained in T-PER (PIERCE, Rockford,
IL) and protease inhibitors (3 μM leupeptin, 1 μM pepstatin A, 1mM phenyl methyl
sulfonyl fluoride), and centrifuged at 10,000 g for 5 min. Supernatant proteins (30–50 μg)
were subjected to western blot analyses [12,15,16,19] by 7–10 % Tris-HCl 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
1hour 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) calponin 1 (Calp 1) mouse monoclonal (Santa
Cruz Biotechnology, Inc. Santa Cruz, CA); b) Src homology region 2-containing protein
tyrosine phosphatase (SHP-2) rabbit polyclonal (Santa Cruz Biotechnology, Inc); c) BAX
rabbit polyclonal (Santa Cruz Biotechnology, Inc); d) NF70, as for immunofluorescence; e)
nNOS, as for immunofluorescence; f) brain-derived neurotrophic factor (BDNF), rabbit
monoclonal ABCAM, Cambridge, MA; g) PDE 5, rabbit polyclonal (Santa Cruz), and g)
mouse glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mouse monoclonal (Millipore,
Billerica, MA), as a reference housekeeping protein.

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
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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 GAPDH, upon reprobing.

Collagen was estimated by the picrosirius red procedure [42], using an aliquot of the tissue
homogenates prepared for western lotting, mixing it with Sirius Red saturated in picric acid
incubated for 30 min, and centrifuged at 15,000 × g for 5 min, to pellet the collagen. This
pellet is rinsed once with 0.1M HCl to remove excess dye, centrifuged again, and the pellet
is extracted in 0.5M NaOH, clarified, and measured spectrophotometrically at 550 nm. The
standard curve is Type I Collagen, acid soluble, (Sigma Chemical Corp) from 0–80μg.
Values are expressed as micrograms of collagen per milligram of tissue.

Statistical analysis
Values were expressed as mean ± SEM. For Series I, 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 Tukey post test, according to the GraphPad Prism v 5.1. For Series II,
comparisons between a single group and the respective control group (as indicated in each
figure) were done with the unpaired t-test. Differences were considered significant at p <
0.05.

RESULTS
A sustained administration of sildenafil at medium and low doses prevents CVOD after
BCNR and reduces collagen deposition in the corpora cavernosa, but combination with
molsidomine is not more effective than the drugs alone

In order to determine whether long-term continuous sildenafil given to BCNR rats in the
drinking water could prevent CVOD at doses lower than the previously used high dose of 20
mg/kg/day [15], rats were treated with 1/2 (MS) and 1/8 (LS) of this dose for 45 days. Fig. 1
top shows that the very high drop rate measured by cavernosometry in the UT rats, an
indication of CVOD, was reduced by MS and even by LS to a normal level, as compared to
our standard values in sham operated animals. The same effect was achieved by LS(RL) a
once daily retrolingual administration of low dose sildenafil, to mimic clinical
administration. However, unexpectedly, the LS and LS(RL) virtually did not modify the
corporal SMC/collagen ratio measured histochemically by Masson trichrome, in contrast to
the MS dose that did increase it and normalized the value (bottom).

The effects of all treatments on the penile shaft collagen content, measured by a colorimetric
Sirius red procedure (Fig. 2) were the expected ones, since it was reduced even below the
sham rats value used as reference.

The increase in cGMP levels induced by long-term daily IP molsidomine was sufficient to
also normalize the drop rate in the cavernosometry (Fig. 3 top), and therefore the
supplementation with LS or MS was in fact unnecessary and both treatments acted similarly.
However, the small increase in the Masson trichrome estimate of the corporal SMC/collagen
by M and M+MS is non significant and much lower than expected (bottom), despite MS by
itself did improve this ratio as shown on Fig. 1.
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Implantation of MDSC also prevents CVOD and reduces collagen, but supplementation
with very low dose sildenafil does not substantially enhance these effects

Since MDSC counteracted ED measured by EFS in a rat model of aging [28], we examined
whether these stem cells can prevent CVOD measured by cavernosometry in the BCNR rat
model, in order to investigate whether the effects can be enhanced by sildenafil
supplementation at even lower doses than above. Fig. 4 top shows that MDSC did normalize
the drop rate in the cavernosometry determination and that this was also achieved by a very
low dose of sildenafil, 1.25 mg/kg/day (VLS), which is 1/16 of the dose previously used
[15]. Contrary to our expectations of pharmacological stimulation of the MDSC, the
combination of both treatments, SC+VLS, was not different from the individual treatments.
However, only the MDSC increased significantly the low SMC/collagen ratio by Masson
trichrome seen in the UT rats (bottom).

