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ABSTRACT
Prostate differentiation during embryogenesis and its further homeo-

static state maintenance during adult life depend on androgens. Abundant
biological data suggest that androgens play an important role in the devel-
opment of the prostate cancer and other prostatic diseases. The objective
of this work was to evaluate the effects of the testosterone supplementa-
tion in gerbil (a new experimental model) at different ages. Tissues from
experimental animals were studied by histological and histochemistry pro-
cedures, androgen receptor immunohistochemistry assay, morphometric-
stereological analysis, and transmission electron microscopy (TEM). After
the treatment were observed increase of prostate weight and epithelium
height in all ages studied. In some adult and aged treated animals, hyper-
plasic and displasic process were observed, including prostatic intraepithe-
lial neoplasias and adenocarcinomas. Increase of the thickness of the
smooth muscle cell (SMC) layer was observed in pubescent and adult ani-
mals and TEM revealed apparent SMC hypertrophy. An apparent increase
in the frequency of blood vessels distributed by the subepithelial stroma in
the treated animals was noticed. Reversion of the natural effects of aging
on the prostate was observed in the aged treated animals in some acini of
the gland. These data demonstrate that the gerbil prostate is susceptible
to androgenic action at the studied ages and it can serve, for example, as
experimental model to studies of prostate neoplasic process induction
and hormonal therapy in aged animals. Anat Rec Part A, 288A:1190–1200,
2006. � 2006 Wiley-Liss, Inc.
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Androgens are steroid hormones that induce the differ-
entiation and maturation of the male reproductive organs
and the development of the male secondary sex character-
istics. Prostate differentiation during embryogenesis and
its further homeostatic state maintenance during adult
life depend on androgens. The normal prostatic epithelium
is composed of different cells types that have varying
androgen sensitivities, including androgen-independent
basal stem cells, androgen-dependent luminal secretory
cells, and androgen-independent but androgen-sensitive
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Figures 1–3 (See overleaf.).
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transitional cells (Isaacs, 1999). Thus, the normal prostate
is inherently heterogeneous in its sensitivity to andro-
gens.
Testosterone enters the prostate cell by passive or active

diffusion. Once in the cytoplasm, it will remain as testos-
terone or transform to DHT by 5a-reductase and will be
attached predominantly to a cytoplasmic receptor or an-
drogen receptor (AR) or to a nuclear receptor (Rosner
et al., 1999).
Epithelial ARs are required for expression of AR-de-

pendent prostatic secretory proteins but many androgenic
effects on epithelium, as regulation of proliferation of nor-
mal epithelia, are elicited by paracrine factors produced
by AR-positive stroma (Donjacour and Cunha, 1993). Con-
versely, hormonal regulation of epithelial differentiation
and functions requires direct hormonal action-mediated
epithelial hormone receptors (Buchanan et al., 1998, 1999).
Androgenic regulation of prostatic epithelial cells duringma-
lignant transformation of prostatic epithelial cells appears
to involve conversion from a paracrine to an autocrine mech-
anism of androgen-stimulated growth (Gao et al., 2001).
Abundant biological data suggest that androgens play

an important role in the development of the prostate can-
cer. The growth and maintenance of the prostate are de-
pendent on androgens, prostate cancer regresses after
androgen ablation or antiandrogen therapy, and testos-
terone induces prostate tumors in laboratory animals
(Shirai et al., 2000; So et al., 2003; Zanetoni et al., 2005).
Current evidence indicates that serum levels of sex hor-

mones carry no relations to the development of prostate
cancer, and there is either no change or only a modest in-
crease in prostate specific antigen (PSA) after testosterone
administration (Nomura et al., 1988). The suspicion of
prostate cancer is, however, an absolute contraindication
for androgen therapy.
On the basis of these considerations, the aim of the pres-

