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Summary

The female organs, which are regulated by steroid hormones, are the targets of many
studies and in particular those related to senescence. However, although the female
prostate is an organ influenced by hormones and susceptible to pathological lesions,
there is little information known about its histopathology. Thus, given the morpho-
physiological similarity between the paraurethral glands (female prostate) in women
and female gerbils, the present study aimed to identify the spontaneous histopathologi-
cal changes in the rodent and thus to contribute to the understanding of lesions that also
affect the human female prostate. The structural, ultrastructural, immunohistochemical,
morphometric-stereological and serological aspects, were analyzed and the incidence,
multiplicity and percentage of acini affected by different lesions were quantified. Benign
prostate lesions including hyperplasia, prostatitis, microcalculi and calculi; preneo-
plastic lesions like dysplasias; premalignant lesions such as high grade prostatic intra-
epithelial neoplasia, as well as malignant ones (specifically adenocarcinoma), were
identified in the adult gland. They were intensified during senescence, which is possibly
due to the imbalance among steroid hormone levels. Although clinical attention focuses
on other urogenital organs, the real possibility of histopathological lesions in the human
female prostate should be considered. Preventive work with regard to the female
prostate might be applied in a gynaecological context in order to monitor the gland and
avoid possible disturbances to women’s health, and thus improve quality of life.
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The ageing process is accompanied by a natural decrease in
endocrine activity and a concomitant physiological decline that
favours the development of histopathologies in the organism.
According to Chahal and Drake (2007), glands suffer the effects
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of ageing. Since most of their functions are interrelated, a
reduced function of a particular one could affect the others.

The functioning of the female genital apparatus during the
climacteric period is a subject of tremendous concern
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because of its hormonal dependence. However, these studies
focus on changes in many organs, such as the breast, endo-
metrium, ovaries and the uterus (Labrie 2006; Yeh 2007),
whereas knowledge on the prostate during that period is
scarce (Zaviaci¢ 1999; Custodio et al. 2004, 2008).

The occurrence of the female prostate has been reported
in several mammals, including humans (Zaviac¢i¢ 1999) and
rodents (Shehata 1980) while its morphophysiological (Gross
and Didio 1987; Zaviac¢i¢ 1999; Santos et al. 2003; Custodio
et al. 2004, 2008) histochemical-enzymatic and immunohisto-
chemical aspects (Tepper et al. 1984; Wernet et al. 1992)
show a similarity to the male prostate.

Researches related to this gland in women are restricted
to postmortem collection, which reduces relevant knowledge
and hinders the study of spontaneous injuries. But the use of
rodents as experimental models enables understanding of the
biology in this gland, corroborated by quantitative and phys-
iological studies, as well as experiments on hormonal manip-
ulation already published (Santos et al. 2003, 2006, 2008;
Custodio et al. 2004, 2008; Santos & Taboga 2006). The
Mongolian gerbil (Meriones unguiculatus) has become an
important biological model for studying the female prostate
because of its similarity to the human gland. Thus, the
present study on the gerbil female prostate fills a gap in the
knowledge of the pathological processes that spontaneously
develop in this gland and may provide possible contributions
to the understanding of injuries that affect this gland in
women.

Material and methods

Animal and sample preparations

Forty-five female gerbils (Meriones unguiculatus, Gerbilinae:
Muridae) were used for this analysis, with 15 animals used
for each phase of postnatal development: young (1 month),
adult (4 months), and senile (18 months). The animals were
maintained under conventional conditions of temperature
and humidity (25 °C, 40-70% relative humidity, 12-h
light/12-h dark), with free access to chow and water. After
being anesthetized by CO, inhalation, the animals were
decapitated. Blood samples from some of them were
collected for serological analysis. The urethra plus adjacent
tissues were dissected out using an Olympus SD-ILK stereo-
scopic microscope (Olympus Optical Co. LTD, Tokyo,
Japan) to remove the adipose tissue and isolate the prostatic
tissue plus the associated urethral segment. The separation
of these components was performed by sectioning it at the
base of bladder to obtain a block containing the entire
Tokyo, urethra and prostate gland (UPG).
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Animal care was performed according to the ethical guide-
lines of the Commission for Ethics in Animal Experimenta-
tion (CEEA) at the University of Campinas (UNICAMP),
Sdo Paulo, Brazil (process N° 1213-1).

