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ABSTRACT

Objective: The purpose of this study was to compare the effects of castration on
cell death rate of the adult rat prostates and to evaluate the benefic action of
alpha tocopherol supplementation to avoid apoptosis post-orchiectomy.
Material and Methods: Thirty male Wistar rats weighing 250-300g were divided
into three groups: group I - they were subjected to bilateral orchiectomy and
sacrificed eight weeks after the procedure; group II - subjected to bilateral orchi-
ectomy and alpha-tocopherol supplementation for four weeks preceding the pro-
cedure; and group III - subjected to bilateral orchiectomy and alpha-tocopherol
supplementation for four weeks preceding the procedure and for eight weeks
afterwards. At the end of the experiment, the prostatectomy was performed in all
rats. The presence of oxidative stress was determined by assaying the blood level
of 8-isoprostane and the occurrence of apoptosis was evaluated by identification
of active caspase-3 through immunohistochemical analysis.

Results: The statistic analysis of active caspase-3 showed that in the long-term
castrated group the detection was higher than in groups were the alpha-tocoph-
erol was supplemented (p=0.007). Analysis of 8-isoprostane levels showed higher
concentrations of reactive oxygen species in group I compared to other groups
(p<0.05). Groups II and III presented active caspase-3 lower than in group I
(p<0.05).

Conclusion: Our exploratory analyses demonstrate a method to study the aging
process and its influence on oxidative stress of prostatic tissue and cells death
rate. Based on our results we can suggest that alpha tocopherol supplementation
can decrease the apoptotic process as well as the oxidative stress levels induced
by androgen deprivation of the prostate gland.
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During the male aging process, prostate liferation and inhibit cell death rate. The andro-
growth occurs in the form of benign prostatic  gen ablation by castration leads to rapid cell

hyperplasia and prostatic carcinoma. The andro-  death, mainly in the ventral prostate lobe of rats,
gens have a central role in regulating the growth  through apoptosis. Defects on the mechanism
of the prostate with the ability to stimulate pro-  of programmed cell death have great participa-
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tion in the pathogenesis of several proliferative
changes and attempts to activate apoptosis rep-
resent a possibility of therapeutic approach (1).

Androgens may be involved in the epi-
thelial stroma interaction. In mature prostate,
androgens are known to cause several changes
in prostatic epithelium through androgen recep-
tors located in the stroma. Immunocytochemi-
cal studies have shown that prostatic smooth
muscle cells are uniformly androgen receptor-
positive. This fact indicates that smooth muscle
located in prostatic stroma may be an important
target for androgen action and able to regulate
the expression of prostate growth factors (2).

Apoptosis is an important physiological
process associated with aging (3,4). It is defined
by a set of morphological and biochemical chang-
es in different cellular levels (5), and the result is
the elimination of unwanted cells, leaving the sur-
rounding tissue intact. In relation to aging, apop-
tosis has a primary negative effect, by destruction
of essential and often irreplaceable cells. But it
also eliminates non-functioning cells and protects
the organs against cancer or hypertrophy (6).

Reactive oxygen species (ROS) act proba-
bly on nucleic acids, causing cellular damage by
reaction with membrane lipids and proteins, and
modulate the expression of some genes related to
cellular differentiation and proliferation. Due to
these facts, they may trigger the signaling routes
that lead to cell apoptosis (7). It has been sug-
gested an imbalance between apoptosis and cell
proliferation that results in the development of
the HPB (benign prostatic hyperplasia). Zang et
al. (8) demonstrated close relationship between a
high rate of proliferation of stromal region and
a high rate of apoptosis in glandular epithelium
in BPH. Therefore, the development of BPH may
be associated with stromal growth, through the
proliferation of stromal cells mesenchyma ac-
tive, and the epithelial growth, due to reduction
in cellular apoptosis.

Recent experimental study showed the
beneficial action of vitamin E in reducing the
activation of the intrinsic pathway of apoptosis
and cell death rate induced by moderate oxida-
tive stress (9). It can react directly with a variety
of oxi-radicals such as superoxide, the hydroxyl

and also with the singlet oxygen (10). Bell (11)
showed the protection obtained by vitamin E
against oxidative damage of unsaturated fatty
acids tissue.