ent study was to investigate the effects of testosterone sup-
plementation on the gerbil’s prostate at different phases of
the postnatal development, trying to establish the possible
model to experimental carcinogenesis. In addition, the
Mongolian gerbil (Meriones unguiculatus) has been rec-
ognized in some biomedical sciences, such as immunology
(Nawa et al., 1994), physiology (Nolan et al., 1990), and
morphology (Custódio et al., 2004; Pinheiro et al., 2003;
Santos et al., 2003, 2006; Corradi et al., 2004). More re-
cently, gerbil has also been suggested as a suitable model
for studies on mammalian aging (Pegorin de Campos
et al., 2006). Gerbil’s prostate has compact lobes, some-
what similar to the human prostate, unlike rats and mice,

which have distinct lobes (Pinheiro et al., 2003; Góes
et al., 2006). Previous data from our laboratory has dem-
onstrated that histological, histochemical, and ultrastruc-
tural features of the adult gerbil’s prostate are comparable
to the human prostate. Besides, we have observed that old
gerbils (12 months) may spontaneously develop benign
prostate hyperplasia, cancer, and other prostate disorders
(Pegorin de Campos et al., 2006).

MATERIALS AND METHODS
Animals and Hormone Treatments

To accomplish the work, 30 male Meriones unguicula-
tus gerbils of the following ages were used: pubescent
(40 days after birth), adult (120 days after birth), and
aged (12 months after birth).
For each age group, the animals were divided in two

groups of five each for control and treated groups. In each
case, the treated group received in alternate days subcu-
taneous injections of testosterone cipionate diluted in
vegetal oil (10 mg/ml) at a dose of 0.1 ml/application/animal
(1 mg/application) for 21 days, while the control group re-
ceived only vegetal oil (Santos et al., 2006).
After 21 days of treatment, the animals of all ages and of

both groups were anesthetized lightly by CO2 inhalation
and killed by cervical displacement. After this procedure,
the animals were weighed and immediately decapitated
to blood collecting. The ventral prostate was removed,
weighed, and immediately submitted to light microscopy
and ultrastructural procedures.
Animal handling and experiments were done according

to the ethical guidelines of the São Paulo State Univer-
sity following the Guide for Care and Use of Laboratory
Animals. The number of individuals employed in this
work was justified by the large number of analytical pro-
cedures employed.

Hormonal Serum Levels

Circulating plasma testosterone levels were determined
by immunochemical assays. Blood was collected and the
serum was separated by centrifugation and stored at
�208C for subsequent hormone assay. The determination
of serum levels of testosterone was performed by lumines-
cence immunoassay (mouse antibodies antitestosterone;
Johnson and Johnson) in automatic analyzer from Vitros-
ECi-Johnson and Johnson for ultrasensitive chemilumi-
nescence detection. The intra-assay and interassay varia-
tion was 4.6% and 4.3%, respectively.

Fig. 1–3. Fig. 1. Histological sections from pubescent animals: H&E
(a–c and f); reticulin (d and e). Control animals: a and d; testosterone-
treated animals: b, c, e, and f. a shows the general tissue aspect. In b,
the arrows point to the blood vessels (v) in the stroma, and a clear supra-
nuclear area is evident (asterisk). In c occur the presence of mitotic fig-
ures (fm), basal cells (bc), and prominent Golgi area (asterisk). In d and
e, the arrows point to reticular fibers of the stroma. f shows the displasic
secretory epithelium. l, lumen; ep, epithelium. Fig. 2. Histological sec-
tions from adult animals: H&E (a–e and h); reticulin (f and g). Control ani-
mals: a and f; testosterone-treated group: b, c, d, e, g, and h. a: General
tissue aspect. In b, prominent supranuclear area (asterisk) of the nonal-
tered epithelium. c shows high grade and low grade of the PIN. In d, ad-
enocarcinoma (ad) and presence of microacini (ma) surrounded by
tumorous cells are observed. e: Detail of the carcinoma showing division