Serological analysis

After the animal’s decapitation, blood was colleted and the
serum was separated by centrifugation (300 g) and stored at
—20 °C for subsequent hormone assay. The determination of
serum T levels was performed by luminescence immunoassay
(mouse antitestosterone antibodies; Johnson & Johnson,
Orthoclinical Diagnostics Division, Rochester, NY, USA) in
an automatic analyzer: Vitros-ECi (Johnson & Johnson,
Orthoclinical Diagnostics Division) for ultrasensitive chemi-
luminescence detection. The intraassay and interassay varia-
tions were 4.6 and 4.3% respectively. The tests are linear
from 0 to 30 ng/ml (detection level). The sensitivity was
0.1-150 ng/ml for T and 0.1-3.814 pg/ml for E and for
DHEA.

Structural analysis

The UPGs were fixed by immersion in Karnovsky’s solution,
or in 4% paraformaldehyde, during 24 h. After fixation, the
tissues were dehydrated in ethanol gradient cleared in
xylene, embedded in paraffin (Histosec, Merck, Darmstadt,
Germany) or glycol methacrylate resin (Historesin embed-
ding kit, Leica, Nussloch, Germany), and cut into 3 pm sec-
tions with a automatic rotatory microtome (Leica RM2155).
Histological sections were stained with haematoxylin—eosin
(H&E), Gomori’s reticulin, Feulgen reaction and AgNOR
method. The specimens were analyzed with a Zeiss-Jenaval
(Zeiss-Jenaval, Jena, Germany) or Olympus BX60 light
microscope (Olympus, Hamburg, Germany), and the images
were digitalized using the Image-Pro Plus version 4.5 for
Windows software.

Immunocytochemistry analysis

Sections of 4% paraformaldehyde-fixed female prostates
were subjected to immunocytochemistry for detection of
Proliferating Cell Nuclear Antigen (PCNA). For immuno-
histochemical analysis, the sections were deparaffinized,
rehydrated through graded alcohol, and antigen retrieval
was performed in 10 mM citrate buffer pH 6.0, at 100 °C
for 15 min. The blockade of endogenous peroxidases was
obtained by covering the slides with H,O, (3% in methanol)
for 5 min. After pretreatment, the sections were incubated
for 2 h at 37 °C with mouse anti-mouse PCNA antibody
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(1:1000 Santa Cruz Biotech, Santa Cruz, CA, USA) diluted
in 1% bovine serum albumin in Tris-buffered saline (TBS).
After the slides were washed in TBS and incubated for
40 min at 37 °C with NovoLink Polymer (Novocastra Labo-
ratories, New Castle, UK). After more washing in TBS, the
sections were visualized by diaminobenzidine (DAB) solution
and then counterstained with routine haematoxylin.

Ultrastructural analysis

The UPG fragments were fixed by immersion in 3% glutar-
aldehyde plus 0.25% tannic acid solution in Milloning’s buf-
fer, pH 7.3, containing 0.54% glucose for 24 h. After
washing with the same buffer, they were postfixed with 1%
osmium tetroxide for 2 h, washed again, dehydrated in
graded acetone series, and embedded in Araldite resin. Ultra-
thin sections (50-75 nm) were contrasted with 2% uranyl
acetate followed by 2% lead citrate in sodium hydroxide
solution. The samples were evaluated with a LEO-Zeiss 906
(Zeiss, Cambridge, UK) transmission electron microscope
operated in 80 kV.

Morphometric analyses

Nuclei of epithelial cells, stained by AgNOR method, with
the following numbers of nucleoli: zero (not detectable),
one, two, and more than two were counted in 25 random
fields selected by age. The nucleolus number obtained was
divided by totally nucleus analyzed in the respective fields.
The absolute values found were converted into percentages.

