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Histological analysis of rat prostate under exogenous testosterone and low dose of
oral selenium administration
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nutricional de selénio
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ABSTRACT

Objective: to verify selenium effectiveness in maintenance of prostate tissue
architecture. Method: experimental study using 20 adult 90-day-old male rats divided
into the following groups: TG, 05 animals that received injectable testosterone; TSG, 05
animals that received injectable testosterone and weekly doses of selenium by gavage;
CG1, 05 intact animals; CG2, 05 animals that received saline injection and saline by
gavage. Results: characteristic architecture was found in tissue samples from animals
of CG with cubic/prismatic secretory epithelium surrounded by fibro-muscular stroma.
Animals of TG showed an increase in prostatic epithelium height, increase in the
number of blood vessels in stroma and presence of proliferative lesions. Proliferative
lesions were also found in tissue samples from animals of TSG, besides having improve
in epithelial height, as seen in TG. Conclusion: it is concluded that selenium at this
concentration has no effectiveness in modulating morphology of prostatic tissue of
adult rats.

Descriptors: Prostate; Testosterone; Selenium compounds.

RESUMEN
Objetivo: verificar la eficacia del selenio en mantener la morfologia tisular. Método:
estudio experimental, utilizando 20 ratones machos adultos (5 animales/grupo),
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divididos en: TG, recibieron testosterona inyectable; TSG, recibieron testosterona
inyectable y dosis semanales de selenio por gavado; CG1, animales intactos; CG2,
recibieron solucion salina inyectable y por gavado. Resultados: una arquitectura
caracteristica fue encontrada en las muestras tisulares de los animales del CG, con
epitelio cubico/prismdtico envuelto por estroma fibro-muscular. En los animales del TG
la prostata presento un epitelio con células mds altas, un aparente aumento en el
numero de vasos sanguineos estromais, ademds de la presencia de lesiones
proliferativas. También se encontraron lesiones proliferativas en las muestras tisulares
de los animales del TSG, ademds de presentar mayor altura del epitelio, como vistas en
TG. Conclusion: se concluye asi que el Selenio, en esta concentracién, parece no ser
eficaz en la proteccion contra las modificaciones promovidas por la administracion de T
exdgena en ratas adultas.

Descriptores: Prostata; Testosterona; Compuestos de Selenio.

RESUMO

Objetivo: verificar a eficacia do selénio na manutencao da morfologia tecidual
prostatica. Métodos: estudo experimental, utilizando 20 ratos machos adultos, divididos
em: TG, 05 animais que receberam testosterona injetavel; TSG, 05 animais que
receberam testosterona injetavel e doses semanais de selénio por gavagem; CG1, 05
animais intactos; CG2, com 05 animais que receberam solucao salina injetavel e por
gavagem. Resultados: uma arquitetura caracteristica foi encontrada nas amostras
teciduais dos animais do CG, com epitélio clbico/prismatico envolvido por estroma
fibro-muscular. Nos animais do TG a prostata apresentou um epitélio com células mais
altas, um aparente aumento no nimero de vasos sanguineos no estroma, além da
presenca de lesoes proliferativas. Também foram encontradas lesoes proliferativas nas
amostras teciduais dos animais do TSG, além de apresentarem maior altura do epitélio,
como vistas no TG. Conclusao: conclui-se assim, que o selénio, nesta concentracao,
parece nao ser eficaz na protecao contra as modificacoes promovidas pela administracao
de T exdgena em ratos adultos.

Descritores: Prostata; Testosterona; Compostos de Selénio.

INTRODUCTION

Prostate gland is the only gland in male reproductive system found in all
mammals’. In rodents it is divided into three pairs of distinct lobes being called lateral,
ventral and dorsal according to their location in relation to urethra. These lobes are
connected to urethra by ducts, which are functionally similar to the human prostate?.
Benign Prostatic Hyperplasia (BPH), an androgen-dependent disease, affects about 10%
of men in early 30s and is found in 90% of mans over 90 years old?. Regarding prostate
cancer, prostate cancer is the most frequent cancer in men and it is diagnosed in 18% of
the males to the end of their lives3.

