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Summary

As local steroid metabolism controls the bioavailability of active steroidal hormones in the
prostate, the aim of this study, was to investigate the effects of absence of 5-alpha reduc-
tase (So-r) and aromatase (Aro) enzymes on prostatic cellular and extracellular compo-
nents after long-term inhibition. Young, adult and old male Mongolian gerbils were
treated orally, once a day, for 30 consecutive days, with Finasteride (10.0 mg/kg) and Le-
trozole (1.0 mg/kg) (5o-r and Aro enzymes inhibitors respectively) simultaneously or sep-
arately. Animals were killed on 1, 7, 14 and 21 days post-treatment. Data obtained
after double or single enzymatic inhibition with Finasteride and Letrozole demonstrated
marked remodelling of epithelial and stromal compartments. During the post-treatment
period, particularly on the first and the last analysed days, prostatic epithelial cells
showed decreased cytoplasmic volume and secretory activity. In the stroma, collagen
fibres had accumulated in the epithelial base and among smooth muscle cells, which
showed reduced diameter and condensed cytoplasm, and some of them had a highly
irregular external contour. Also in the sub-epithelial area, some fibroblasts acquired an
activated phenotype besides increased deposits of amorphous granular material. In con-
clusion, the inhibition of So-r and Aro enzymes affected, in a persistent manner, the struc-
tural and ultrastructural morphology of the prostate, irrespective of the gerbil’s age.
Hence these enzymes appear to be crucial in the maintenance of this gland during postna-
tal development. Also, these data bring more light to the complex issue of the mechanisms
of local steroid metabolism and prostatic histology. Thus, the blockade of the steroid-
metabolizing enzymes provided an important novel tool to study the relationship between
sex steroids and normal physiology and diseases of the prostate.
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Prostate tissue contains a variety of steroid metabolizing
enzymes, such as 5-alpha reductase (So-r) and Aromatase
(Aro), required for the local formation of active androgens
and oestrogens from precursor steroids provided by the ad-
renals (Soronen et al. 2004; Vihko et al. 2005, 2006). The
enzymes, So-r and Aro, are thought to play important roles
as local regulators of androgens and oestrogens within nor-
mal and abnormal prostatic tissue (Nakamura et al. 2005)
and the products yielded by these enzymatic reactions are
factors that influence the behaviour and physiology of the
reproductive system and have innumerable implications
throughout the life of the individual (Lephart et al. 2001
and Soronen et al. 2004).

Androgens are essential for prostatic growth and develop-
ment but they also have a significant function in prostate
disease pathogenesis (Tindall & Rittmaster 2008). Both nor-
mal and pathological growth of the prostate is dependent on
dihydrotestosterone (DHT) synthesis, which is catalysed by
two types of So-r isozymes (type 1 and type 2) (Bruchovsky
& Wilson 1999; Ekman 2000; Steers 2001; Thomas et al.
2008). The action of these two types of So-r isozymes is
responsible for the local conversion of Testosterone (T) into
DHT in both the prostate and several other androgen target
tissues (Hsing et al. 2002; Yuan-Shan 2005), so that a
potential therapeutic benefit could be achieved through the
inhibition of these enzymes (Tindall & Rittmaster 2008).

Study of So-r in the prostate has resulted in the develop-
ment of drugs, such as Finasteride, an efficient So-r type 2
inhibitor, which has been used clinically for controlling the
symptoms of benign prostatic hyperplasia (BPH) (Steers
2001). Azzolina et al. (1997) proposed that in rats, the So-r
type 1 and type 2 present distinct Finasteride action mecha-
nisms, that is, reversible in the inhibition of type 1, and
time-dependent and irreversible in So-r type 2 inhibition.
The use of Finasteride and the consequent inhibition of this
enzyme provoked striking prostatic epithelial and stromal
changes in the adult gerbil ventral prostate, probably the
result of a homeostatic interaction-imbalance between the
epithelium and the underlying stroma (Corradi ez al. 2004).
Androgen-withdrawal therapy can reverse prostate tumour
growth by reducing circulating T. However, So-r-catalysed
DHT synthesis within the prostate can continue and most
tumours eventually develop resistance to androgen-depriva-
tion therapy (Thomas et al. 2008).