Quantification of the prostatic disorders

To perform this analysis, histological sections stained with
H&E from 10 adult and senescent animals were randomly
chosen. Young animals were not subjected to such
measurements since they did not exhibit any kind of lesion
and were considered as control young group. The lesions
were classified according to Shappell et al. (2004) in addi-
tion to the Classification of Urinary System Tumors and
Male Genital Organs from the World Health Organization
— WHO (2004). Thus, lesions classified as benign were
prostatic hyperplasia, microcalculi, prostate calculi and
prostatitis; the premalignant ones were high-grade prostatic
intraepithelial neoplasia (PIN)

adenocarcinomas. The more intense disorders of tissue

and malignancies were
architecture were identified as dysplasia. Although PIN can
be classified by the WHO (2004) as low or high grade,
and both have been identified in the gland, only the latter
was quantified.

The incidence (injury diagnosis/sample) of lesion in the
gland was obtained by identifying the different lesions in
relation to the total sample number, while the multiplicity
(specific number of lesions/ sample) was calculated by the
frequency each lesion was identified in the histological sec-
tion in relation to the total number of examined animals.
The percentage of lesions per acinus was determined by the
number of acini that developed lesions in relation to the
total number of acini in the histological section. The acinar
profile was indicated by the number of acini identified in
each histological section in relation to the total number of
acini in the whole group sample.

Statistical analysis

All the statistical tests were performed with Statistica 6.0
software (StarSoft, Inc., Tulsa, OK, USA). The quantitative
results are expressed as mean = standard deviation, and the
analysis of variance and Tukey honest significance difference
(HDS) tests were applied, with P < 0.05 was considered sta-
tistically significant.

Results

Evaluation of the hormonal serum levels

The adult age group presented higher serum levels of DHEA,
T and E than the other ages, and during senescence the lev-
els of DHEA and T showed significant reduction (Table 1).
The rations between the levels of T and DHEA during all

Table 1 Serological dates of the young, adult and senile female
Mongolian gerbil (7 = 15/age)

Serological data

Ages

Hormones Young Adult Senile
Dehydroepiandrosterone ~ 2.16 = 0.1*  2.66 = 0.3* 1.52+0.1"

(DHEA) (ng/ml)*
Testosterone (T) (ng/ml)* 0.60 = 0.08" 1.48 = 0.5% 0.18 = 0.05"
Oestrogen (E) (pg/ml) 22.50 £ 1.6 25.02 £2.9 18.56 = 2.0
T/E ratio 0.027 =+ 0.005 0.06 = 0.1 0.01 = 0.028
T/DHEA ratio 0.28 +0.78 0.56 = 1.6 0.12 = 0.35

Values represent mean = SD and asterisks represent statistically sig-
nificant differences between the ages (P < 0.05). Superscript letters
() represent statistically significant differences between the ages.
Statistical analysis based on the aNova and Tukey Tests. Ratio
between the serum levels of T/DHEA and T/E in relation to the
ages of postnatal development is showed (Mean = SD).
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Figure 1 (a) Structural aspects of the
control young female prostate. General
view of the gland (g) with epithelium
compartment (ep) inserted in the fibro-
muscular stroma (s) H&E. Bar 200 pm.
(b-h) Histopathological aspects of the
female prostate disorders in old gerbil
stained by H&E. (b) Gland general
aspect with epithelial hyperplasia. Strat-
ified secretory epithelium (ep) inserted
in dense stroma (s). Bar 100 pm.

(c) General view of an acinus with in-
traepithelial neoplasia (PIN) containing
several intraepithelial arcs (*). Bars
200 pm. (d) Alveolus with dysplasia
and prostatic calculi (arrows) scattered
although lumen (/) (smc smooth muscu-
lar cells, bv blood vessel). Bars 200 um.
(e) General view of an acinus with
intraepithelial neoplasia (PIN) contain-
ing several intraepithelial arcs (*). To
this lesion is associated inflammatory
cells (ic). Bars 100 pum. (f) Detail of the
gland showing the atrophic epithelium
with extremely flat cells and micro-
calculi disperse throughout the lumen
() (co collagen). Bar 50 um. (g-h)
Epithelial compartment (ep) proliferated
showing prostatic intraepithelial
neoplasia (PIN) and atypical cells. Bar
10 pm.

the ages of postnatal development were ten times higher that
the ratios levels of T and E, however both hormonal rations
were highlighted in adulthood (Table 1).