of cells (mf). f and g: Arrows point to reticular fibers of the stroma. In h,
presence of the PIN and some nuclei of the cells with a differentiated
chromatin distribution pattern. Fig. 3. Histological sections from aged
animals: H&E (a–e, h, and i); reticulin (f and g). Control animals: a and f;
testosterone-treated group: b, c, d, e, g, h, and i. a: General aspect of the
tissue where it is observed a displasic secretory epithelium. The promi-
nent subepithelial stroma (st) and folds in the basal membrane. In b, a
focal PIN and high epithelium. c: Detail of a PIN cell in division (mf, mitotic
figure). d and e: A high secretory epithelium and prominence of the supra-
nuclear clear area (asterisk). f and g: Arrows point to reticular fibers of
the stroma. In f, collagen fibers (col) are abundant in subepithelial
stroma, and in g, the evident presence of the blood vessels (v). h: Hiper-
plasic process in some microacini with mitotic figures. In i, presence of
the basophilic cells of granular cytoplasmic aspect (bc).
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Histochemistry

Ventral prostates of control and testosterone-treated
groups were cut into fragments and immediately fixed by
immersion for 24 hr in Karnovsky’s fixative (0.1 M Sören-
sën phosphate buffer, pH 7.2, containing 5% paraformal-
dehyde and 2.5% glutaraldehyde). Fixed tissue samples
were dehydrated in a graded ethanol series and embedded
in glycol methacrylate resin (Leica historesin embedding
kit) and part of prostate fragments was embedded in para-
plast for immunohistochemical tests. Histological sections
(3 mm) were subjected to hematoxylin-eosin (H&E) staining
for general studies, to Gömöri’s reticulin (Gömöri, 1937)
staining for collagen and reticular fibers and to Feulgen
(Mello and Vidal, 1980) staining for nuclear study. Micro-
scopic analyses were performed on Zeiss-Jenaval or
Olympus photomicroscopes, and the microscopic fields
were digitalized using the Image-Pro Plus version 4.5 for
Windows software.

Morphometric and Stereological Analysis

Using an analyzing system of images (Image Pro-Plus),
H&E and Feulgen sections were analyzed. Images of 50
histological fields for each experimental group in the ages
studied were analyzed, such that histological fragments of
all animals were evaluated equally. The morphometric
analyze was performed to evaluate epithelium height,
smooth muscle cell layer thickness, and nuclear area of
the secretory epithelial cells. For this comparative study,
200 measurements to each parameter were realized. Stereo-
logic analyses were obtained by Weibel’s multipurpose gra-
ticulate with 120 points and 60 test lines (Weibel, 1979) to
compare the relative proportion (volume density) among
the prostatic components (epithelium, stroma, and lumen
of acinus) in the different ages in both experimental
groups. The volume (or absolute volume) of each of these

compartments was determined by multiplying the volume
density by the mean prostatic weight based on the deter-
mination that 1 mg of fresh rat ventral tissue had a vol-
ume of approximately 1 mm3 according Vilamaior et al.
(2006).

Statistical Analysis

The testosterone effects on gerbil ventral prostate were
evaluated by analyses of mean 6 standard deviation
(SD) of several parameters such as epithelium height,
smooth muscle cell thickness, nuclear perimeter, nuclear
area, relative and absolute proportions of prostatic tissue
compartments. Statistical analysis was performed in the
Statistica 6.0 software (StatSoft). The hypothesis test
Anova and Tukey’s honest significant difference (HSD)
test were employed, and P � 0.05 was considered statisti-
cally significant.

Transmission Electron Microscopy

The ventral prostates of control and treated gerbils were
processed for transmission electron microscopy as described
previously (De Carvalho et al., 1994), employing the fixa-
tion procedure of Cotta-Pereira et al. (1976). Briefly, tissue
fragments were fixed in 0.25% tannic acid plus 3% glutar-
aldehyde in Millonig’s buffer, dehydrated in acetone, and
embedded in Araldite resin. Ultrathin sections (50–75 nm)
obtained with a diamond knife were stained by uranyl ace-
tate and lead citrate. Observation and electron micro-
graphs were made with a LEO-Zeiss 906 transmission
electron microscope.

