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SUMMARY: The spermatogenesis is regulated by the hypotalamus-hypophysis gonadal axis, and the androgens play a fundamental
role in their last stages. The administration of the antiandrogen flutamide interferes with the function of androgen dependent organs (Prostate
(P) and Seminal Vesicle (VS)). In this study flutamide (10mg/Kg b.w.) was injected to 10 mice and vehicle to the controls (n=6). The mice
were sacrificed at 24 (n=5) and 72 (n=5) hours. In testicular sections the tubular diameter (TD) and height of seminiferous epithelium (EH)
were measured. P and VS were macerated, and concentrations of fructose (VS) and zinc (P) were determined. No significant difference exists
in the DT among the groups. However, the 72 hrs group showed EH higher than the control (p < 0.01). The fructose is lower at 72 hrs (p <
0.01) interval, at which the biggest concentration of zinc is found (p < 0.01). The decrease of the EH could be explained by the detachment of
the elongated espermatids, due to the blockade effect on the testosterone activity, without being reflected in the TD at this short interval. The
decrease of fructose clearly shows the deprivacion of androgens, whereas the elevated concentration of prostatic Zn at 72 hrs suggests

deficiency in the secretion of Zn to the seminal plasma.
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INTRODUCTION

The spermatogenesis is the sum of the processes that
finish with the production in the adult sperm. Along this
process, we can observe different cellular types:
spermatogonia, spermatocytes and spermatids that finally
will give origin to the spermatozoa (Arrau et al., 1975).

In mouse spermatogenesis 12 stages have been
described. In a cross section of seminiferous tubules only
one of these stages is appreciated (Arrau et al.).

Diverse studies have reached to the conclusion that
the hormonal regulation of the spermatogenesis is in charge
of a complex system, the hypothalamus-hypophysis-gonadal
axis. Specific hormones participate in each level and in turn,
they are regulated by a negative feedback system. The
hypothalamus as first step secretes releasing factors which
stimulate the hypophysis with the consequent liberation of
gonadotrophins: LH and FSH. The first one acts on the
Leydig cells in the intertubular compartment, stimulating
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the production of testosterone. In turn the Leydig cell
presents two sistems of negative feedback pathways, one
acts inhibiting the production of LH in the hypophysis and
the other one inhibiting the synthesis of testosterone. On the
other hand, the function of FSH has not been determined
with certainty. It is believed that it would participate
regulating the early developmental periods of the
spermatogenesis, and its production would also be regulated
by a system of negative feedback by a molecule liberated
via the Sertoli cells called inhibin (Arrau et al. and
Steinberger, 1975).

The Sertoli cell, considered as a nurse cell for the
germinal cells, elaborates a protein binder of androgens
(ABP) that would be a facilitator to transfer testosterone to a
receiving germinal cell.

The androgens fullfil a fundamental and indispensa-
ble role in this process. Their effect is achieved by means of
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the binding to androgen receptors(AR) that promotes
genomic activity, thus acting as transcription factors.

There are two types of AR (A and B) being this last
one preponderant in all tissues. The site of binding to the
ligand is the carboxyl end and adjacent to this, the site binds
to the DNA. The differences among the two receptors are
in the amino end (Wilson & McPhaul, 1996).

The binding of the androgens to the receptor causes
two conformational changes that allow the migration and
binding to the DNA. These changes involve two segments
of the carboxyl end of different molecular weights, 35KDa
and 29 KDa, related each one respectively with a change
(Brinkmann et al., 1999).

One of the methods utilized to study the effect of
testosterone in their target cells, is the administration of
antiandrogens like flutamide, a non esteroidal molecule, In
the organisms, this molecule is metabolized to 2-
hidroxyflutamide and it blocks the receptors competitively
with effects similar to those provoked by nilutamida
(Brodgen & Clissold, 1989). The union of flutamide to the
AR causes inactivation of receptors by producing a
conformational change (35KDa), avoiding the participation
of testosterone in the cellular processes (Brinkmann et al.,
1999). The receptors for androgens in the hypothalamus are
blocked by flutamide, which interrupts the negative feedback
for release of LH and testosterone resulting in a temporary
increment in the secretion of LH and as a consequence, an
increase in the production of testosterone (Viguier-Martinez,
1983).