Structural and ultrastructural analysis

The control young group showed a developed epithelial

compartment inserted in vascularized and innervated
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fibromuscular stroma (Figure 1a). All animals of this
experimental group had no histopathological disorders.
Continuous reticular fibre arrangements of the stroma
contact with epithelium
(Figure 2c¢). Although some injuries were identified in the
adult gland, the histological documentation was restricted
to the senescent gland due to the higher lesion incidence
found during this age. The structural analyses of senescent

were observed in intimate
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Figure 2 Histopathological aspects of the female prostate in old gerbil. (a) Gland alveolus showing morphologic disarrangement and
cellular proliferation (left) distinguishing the adenocarcinoma contrasting with normal alveolus (right) (ep epithelium, / lumen,

s stroma, smc smooth muscular cells, bv blood vessel). H&E. Bar 100 pm. (a’) Detail of anomalous cell proliferation with inflamma-
tory cells (arrows). Bar 20 pm. (b) Disarrangement of the reticular fibre (left) distinguishing the adenocarcinoma contrasting with
normal one (right) (ep epithelium, [ lumen, s stroma, bv blood vessel). Gém&ri’s stain. Bar 100 um. (b’) Detail of the fragmentation
reticular fibres network in the basal lamina (double arrows) and stroma (arrows). Bar 20 pm. (c) In the normal acini, continuous
basal lamina (double arrows) and organized reticular fibres network (arrows) is observed (I lumen, ep epithelium). Gomoéri’s stain.
Bar 20 um. (d) Anomalous epithelium cells proliferated with local invasion to stroma (arrowheads) associated with inflammatory
cells distinguishing the adenocarcinoma of the gland (asterisk prostatitis, ep epithelium, bv blood vessel). H&E. Bar100 pm.

(e) Adenocarcinoma of the gland stained by Feulgen reaction. (arrowbheads epithelium cells proliferated, asterisk prostatitis). Bar

100 pm. (f) Detail of the base’s epithelium, stained by Géméri’s stain, where can observe disrupted subepithelial (double arrows)
reticular fibres and in the stroma (arrows) (asterisk epithelium cells). Bar 20 pm. (g) Detail of adenocarcinoma stained by Feulgen
reaction showing different intensity of reaction in the chromatin. Note that dark inflammatory cells (arrows) and clear epithelial
tumour cells (asterisk) (ep epithelium, s stroma). Bar 20 pum.
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Figure 3 PCNA immunocytochemistry counterstained by haematoxylin. (a—c) Epithelial compartment of control female prostate free
of the histopathology disorders. Demarcation of nuclear proliferation is very low in normal epithelium (immunoreactive nucleus is
brown). Bars: (a) 200 pum, (b) 100 pum, (c) 50 um. (d-h) Hyperplasic secretory epithelial compartment with large number of positive

PCNA cells. Bars: (d,e) 200 um, (f=h) 50 pm.

prostate exhibited important alterations
(Figures 1b-h and 2a-g).

compartment showed a cellular and stromal hyperplasia

morphological
The epithelium and stromal

(Figure 1b). Prostatic calculi (Figure 1d) and multiples mic-
rocalculi (Figure 1f) were observed disperse throughout the
lumen. Some alveoli had lost their structural organization
showing the glandular dysplasia (undocumented data).
Atypical cells observed in proliferating epithelium too
showed nucleus with more that one nucleolus being
identified premalignant lesions, like the high grade PIN
(Figure 1c, e, g, h). Inflammatory cells were showed in the
epithelium and lumen (Figures le and 2d,e), which in the
latter a prostatitis was identified. The anomalous cell pro-
liferations with disarrangement of the reticular fibres was
an important tool for distinguishing an adenocarcinoma of
the gland (Figure 2b,f).

© 2009 The Authors

The immunohistochemical analysis reveal that the normal
epithelium of the female prostate presented few cells immu-
noreactive to PCNA reaction (Figure 3). While in glands
that showed some disorders, such as hyperplasia, the
number of cells positive PCNA was remarkable.