Considering the exposed above, we
aimed to study the occurrence of apoptosis in
prostatic stroma in the presence of low levels of
testosterone, yet assessing the beneficial action
of alpha-tocopherol to prevent the state of oxi-
dative stress induced by orchiectomy.

MATERIALS AND METHODS

Animals and Diet

Thirty male Wistar rats, 3 months old,
were used in these experiments. Rats were housed
at the university’s animal facility on a 12-hour
light/ 12-hour dark cycle and allowed access to
food and water ad libitum.

Grouping of animals

The animals were divided into 3 groups of
10 animals each: Group I: the rats were subjected
to bilateral orchiectomy. Group II: subjected to bi-
lateral orchiectomy and received supplementation
with alpha-tocopherol for four weeks preceding
the castration procedure. Group III: subjected to
bilateral orchiectomy, with supplementation of
alpha-tocopherol for four weeks preceding the
procedure and for eight weeks afterwards. After
8 weeks of the beginning of the experimental
protocol, the animals were sacrified and venous
blood was collected from the dorsal vein of the
tail, in order to assay the 8-isoprostane and tes-
tosterone levels. The groups II and III received
alpha-tocopherol dissolved in 0.1 mL of sesame
oil (Galénica, SP - Brazil) at a dosage of 1000
Ul/kg/week intramuscularly. The prostate was
quickly removed and formalin-fixed and paraf-
fin-embedded and submitted to histological and
immunofluorescence studies.

Alpha-tocopherol assay

Alpha-tocopherol was quantified by high-
performance chromatography, using fluorescence
with an excitation wavelength of 292 nm and an
emission wavelength of 340 nm. The values were
expressed in ng/mg.
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Measurement of testosterone

Blood was collected from the dorsal vein
of the tail, in order to assay total serum testos-
terone by competitive radioimmunoassay (testos-
terone direct radioimmunoassay kit, Inmunotech,
Brazil, cat # 1119).

Oxidative Products

Enzimatic immune assay of oxidatively
modified product isoprostane 8-epi-PGF2a was
performed, as previously reported (14). Briefly, the
concentration of 8-isoprostane in the samples was
measured using a commercial enzymatic immuno-
assay kit (Cayman Chemical). The assay was based
on competition between the 8-isoprostane present
in the sample and 8-isoprostane conjugated with
acetylcholinesterase by a limited concentration
of anti-8-isoprostane antibody. The new complex
formed between 8-isoprostane conjugated with
antibody combined with another antibody was
detected by means of a reaction with 5.5 -dithio-
bis (2-nitrobenzoic acid)-DTNB- (absorbed at 405
nm), which was hydrolyzed by the acetylcholin-
esterase of the conjugate. The concentration of
8-isoprostane was determined by interpolation
on a standard curve. The detection limits were
from 6 to 500 pg/mL. The samples were diluted
by a factor of four and all values obtained were
within the detection limits. Microtiter plates were
scanned by means of a computer software that
allowed wavelength adjustment and plate read-
ing (EL x 800 instruments). The results were ex-
pressed in pg/mL.

Determination of apoptosis

To prepare tissue sections for immunos-
taining it was used paraffin clearing of the slides
placing them in fume hood, overnight, at 60°C.
After that, the paraffin was cleared with xylene
for 30 minutes and the slides were moved to a
fresh dish of xylene for an additional 30 minutes.
The slides were rinsed twice for 10 minutes in
80% alcohol (18:1:1 100% ethanol: 100% metha-
nol: 100% isopropanol). The slides were rinsed
five times with fresh deionized water.

The Antigen Retrieval Method was made
placing slides face-up in incubation tray and cov-
ering each section with 1% SDS in PBS (137 mM

NaCl, 2.7 mM KCl, 4.3 mM Na2HPO4, and 1.47 mM
KH2P04). After that, they were incubated for five
minutes at room temperature, followed by three
five minute washes with phosphate buffered saline
(PBS). Then, the slides were immersed in blocking
buffer 1 (3% Molico®, diluted 1:10 in PBS) - 3g
non-fatted cow milk (Molico®): 100 mL PBS. After
that, they were incubated overnight at 4° C.