In other organs, the effect is also appreciated in its
functionality. The prostate, contrary to other tissues,
concentrates high levels of zinc, indispensable element for
enzymatic activities and gene expression. Studies in rats have
demonstrated that the prostatic accumulation of zinc is
regulated by testosterone and prolactin (Costello et al.,
1999).

In the case of the seminal vesicle, the secretion of
diverse substances to the seminal pathway is necessary to
generate a normal sperm motility. One important substance
is fructose, a monosaccharide that participates in the
metabolic energetic route. It is synthesized and secreted by
the vesicle. It has been determined that their synthesis is
regulated by androgens and it is correlated directly with the
levels of testosterone (Gonzales, 1991).

In this investigation, flutamide will be injected to male

mice to be able to determine the changes taking place in the
presence of this antiandrogen in the concentrations of zinc
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in prostate, fructose in seminal vesicle and in the development
of spermatogenesis in mice.

MATERIAL AND METHOD

Sixteen male mice 3 months old were used. In the
experimental group 10 mice were used that received pure
flutamide provided by Laboratory Tecnofarma, Santiago,
Chile.

The mice were injected with pure flutamide with a
single dose, intraperitoneally (10 mg/Kg of body weight,
in a volume of 200 ml). The control group (n=6) received
corn oil in the same volume (200 ml), also by intraperitoneal
administration.

The mice were sacrificed at 24(n=5) and 72(n=5)
hours starting from the intraperitoneal administration of each
compound.

Testicular samples for routine procedures for optic
microscopy were used and sections were stained with Periodic
Acid Schiff - Hematoxylin (PAS-H). For each animal and
case 50 cross sections were measured and evaluated for two
histometric characteristics of the seminiferous tubules: height
of the germinal epithelium (EH) and diameter of the tubules
(TD). These measures were obtained using the computational
program Image Tool (Image Tool version 3.0).

To evaluate the accessory organs, 3 ml of distilled
water were added to the samples of tissue before macerating
them.

To determine the concentrations of fructose in seminal
vesicle (Gonzales, 1991), they were macerated and
centrifugated at 5000 rpm, during 10 minutes. 10 ml of
supernatant was adjusted to Iml to which 0.5ml of resorcinol
was added and then 1.5 ml of HCI. The solution stayed at
80°C for 12 minutes. The reaction with resorcinol originates
a rosy color that was read at 500 nm. The calibration chart
was carried out diluting a well-known concentration of
fructose in benzoic acid.

The colorimetric method for the determination of zinc
in the prostate is based on the reaction between the zinc and
the 4-(2-piridilazo) resorcinol in a solution buffered to pH
9.5 (Gonzales, 1991). Macerated prostatic tissue was
centrifuged at 3000 rpm during 10 minutes. Then 200 ul of
supernatant were placed in 2 flasks plus 1 ml of concentrated
HCIO, added. After 10 minutes. 16 ml equivalent to 20 mg
of zinc were placed in a flask. Hereinafter it was added to
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both flasks 10 ml of a buffered solution of sodium tetraborate
and sodium hydroxide and then Iml of 1% resorcinol. Then,
it was adjusted to 100 ml and read at 490 nm. Control solution
was prepared without zinc. To calculate the concentration
of zinc the following formula is used:

zinc(g/L) = 0.1 x (Absorbance of sample - absorbance of the control)
(Absorbance of sample and zinc - absorbance of sample)

The histrometrics mensurations of tubular diameter
and height of the seminiferous epithelium, as well as the
chemical determinations in accessory organs were analyzed
by the statistical tests of Kruskal - Wallis.

RESULTADOS

Testicle: The administration of flutamide did not affect the
value of TD among the groups (Table I). However, it caused
a significant decrease in the height of the epithelium in the
interval of 72 h (p < 0.005). In some seminiferous tubules
the experimental group of 72 h showed detachment of the
seminiferous epithelium, with presence of immature
germinal cells.

Seminal vesicle: The concentration of fructose in the expe-
rimental groups diminished by 24 h, but the values are not
significant. At 72 h the concentration of fructose diminished
in 42% with regard to the control (p < 0.005).