The ultrastructural analyses of the prostate
(Figure 4a—d) showed a typical atrophic epithelial cells
(Figure 4a) but its endomembrane system remained integrity

senile

with secretory organelles few developed. The formation of
(Figure 4b)
(Figure 4c) showed the disarrangement in the glandular

the intraepithelial arches and microlumens
ultrastructure. A dense stroma characterized by thick colla-
gen layer was found in the subepithelial region (Figure 4a)
and also between stromal cells such as fibroblasts and
smooth muscle cells (Figure 4a). A continuous basement

membrane limited the epithelial compartment in benign
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lesion, (inset of Figure 4a), while the disruption in this struc-

ture (Figure 4d) probably allowed epithelial cells to spread
into the stromal region, which characterized malignant
lesions of the senile prostates.

Analysis of nucleoli

The nucleoli of secretory epithelial cells in young prostates
varied significantly, and in adulthood their frequency had

Figure 4 Ultrastructural aspects of the
senile female prostate exhibiting disor-
ders histopathology. (a) Squamous
epithelium constitutive by secretory cells
(sc) of heterogeneous phenotype and
voluminous nucleus (1), with lipid
droplets (white arrows) dispersed
although cytoplasm and microvillous
(black arrows) in its apical superficies.
Dense stroma containing abundant
collagen fibres (co) and smooth muscu-
lar cells (smc) which are below of the
continuous basement membrane (bm).
Bar 5.5 um. Inset: Detail of the basal
lamina showing the ultrastructural
integrity. Bar 1.0 um. (b) Detail of the
intraepithelial arcs in early stage

(7 nucleus). Bar 1.86 um. (¢) Micro-
lumens (full arrows) characteristics of
the PIN high grade with cribriform
pattern (sc secretory cell, 7 nucleus,
dark arrows microvilous). Bar 0.7 pm.
(d) Shown are fenestrations (full
arrows) in the basement membrane
(bm) allowing the contact between
epithelial and stromal compartments
designating a possible malignant
disorder (1 nucleus, co collagen). Bar
0.7 pm.

dropped by almost 50%. The adult epithelial cells showed a
significant rise in the number of nuclei without detectable
nucleoli, which, moreover, were absent in senescence, the
phase during which nuclei with a single nucleolus were sig-
nificantly decreased. Those nuclei with two nucleoli were
most abundant in adult cells, reducing significantly in senes-
cent prostatic epithelium. The number of nuclei showing
more than two nucleoli was reduced among adults, but rose
significantly during senescence (Table 2).

© 2009 The Authors
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Table 2 Percentage distribution of the nucleolus number by nuclei in secretory epithelial cells of the female prostate in young, adult

and senescent ages

% of the nuclei containing each number of nucleoli

Number of nucleoli in each nucleus

Ages 0* (not detectable) 1* 2% More than 2% Average number of nucleoli in group*
Young 3.41+1.45° 5.85+1.52° 7.63 = 1.82% 83.09 = 3.68° 38.79 = 3.35%
Adult 9.11 = 1.98" 9.74 = 2.67° 12.56 = 2.75° 68.57 = 5.34° 20.96 = 1.32°
Senile 0.00 = 0.00* 210=1.27° 0.83 +0.58° 97.05 = 1.69¢ 31.32£2.23%

Values represent mean = SD and asterisks represent statistically significant differences between the ages (P < 0.05). Superscript letters (

a,b,C)

represent statistically significant differences between the ages. Statistical analysis based on the ANova and Tukey Tests.

Table 3 Quantification of the prostatic disorders: lesion incidence and multiplicity, lesion percentage per acinus and acinar profile

inter-ages
Female prostate lesions
Benignant Premalignant ~ Malignant
Alveolus profile Dysplasias®* Hyperplasias Prostatitis  Prostatic micro calculi Calculi High-grade PIN Adeno-carcinoma
Adult
I (%) 20 70 10 30 30 30 10
M* 12.0 = 1.81 0.2+0.13* 2.1+087 03+0.3 0.5=0.30 0.6 = 0.33 0.6 = 1.07 0.1 = 1.0
% Lesions™ 2.67 +1.79* 16.7 + 4.63 1.30 = 1.30 3.25 = 1.81 4.16 £ 2.13 5.11 £ 3.10 1.0 £ 1.0
Senile
I (%) 90 100 20 30 30 20 20
M* 17.5 £ 2.57 1.9+0.54> 42+098 04=+0.30 1.4=085 0.5 £0.26 1.6 =£1.07 0.3 £0.21
% Lesions™ 10.28 + 1.90° 23.38 + 3.94 2.08 + 1.42 9.27 = 6.41 3.47 £2.02 6.51 = 4.37 1.74 = 1.16