Although the prostate is one of the major targets for
DHT, this gland is also recognized as a non-classical target
for oestrogen, because it expresses both types of oestrogen
receptors (ER), especially ERbeta (Oliveira et al. 2007). An
alternative pathway for the metabolism of T to oestradiol
is the local prostatic oestrogen production, which depends

on Aro enzyme, implying that androgen aromatization may
be in part responsible for androgen action in non-tumoural
and malignant prostate (Hirkonen & Mikeld 2004). Aber-
rant Aro expression and activity has been reported in pros-
tate tumour tissues and cells, implying that androgen
aromatization to oestrogens may play a role in prostate
carcinogenesis or tumour progression (Carruba 2007). Oes-
tradiol level in BPH stroma increases with age, which has
always been associated with elevated expression of Aro
enzymes in prostatic stromal cells, especially through the
production of prostaglandin in a paracrine mechanism (Wu
et al. 2007). Therapy with the non-steroidal Letrozole pro-
vokes inhibition of Aro enzyme activity, thereby blocking
the conversion of T into oestrogen. The action of this drug
promotes an additional increase of circulating androgen
levels and, consequently, an oestradiol decline (Risbridger
et al. 2003).

Androgens and oestrogens are each capable of altering the
normal growth of the prostate but individually they do not
induce prostatic malignancy (Risbridger et al. 2003). Some
studies have shown that the combination of these two sex
steroid hormones can induce dysplasia, premalignant and
malignant changes to the prostatic cells (Wang & Wong
1998; Wang et al. 2000, 2001; Hayward et al. 2001). Rivas
et al. (2002) suggest that the balance in action between
androgens and oestrogens, rather than their absolute levels,
may be of fundamental significance to the normal and
abnormal development of some regions of the male repro-
ductive tract, because a decrease of androgenic action sensi-
tizes these tissues to oestrogens.

The rodent Meriones unguiculatus (Criscetidae, Gerbilinae)
named Mongolian gerbil has been known as a good model
for laboratory use since the 1960s (Corradi et al. 2004). The
usefulness of this animal in biomedical research has been
recognized in diversified areas besides prostate morphology
(Santos et al. 2003; Corradi et al. 2004; Custodio et al.
2004; Scarano et al. 2006; Goes et al. 2007), and more
recently, the gerbil has also been suggested as a suitable
model for studies on mammalian ageing (Pegorin de Campos
et al. 2006). The gerbil prostate has compact lobes, similar
to those of the human prostate, but unlike those of rats and
mice, which have distinct lobes (Price 1963; Pinheiro et al.
2003; Goes et al. 2007).

Based on the concept that local steroid metabolism is
crucial in determining the overall biological impact of
hormones in individuals that target normal and abnormal
prostate cells (Carruba 2007), we sought to characterize
through this study what the absence of the enzymes 5-or
and Aro provoked in prostatic cellular and extracellular
compartments after their long-term inhibition and how the
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prostate responded during the tissue recovering following
the drug suspension treatments. The main focus of this study
was to investigate how the Finasteride and Letrozole could
perturb the prostate microenvironments considering the
three distinct phases of postnatal gerbil development.

Materials and methods

Animals

Male gerbils (Meriones unguiculatus, Gerbilinae, Crisceti-
dae) — 100 young (48 days), 100 adults (112 days), and 100
old (78 weeks) — were housed under controlled conditions of
temperature (25 °C), relative humidity (40-70%) and light-
ing (12-h light, 12-h dark cycle), and allowed free access to
standard chow and water. Animal handling and experiments
were carried out according to the ethical guidelines of the
Commission for Ethics in Animal Experimentation (CEEA)
at the Campinas State University - UNICAMP, Sio Paulo,
Brazil (Process Nr 1236-1), following the Guide for Care
and Use of Laboratory Animals.