To prepare the incubation with primary
antibodies (rabbit anti-caspase 3) the sections
were covered with blocking buffer 2 (3% Moli-
co®, diluted 1:10 in PBS, plus 200uL Tween). Tis-
sue sections were covered with primary antibody
(rabbit anti-caspase-3 - C8487) diluted in 1:500
blocking buffer 2 and incubated at 370C for one
hour. The excess liquid was blotted from slides
and rinsed three times in PBS for five minutes
each wash. To prepare the incubation with sec-
ondary antibodies (chicken anti-rabbit IgG) the
tissue sections were covered with secondary an-
tibody (chicken anti-rabbit IgG - F0382) diluted
1:40 in blocking buffer 2 and incubated at 370C
for one hour. The excess liquid was blotted from
slides and rinsed three times in PBS for five min-
utes each wash.

To prepare the counterstaining and visu-
alization (nuclear staining) the slides were im-
mersed for 15 minutes in 100pL solution of prop-
idium iodide diluted 1:10 in PBS. The slides were
rinsed in PBS for five minutes. The coverslip was
placed for visualization by fluorescence micros-
copy. The volumetric density of the distribution
of active caspase-3 was analyzed by overlaying
the M-42 grid system on the computed morpho-
logical image of the slide.

Statistical Analysis

In all data the criterion for significance
was p<0.05. Futhermore, for 8-epi-PGF2a and
testosterone statistical analysis, the nonparamet-
ric Kruskal-Wallis test was used, with the Bonfer-
roni correction test. The results were considered
statistically significant when p<0.05. The data
obtained from caspase-3 were analyzed using the
SPSS 12.0 statistics software (SPSS Inc., USA) and
were expressed as mean + standard deviation. The
nonparametric Newman-Keuls test for multiple
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comparisons was used to assess the differences
between the independent samples.

RESULTS

Alpha-tocopherol

The concentration of alpha-tocopherol
was 0.69 ng/mg in group II; 1.73 ng/mg in group
II and 1.83 ng/mg in group III. The comparative
analysis showed that the values in groups II and
IIT were statistically greater than those of groups I
and IT (p = 0.003).

Testosterone measurements

The serum testosterone concentrations im-
mediately before sacrifice of the animals of the
orchiectomized groups with or without alpha-to-
copherol replacement were lower than 20 pg/mL,
the lower limit of sensitivity of the method ap-
plied. This demonstrated the presence of a signifi-
cant hormone deficit at the time of the sacrifice of
these animals.

Marker of Oxidative Stress

Analysis of the 8-isoprostane levels dem-
onstrated statistically higher values (p<0.0003) in
group I (5.1 pg/mL), i.e. among the orchiectomized
rats without alpha-tocopherol replacement, in re-
lation to groups II (2.4 pg/mL) and III (2.6 pg/mL).

Caspase-3

The statistical analyses showed that the
volumetric density of active caspase-3 was
greater in the orchiectomized group without
alpha-tocopherol supplementation (32.4%) than
in the other groups (group II, 18.8%; group III,
18.6%) (p = 0.007). In addition, there was no
statistically significant difference between the
group that received alpha-tocopherol supple-
mentation before orchiectomy and the group
that received it both before and after orchiec-
tomy (p=0.55) (Table-1).

The Figures 1-3 show the immunohisto-
chemical method used for the detection of active
caspase 3 on the prostatic tissue in the three dif-
ferent groups. The positive reactions are seen in
green and the nucleus in red.

Table 1 - Quantitative analysis of active Caspase-3 in tissue.

% active caspase-3 in tissue

GROUP | 32,4*
GROUP 11 18,8
GROUP I 18,6
*p<0,05

Figure 1 - Group I. Microscopic fluorescence immunohisto-
chemistry for the detection of active caspase-3. Increase 10x.

Figure 2 - Group Il. Microscopic fluorescence immunohisto-
chemistry for the detection of active caspase-3. Increase 10x.
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Figure 3 - Group Ill. Microscopic fluorescence immunohisto-
chemistry for the detection of active caspase-3. Increase 10x.