Immunohistochemistry (IHC)

AR (N-20; 1:100 dilution; rabbit polyclonal antibody;
Santa Cruz Biotechonology, Santa Cruz, CA) was used for
IHC. Immunohistochemistry staining was performed using

Fig. 4–6. Fig. 4. AR immunohistochemistry. Pubescent animals: a (control) and b (treated). Fig. 5. AR
immunohistochemistry. Adult animals: a (control) and b (treated). Fig. 6. AR immunohistochemistry. Aged
animals: a (control) and b (treated).
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the avidin-biotin complex (ABC) kit (Santa Cruz Biotech-
nology). The paraplast-embedded sections (5 mm) were
dewaxed and then rehydrated in graded alcohol and dis-
tilled water. Antigenic recuperation was realized in citrate
buffer in high temperature (1008C) for 45 min. Endogenous
peroxidase activity was blocked with 0.3% hydrogen perox-
ide in methanol for 45 min, followed by a quick rinse in dis-
tilled water and phosphate-buffered saline (PBS). Sections
were incubated with normal goat and primary antibody at
48C overnight. The slides were then incubated with the bi-
otinylated antirabbit at 378C followed by peroxidase-conju-
gated ABCs and diaminobenzidine (DAB). The sections
were then counterstained with hematoxylin of Harris. For
negative control, the primary antibody was replaced with
the corresponding normal isotype serum.

RESULTS

The prostate gland in intact animals presented acini with
simple cylindrical epithelium, surrounded by a fine strip of
vascularized conjunctive tissue and a layer of smooth mus-
cle cells (SMCs; Figs. 1a, 2a, and 3a). Among the acini,
loose vascularized conjunctive tissue was observed.
The epithelial cells of the gland have evident secretory

characteristics and in some places extrusion granules
could be observed, typical of apocrine secretory cells
(Figs. 1a and 3a). Other secretory characteristics were
based on the presence of clear supranuclear areas desig-
nated to be the area of the Golgi apparatus (1a, 2a and
3a). Dysplasic regions were observed in aged control ani-
mals in some acini (Fig. 3a).
Ultrastructurally, the secretory glandular epithelium

was formed by prismatic cells that vary from short to
high, depending on the age, whereas the nucleus had ba-
sal polarity and a large amount of endoplasmic reticulum
(Figs. 7 and 8). Besides, it was possible to differentiate
clearly between the secretor cells and the basal cells (Fig. 7).
The basal cells were located at the base of the epithelium
in intimate contact with the basal lamina and they were
poor in endoplasmic reticulum (Fig. 7). Sometimes it was
possible to identify electrondenses corpuscles, probably of
ceramide bodies, between the epithelial cells (Fig. 7).
Adjacent to the epithelium and intermixed among the

smooth muscle cells were observed collagen and reticular
fibers (Fig. 9). However, the reticular fibers became
denser at the epithelial base, adjacent to the basal mem-
brane and intermixed among the SMCs (Figs. 1d, 2f, and
3f). In the aged animals, there was a stromal rearrange-
ment, where accumulation of collagen fibrils was ob-
served adjacent to the epithelium and among the pros-
tatic acini (Figs. 3f, 10, and 11), and apparent hypertro-
phy of the SMCs (Fig. 10), as can be observed in Table 1,
which compares the control animals of the other ages in
relation to the thickness of the SMC layer and to the rela-
tive volume occupied by the stromal compartment.
Besides, there was decrease in the serum testosterone
levels in the aged group in relation to the pubescent and
adult animals (Fig. 20).
The testosterone-treated group presented significant in-

crease in the weight of the prostate, but without suffering
variation in the corporal weight when compared to the con-
trol groups (Table 1). Increase was observed in the height
of the secretor epithelium in relation to the control group
at all the ages (Figs. 1b and c, 2b, 3e, and 12, Table 1), as
well as in the volume occupied by the epithelium at the pu-

bescent and adult ages. After treatment with testosterone,
the nuclear area and perimeter were unaltered only in the
pubescent animals, while in the adult and aged animals
there were increases of the nuclear area and perimeter in
the treated animals (Table 1).
The morphometric data indicated significant increase