Experimental design

The animals received orally, for 30 consecutive days, simulta-
neously or separately, Finasteride - So-r inhibitor (Sigma
Chemical Co., St. Louis, MO, USA; 10 mg/kg per day in
0.1 ml corn oil), based on the results previously detected by
Corradi et al. (2004) and Letrozole - Aro inhibitor (Femara,
Novartis-Pharma, Basileia, Swiss; 1 mg/kg per day in 0.1 ml
corn oil), as described by Tobin and Canny (1998) and Santos
et al. (2007). As control groups, some animals were perse-
vered intact, while others received only the vehicle, for the
same 30 days. Animals were killed on 1, 7, 14 and 21 days
after the end of the drug administration periods, denominated
the post-treatment period. In each of these four stages, after
being anaesthetized by CO, inhalation, gerbils of experimen-
tal and control groups (7 = 5/group) were weighed and
decapitated, after which blood samples were collected for
serological analysis. The prostatic complex was dissected out,
weighed, and fixed according to the different protocols speci-
fied below. Only the ventral prostatic lobes were analysed.

Serum steroid hormone assay

Circulating serum testosterone and oestradiol levels were
determined by immunochemical assays. Serum was separated
by centrifugation and stored at —-20 °C for subsequent
assays. Measurements were performed in triplicate using
automated equipment (Vitros-ECi; Johnson & Johnson,

© 2009 The Authors

orthoclinical Diagnostics Division, Amershan, UK) for detec-
tion by ultrasensitive chemiluminescence. Sensitivity was
0.1-150 ng/ml for testosterone and 0.1-3.814 pg/ml for
oestradiol. Intra-assay variations were 1% and 1.1%, and
the interassay variations were 2.1% and 1.5% for testoster-
one and oestradiol respectively.

Structural analysis

In each stage of the post-treatment period, the entire prostate
was dissected out, weighed and only the ventral lobe was fixed
by immersion in Karnovsky solution (4% parformaldehyde,
2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2) for
24 h. After fixation, the tissues were washed with running tap
water, dehydrated in an ethanol series and embedded in glycol
methacrylate resin (Leica historesin embedding kit, Leica,
Nussloch, Germany) and sectioned at 3 um on a Leica auto-
matic rotatory microtome (Leica RM2155, Nussloch, Ger-
subjected  to
Haematoxylin—Eosin (Behmer et al. 1976) staining for general

many). Histochemical sections  were
studies. Microscopical analyses were performed on Zeiss-
Jenaval (Zeiss-Jenaval, Jena, Germany) or an Olympus BX60
light photomicroscope (Olympus, Hamburg, Germany).
Microscopic fields were digitized using the IMAGE-PRO®PLUS
(Media Cybernetics Inc., Bethesda, MD, USA) version 4.5 for

Windows™ software.

Quantitative analysis

Thirty random ventral prostatic areas from the H&E sections
of both control and experimental groups were analysed by
the IMAGE-PRO®PLUS version 4.5 for Windows™ software.
The morphometric-stereological analyses were obtained by
Weibel’s multipurpose graticulate with 120 points and 60 test
lines (Weibel 1963) to compare the relative proportion (%)
of each prostatic tissue compartment (epithelium, lumen,
smooth muscle cells (SMC) and non-muscular stroma).

Ultra-structural analysis

Prostate ventral-lobe fragments were minced into small
pieces and fixed by immersion with 3% glutaraldehyde plus
0.25% tannic acid solution in Millonig’s buffer, pH 7.3,
containing 0.54% glucose for 24 h (Cotta-Pereira et al.
1976). After washing with the same buffer, samples were
postfixed with 1% osmium tetroxide for 1 h, washed in buf-
fer, dehydrated in graded acetone series and embedded in
Araldite resin. Ultrathin sections (50-75nm) were cut using
a diamond knife and stained with 2% alcoholic uranyl ace-
tate for 30 min followed by 2% lead citrate in 1 M solution
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of sodium hydroxide for 10 min. Samples were evaluated by
electron microscopy using a LEO — Zeiss 906 Transmission
Electron Microscope operating at 80 Kv.

Statistical analysis

Data were analysed using STATISTICA 6.0 software (StatSoft,
Inc., Tulsa, OK, USA). The aNova and Tukey honest signifi-
cant difference (HSD) tests were applied to determine the
statistical significance, with the level of significance set at
5% (P <0.05). Values are presented as mean = standard
deviation (SD).