Cancer is an uncontrolled growth of cells that escape the control of regulatory

factors that promote formation of an abnormal mass of tissue“. Several mechanisms are
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associated with BPH origin, highlighting the action of Dihydrotestosterone (DHT), a
precursor of the hormone testosterone (T). T comes into prostatic epithelial cells
where it is converted to DHT by the enzyme 5a-reductase. DHT binds to nuclear
androgen receptor (AR) triggering the expression of specific genes in the synthesis of
proteins that promote epithelial cell proliferation. Furthermore, DHT stimulates
prostatic stroma produce and secrete growth factors that induce cell proliferation*.

Regression of BPH after decreasing of androgens serum levels and experimental
observation that rats treated with T develop adenocarcinoma of the prostate, had
showed an association between prostate cancer and these hormones. Androgens do not
operate in prostatic genes and only accelerate the growth of pre-existing neoplasms3.
Furthermore, studies have shown a significant decrease in prostatic proliferation
discontinuation of administration of these hormones, and that surgical (bilateral
orchiectomy) and chemical (using antiandrogens) castration promotes intense
physiological and morphological prostatic regression’-8.

Found in foods such as Brazil nuts, cereals, grains and vegetables, and in several
enzymes molecules such as glutathione peroxidase and thioredoxin reductase, selenium
is @ micronutrient that has proven antioxidant action®''. Historically, this has been
considered a toxic and carcinogenic element. Its use as anticancer began after 1982,
when results of a study showed that selenium had chemo-preventive action in mammary
carcinogenesis. Since then, selenium was widely studied as anticarcinogenic, and this
effect has been shown in several experimental models'® 3.

Several studies relating selenium supplementation with immune response, using
tumors as a model, have shown that this nutrient in many cases can reduce or inhibit
tumor growth, both in humans an rodent models’". Decreased in incidence of cancer
by selenium intake has been shown in epidemiological studies in humans and other
animals with selenium supplementation showed a reduction in tumor incidence or
tumor size. However, mechanism responsible for this phenomenon is not yet clear, but
it is believed that action of selenium in inhibiting tumor growth may comprise the
following processes: Antioxidant action on selenoproteins, anti-inflammatory effect
associated with immune system, and also changes in gene expression that might block

cell cycle progression or induce apoptosis in both tumor and stromal cell precursors'? 6
18
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This work aimed to verify selenium effectiveness in maintenance of prostate

tissue architecture.

METHOD

Experimental study using 20 adult male Wistar rats, 90 days old were used. All
animals used in this project were purchased and kept in a vivarium of the Veterinary
Hospital of the University Center of Rio Preto - UNIRP in opaque plastic cages with
stainless steel lid with five animals each. During the trial, the environmental conditions
were controlled: Temperature (22 + 2°C), relative humidity (55 + 10%) and period 12/12
light/dark hours. All animals received water and feed ad Nuvilab-CR1 (Nuvital, PR) ad
libitum.

Animals were randomly divided into four groups: two control groups (CG1 and
CG2) and two experimental groups (TG and TSG). TG group with 5 adult animals
received 0.25 mL for 21 days of testosterone cypionate subcutaneously at a
concentration of 25 mg/mL, at intervals of 48 hours'®. TSG group with 05 adult animals,
received testosterone cypionate, subcutaneously, similarity TG group, and weekly doses
of selenium (1 mg/kg) by gavage. Control groups were formed by 5 adult intact animals
(CG1), and 5 animals that received for 21 days subcutaneous injection of 0.25 mL of
saline and weekly doses of saline by gavage (CG2).

Animals received intramuscular administration of ketamine hydrochloride
(Dopalen - 90 mg/kg) and Xylazine hydrochloride (Rompun - 10 mg/kg) that were made
to collect 5 mL of blood. Then the euthanasia was made by overdose of same anesthetic
described. After necropsy, the prostates were fragmented and immersed in fixative for
24 hours. Animal handling and experiments were done according to the ethical
guidelines of Rio Preto University Center, following the Guide for Care and Use of
Laboratory Animals (Protocol CEUA-UNIRP 593/2013).