in the thickness of the SMC layer of the acini in relation
to the control group at the pubescent and adult ages,
while in the aged animals there was a decrease in the
treated animals. In the stroma, there was no alteration
in relation to the relative volume among the groups in
the pubescent and adult animals, with a decrease only in
the treated aged animals (Table 1). The absolute data
showed significant increases in all of the appraised pa-
rameters since there was increase of the prostatic weight
without alteration in the body weight (Table 1).
The histopathological analysis showed that in the tes-

tosterone-treated animals at all ages occurred an
increase in the supranuclear area, where they concen-
trate in the synthesis organelles, mainly the Golgi appa-
ratus, which appears prominent and dilated after the
treatment (Figs. 1b and c, 2b, 3e, 12, 13, and 15).
An enlargement of the endoplasmic reticulum cisterns

was noticed, mainly in the treated adult animals, which
appeared with a vesiculous aspect, in all cytoplasm of the
secretory cells (Fig. 14).
Mitotic figures were evidenced at all ages after the tes-

tosterone treatment (Figs. 1c, 2e, and 3c). In the pubes-
cent animals, this treatment did not provoke relevant
alterations, but dysplasias in some acini were observed
(Fig. 1f). In the adult animals, different degrees of pros-
tatic intraepithelial neoplasia (PIN) as high-grade PIN
(Fig. 2c) and low-grade PIN (Fig. 2h) were observed. In
general, our understanding of PIN in Mongolian gerbil
prostate is based on the microscopic grading of PIN per-
formed to human prostate according the architectural
pattern of epithelium atypia or dysplasia and nuclear
pleomorphism of epithelial cells (Taboga et al., 2003); the
increase of the PIN gradation is correlated with the
increase of parameters described above. Besides, some of
these animals presented adenocarcinomas and presence
of microacini surrounded by tumorous cells (Figs. 2d and
e). In some areas of PIN, some nuclei were observed with
a differentiated chromatin distribution pattern (Fig. 2h).
In the aged individuals, the treatment with testoster-

one evidenced two different effects: in some acini, rever-
sal of the aging process was observed, where there were
noticed increase of the epithelium, decrease of fibrillar
elements of the extracellular matrix, decrease in the
thickness of SMC layer, and increase in the relative vol-
ume of the lumen (Figs. 3d and e and 18, Table 1), each
resembling, phenotypically, the adult control animals
(Fig. 2a); in other acini, hyperplasic processes and pres-
ence of PIN were evidenced (Fig. 3b, c, and h), as well as
the presence of cells denominated here as basophiles of
granular cytoplasmic aspect (Fig. 3i).
An apparent increase in the frequency of blood vessels

distributed by the subepithelial stroma in the treated
animals was noticed (Figs. 1b, 3g, and 19). In the stromal
compartment of the treated pubescent animals, some
populations of SMCs appeared hypertrophic, but without
clear cytoplasmic alterations (Fig. 17). In treated adult
animals, it was common to observe hypertrophic cells
with prominent nucleoli and abundant endoplasmic retic-
ulum (Fig. 16). In general, alterations in the distribution
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Figures 7–13 (See overleaf.).

1195TESTOSTERONE ON GERBIL PROSTATE



and density of collagen and reticular fibers were not
observed under light microscopy, although in some areas
rapid accumulation of collagen fibrils was observed by
electronic microscopy when compared to the control
group (Figs. 1e, 2g, 9, and 16).
In the aged animals, the testosterone treatment showed

a pattern of stromal organization similar to that observed
in untreated adult animals (Fig. 3g), differing from the
pattern of the control group where abundance of compo-
nents of the extracellular matrix was found (Fig. 3f).
The data also show that with the advancement of chro-

nological age, the AR expression becomes less frequent,
increasing the index of negative demarcation among the
untreated animals (Figs. 4a, 5a, and 6a). After the treat-
ment, at all of the ages, increase in the expression of the
androgenic receptors was observed, mainly in the atypi-
cal regions, where the epithelium showed hyperplasic
and dysplasic processes (Figs. 4–6).