Results

Body and prostatic complex weights

Table 1 shows the variation in body and prostatic complex
weights. Body weights of young and adult gerbils increased
significantly after the treatments with Finasteride, Letrozole
and Finasteride plus Letrozole. Significant increase in the
prostatic complex weight was observed throughout the post-
treatment period of adult and old gerbils of all experimental
groups. Letrozole treatment did not provoke notable changes
in the young prostatic complex weight during the analysed
period. The relative weight of young prostatic complex
showed increases of 15.7% and 9.7%, 1 and 21 days after
Letrozole and Finasteride-plus-Letrozole
respectively. Besides, after Letrozole treatment, the relative

administration

weight of the prostatic complex of old gerbils increased
9.7% and 7.9%, respectively, 1 and 21 days after the end of
treatment periods.

Serum steroid hormone assay

Serum steroid hormone levels are shown in Figure 1. As
expected, comparing the three different treatment types,
serum testosterone levels were elevated after the 30 consecu-
tive days of drug administration. One day after dual enzy-
matic inhibition, the testosterone concentrations were the
highest in the serum of young, adult and old gerbils. Despite
oscillating through the post-treatment period, 21 days after
the end of enzymatic dual inhibition, serum testosterone lev-
els were similar to those found in the control group of
young and old gerbils, except in the adults, where this hor-
mone concentration was lower than in the control group.
Finasteride plus Letrozole caused a significant elevation in
circulating oestradiol levels of old gerbils, corresponding to
more than four times the concentration observed in the old
control group on the first post-treatment day.

Structural analysis

During the post-treatment periods, young animals of the con-
trol group showed an immature prostate gland composed of
some acini still in the process of glandular modelling. The epi-
thelium was composed of voluminous cells and showed some
signals of secretory activity. SMC and fibroblasts were the
main stromal compounds besides collagen fibres. Adult pros-
tate of control group presented a morphological structure that
was completely developed and mature. An intense secretory
function of the epithelial cells, which now were disposed in a
single columnar pattern, probably widened the acinar lumen.
In the stromal compartment, fusiform SMC had formed con-
centric and densely packed layers around acini. Fibroblasts
were located at the epithelial base. In the old animals, the
prostate was characterized by morphologically heterogeneous
areas, some of them with normal histological aspect and oth-
ers histopathologically compromised. In the normal acinar
areas, the secretory epithelium was functionally similar to that
found in adult controls, but with small infoldings. In the stro-
mal compartment, the connective tissue adjacent to epithelial
layer was denser and SMC slightly less compact.

Many morphological alterations were observed in the
prostatic epithelial and stromal compartments of young,
adult and old gerbils after the long-term suppression of So-r
and Aro enzymes. In the Finasteride plus Letrozole groups,
including animals of all postnatal developmental ages, the
new characteristics assumed by the prostatic compartments
were very similar to those caused by the exclusive use of
Finasteride. On the first day after the cessation of Finasteride
and Finasteride plus Letrozole treatments, the stromal com-
partment was modified and remodelled, with a remarkable
collagen accumulation within the connective tissue adjacent
to the epithelial base. In the same area, an apparent increase
of phenotypically altered fibroblasts was observed. The cells
of smooth muscle had also undergone modifications, as
some SMC assumed an irregular wrinkled contour, contrib-
uting to the loose rearrangement of this smooth layer, with
denser collagen interspersed among them. At the analyses of
21 post-treatment days, these aforementioned aspects of
reorganized stromal compartment were still present. Young,
adult and old animals treated with Letrozole showed similar
morphological modifications in the stromal prostatic com-
partment; however, the epithelial compartment appeared to
be the main target of the action of this drug. In the young
prostate, epithelial infoldings into luminal area, besides phe-
notypically altered epithelial cells, were noted, while in the
old animals, the epithelial cells had become shorter and did
not return to their normal shape until the late post-treatment
phase (Figure 2).
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Figure 1 Mean variation of serum Testosterone and Oestradiol concentration following post-treatment periods of young, adult and

old animals.

