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rats that did not present with BPH or LUTS in the animal models, 
which may have influenced the results. Thus, the effects of dutasteride 
or finasteride on the penile morphology of men with BPH remain 
unknown.

The aim of the present study was to investigate, using 
histomorphometric methods, the structural changes in the penis of 
a BPH rodent model that was treated with dutasteride or finasteride.

MATERIALS AND METHODS
Animal model and experimental design
The spontaneously hypertensive rat  (SHR) strain was developed 
by inbreeding Wistar–Kyoto  rats.11 These animals are largely used 
for studying arterial hypertension, its effects on different organs, 
and treatments.12,13 Recently, the SHR strain has been proposed as 
a model for studying BPH because SHR animals present prostatic 
morphological alterations.14 Thus, the SHR strain was used as a model 
of BPH in the present study, and the Wistar–Kyoto strain was used as 
a control strain.

Thirty male SHRs and 30 male Wistar–Kyoto rats (3 months old and 
243–289 g body weight) were used. All animals were bred in our laboratory. 
They were kept in a room with a controlled temperature (mean ± standard 
deviation [s.d.], 25°C ± 1°C) and an artificial light–dark cycle (lights on 
from 7:00 A.M. to 7:00 P.M.). Rats had free access to standard rat food 

INTRODUCTION
Benign prostatic hyperplasia  (BPH) and lower urinary tract 
symptoms  (LUTS) are common conditions seen in the practice of 
urology. Over half of men, aged 50  years and older, present with 
BPH and/or LUTS.1 Prostate growth is thought to be stimulated by 
dihydrotestosterone  (DHT), the active metabolite converted from 
testosterone by the enzyme 5-alpha-reductase (5AR).2 Thus, according 
to the American Urological Association and European Association of 
Urology guidelines, the use of finasteride or dutasteride (5AR inhibitors) 
is a recommended treatment for men with enlarged prostates.3,4

Both finasteride and dutasteride inhibit the conversion of 
testosterone to DHT, which reduces the prostate volume by 20%–30% 
after 12 months of treatment.5 However, a common side effect of 5AR 
inhibitor treatment is erectile dysfunction  (ED), which occurs in 
5%–16% of men in treatment and may persist even after discontinuing 
treatment.6,7

Beyond the negative effects on reproduction, ED also has major 
social and psychological drawbacks. Overall, this condition greatly 
affects the quality of life of men and their sexual partners.8 ED 
associated with 5AR inhibitors is thought to be caused by lower DHT 
concentrations, but the exact pathophysiology is unclear.6 Some studies 
have shown that the use of 5AR inhibitors alters the morphology and 
function of the corpus cavernosum.9,10 However, these studies used 
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using ImageJ software, and each structure touched by a point was 
counted as smooth muscle, connective tissue, sinusoidal space, or 
elastic fiber. The results, expressed as a percentage, were calculated 
after measuring five different fields from five nonserial sections, for a 
total of 25 images (or 2500 points) analyzed for each animal.

Picrosirius red-stained sections were observed under polarized light 
at ×400 to differentiate collagen types III (green) and I (red/orange).20

Statistical analysis
One-way analysis of variance (ANOVA) with Bonferroni’s posttest was 
used to compare mean values. P < 0.05 was used to denote statistical 
significance. All analyses were performed using GraphPad Prism 
software (version 5.0, San Diego, CA, USA).

RESULTS
The prostatic epithelium height in Group H was 42.2% higher than that 
of Group C (P < 0.0001). The use of dutasteride or finasteride restored 
normal prostatic epithelium height. All SHRs (Groups H, H + D, and 
H + F) presented with augmented systolic blood pressure throughout 
the experimental period. These data confirm that our experimental 
model was that of a hypertensive animal that develops prostatic 
modifications consistent with BPH and the 5AR inhibitor treatment 
efficacy (Table 1).

Control groups that received dutasteride (C + D) or finasteride 
(C  +  F) showed a reduced cross-sectional penile area  (39.4% and 
40.1%, respectively) compared to Group C. However, this difference 
was not observed in Groups H + D and H + F (Figure 1). The area 
of the corpus cavernosum, with and without the tunica albuginea, 
and the area of the tunica albuginea had similar results, with marked 
reductions in Groups C + D and C + F (all P < 0.0001) compared to 
that of Group H. There was no difference among Groups H, H + D, and 
H + F (all P < 0.05). These data are presented in Table 2.