DISCUSSION

The histology, histochemistry, and ultrastructure of the
Mongolian gerbil prostate were described by Pegorin de

Campos et al. (2006). The described aspects indicated
that the prostate of this rodent seems to be a good model
for experimental studies, because it is susceptible to
pathological alterations similar to those found in the
human prostate gland, besides being animals easy to
maintain in captivity.
Androgens are required in functional activities and the

normal growth of the prostate to maintain homeostasis of
the organ (Cunha et al., 1986; Debes and Tindall, 2002).
The functions of testosterone in the prostate are modu-
lated by ARs, which control androgenic responses in the
epithelium and in the stroma (Wang et al., 2001).
The increase in the weight of the organ after testosterone

treatment is associated with the anabolic factor exerted
by the testosterone, in which there is production of growth
factors favoring prostatic hypertrophy (Thomson, 2001).
The increase of the epithelial height, along with the

prominence of the Golgi area, demonstrates the probable
increase in secretory activity of the epithelial cells in the
treated animals in all the ages. Such association is
directly related to an increase of the intracellular secre-
tory machinery: rough endoplasmic reticulum (RER) and
Golgi (Gross and Didio, 1987).

Fig. 7–13. Fig. 7. Ultrastructure figure. Pubescent control prostate.
Detail of the epithelium (ep) and abundant endoplasmic reticulum cis-
ternae (er). Presence of ceramides granules between the secretory epi-
thelial cells (arrow). st, stroma; bc, basal cell; n, nuclei. Scale bar ¼
2.01 mm. Fig. 8. Ultrastructure figure. Adult control prostate. Epithelial
cell with secretion vesicles (arrow) and blebs (apocrine secretion). n,
nuclei; st, stroma. Scale bar ¼ 2.01 mm. Fig. 9. Ultrastructure figure.
Adult control prostate. Epithelium (ep)-stroma (st) transition. col, colla-
gen fibers. Scale bar ¼ 0.72 mm. Fig. 10. Ultrastructure figure. Aged

control prostate showing the stromal compartment (st). Presence of
bunches of collagen fibers in subepithelial stroma (col) and smooth
muscle cells. Scale bar ¼ 2.01 mm. Fig. 11. Ultrastructure figure. Aged
control prostate. Subepithelial stroma with abundant collagen fibers.
Scale bar ¼ 0.56 mm. Fig. 12. Ultrastructure figure. Adult treated pros-
tate. A high epithelium (ep) with dilated cisternae (arrow). n, nuclei.
Scale bar ¼ 4.34 mm. Fig. 13. Ultrastructure figure. Detail of the epithe-
lial cell of adult treated prostate, where it is possible to observe a prom-
inent Golgi (arrows). n, nuclei. Scale bar ¼ 1.21 mm.

TABLE 1. Quantitative exploratory analysis from experimental animals at different ages

Quantitative data

Experimental Groups

Pubescent gerbil Adult gerbil Aged gerbil

Control Testosterone Control Testosterone Control Testosterone

Morphometry (mm)
Epithelium height 17.18 6 3.66 23.90* 6 8.10 9.08 6 2.14 17.81* 6 4.18 10.89 6 2.21 14.69* 6 2.29
SMC layer thickness 8.10 6 3.08 10.49* 6 3.20 8.51 6 1.85 10.61* 6 2.44 14.64 6 5.10 11.39* 6 2.95

Karyometry of secretory cells
Nuclear area (mm2) 29.86 6 7.57 29.38 6 5.49 23.15 6 3.84 30.90* 6 6.46 19.81 6 4.06 29.95* 6 5.70
Nuclear perimeter (mm) 22.30 6 3.48 22.26 6 2.90 21.27 6 2.80 23.25* 6 3.61 19.78 6 3.75 22.86* 6 3.22

Relative proportion of tissue components (%) – Volume density
Epithelium 16.50 6 2.21 21.77* 6 2.21 17.34 6 2.64 22.04* 6 2.26 19.08 6 3.14 18.65 6 2.52
Stroma 42.42 6 7.91 42.35 6 5.82 38.77 6 10.04 41.77 6 7.16 45.73 6 7.00 35.73* 6 8.80
Lumen 41.08 6 7.51 35.88* 6 5.04 43.89 6 10.52 36.19* 6 6.14 35.19 6 5.87 45.62* 6 9.27