Quantitative analysis

The stereological data obtained for prostatic compartments
of control and experimental groups are shown in Table 2. In
the control groups, the percentage of glandular epithelial
and stromal compartments remained relatively constant
throughout the post-treatment period. In young gerbils, these
prostatic compartment percentages were quite similar. On
the other hand, the adult prostatic lumen area occupied
approximately 50% of the prostatic volume and the stromal
compartment was almost equally divided between SMC and
non-muscular stroma. In the prostate of the old gerbil, the
glandular epithelium presented a higher percentage than the
stromal compartment. After the administration periods of
accentuated oscillation

Finasteride and Letrozole, an

behaviour could be noted among prostatic compartments of
young, adult and old gerbils. On the first post-treatment
day, the percentage of prostatic epithelial volume density of
young gerbils treated with Finasteride and Finasteride plus
Letrozole decreased and was counterbalanced by a larger
lumen area. Letrozole alone was capable of inducing a per-
centage elevation of epithelium and lumen area. In the
young stromal compartment of the prostate gland, SMC and
non-muscular stroma diminished after Finasteride, Letrozole
and Finasteride plus Letrozole treatment, which remained
until the end of the post-treatment period, except for the
non-muscular percentage. In the adult gerbil prostate, Finas-
teride and Finasteride plus Letrozole administration pro-
voked a persistent increase of epithelium and decrease of
lumen area, while both SMC and non-muscular stroma were
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Figure 2 Haematoxylin—Eosin stained sections of Mongolian gerbil ventral prostatic lobe regions. The control prostate tissue of all
ages studied presented development characteristic of epithelium (EP) and lumen (L) and stromal compartment (s). Treatments pro-
moted important changes in the epithelial and stromal compartments, mainly in connective tissue in the subepithelial region (*),
besides an increase of fibroblasts (arrows) within this area. Morphological modifications occurred in the smooth muscle cells (SMC)
during ageing and post-treatment periods. The prostate of animals that received only corn oil did not present either morphological or
biometric results significantly different from those of intact animals. Thus, the results obtained in these two groups were aggregated

as Control. Barr = 40pum, exception for the Control of Old age where barr = 20 um.
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Figure 3 Transmission Electron Microscopy of control Mongolian gerbil ventral prostatic lobe regions. Young (a-b): Epithelial cells
(EP) with few synthetic and secretory organelles. Smooth muscle cells (SMC) interspersed with some collagen fibrils (CO). Scant fusi-
form fibroblasts (FB) emitting short cytoplasmic projections. Basal lamina (white arrows). Adult (c—d): Cytoplasm of epithelium cells
(EP) with numerous synthetic organelles and secretory vesicles (arrows). Collagen fibrils (CO). Intact basement membrane (white
double arrows). SMC presenting a contractile pattern with characteristic basement membrane (black arrows). Old (e—f): The secreting
epithelium (EP) cells presenting a notable decrease of cytoplasm area and secretory vesicles. Stroma with increased collagen fibrils
(CO) and amorphous non-fibrillar material (*). Fibroblast cytoplasm projection (FB) was associated with collagen fibrils. Basal
Lamina (white arrow).
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Figure 4 Transmission Electron Microscopy of Finasteride-treated Mongolian gerbil ventral prostatic lobe regions. Young (a—c):
Epithelial secretory cells (EP) with enlargement of rough endoplasmic reticulum (RER) and secretory vesicles in cellular apices (white
arrows). Cellularity increased including fibroblasts (FB) at the subepithelial region. Adult (d): Enlarged cistern of the RER in the basal
perinuclear (N) region. Collagen fibrils (CO) increase at epithelial base. Old (e-g) secretory cells with decrease of synthetic organelles
in the basal cytoplasm and numerous infoldings were merged with basal lamina compounds (BL). Increased collagen fibrils (CO)
adjacent to the basal lamina (BL). Great amount of lipid droplets (LD). Smooth muscle cells assumed a spinous aspect in its contour
(SMC) and became interspersed by collagen fibrils. Microvilli (MI) in the apical region of epithelial cells (EP) in intimated contact
with lumen area.
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Figure 5 Transmission Electron Microscopy of Letrozole-treated Mongolian gerbil ventral prostatic lobe regions. Young (a-b): Epi-
thelial layer (EP) presented a variation of cellular phenotypes including clear (CC), dark (DC) and basal (BC) cells. Numerous smooth
muscle cells (SMC) and collagen fibrils (CO). B-Inset: Detailed view of an activated fibroblast forming cytoplasm projections with
focal adhesions (arrows). Adult. (c—d): Cellular heterogeneity as clear (CC), dark (DC) and basal (BC) cells. Rough endoplasmic retic-
ulum (RER) enlarged cisterns in the basal perinuclear region. Fibroblast (FB) showing a large Golgi complex (arrow). Old (ef):
Smooth muscle cells (SMC) loosely packed and interspersed with collagen fibrils (CO). Blood vessel (V). Activated fibroblast adjacent
to epithelial base with enlarged RER and mitochondria (arrows).
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Figure 6 Transmission Electron Microscopy of Finasteride + Letrozol-treated Mongolian gerbil ventral prostatic lobe regions. Young
(a=b): Enlarged rough endoplasmic reticulum (RER) and secretory vesicles in cell apices. In the subepithelial area, collagen fibrils
(CO) increased. Adult. (c—d): RER enlarged cistern occupied the most area among epithelial cytoplasm cells. Increased collagen fibrils
(CO) at the epithelial base. Elastic fibre (white arrow). Old (e—f): Basal region of epithelial cells (EP) exhibiting infoldings. Increased
amorphous non-fibrillar material (*), collagen fibrils (CO) and fibroblasts (FB) at the subepithelial base. Stroma with increased
collagen fibrils (CO) and amorphous non-fibrillar material (*).Basal cell (BC), Smooth muscle cells (SMC).
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occupying a greater area. In adults, both the prostatic glan-
dular epithelial and stromal compartments having undergone
Letrozole treatment presented balanced and expected behav-
iour. The smooth muscle and non-muscular stromal compo-
nents were increased during all the Finasteride, Letrozole
and Finasteride plus Letrozole old gerbil post-treatment peri-
ods. Their prostatic epithelial volume density was slightly
diminished, as also occurred in the luminal area.