Table 1. Effect of the administration of flutamide in histometric
testicular parameters.

control 24hours 72hours
n=6 n=4 n=5 p value
Tubular diameter (uLm) 193416 178+11 175+16 p>0.05
Epithelial height (um) 6144 5145 5043 p <0.005

Table II. Effect of the flutamide in the concentration of Fructose
in Seminal Vesicle.

control 24hours 72hours
n=6 N=4 n=5 p value
Fructose (mg/ml) 4,87+0,37 3,77+£1,09 2,82+0,81 p <0.005

Table III. Effect of flutamide in the accumulation of Zinc in
Prostate.

control 24hours  72hours
n=6 N=4 n=5 p value
Zinc(g/1) 0,33240,01 0,272+0,07 3,79+1,97 p<0,01

Prostate: At 24 hours, the flutamide did not cause changes
in the concentration of zinc. On the other hand, the group at
72 h presented elevated values of zinc (1000%) with regard
to the control (p < 0.01).

DISCUSSION

Spermatogenesis: Through different investigations it has
been concluded that the main role for FSH is in the
proliferation of the spermatogonia. Many specific proteins
are secreted by the Sertoli cells, among them is the protein
ABP, triggered by the binding of FSH to its receptor (Arrau
et al.). The synthesis of this factor would be influenced
indirectly by testosterone. Testosterone may participate in
the generation of receptors to FSH in Sertoli cells. (De
Gendt et al., 2004).

In turn, the control of the development of the
germinal cells could be determined by factors regulating
Sertoli cells since in rats with knockout genes for AR in all
tissues it is possible to develop only some germinal cells
in the seminiferous tubule while the differentiated cells
are not present (Yeh et al., 2002). In experiments carried
out in rats with selective knockout genes for AR specific
of Sertoli cellsa 63% of germ cells is found, which would
indicate a dependence of testosterone and of Sertoli cells
(De Gendt et al.) in the last steps of the spermatogenic
line. On the other hand, the myoid cells in answer to
androgens stimulation secrete a molecule called PmodS
that acts on the Sertoli cells regulating their activity
(Norton et al., 1994).

In the rats with selective knockout a drastic decrease
was observed in round espermatids (down to 3%) and
absence of elongated espermatids, even when testosterone
exists in the lumen of the tubules (De Gendt et al. and
Chang, 2004). This result shows that binding of testosterone
to the receptor of Sertoli cells plays a crucial role in the
development and differentiation of spermatocytes to
elongated espermatids (De Gendt et al.; Chang and
Meachem et al., 1997).

Zinc: The incorporation of zinc in prostate is regulated
by androgen dependent mechanisms. It has been observed
that a decrease in the levels of testosterone elevates the
concentration of zinc in the epithelial cells of the ventral
prostate (Costello et al.). Therefore, flutamide will have a
positive effect in the intracellular levels of zinc.

Fructose: On the other hand the fructose is also regulated
by androgens and it establishes a narrow relationship
among the level of testosterone and fructose production
by the seminal vesicle (Gonzales, 1989). Since the
flutamide is a competitive inhibitor for AR one can assume
that its effect is similar to the lack of testosterone, that is to
say it provokes a decrease in the production of fructose ,
as it was expected and actually seen in this work.
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RESUMEN: La espermatogénesis estd regulada por el eje hipotdlamo-hip6fisis-génada, y los andrégenos juegan un rol funda-
mental en sus dltimas etapas. La administracion del antiandrégeno flutamida interfiere con ella y con la funcién de 6rganos andrégeno
dependientes (prostata (P) y vesicula seminal (VS)). En este estudio se inyectd flutamida (10 mg/Kg peso corporal) a 10 ratones y
vehiculo al control(n=6). Los ratones se sacrificaron a las 24(n=5) y 72(n=5) horas. En cortes de testiculo se midi6 el didmetro del tibulo
(TD) y la altura del epitelio (EH). Py VS se maceraron, y se determinaron las concentraciones de fructosa (VS) y zinc (P). No existe
diferencia significativa en el TD entre los grupos. Sin embargo, el grupo de 72 h presenta menor EH respecto al control (p<0.01). La
fructosa es menor sélo a las 72 h (p<0.01), intervalo en el cual se presenta la mayor concentracién de zinc (p<0.01). La disminucién de
la EH se explicaria por el desprendimiento de las espermatidas elongadas, debido al bloqueo del efecto de la testosterona, sin reflejarse en
el TD a intervalo corto. La disminucion de fructosa refleja claramente la deprivaciéon de andrégenos, en tanto que la concentracion
prostatica aumentada a 72 hrs sugiere deficiencia en la secrecién de zinc.

PALABRAS CLAVE: Flutamida; Raton; Espermatogénesis; Vesicula seminal; Préstata.
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