Absolute proportion of tissue components (mg) – Absolute volume
Epithelium 0.12 6 0.02 0.21* 6 0.02 0.18 6 0.03 0.34* 6 0.04 0.09 6 0.01 0.23* 6 0.03
Stroma 0.30 6 0.06 0.41* 6 0.06 0.41 6 0.11 0.66* 6 0.11 0.21 6 0.03 0.44* 6 0.11
Lumen 0.29 6 0.05 0.34* 6 0.15 0.46 6 0.11 0.57* 6 0.10 0.17 6 0.03 0.56* 6 0.11
Body weight (mg) 62.24 6 5.82 61.92 6 6.95 80.02 6 8.77 79.42 6 6.78 67.02 6 7.51 77.62 6 5.67
Prostate weight (mg) 0.71 6 0.06 0.96* 6 0.12 1.05 6 0.04 1.57* 6 0.38 0.47 6 0.19 1.22* 6 0.17
Relative prostate weight
(mg prostate/
mg body weight)

0.011 6 0.002 0.016*6 0.003 0.013 6 0.001 0.193* 6 0.004 0.007 6 0.003 0.016*6 0.003

Values represent mean 6 SD. Statistical analysis based on the Anova and Tukey Tests.
*Significant (P � 0.05) vs. control group.
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Figures 14–19 (See overleaf.).
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The testosterone participates in the process of prostate
development, including the secretory processes, stimulating
the synthesis of constituent substances of the sperm (Price,
1963; Aumüller and Seitz, 1990; Rosai, 1996; Hayward
et al., 1997; Thomson et al., 1997). Studies using castrated
or aged animals with low androgenic levels show that tes-
tosterone is capable of increasing the height of epithelial
cells and of the secretory apparatus (Scarano et al., 2003).
Heterogeneity was observed in the expression of ARs

among the acini in all age groups. This fact is associated
with the existence of cellular clones more sensitive to the
androgenic stimulus and its effects. This justifies the pres-
ence of the acini with neoplasic lesions beside morphologi-
cally normal acini. In the treated groups, there was greater
density of AR-positive cells, suggesting higher susceptibil-
ity to the androgenic action in these animals (Brandes,
1966). Besides, it was noticed that the cells of areas of PIN
and focal hyperplasia have larger index of positive marca-
tion than in normal areas, inferring that these lesions are
associated to AR expression and to the androgenic incen-
tive (Gao et al., 2001).
Huynh et al. (2001) suggest that, in the prostate, the

production of specific growth factors such as IGF-I is de-
pendent on androgens. Such factors act in the activation
or inhibition of genes that control the cellular cycle, favor-
ing cellular proliferation. Besides, genes that respond to
androgens, through AR, are involved in the control of cel-
lular division (Galbraith and Duchesne, 1997). In animals
whose cells possess predisposition or alteration genetic,
such interaction can aggravate the proliferative character,
such as the inductor factor (Pollard and Luckert, 1986).
This fact can justify the increase of the AR, mainly in
hyperplasic and dysplasic regions of the epithelium.

Zanetoni et al. (2005) showed that the induction of tu-
mor development is highly potentiated in the presence of
testosterone in adult gerbils submitted to chemical carcino-
genesis. This study points to histopathologic alterations
similar to those found in our work such as PIN and adeno-
carcinomas. Furthermore, the gerbils possess a high index
of spontaneous histopathologic alterations during the aging
process (Zanetoni and Taboga, 2001), similar to what hap-
pens in humans, suggesting the existence of genetic pre-
disposition that can be potentiated after hormonal supple-
mentation. Induction of invasive prostate carcinomas in
the rat frequently requires long-term administration of a
pharmacological dose of testosterone with or without ap-
plication of a chemical carcinogen (Shirai et al., 2000).
Franck-Lissbrant et al. (1998) reported that testosterone