Ultrastructural analysis

Ultrastructural analysis of the control ventral prostate
(Figure 3) confirmed the data obtained by light microscopy.
The immature prostate of young control animals showed
epithelial cell cytoplasm with scarcity of synthetic organelles.
In the stroma, collagen fibrils were intimately associated
with the basal lamina and dispersed throughout the stroma.
In the adults, the acinar epithelium was composed mostly of
secretory cells, in which secretory vesicles were prominently
displayed in the cytoplasm indicative of a synthetic pheno-
type. The collagen fibrils arranged in different directions
were observed adjacent to the basal lamina. The SMC were
densely packed and regularly organized into periacinar
layers with only small intercellular spaces between SMC
bundles. In prostate of old animals, the normal secretory
epithelial cells presented accumulation of lipid droplets
within the cytoplasm. The amount of collagen fibrils was
greater at the epithelial base and arranged in a disorganized
manner, as also happened among SMC, contributing to the
slightly loose aspect of the smooth muscle.

After Finasteride (Figure 4) and Finasteride plus Letrozole
(Figure 5) treatments, ventral prostate of young, adult and old
animals presented decreased cytoplasmic volume and fewer
secretory blebs of epithelial cells, but still showed some secre-
tory vesicles. In the stromal compartment, the connective tis-
sue underlying the epithelium exhibited striking rises in the
number and thickness of collagen fibrils accompanied by an
increase in deposits of amorphous granular material adjacent
to the basal lamina and in the clefts among SMCs. Fibroblast
cytoplasm became denser and more voluminous with an
enlargement of the perinuclear space and also a notable
increase of the Golgi stacks. Some fibroblasts exhibited a more
synthetic and activated aspect. Collagen fibrils had accumu-
lated in the epithelial base and among SMC in a disorganized
manner. SMC of the periacinar muscle layer had undergone
morphological alterations, with reduced diameter and con-
densed cytoplasm. Other SMC had a highly irregular external
contour with numerous spine-like cytoplasmic projections,
which were in intimate association with collagen fibrils. After
Letrozole treatment (Figure 6), the epithelial and stromal
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compartments also assumed different ultrastructural patterns,
with shrinkage of epithelial layer, diminished epithelial cell
cytoplasm and irregular contour of nuclei. As occurred in the
stromal compartment of the other treatment types, dilated
SMC displayed a loss of synthetic organelles in the perinuclear
area and also fibroblasts had assumed an active aspect, besides
longer projections, which had established close contact with
other fibroblasts.