Smooth muscle Sv in the corpus cavernosum of Group C + D was 
26.1% lower than that of Group C (P = 0.0016), and no difference was 
found between Group C + F and Group C (P = 0.8512). In addition, 
Groups H + D and H + F showed reductions of 29.2% and 32.6%, 
respectively, in smooth muscle Sv compared to Group H (all P = 0.0002). 
For connective tissue Sv, Group H had a 13.7% increase compared to 
Group C  (P < 0.0001). In addition, Groups H + D and H + F had 
an increase in connective tissue Sv of 12.9% and 6.4%, respectively, 
compared to Group H (all P = 0.0002). Compared to Group C, the 
sinusoidal space Sv was reduced by 33.4% in Group H (P < 0.0001), 
while Group H + D showed similar results as Group H (P < 0.05), 
and Group  H  +  F had increased sinusoidal space Sv compared to 
Group H + D (P = 0.0003). Figure 2 illustrates the results for smooth 
muscle, connective tissue, and sinusoidal space Sv.

Although there was no difference in elastic fiber Sv between 
Groups  C and H, control animals that received any treatment had 
an increased elastic fiber Sv. Group C + D had a 35.7% increase and 
Group  C  +  F had a 41.1% increase in elastic fiber Sv compared to 
Group C (all P < 0.0001). Group H + D showed an increase of 45.9% 
in elastic fiber Sv compared to Group H (P = 0.0004). This is illustrated 
in Figure 3. All histomorphometric data are presented in Table 2.

When analyzing the collagen type that was predominant in 
the corpus cavernosum, all animals showed a predominance of 
Type I collagen (reddish appearance), with no difference among the 
groups (Figure 4).

DISCUSSION
Dutasteride and finasteride are drugs that are routinely prescribed for 
BPH treatment. However, adverse effects of dutasteride and finasteride, 
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and water. All experiments were performed according to national and 
international law for the scientific use of animals. This project was also 
approved by the Animal Care and Use Committee of the State University 
of Rio de Janeiro, Rio de Janeiro, RJ, Brazil.

All animals underwent a washout period that lasted 1  month 
before treatment, during which water was administered daily by 
gavage. To guarantee that the SHR strain developed the expected 
hypertension and the Wistar–Kyoto strain was normotensive, systolic 
blood pressure was assessed weekly using plethysmography during 
the washout period and through the end of the study.13 The washout 
period used in this study was important for the animals to adapt to the 
manipulation procedures (gavage and plethysmography), and it was 
necessary to avoid acute hypertensive episodes caused by the stress of 
the experiment.

At 4 months of age, animals were assigned to experimental groups. 
Wistar–Kyoto rats were randomly assigned to three groups: control 
Group (C, n = 10), which received distilled water; control plus dutasteride 
Group  (C  +  D, n  =  10), which received 0.5  mg kg−1 dutasteride15 
(Dastene 0.5  mg, Aché, Indaiatuba, SP, Brazil); and control plus 
finasteride Group (C + F, n = 10), which received 5 mg kg−1 finasteride16 
(Finasterida 5 mg, Eurofarma, São Paulo, SP, Brazil). SHRs were also 
randomly divided into three similar groups: BPH Group (H, n = 10), 
which received distilled water; BPH plus dutasteride Group (H + D, 
n  =  10), which received dutasteride; and BPH plus finasteride 
Group (H + F, n = 10), which received finasteride. All ten animals in 
each group were used for the analyses. All drugs were administered 
orally (diluted to the same final volume) for 40 consecutive days.

After the experimental period, animals were euthanized by an 
overdose of sodium thiopental (Thiopentax 1g, Cristália, Itapira, SP, 
Brazil) for anesthesia. Following anesthesia, the ventral prostate of each 
animal was collected and processed to verify the development of the 
morphological modifications in SHR that are compatible with BPH.

The penises were collected and the skin-denuded middle part of 
the penile shaft and prostatic fragments were fixed in 4% buffered 
formaldehyde solution and processed for paraffin embedding. Randomly 
orientated prostate sections and penile cross-sections (5 mm thick) were 
obtained and used for histomorphometric evaluations.