stimulates angiogenesis in the ventral prostate of mice af-
ter castration, possibly from the metabolic necessity of cells
after the hormonal incentive. The obtained data suggest
apparent increase of the angiogenesis process in the pros-
tate of treated animals, which possibly is involved in the
increased energy consumption provoked by the process of
cellular synthesis, since the activation of the compound
AR-DNA is associated with transcriptional components
and coactivators to promote gene transcription (Tsai and
O’Malley, 1994).
The prominence of the smooth muscle cells, mainly in

pubescent and adult animals, after treatment can be in-
volved with direct anabolic processes, such as cellular hy-
pertrophy and increase of contractile filaments (McArdle
et al., 2003). Besides, that fact can be linked to an increase
in the synthesis of elements of the extracellular matrix, on
account of increase of synthesis organelles including the
endoplasmic reticulum, similar to what happens in ani-
mals after castration (Vilamaior et al., 2005).
In some areas, the collagen fibers appear in larger

amounts in the treated pubescent and adult animals than
in the group control, perhaps reflecting a discreet increase
in the synthesis of that element of the extracellular ma-
trix. The androgenic receptors are more abundant in the
epithelium when compared to the stromal cells (Droller,
1997). Therefore, only an increase in the synthesis of the
stromal cells may happen that are responsive to testoster-
one, causing heterogeneity along the acini in the amount
of fibrillar elements.
The decrease in the thickness of the muscular layer in

treated aged animals is probably linked to alterations in
the synthetic character of SMCs. With the decrease in the
testosterone levels, during aging, SMCs start to develop
greater synthetic activity, which justifies the increase in
collagen fibers and morphologic alterations of these cells
(Horsfall et al., 1994; Vilamaior et al., 2005; Pegorin de
Campos et al., 2006). With the increase in the testosterone
levels, after the treatment, SMCs reestablish a contractile
and fusiform character, which promotes a decrease in the

Fig. 20. Serum testosterone levels at the three ages studied.

Fig. 14–19. Fig. 14. Ultrastructure figure. Adult treated prostate. Secre-
tory epithelial cells with dilated endomembranes of vesiculous aspect
(arrows) for all cytoplasm. Presence of secretion vesicles (sv) and blebs
(asterisk). n, nuclei; nu, nucleolus. Scale bar ¼ 1.56 mm. Fig. 15. Ultra-
structure figure. Aged treated prostate. Detail of the secretory epithelial
cell with prominent Golgi (arrows) and secretion vesicles (asterisk). n,
nuclei. Scale bar ¼ 0.56 mm. Fig. 16. Ultrastructure figure. Pubescent
treated prostate. Detail of the stroma showing smooth muscle cells with
prominent (rer) and evident nucleolus (nu). col, collagen fibers; n, nuclei.

Scale bar ¼ 1.56 mm. Fig. 17. Ultrastructure figure. Adult treated pros-
tate. Detail of the stroma showing smooth muscle cells with prominent
(rer) and evident nucleolus (nu). col, collagen fibers; n, nuclei. Scale bar
¼ 1.56 mm. Fig. 18. Ultrastructure figure. Aged treated prostate showing
the fusiform smooth muscle cells (smc) arrangement in the stroma (st).
ep, epithelium. Scale bar ¼ 1.21 mm. Fig. 19. Ultrastructure figure. Aged
treated prostate. Subepithelial stroma (st) pointing blood vessels (v) ad-
jacent to the basal laminae (bl). Scale bar ¼ 1.56 mm.
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thickness of the muscular layer, similar to that in cas-
trated animals treated with testosterone (Sugimura et al.,
1986). Populations of basophilic cells were identified amid
the acini epithelium, showing cytoplasmic granular aspect
similar to that in neuroendocrine cells described by
Capella et al. (1981).
These data demonstrate that the gerbil’s prostate is sus-

ceptible to androgenic action at the studied ages, showing
proliferative and dysplasic effects mainly in adult and
aged animals, perhaps suggesting a possible model for the
study of induced neoplasias. Besides, they show reversal
of some hypertrophic effects of aging mainly on the pros-
tatic stroma, which calls for future studies of this rodent
in terms of finding dose-dependent responses with the
objective of elucidating the reversibility of aging effects
through hormonal therapy.
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