Discussion

The present study demonstrates that the long-term adminis-
tration of Finasteride and Letrozole, simultaneously or sepa-
different
development, causes important and persistent alterations in

rately, to gerbils in phases of postnatal
the prostate gland. Long-term use of Finasteride and Letroz-
ole was capable of eliciting many persistent modifications
within the gerbil ventral prostate morphology including
changes in the tissue architecture, ultrastructure and extra-
cellular matrix arrangement, besides altering the serum levels
of steroidal hormones. The long experimental protocol
employed herein resulted in circulating levels of testosterone
and oestradiol higher than those measured in control
animals.

A complete understanding of steroidal hormone actions
requires a more specific mechanism for determination of
how stromal and epithelial prostatic compartments normally
communicate and how this cross-talk can be modified by
hormones (Cunha et al. 2004). Androgen and oestrogen
levels had been changed and began to oscillate after the
enzymatic blockades by Finasteride and Letrozole, together
or separately. However, this new morphological feature
assumed by the prostate gland did not easily return to a
normal histological pattern, either initially or in the final
post-treatment stage at all ages evaluated herein. On the
other hand, the adult gerbil prostate presented a more grad-
ual recovery of the normal morphological environment,
despite this gland still not showing any normal aspects such
as those known and observed in the control gerbils at this
age (Pegorin de Campos et al. 2006). With regard to the old
animals of experimental groups, the term ‘recovery’ is rela-
tive, because in this rodent species, the prostate gland spon-
taneously develops pathological disorders during ageing as
described by Pegorin de Campos et al. (2006). Furthermore,
after Finasteride administration, they presented glandular
regression, but only with some improvement of the histo-
pathological conditions. At the three postnatal develop-
mental ages of the gerbil experimental groups, the
morphological results appeared to be parallel to those
obtained with serum steroidal hormone assay, suggesting

Journal compilation © 2009 Blackwell Publishing Ltd, International Journal of Experimental Pathology, 90, 79-94



92 L. S. Corradi et al.

possible independent events. Based on these data, the steroid
metabolizing enzymes So-r and Aro seemed to have similar
and essential key roles to the maintenance of prostatic
morphology during all postnatal gerbil development.

According to Corradi et al. (2004), the alterations pro-
voked by Finasteride are probably the result of an imbal-
ance of the homeostatic interaction between the epithelium
and the underlying stroma. The use of Finasteride to inhibit
the So-r action had provoked remarkable reduction of the
prostatic complex weight, which confirms the main thera-
peutical effect of this drug in reducing the symptoms caused
by BPH (Steers 2001). However, data obtained from analy-
ses of the Finasteride post-treatment period reveal that
when Finasteride administration was interrupted, the pros-
tatic tissues responds in a different manner to the new hor-
monal situation established by the long-term absence of
enzymatic action. The prostatic epithelial and stromal com-
partments and serum steroidal hormone levels had also
undergone important modifications after Finasteride treat-
ment. Adjacent to the epithelium, a denser layer of collagen
surrounding each acinus was evident, which had not been
observed during surgical castration periods (Vilamaior et al.
2000 and 2005).

Although androgens are the main steroids controlling
prostate growth, increasing evidence demonstrates that oes-
trogens also regulate prostate development and growth
including epithelial proliferation (McPherson et al. 2001;
Hirkonen & Mikeld 2004). An increase of serum oestradiol
concentration occurred after the Letrozole post-treatment
period mainly in young and old gerbils. The elevated serum
T level confirms the action of this drug in blocking its aro-
matization, but simultaneously raises another question
regarding the activation and function of parallel pathways
of intracrine steroid metabolism (Labrie et al. 2000). The
rise of oestradiol levels within the experimental groups
where the Aro enzyme was blocked is supported by the fact
that this inhibition occurred in the direct local conversion
of oestradiol, while those indirect pathways of oestrogen
metabolism were still carried out by other specific enzymes
(Soronen et al. 2004). Moreover, it has been noticed that
DHT may also act indirectly through its oestrogenic meta-
bolite 5-alpha-androstane-3-beta, 17-beta-diol, besides bind-
ing strongly to the oestrogen receptors (Soronen et al. 2004;
Oliveira et al. 2007). Histological and biometric evaluations
demonstrated enlargement of gerbil prostate even 21 days
after the end of Letrozole administration. McPherson et al.
(2001) obtained similar results in Aromatase knockout mice,
concluding that, despite a long-term elevation of androgen
and prolactin, the absence of oestrogen in these animals does
not result in induction of prostate malignancy.