Evaluations
Prostate sections were stained with hematoxylin and eosin, and images 
were captured at ×600 and analyzed to obtain the prostatic epithelium 
height, as described elsewhere.17,18

The areas of the penis and corpus cavernosum with and without 
its tunica albuginea were evaluated in hematoxylin and eosin-stained 
sections. For this purpose, images were captured at  ×20 using a 
digital camera  (Axiocam 506 color, Carl Zeiss, Jena, Germany) 
coupled with a stereomicroscope (Discovery V8, Carl Zeiss). These 
parameters were measured using the “free hand” tool of the ImageJ 
software (version 1.45s, National Institutes of Health, Bethesda, MD, 
USA), and the areas were expressed in square millimeters. The area 
of the tunica albuginea was estimated by the difference between the 
area of the corpus cavernosum with and without the tunica albuginea.

To obtain smooth muscle, connective tissue, and sinusoidal space 
surface densities (Sv), images of Masson’s trichrome-stained sections 
were captured at ×400. To assess the elastic fiber Sv, Weigert’s resorcin 
fuchsin staining was used, and images were captured at ×600 using a 
digital camera (DP70, Olympus, Tokyo, Japan) that was coupled to a 
microscope (BX51, Olympus).

The Sv of each structure was measured using the point counting 
method.19 Briefly, a 100-point grid was superimposed over the images 



This was more clearly observed in the BPH Groups  (H, H  +  D, 
and H + F). Thus, it is reasonable to assume that these alterations, 
induced by finasteride and dutasteride, may be related to ED.

Penile morphology can be altered in several situations.30–32 For 
example, testosterone depletion promotes drastic morphological 
alterations; however, after a period of hormonal replacement therapy, the 
corpus cavernosum almost completely recovers its normal morphology.33

Figure 1: Penile cross‑section from control and BPH rats treated with 
dutasteride or finasteride, and stained using hematoxylin and eosin 
and captured at ×20. Note that Groups C + D and C + F have reduced 
cross‑sectional penile area when compared to Group C. (a) Control 
group, composed of Wistar–Kyoto rats (C); (b) control animals receiving 
dutasteride (C + D); (c) control animals receiving finasteride (C + F); (d) group 
of BPH models (H); (e) group of BPH models receiving dutasteride (H + D); (f) 
group of BPH models receiving finasteride (H + F). Scale bars=1 mm. BPH: 
benign prostatic hyperplasia.
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e Figure 2: Corpus cavernosum of control and BPH rats treated with dutasteride 
or finasteride, and stained using Masson’s trichrome and captured at ×400. 
The smooth muscle was reduced in Group C + D (compared to Group C) and 
in Groups H + D and H + F (compared to Group H). Group H shows more 
connective tissue (but less sinusoidal space) compared to Group C, and 
Group H + D has more connective tissue compared to Group H. (a) Control 
group, composed of Wistar–Kyoto rats (C); (b) control animals receiving 
dutasteride (C + D); (c) control animals receiving finasteride (C + F); (d) group 
of BPH models (H); (e) group of BPH models receiving dutasteride (H + D); (f) 
group of BPH models receiving finasteride (H + F). Scale bars=50 μm. BPH: 
benign prostatic hyperplasia.
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such as reduced libido, ejaculatory disorders, infertility, and ED, have 
been associated with these treatments.21–27 Some patients treated 
with 5AR inhibitors showed persistent adverse effects, even after 
discontinuing treatment, which is of major concern.28

Penile morphology (mainly the corpus cavernosum structure) is 
related to erectile function. Costa et al.29 showed that men with ED 
had altered proportions of the extracellular matrix components in 
their corpus cavernosum. Here, we observed penile morphological 
alterations in some parameters of animals treated with 5AR inhibitors. 