Fragments of prostates were fixed in paraformaldehyde and dehydrated in
increasing alcohol series 70-100%. The fragments were included in paraffin and then
cleared in xylene (two baths of 1 hour and 30 minutes). Then the fragments were
embedded in paraffin. The histological sections were stained for Haematoxylin-Eosin

(HE)? for general morphological studies of prostatic tissue.
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Analysis was conducted on Axioskop 2-Mot Plus Zeiss microscope (Carl Zeiss,
Germany), using AxioVision software for image analysis.

The mean heights of the ventral prostate and seminal vesicle epithelium were
determined by 800 random measures at 800x magnification in 10 random fields from
the intermediate region for each experimental group, using Image-Pro Plus computer
software, version 6.0 (OMedia Cybernetics) for Windows®.

Values are expressed as mean. One-way Anova analysis of variance was
performed to determine whether differences existed between all groups (P < 0.05), and
then the Tukey-Kramer post-test was useded to determine the significance of the
differences. A P value of <0.05 was considered significant. The statistical tests were

performed on Statistica 7.1 computer software (© StatSoft Inc.).

RESULTS

Prostate tissue of CGs animals showed characteristic architecture (Fig. 1a), with
secretory epithelium, cubic/columnar epithelial cells and with large amount of
secretory vesicles (Fig. 1b). In addition, numerous basal cells have been identified in
the epithelium (Fig. 1b). These cells are known to be characteristics of stem cells and
are responsible for the renewal of epithelial cell populations. Lumen of prostatic acini
presented filled secretion from epithelial cells, demonstrating the high activity of
epithelial secretory cells.

The muscular stroma showed a thin layer consisting of smooth muscle cells
surrounding the epithelium that forms the secretory acini. Furthermore, in non-muscle
stroma was found few extracellular matrix fibers and various blood vessels responsible
for irrigation of stroma and epithelium of prostate (Fig. 1c).

Analysis of prostate tissue from TG animals showed an increase in epithelial
height and an increase in secretory activity of epithelial cells. Was noted presence of
secretion in the lumen of the prostatic acini. Furthermore, the epithelium showed
proliferative characteristics, such as stratification and presence of numerous folds into
prostatic lumen (Figs. 2Aa-b).

Larger prostatic acini were found in the TG group, and the muscular layer
surrounding these acini appeared thinner as compared with the muscular layer

surrounding the prostatic acini group CG (Fig. 2a). In prostatic stromal compartment of
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TG animals, there has been a large volume this compartment, which an increase in the

apparent volume of the non-muscle stromal compartment.

Figure 1 - Histological prostate sections of CG1 and CG2, stained with
hematoxylin-eosin. Note secretor epithelium with secretory vesicles (a, b,
c). In the stroma, note blood vessels and fibroblasts (c) L: lumen; S:
stroma; epi: epithelium; smc: smooth m muscle cell; arrow: basal cell;
arrowhead: fibroblast; bv: blood vessel.

Even in the stroma, the prostate of animals TG was found a lot of blood supply,
with higher frequency of small caliber blood vessels (Figs. 2c and e). Besides excessive
proliferation of TG prostate epithelium, some proliferative lesions could be identified
as hyperplasia (HYP) and prostatic intraepithelial neoplasia (PIN) (Figs. 2d-f).

Prostatic epithelium of TSG showed high cells with large secretory activity,
which shows intense proliferative activity (Figs. 3a-b). The epithelium showed a large
amount of folds, in which it may be noted that the cells had proliferative activity
points because there is stratification (Fig. 3d).

Foci of PIN and HYP could be identified in the epithelium of the TSG group of
animals. Surrounding epithelium of prostatic acini was found a smooth muscle layer,
forming muscle stroma (Fig. 3d). In non-muscular stroma, which showed large amount
of extracellular matrix fibers, were identified a large amount of blood vessels (Figs. 3c
and e).