The corporal SMC content identified by immunohistochemistry for the ASMA marker in the
trabecular region was also marginally increased by the MDSC, alone or in combination with
VLS, but not by VLS alone (Fig. 5 top). In the case of collagen, estimated by Sirius red in
the whole penile corporal shaft, its content was reduced by VLS alone or in combination
with MDSC, but MDSC failed to change the levels seen in the UT rats (bottom).

MDSC preserve some markers of the SMC relaxation/contraction phenotype and of the
nitrergic nerve content, but combination with a very low dose of sildenafil does not
enhance the effects

The previous results show that despite the clear effect of the separate MDSC and low or
very low sildenafil (or molsidomine at normal doses) treatments in improving the CVOD,
these agents only moderately prevented the underlying corporal fibrosis that sildenafil
counteracted at higher doses [15]. Therefore, ancillary mechanisms are likely to cooperate
with these mild beneficial effects on the histopathology by acting on other targets that help
to maintain corporal compliance and thus counteract CVOD. One of them would be the
enhancement of SMC calponin I, and of SHP-2, a protein that inactivates the anti-SMC
relaxation Rho-A kinase by dephosphorylating Vav [43]. Fig. 6 presents the quantitative
western blot determination in the penile shaft homogenates, showing only those markers for
which significant changes were observed. MDSC, but not sildenafil, increased calponin in
penile shaft homogenates, albeit non-significantly, and reduced the proaptotic Bax, in
agreement to the effects on ASMA, but there were no changes in SHP-2 expression. The
latter was stimulated by VLS, as had been seen with higher doses of sildenafil [15]. An
unexpected result was the upregulation of Bax by VLS

The well known neurotrophic effects of MDSC alone [44] and sildenafil alone [46,45] may
lead to an amelioration of neural damage and hence of the impact of the neuropraxia on the
corporal histology and erectile function. However, neither VLS nor MDSC or their
combination increased the expression measured by western blot of the neural marker NF-70,
but interestingly, MDSC was the only treatment that did upregulate nNOS and BDNF, thus
suggesting a neural trophic effect. The overall failure of the MDSC + VLS combination to
improve any of the effects seen by MDSC alone could be due to upregulation of PDE 5
expression by this treatment. Indeed this was the case, particularly in comparison to each
treatment alone.

At least part of the nNOS expression detected by western blot occurs in the nerves,
specifically in cavernosal nerve terminals, in addition to the dorsal nerve, as shown by dual
fluorescence for both proteins (Fig. 7). This suggests that some improvement in nitrergic
nerves and hence nitrergic neurotransmission with NO release impacts both the overall
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erectile response per se and specifically the contractile machinery of the corporal smooth
muscle.

To facilitate an overall comparison of the different groups the general results are
schematically summarized in Tables 1 and 2.

DISCUSSION
In this work we have investigated whether reducing the dose of sildenafil in the long-term
continuous treatment of ED after BCNR from the 20 mg/kg/day previously used [15], which
is roughly equivalent to 200 mg daily in men based on rat/human conversion factors (40,41),
that prevented the CVOD and the corporal fibrosis and loss of SMC, would preserve
efficacy at 1/2, 1/8 and 1/16 lower doses. We also investigated whether the intraperitoneal
injection of molsidomine, or the intracorporeal injection of MDSC would also able to
prevent the development of CVOD and the impairment of smooth muscle compliance
caused by the neuropraxia [12]. The BCNC model [18] had basically confirmed our
previous results with sildenafil, and on the other hand it is known that chronic PDE5i
protects selectively endothelium-dependent relaxations of strips of corpus cavernosum in
vitro [46]. Long-term sildenafil reversed CVOD and improved the underlying corporal
histology in a rat model of aging [47]. No studies are available on whether the same effects
can be elicited by long-term NO donors or soluble guanyl cyclase stimulators, through the
elevation of cGMP levels.

The model that we selected, the BCNR (12,16) mimicks a severe injury that may occur
under standard surgical conditions, whereas the (BCNC) [18] resembles the milder damage
induced by bilateral nerve sparing techniques. Although BCNR is the most severe form of
damage that may exceed the one induced in men in nerve sparing procedures, it has two
advantages over BCNC, i.e., absolute reproducibility of the extent of injury, and the fact that
interventions ameliorating its impact on both the nerves and the corpora cavernosa will
obviously be more successful in repairing the milder BCNC damage.

Our results show that in terms of the functional effect, the expectation was proven, and that
even a single daily retrolingual low dose sildenafil, mimicking the clinical administration as
tablets, was also effective. So were the combinations of molsidomine or MDSC with
sildenafil, but contrary to expectations no additive effect was observed, possibly because the
drop rates estimated by cavernosometry were already normalized by the individual
treatments alone. However, although these treatments exerted some antifibrotic and SMC-
protective effects in the corpora, they were surprisingly much less effective than with the
previous 20 mg/kg dose [15], and the sildenafil/molsidomine or sildenafil/MDSC
combinations failed to improve them. At least for the single treatments, it is likely that their
observed beneficial effects on the SMC relaxation phenotype and nitrergic nerves may
contribute to the antifibrotic effects. Of all treatments, the MDSC intracorporal implantation,
was the one with more coherent effects on the corporal histopathology, except for the lack of
reduction in collagen content in the penile shaft that is unexplained.