Table 2: Morphometric data of control and benign prostatic hyperplasia rats with dutasteride or finasteride treatment

C C + D C + F H H + D H + F P *

Area of the penis (mm2) 6.80±0.69 4.12±0.24a 4.07±0.48b 6.13±0.41 5.82±0.19 6.33±0.22 <0.0001

Area of the corpus cavernosum including tunica albuginea (mm2) 4.68±0.38 2.94±0.16a 2.86±0.28b 4.34±0.27 4.18±0.16 4.37±0.09 <0.0001

Area of the corpus cavernosum without tunica albuginea (mm2) 2.85±0.09 1.83±0.08a 1.82±0.16b 2.69±0.06 2.38±0.06 2.65±0.11 <0.0001

Area of the tunica albuginea (mm2) 1.87±0.27 1.08±0.07a 1.13±0.14b 1.64±0.24 1.64±0.14 1.72±0.30 <0.0001

Smooth muscle Sv (%) 13.70±2.22 10.12±1.62a 13.93±2.58c 14.19±2.13 10.04±0.89e 9.56±1.58f <0.0001

Area of the smooth muscle (mm2) 0.55±0.1 0.18±0.3a 0.25±0.01c 0.52±0.11 0.37±0.04e 0.31±0.05f <0.0001

Connective tissue Sv (%) 59.40±3.30 63.10±3.46 61.10±2.45 67.55±2.73d 76.25±1.55e 71.90±3.43f <0.0001

Area of the connective tissue (mm2) 2.38±0.25 1.15±0.11a 1.07±0.05b 2.45±0.25 2.79±0.19e 2.42±0.19g <0.0001

Sinusoidal space Sv (%) 25.76±2.03 26.97±3.50 25.85±1.39 17.15±3.30d 13.75±1.95e 19.33±2.69g <0.0001

Area of the sinusoidal space (mm2) 1.02±0.09 0.49±0.48a 0.45±0.04b 0.62±0.10d 0.48±0.05e 0.65±0.12g <0.0001

Elastic fibers Sv (%) 14.49±1.23 19.67±1.84a 20.45±1.93b 18.14±2.03 26.46±4.75e 19.06±2.49g <0.0001

Area of the elastic fibers (mm2) 0.59±0.14 0.35±0.04a 0.33±0.05b 0.66±0.09 0.97±0.17e 0.64±0.10g <0.0001

Data are presented as mean±s.d. *Values obtained from ANOVA test. a,b,dDifferent from C; cdifferent from C+D; edifferent from H; f,gdifferent from H + F. Group information and full 
names of abbreviations are the same as those in Table 1.

Table 1: Data of prostatic epithelium and blood pressure at the beginning and in the end of the experiment, confirming the experimental model

C C + D C + F H H + D H + F P *

Prostatic epithelium height (μm) 21.1±3.5 15.3±3.6a 16.2±2.5a 30.0±1.7a 22.1±2.4b 23.9±3.1b <0.0001

Blood pressure (mmHg)

Initial 155.7±20.1 157.5±20.4 154.6±18.0 239.2±33.1a 242.3±5.2a 248.7±1.0a <0.0001

Week 2 152.1±11.8 151.4±9.5 152.2±7.3 214.3±16.6a 210.5±12.4a 211.9±28.5a <0.0001

Week 3 157.1±13.8 156.8±10.9 158.7±15.2 197.5±12.3a 201.1±7.5a 199.1±7.0a <0.0001

Week 4 152.9±11.9 158.8±9.2 153.5±9.0 195.1±23.8a 204.8±15.8a 197.6±14.0a <0.0001

Week 5 157.4±7.2 157.3±10.1 153.8±8.2 215.8±21.6a 216.8±18.2a 203.5±12.4a <0.0001

Final 153.4±24.4 155.1±22.1 147.2±15.9 258.4±21.3a 271.5±16.5a 266.2±18.8a <0.0001

Data are presented as mean±s.d. *Values obtained from ANOVA test. aDifferent from C; bdifferent from H. C: control group, composed of Wistar–Kyoto rats; C + D: control animals receiving 
dutasteride; C + F: control animals receiving finasteride; H: group of BPH models; H + D: group of BPH models receiving dutasteride; H + F: group of BPH models receiving finasteride. 
BPH: benign prostatic hyperplasia; s.d.: standard deviation