Values represent mean = SD and asterisks represent statistically significant differences between the ages (P < 0.05). Superscript letters (

a,b,C)

represent inter-ages significant differences. Statistical analysis based on the ANova and Tukey Tests.

Quantification of the prostatic disorders

During the ageing process, there was an increase in the
multiplicity of all lesions, except for prostatic calculi. For
dysplasias, multiplicity was found to be 10 times higher in
senescent prostates than in adult ones. Prostatic hyperplasia
doubled its multiplicity, while microcalculi, PIN and adeno-
carcinoma were three times more frequent. The percentage
of lesion per acinus showed a significant augmentation dur-
ing ageing, while this increase was not significant in hyper-
plasia, prostatitis, microcalculi, PIN and adenocarcinoma.
An elevation in the acinar profile was observed between
adulthood and senescence (Table 3), but this change was not
statistically significant.

Discussion

According to Santos and Taboga (2006), besides the biologi-
cal implications related to this gland, the main focus in the

© 2009 The Authors

female prostate emanates from its capacity to develop severe
(1999)

reported that many previous pathological diagnoses have

lesions during senescence. However, Zaviaci¢
been imprecise. These diseases have been referred to as
urinary tract disorders and not as prostatic ones, due to
the acceptance of the vestigial concept and disbelief in the
importance of this gland to women’s health. Studies on the
gerbil prostate indicated that, apart from the early function-
ality presented by the female gland in relation to the male
one (Custodio et al. 2004), discrete morphological changes
were identified from adulthood (Custodio et al. 2008). In
males, on the other hand, this occurs only in senescence
(Pegorin de Campos et al. 2006).

The major proliferative disorder evaluated in the present
study was epithelial and stromal hyperplasia. This process
led to the glandular increase, evidenced by acinar expansion.
The consequence was observed in some epithelial metaplasia
regions. Folson and O’Brien (1943) reported that this

disorder is very frequent in women but little recognized and
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treated, and it should be included among the lower urinary
tract symptoms, similar to those observed in men. This dis-
order causes obstruction and urinary retention as well as a
greater injury of the urogenital system, as has been proven
at autopsy (Zaviaci¢ 1999). As well as in man, the prostatic
hyperplasia is characterized by progressive glandular and
stromal hyperplasia around the urethra, causing urodynamic
obstructions (Untergasser et al. 2005). Marcelli and Cunn-
ingham (1999) reported that the cellular dynamic caused by
increased number of cells, related to high proliferation and
low apoptosis, is one of the consequences of lumen enlarge-
ment in the prostate.

Starting from adulthood the incidence, multiplicity and
percentage of prostatic hyperplasia per assinus were expres-
sed. However, impairment occurred in senescence, during
which all the females expressed this lesion, thus strongly
relating it to age. The same is observed in the male prostate
and advanced age is one of the risk factors for the develop-
ment of this disorder (Carson & Rittmaster 2003; Untergas-
ser et al. 2005). Calculi, also diagnosed in the prostate, were
classified according to their size. Small structures, with crys-
talloid aspect, scattered in the luminal acini were identified
as microcalculi, while the real prostatic calculi had larger
dimensions and occupied most acini. The incidence of both
injuries showed no changes with ageing, but the multiplicity
of microcalculi doubled and calculi showed a slight decrease.
The calcification of the corpora amylacea or the precipita-
tion of prostatic secretion may be the responsible for the for-
mation of these structures that contribute to the symptoms
of lower urinary tract diseases (Klimas et al. 1985). Corpora
amylacea and prostatic calculi contain salts of magnesium
and potassium as well as calcium phosphate, calcium
carbonate and calcium oxalate that usually are found in
male benign prostatic hyperplasia (Geramoutsos et al.
2004). However, in the female gerbil, these concomitant
lesions were less frequent. These structures can obstruct
ducts and acini leading to inflammatory reaction that can
cause abscesses.