Irrespective of the mechanism, it is clear that the beneficial effects of long-term continuous
PDE5i on erectile function were not strictly dependent on sustained high cGMP levels
induced by the high doses previously applied, so that the lower continuous doses used here
are more clinically relevant and may give a window in men from perhaps daily 15 to 50 mg
sildenafil. Obviously, considering the long-acting features of tadalafil [16], its doses and
frequency may be even lower. In contrast, since molsidomine at the safe but relatively high
dose used alone or in combination (about daily 100 mg), was not better than sildenafil alone,
it is unlikely that it may have any advantage over PDE5i alone, confirming its only modest
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performance in the diabetic mouse [39]. However, the potential of NO stimulation of cGMP
levels through other longer lasting NO donors [48] should be tested, as well as guanyl
cyclase stimulators [49], perhaps in combination with PDE5i at low doses.

In the case of the MDSC intracorporal implantation, the current work has shown that they
can prevent CVOD after cavernosal nerve damage, a condition that was not studied in a
previous BCNT report using MDSC [17], where only the EFS response was tested and no
effects on the corpora SMC were studied. The fast recovery of the EFS to about 60 mmHg at
2 weeks after MDSC (pP6 fraction in the preplating procedure), and the subsequent decay of
this response at 4 weeks is difficult to reconcile with a successful BCNT that initially should
interrupt completely nitrergic neurotransmission and hence the EFS response, so this may
need reassessment. A clarification regarding the nature of the MDSC that in a recent short
communication normalized the drop rate and stimulated the papaverine response 4 weeks
after BCNR is also required, since here the pP4 fraction was employed, a fraction enriched
in satellite cells but not MDSC [31]. Satellite cells are committed to skeletal myofiber
formation and are not strictly stem cells. In any case, in the absence of Sca 1 selection, flow
cytometry, stem cell markers, and assessment of differentiation capacity, this cell fraction is
undefined. As no evaluation of the impact on corporal SMC and fibrosis was performed, in
contrast to the current and other reports with MDSC [28,32,33,35] it is not possible to draw
a conclusion as to why the CVOD was ameliorated by the non-stem cell, presumably
muscle-committed, pP4 fraction.

The upregulation of corporal nNOS by MDSC is promising, may be derived from the
neurogenic potential of these stem cells [44], and may help to counteract the neuropraxia,
and release NO that would also assist in overcoming the CVOD. The increase in BDNF, also
by the MDSC, is a logical candidate for triggering some type of neural repair, since it is
widely recognized as a key factor in this process and specifically in the corpora after
cavernosal nerve damage [50]. The evaluation of how effective this process may be in the
BCNR model, where the nerves are resected, would then require not just the measurement of
erectile function by cavernosometry, but also by EFS, similarly to what is done in the much
milder damage of the BCNC models. Contrary to our expectations a concurrent very low
dose sildenafil administration at 1.25 mg/kg/day obliterated these beneficial effects,
similarly to what we have reported for the very low dose sildenafil/MDSC combination in
the fibrotic process of myocardial infarction [33]. In both cases PDE 5 was up-regulated by
the combination (but not by MDSC or sildenafil alone), either in the MDSC themselves
(since they express PDE 5: ref 33) and/or the corporal tissue, probably resulting from a
sildenafil effect on MDSC differentiation.