Figure 3: Corpus cavernosum from control and BPH rats treated with 
dutasteride or finasteride, and stained using Weigert’s resorcin fuchsin and 
captured at ×600. Groups C + D and C + F show increased amounts of 
elastic fibers (compared to Group C), while Group H + D shows increased 
amounts compared to Group H. (a) Control group, composed of Wistar–Kyoto 
rats (C); (b) control animals receiving dutasteride (C + D); (c) control animals 
receiving finasteride (C + F); (d) group of BPH models (H); (e) group of BPH 
models receiving dutasteride (H + D); (f) group of BPH models receiving 
finasteride (H + F). Scale bars=25 μm. BPH: benign prostatic hyperplasia.
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Smooth muscle tissue is the major contractile component in the 
corpus cavernosum, and as these muscle cells relax, blood fills the 
sinusoidal space to start the penile erection.34,35 The reduction in 
the amount of smooth muscle in the corpus cavernosum is commonly 
associated with ED in rodent models. This was observed by our group 
under multiple experimental conditions such as chronic stress,19 
anabolic steroid abuse,36 and testosterone depletion.33 This latter 
model (testosterone depletion) may be comparable in some ways to the 
animals used in this study. In Groups C + D, C + F, H + D, and H + F, 
in which the conversion of the testosterone to its active metabolite 
was inhibited, the results for smooth muscle density were similar to 
those observed by Miranda et al.33 Thus, it is possible that testosterone 
(and DHT) may play an important role in maintaining normal amounts 
of cavernosal smooth muscle.

The reduction in sinusoidal space density found in SHR animals 
was previously described by Felix-Patricio et  al.13 and it may be a 
consequence of decreased intracavernosal pressure. This decreased 
intracavernosal pressure was demonstrated in SHR animals by other 
authors.34 In addition, the reduction in sinusoids space may cause 
the inability to compress the deep circumflex veins against the tunica 
albuginea, and this may result in venous leak and low intracavernosal 
pressure.33 All groups treated with 5AR inhibitors showed similar 
values of sinusoidal space density compared to its strain control 
(i.e., Groups C + D and C + F were similar to Group C). This indicates 
that the drugs do not interfere significantly in the sinusoidal space, 
and there was a slight increase in the sinusoidal space density in 
Group H + F. Although Group H + F did not have statistically significant 
differences in sinusoidal space density compared to Group  H, a 
difference was observed when it was compared to Group  H  +  D, 
indicating that finasteride may have some benefit over dutasteride 
regarding sinusoidal space density.

Group H showed an increase in the amount of connective tissue, 
which is in agreement with previously reported findings.13 This may 
reflect penile fibrosis, which is commonly related to aging, diabetes 
mellitus, cavernous nerve damage, chronic stress, and/or androgen 
deprivation.19,37 The SHR animals that received 5AR inhibitors showed 
even higher amounts of cavernous connective tissue. This may be a 
direct effect of DHT suppression and it warrants further investigation.

The role of elastic fibers in the erection process is not clear. Costa 
et al.29 observed a reduction in the amount of these fibers in the corpus 

cavernosum in men with severe ED. This reduction was also observed 
in some experimental models of ED. For example, a reduction in 
the amount of elastic fibers was observed in the penis of diabetic 
rats.38 However, paradoxically, some experimental studies showed an 
increased amount of elastic fibers in rats with (supposed) ED.39 Few 
studies have investigated elastic fibers in corpus cavernosum, and there 
is not much information about the relationship between elastic fibers 
and erection. In our study, the use of 5AR inhibitors altered the normal 
amount of elastic fibers (both in controls and in Group H animals). 
We believe that any alteration of the normal corpus cavernosum 
morphology may affect normal penile physiology, and we see these 
corpus cavernosum morphological alterations as a negative aspect that 
should be investigated further.

Modifications in the proportion of the corpus cavernosum 
components were observed in the present study, which suggests that 
time after treatment is completed is necessary for a return to a normal 
penile morphology. Thus, the altered penile morphology observed 
in the groups treated with 5AR inhibitors can be returned to normal 
after a washout period without dutasteride or finasteride exposure. 
Taking into account that normal penile morphology is necessary for a 
normal erection, the results of the present study may help explain the 
persistence of adverse effects in erectile function after discontinuing 
treatment with 5AR inhibitors that is observed in some men.

How the corpus cavernosum reacts after discontinuing treatment 
with dutasteride or finasteride is unknown. It is also not clear if a 
completely normal penile architecture can be achieved after the 
washout period. In addition, it is not known how long it takes to restore 
normal morphology. Thus, future studies are warranted to evaluate the 
corpus cavernosum after discontinuing treatment with 5AR inhibitors.