Morphometrical data of prostate epithelium height showed statistical
difference between all groups (P < 0.05) with 6.85 um in CG, 12.6 um in TG and 13.37
um in TSG prostate epithelium (Table 1).
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Table 1 - Morfometrical data of prostate epithelium.

Group Epi Height (um) Std Err
CcG 6.85° 0.07
TG 12.6° 0.10
TSG 13.37¢ 0.08

Note: CG: Control Group; TG: Testosterone Group; TSG: Testosterone and
Selenium Group. Different indices means significant differences between
groups.

Figure 2 - Histological prostate sections of TG, stained with
hematoxylin-eosin. Proliferative epithelium with intense secretory
activity (a, b, c), and presence of proliferative lesions, like PIN (d, f).
In stromal compartment, note blood vessels (e) L: lumen; S: stroma,
epi: epithelium; smc: smooth muscle cell; arrow: secretion; arrowhead:
fibroblast; bv: blood vessel; PIN: Prostatic Intraepithelial Neoplasia.
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Figure 3 - Histological prostate sections of TSG, stained with
hematoxylin-eosin. Epithelium with numerous secretory vesicles (a, b, c).
Presence of proliferative lesions like HIP (d). Blood vessels are present in
the stroma. L: lumen; S: stroma; epi: epi thelium; smc: smooth muscle
cell; arrow: secretion; bv: blood vessel; HYP: Hyperplasia.

DISCUSSION

In this study we used selenium, a micronutrient that has been considered to be
an anti-oxidant with anti-inflammatory and anti-viral activities?!, to verify the
effectiveness of this compound against proliferative lesions in rat prostate. Selenium
has been associated with two aspects: Initially the only concern for this element was its
toxicity; nowadays it is recognized that this element can prevent certain types of
cancer?.

Prostate tissue of CG animals were in accordance with those expected for the
prostatic epithelium of rodents? including basal cells that are responsible for the
renewal of epithelial cell populations and high of epithelium.

Androgens are essential for prostatic growth and development but they also
have a significant function in prostate disease pathogenesis?*. Both normal and
pathological growth of the prostate is dependent on dihydrotestosterone (DHT). In this
way, all features found in prostatic compartments of TG prostate demonstrated the

action of T in maintaining proliferative and secretory activity of this gland and cell
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proliferation in prostatic epithelium, that can be responsible for the emergence of
various proliferative lesions’-?>,

In TSG, epithelial height and morphological prostate characteristic were very
similar than the TG, that denotes the role of T in modulation of epithelial architecture
and the ineffectiveness of Se in protect epithelial gland against T stimulant effects.
Proliferative activity was evident, as seen in TG, due epithelium stratification and
presence of innumerous blood vessels in stroma. This proliferation can be responsible of
emerging proliferative lesions foci?®, as HYP, a disorder that has been identified in man
and is associated with prostate cancer?’-28,

Is not known yet the mechanism by which Selenium act as an anti-carcinogenic
element, but several speculative hypotheses have been proposed. It is well established
that the most effective dose of Selenium for cancer protection is at elevated levels,
often called supra-nutritional or pharmacological levels??. This may explain why the
dose used in this study (1 mg/Kg) did not cause the protect effect against
morphological modifications promoted by T in prostate gland tissue. The suggested
mechanisms of Se action include effects upon apoptosis, DNA repair, activating immune
system pathways, working as an anti-angiogenic agent and its specific inhibition of

tumor cell growth by certain Selenium metabolites?2.

CONCLUSION

As secretory activity and epithelial characteristics, as well as the presence of
proliferative lesions were also described in both TG and TSG groups, it can be
concluded that administration of selenium in concentration of 1 mg/Kg seems to have
no effectiveness in modulating morphology of prostatic tissue of adult rats when under
influence of exogenous testosterone, which is known to promote morphological and
physiological modification in this gland.

However, through these studies, it was not possible to determine the real
reason for this low dose of selenium intake did not promote some protection against
testosterone stimulation. Further research is needed in order to compare different
concentration of Selenium and understand the mechanisms which this mineral act in

prostate tissue.
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