In summary, although both low and very low dose sildenafil, MDSC, and their combination
ameliorate CVOD post-cavernosal nerve damage, more work is needed to define the optimal
drug dose and cell input as well as their optimal proportion, that may require higher
sildenafil doses to compensate for the PDE 5 upregulation that may not be dose-dependent,
and thus saturate the enzyme activity to inhibit it. Also, with MDSC, as well as with the
other stem cells, several main hurdles affecting stem cell therapy in ED need to be resolved
in experimental models, such as poor differentiation efficacy and uncontrolled lineage
commitment, spontaneous senescence of the stem cells, deleterious environment of the
corporal tissue affected by the neuropraxia, and the inefficient repair of cavernosal nerves.
Although a phase 1 clinical trial for post-radical prostatectomy ED has started in France [51]
with bone marrow stem cells, it is advisable to go more in depth pre-clinically into the
biology of stem cells under the paracrine hues of the corporal tissue, and the optimization of
their pharmacological modulation, before expecting an effective clinical application.
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Fig. 1. Effects of sustained low and medium dose sildenafil on CVOD and the corporal SMC/
collagen ratio after BCNR
Sildenafil was given continuously for 45 days in the drinking water, except as stated. Top:
drop rate values during cavernosometry, as a measure of CVOD; Bottom: corporal SMC/
collagen ratios as a measure of tissue fibrosis. UT: BCNR rats, untreated; LS: BCNR rats
with low dose sildenafil, 2.5 mg/kg/day; MS: BCNR rats with medium dose sildenafil, 10
mg/kg/day LS(RL): as LS, but once a day, retrolingual. SH: sham animals are taken from
another series of animals and used as reference, but not for the statistical comparisons. *:
p<0.05; **: p<0.01; ***: p<0.001 as compared to UT; ††: p<0.01 as compared to MS.
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Fig. 2. Effects of sustained low and medium dose sildenafil on the corporal collagen content after
BCNR
Sildenafil was given as in Fig. 1. Penile shaft collagen content estimated from penile shaft
homogenates by a spectrophotometric picrosirius red elution method. UT: BCNR rats,
untreated; LS: BCNR rats with low dose sildenafil, 2.5 mg/kg/day; MS: BCNR rats with
medium dose sildenafil, 10 mg/kg/day LS(RL): as LS, but once a day, retrolingual. SH:
sham animals are taken from another series of animals and used as reference, but not for the
statistical comparisons. *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 3. Effects of sustained molsidomine and sildenafil combination on CVOD and the corporal
SMC/collagen ratio after BCNR
Molsidomine was given daily IP and continuous sildenafil supplementation was done in the
drinking water for 45 days. Top: drop rate values during cavernosometry, as a measure of
CVOD; Bottom: corporal SMC/collagen ratios as a measure of tissue fibrosis; UT: BCNR
rats, untreated; M: BCNR rats, molsidomine 10 mg/kg/day; M+LS: as M plus low dose
sildenafil 2.5 mg/kg/day; M+MS: as M plus medium dose sildenafil 10 mg/kg/day. SH:
sham animals are taken from another series of animals and used as reference, but not for the
statistical comparisons. *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 4. Effects of MDSC implantation and sildenafil supplementation on CVOD and the corporal
SMC/collagen ratio after BCNR
MDSC were implanted intracorporally and sildenafil supplementation was done
continuously in the water for 45 days. Top: drop rate values during cavernosometry, as a
measure of CVOD; Bottom: corporal SMC/collagen ratios as a measure of tissue fibrosis;
UT: BCNR rats, untreated; VLS: BCNR rats, very low sildenafil, 1.25 mg/kg/day; SC:
BCNR rats, stem cells (106) alone; SC+VLS: as SC plus very low sildenafil 1.25 mg/kg/day.
SH: sham animals are taken from another series of animals and used as reference, but not for
the statistical comparisons. *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 5. Effects of MDSC implantation and sildenafil supplementation on the corporal SMC and
collagen contents after BCNR
MDSC and sildenafil were given as in Fig. 4. Top: corporal SMC content estimated by
immunohistochemistry for ASMA; Bottom: penile shaft collagen content estimated by from
penile shaft homogenates by a spectrophotometric picrosirius red elution method. UT:
BCNR rats, untreated; VLS: BCNR rats, very low sildenafil, 1.25 mg/kg/day; SC: BCNR
rats, stem cells (106) alone; SC+VLS: as SC plus very low sildenafil 1.25 mg/kg/day. SH:
sham animals are taken from another series of animals and used as reference, but not for the
statistical comparisons. *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 6. Effects of intracorporal MDSC implantation and sildenafil supplementation on the
expression of some key proteins in the corpora cavernosa after BCNR
MDSC and sildenafil were given as in Figs. 4 and 5. Top: Representative immunoblots for
each group from n=8/group and for each antibody, with the respective GAPDH. UT: BCNR
rats, untreated; VLS: BCNR rats, very low sildenafil 1.25 mg/kg/day; SC: BCNR rats, stem
cells (106) alone; SC+VLS; as SC plus very low sildenafil 1.25 mg/kg/day; Bottom:
densitometric ratios of each antibody value corrected by GAPDH. Each treatment group was
run against the UT specimens, and then the statistical comparison of each group was
performed separately against the normalized UT. *: p<0.05; **: p<0.01; ***: p<0.001.
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Fig. 7. Immunofluorescent identification of nitrergic nerve generation stimulated by stem cell
implantation
Fresh tissue sections were subjected to dual immunofluorescence and nuclei stained with
DAPI. Pictures were taken at 200X at the dorsal nerve and corporal areas of the penile shaft.
Left: DAPI staining (blue) and nNOS (red); right: merge of left panel with NF-70 (green).
SC: BCNR rats, stem cells (106) alone; SC+VLS: as SC with VLS
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