The morphological alterations observed in this study were present 
in either the SHRs (models of BPH) or in control animals. While the 
SHRs were used to simulate patients undergoing treatment for BPH, 
control groups are similar to patients without BPH but who are using 
dutasteride or finasteride, such as patients undergoing androgenic 
alopecia treatment. In these patients, ED is also observed and it is related 
to 5AR inhibitor treatment. The present study showed that, in the rats 
that correspond to this group of patients (C + F and C + D), there were 
changes in penile morphology that explained clinically observed ED.

The animal model used in these experiments is considered to be 
the most suitable for BPH studies.40,41 We confirmed the previously 

Figure 4: Corpus cavernosum of control and BPH rats treated with dutasteride 
or finasteride, and stained using picrosirius red. Samples were observed under 
polarized light, and images captured at ×400. These images show that all 
groups had a predominance of type I collagen. (a) Control group, composed 
of Wistar–Kyoto rats (C); (b) control animals receiving dutasteride (C + D); (c) 
control animals receiving finasteride (C + F); (d) group of BPH models (H); (e) 
group of BPH models receiving dutasteride (H + D); (f) group of BPH models 
receiving finasteride (H + F). Scale bars=50 μm. BPH: benign prostatic 
hyperplasia.
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described prostatic alterations in our SHRs. However, this strain of 
rats presents systemic arterial hypertension, and penile morphological 
alterations and predisposition toward ED were previously described 
in this model13,34 and confirmed in this study. Thus, it is not possible 
to confirm that the alterations observed in Group H were the result 
of prostatic alterations, or a previous described characteristic of the 
SHR strain. However, this does not discount the main purpose of the 
study, which was to examine penile alterations related to 5AR inhibitor 
treatments. Thus, both 5AR inhibitors negatively affected the corpus 
cavernosum morphology in the BPH model.

The probable mechanism involved in the observed morphological 
modifications is DHT depletion in penile tissues. The penis is an 
androgen-dependent organ, and a decrease in masculine hormones 
leads to morphological and functional penile prejudice.25,42 Further, 
DHT is a potent activator of the enzyme nitric oxide synthase and 
this enzyme is involved in one of the main mechanisms of smooth 
muscle relaxation, which ultimately results in penile erection. Thus, 
the reduction of DHT, caused by the 5AR inhibitor treatment, 
decreases the nitric oxide relaxation response, impairing normal 
penile erections.9 Because testosterone levels are increased in 
individuals taking 5AR inhibitors,43 and testosterone is not being 
converted to DHT, the alterations observed in penile morphology 
are justified.

Among the 5AR inhibitors used in this study, dutasteride had 
a higher potency, because it inhibited both isoforms of the enzyme 
5AR, while finasteride only inhibited the type II isoform.21 This may 
explain why dutasteride promoted more prominent alterations in penile 
morphology compared to finasteride-treated animals. Further, this 
characteristic reinforces the postulated mechanism that the observed 
response is a result of low DHT levels in penile tissues.

Thus, we suggest that finasteride should be preferred instead of 
dutasteride when prescribing 5AR inhibitors for patients in whom ED 
is an important issue. However, other classes of drugs approved for 
BPH treatment (such as alpha-1-adrenergic blockers) may be selected 
instead of 5AR inhibitors. Future studies are necessary to investigate 
if alpha-1-adrenergic blockers may also interfere with the normal 
penile morphology.

The possibility of recovering normal penile morphology after 
discontinuing these drugs and whether either of the drugs is associated 
with a faster or more complete return to a normal penile morphology 
remains unknown. Further, the dose of these drugs varies, especially 
for patients taking androgenic alopecia treatment; thus, future studies 
comparing different doses will be important.

The present study used the rat as an animal model, which is a 
limitation because the results may not reflect what occurs in other 
species. This model is widely used because it has been shown in 
different clinical situations that rat penile morphology is altered in a 
similar manner as in humans.9,13,33,44 However, the results obtained in 
this model should not be directly translated to men.

In conclusion, we have shown that both 5AR inhibitors (dutasteride 
and finasteride) promote penile morphological modifications in 
control and BPH rat models although these modifications were more 
prominent in the BPH animal model than in controls. Dutasteride 
was the drug that most affected the corpus cavernosum in this rodent 
model.
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