An increase in the incidence and multiplicity of inflam-
matory infiltrates also occurred along with ageing. This
benign lesion was identified in the lumen as well as in the
interstices around the acini and was sometimes associated
with adenocarcinoma. Zaviaci¢ (1999) reported that, for
a long period, these human female prostate infections were
known as female urethral syndrome and were treated as
urethral diseases. After the importance of this gland
became known, the infection, which is similar to the male
one, was called prostatitis and thus, appropriate therapeutic
strategies began. Currently, it is well established that the
most common infection of the female urinary tract, cystitis,

originates in the prostate on account of communication
among the prostate, the anterior wall of the urethra and
the vagina. Thus, when inflammation of this organ occurs
(prostatitis or Skenitis), the infection can spread throughout
the female reproductive tract, constituting the well known
urethro-prostato-cystitis.

Another lesion observed in the female prostate was char-
acterized by an anomalous proliferation of the epithelial
cells which were PCNA positive. Although this disorder was
observed in few animals, it was impaired with ageing since
its multiplicity tripled compared to adulthood. Such altered
cell proliferation is defined as a premalignant lesion (Lippman
& Hong 2002) known as prostatic intraepithelial neoplasia
(PIN) and classified as low or high grade (WHO 2004) due
to its complex architecture and morphological cell abnor-
mality. However, according to the WHO (2004), it is diffi-
cult to distinguish the low grade PIN from normal
epithelium and hyperplasia. Moreover, in clinical reports,
this type of cell proliferation can progress, but it may not
signify a potential lesion to the gland. Thus, despite low-
grade PIN having been identified in this study, only the high
grade PIN was analyzed. These lesions are heterogeneous
and consist of large cells with prominent nucleoli. According
to the cellular arrangement, it is possible to describe four
different morphological patterns of PIN including flat, tuft-
ing, micropapillary and cribriform (Brawer 1992; Shappell
et al. 2004; WHO 2004). This latter morphological pattern
was a common finding in our study and showed characteris-
tics similar to those described by Brawer (1992), where
intraepithelial arcs are organized to form micro-lumens in
acini. According to Mostofi et al. (1992), this arrangement
is an important lesion of premalignancy that can be con-
fused with prostate cancer.

As defined by cellular characteristics, adenocarcinoma was
also detected in female prostate, and its incidence doubled
with ageing. Moreover, this histopathology may be more
intense, since its multiplicity was three times higher than
in adulthood. This result, despite contradicting what was
reported by Zaviacic (1999), reinforces his hypothesis.
According to this author, the low incidence of female pros-
tate cancer is probably due both to delayed recognition of
its glandular functionality and to inaccurate diagnosis since
other female genital tissues, such as the urethra, are involved
in these disorders. In addition, as previously reported, immu-
nohistochemical studies found that this tissue is the origin of
many urogenital cancers (Huffman 1952; Dodson et al. 1994;
Ali et al. 1995, Sloboda et al. 1998; Islam et al. 2001; Kato
et al. 2005). Because of the morphological characteristics of
the female prostate, neoplastic cells may easily spread to other
urogenital organs. Furthermore, given the characteristics
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of malignant cells such as migration, uncontrolled prolifera-
tion and loss of cell differentiation, the prostate may experi-
ence unregulated malignant growth (Reynolds & Kyprianou
2006). The similarities between the human (Zaviaci¢ 1999)
and gerbil gland (Santos et al. 2003, 2006; Custodio et al.
2004, 2008; Santos & Taboga 2006) suggest that both
consist of a set of glands and ducts, positioned laterally to
the urethra and inserted into the fibromuscular stroma.
However, despite the existence of stromal constituents, the
female gland does not present an effective protection as
occurs in male prostate, whether in humans or rodents,
where the dense layer of smooth muscle cells and surround-
ing collagen form a prostate capsule (McNeal 1983; Pegorin
de Campos et al. 2006). Regardless of the severity of lesions,
the ultrastructural analysis of epithelial secretory and
stromal cells of the female gland showed no impairment of
their activity since the endomembrane system was intact and
functional.