Finasteride plus Letrozole treatment may be used as an
efficient tool in the attempt to understand that balance
between androgens and oestrogens is essential for mainte-
nance of the functional status of the prostate. The individual
inhibition of 5o-r and Aro and consequently the withdrawal
of DHT or oestradiol may mask the effect provoked by the
hormone that has its concentration elevated. The simulta-
neous inhibition of these two enzymes was capable of induc-
ing significant alterations in prostatic morphology at all
studied postnatal ages. Although Finasteride and Letrozole
individually induce their specific actions, when together, the
effects of this simultaneous administration resemble those
provoked by Finasteride only. In adult and old gerbils, the
known function of Finasteride in reducing prostate size
(Steers 2001) and weight remained active when used
together with Letrozole, thus diminishing prostate weight.
According to Huynh er al. (2001), blocking of oestrogen
activity can also disrupt paracrine production of growth fac-
tors that act on the epithelial cells. To these authors, the loss
of autocrine stimulatory activity on the stromal cells or
paracrine activity on the epithelium by co-administration of
Finasteride and anti-oestrogen inhibits epithelial cell activity,
because prostate size was reduced, as was the cytoplasmic
volume of luminal cells. A synergic action between Finaste-
ride and Letrozole may be used to indicate a new mecha-
nism by which oestrogens influence the normal growth and
maintenance of the prostate. Thus, the withdrawal of DHT
and oestrogen, provoked by Finasteride plus Letrozole treat-
ment, modified the prostatic hormonal and morphological
microenvironment of the young, adult and old gerbils, as
Suzuki et al. (1998); Ito et al. (2000) and Huynh ez al.
(2001) had observed previously.

Ishikawa et al. (2006), using an in vitro model to assess
the production of oestrogenic steroids, synthesized them via
an Aromatase-independent pathway in non-breast cancer
cells (HeLa) and in breast cancer cells, and noted that when
oestrogens are no longer produced because of the absence of
Aro action, the oestrogenicity of other less oestrogenic ste-
roids synthesized from testosterone is readily detected. How-
ever, this oestrogenicity is reduced by additional treatment
of cells with Finasteride. These effects may be occurring
because of the long-term suppression of So-r and Aro
enzymes by Letrozole and Finasteride plus Letrozole, and
probably become persistent despite the cessation of treat-
ments, which supports the morphological results found.

In conclusion, evidence from morphological findings
demonstrates that the activity of So-r and Aro steroid-
metabolizing enzymes appears crucial to the normal
maintenance of prostatic biology during all the postnatal
development. The blockade of these enzymes imposed a
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totally new condition on the prostate gland, which proba-
bly disrupted the
created a different microenvironment. All data obtained in

epithelium-—stroma interaction and
this study, in association with the easy handling of gerbils
plus the anatomical characteristics of their prostatic com-
plex (Pegorin de Campos et al. 2006), indicate this rodent
as an excellent model for studying the relationship between
prostatic architecture and sex steroid hormones. Although
serum hormone levels are important in prostate cancer, the
role of local synthesis of steroids has assumed increasing
significance in some diseases, particularly of glandular
tissues, such as breast and prostate, wherein abnormal
levels of oestradiol promote development and proliferation
in early stages of malignant transformation of epithelial
cells (Risbridger et al. 2003). Our study brings more light
to the complex issue of mechanisms of local steroid meta-
bolism in prostate cancer and how the histology of this
gland behaves in a new hormonal microenvironment. How-
ever, further studies are needed, especially with regard to
the intraprostatic hormones. As evidence is accumulating
that the prostate gland is primarily influenced by local
hormone steroid synthesis during the postnatal development
period, it may be important to determine whether and/or
how these enzymes act in the process of initiation, promo-
tion and progression of prostate cancer.
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