While an important increase in the number of nuclei with
more than two nucleoli was noted in the epithelial cells of
the senescent female prostate, at the three ages of male post-
natal development these cells showed no nucleolus or only a
nucleolar corpuscle (Pegorin de Campos et al. 2006). How-
ever, these secretory cells of the female gland showed reduc-
tions in area, perimeter and nuclear form factor in old age
(Custodio ef al. 2008). According to Taboga ez al. (2003),
analysis of the nuclear form factor constitutes part of stan-
dard evaluation of prostatic lesions. Nevertheless, this factor
was not analyzed in the present study due to the variety of
lesions identified, which could hinder execution of this anal-
ysis. On the other hand, it cannot be hypothesized, based on
the reduced nuclear measurements, that there was a decrease
in the transcriptional activity during lesion development or
even postnatal development in general. On the other hand,
the ultrastructural features combined with the quantitative
analysis of the nucleolar percentage per nucleus demon-
strated significant cellular activity. In light of this result, it
can be verified that the DNA content in the nucleoli remains
determinant in the degree of cell proliferation (Trére 2000);
and the use of nucleolar phenotype is an indicator of meta-
bolic activation, as found in previous cancer studies (Derenzini
et al. 2000).

The histopathological impairment in the gerbil female
prostate during the ageing process was characterized by
increased incidence, multiplicity and percentage of lesions
per acinus in most of lesions diagnosed in the gland. This
result is probably related to the hormonal levels found in
those animals. Studies in women (Miller 2001) confirmed a
reduction in the steroid levels during senescence in associa-
tion with many pathological disorders that are not diag-
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nosed in women of reproductive age. However, analysis of
this experimental model showed that the histopathology
was detected from the adult age which coincides with the
elevation of the hormonal levels and the increase of the
ration between T/E and T/DHEA levels. On the other
hand, any type of lesion was identified in early life when,
despite the low steroid levels. Risbridger et al. (2003) using
E administration in hypogonadal mice and a model of aro-
matase knockout mice (ArKO) to study, respectively, the
actions of E and T in the prostate noted that the action of
these hormones individually caused only proliferative pro-
cesses without malignant alterations. A balance between
these steroids is critical to both normal prostatic function
and the development of histopathologies in this gland. In
this work, the relationship between T/E and T/DHEA lev-
els decreased over the ageing process. Probably, this reduc-
tion in the steroid levels is associated not only with
impaired ovarian function that is a hallmark of this phase,
but also with reduced DHEA levels. This steroid precursor
is converted into androgen and/ or E in the peripheral tis-
sues (Labrie ef al. 2005), which may also occur in the
prostate. Thus, an individual action of these steroids can-
not be the main cause of such changes. On the contrary, a
combined hormonal action may have a potential function
in this gland as indicated by studies showing the decreased
ratio between T/E and T/DHEA levels and its relation to
prostatic diseases.

The present investigation definitively shows, in the
female prostate, lesions which have long been identified in
male gland (McNeal 1983; Brawer 1992; Mostofi et al.
1992) and which present a higher incidence in senescence.
Moreover, it defines the quantitative reality of these pros-
tatic histopathologies through the analysis of incidence,
multiplicity and percentage of lesion per acini. The knowl-
edge of the pathological processes that affect the prostate
in both sexes requires a combination of multidisciplinary
expertise, especially in relation to cancer (Hsing et al.
2002). This approach includes epidemiological, urologi-
cal, pathological, biochemical, endocrinology genetic and
molecular data as well as the primary condition of
extreme importance: the total acceptance of the prostate
as a gland of the female genital apparatus which is predis-
posed to develop different type of lesions. Despite the sur-
prising reality of the female prostate presented herein, all
the clinical attentions, until now, have been focused on
other urogenital organs. Information on the biology of this
female gland, provided by experimental models and com-
bined with basic preventions performed during routine
urological examination, could be introduced into the
clinical context.
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