DISCUSSION

In the mid-1950s, the theory of free radi-
cals to explain the aging process was proposed,
speculating that endogenous oxygen radicals were
produced in cells and resulted in a pattern of cu-
mulative damage. Only a decade later, with the
identification of the enzyme superoxide dismutase
(SOD), responsible for the conversion of superox-
ide radical to hydrogen peroxide, there was scien-
tific support for that hypothesis (12).

Oxidative stress, or oxidative damage, is
present when there is an imbalance between the
natural antioxidants and reactive oxygen spe-
cies. With aging, there is a decrease of antioxidant
mechanisms, resulting in prevalent cellular dam-
age caused by free radicals (13).

However, there is increasing evidence of
the role of oxidizing agents specific in signaling
molecules in both physiological and pathophysi-
ological conditions (12).

The generation of reactive oxygen species
is related to the maintenance of homeostasis, as
an example, in combating infectious processes
through the generation of ROS by phagocytic
cells and regulation of the proliferative response.
Regardless of how or where they are produced,
increasing intracellular levels of ROS has two
important effects: damage of various cellular
components and induction of activation of spe-

cific signaling chains; both effects can influence
several processes related to the process of aging
and development of associated diseases (12).

There is evidence showing that the aging
process contributes to the accumulation of oxida-
tive damage in different cells and molecules (14).

In this study, a dosage of 8-isoprostane was
used as a marker of oxidative stress to check the
presence of oxidative stress after eight weeks of bi-
lateral orchiectomy. This marker has been used in
animals and humans. In general, the isoprostanes
are present in blood in nanomolar concentrations
and are increased in many pathological conditions,
such as renal and myocardial ischemia, pulmonary
hypertension, hypercholesterolemia and neuro-
genic detrusor hyperactivity (15,16).

Corroborating the literature, we demon-
strated high levels of 8-isoprostane serum in rats
undergoing orchiectomy, without replacement of
alpha-tocopherol (group I), reflecting increased
oxidative stress associated with hypoandrogenism.
A statistically significant reduction was observed
in the estimation of 8-isoprostane after supple-
mentation of alpha-tocopherol in both groups
that received supplementation, demonstrating the
protective effect of alpha-tocopherol to reduce the
serum levels of oxidative stress, and its action, es-
pecially by preventing the generation of radicals.

Antioxidants are substances that when
present in small concentrations, compared with
those oxidizable substrate, significantly delay or
inhibit the oxidation of the substrate and may act
at different levels of the oxidative sequence.

The use of alpha-tocopherol was based on
several studies that demonstrated its beneficial ac-
tion in various urological diseases (17,18); more-
over, it is one of the most powerful and effective
exogenous antioxidants, preventing the peroxida-
tion and avoiding the effects of oxidative stress
(19,20). We chose the use of alpha-tocopherol
because of its well established pharmacokinetics,
which assisted the determination of the dose to be
employed oral or parenterally (20).

There are reports in the literature of the
protection against damage related to aging by
using vitamin E in Sprague-Dawley rats with re-
moval of 8-isoprostane and reduction of oxida-
tive damage (21).
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Apoptosis is an important physiological
process that is related to aging (3,4). It is defined
as a set of biochemical and morphological changes
in different cellular levels, resulting in the elimi-
nation of unwanted cells (5). However, with aging,
apoptosis has a negative effect since it destroys
vital and often irreplaceable cells (6).

Among the various ways of identifying
the process of apoptosis, we chose the detection
of active caspase-3, since the caspase enzymes are
involved in various stages of apoptosis, from the
initial signal to the final lysis of cellular compo-
nents. The active caspase-3 is the final effector of
cell lysis, so we decided to use it as a marker of
irreversible apoptosis.

The prostatic overgrowth in the form of BPH
or CaP observed during aging is credited to an im-
balance between proliferation and cell death rates.
Recent studies have indicated not only the rate of
cell proliferation, but also the rate of cell death as-
sociated to tumor size. Previous studies have dem-
onstrated the induction of apoptosis in prostate of
rats through the male hormone decline induced by
aging or by orchiectomy (1,22,23). The castration
causes loss of weight of the gland and reduction of
cell size in all lobes, but the apoptosis in response to
androgen withdrawal occurs predominantly in the
ventral lobe. The castration has little effect on DNA
content or rate of apoptosis in dorsal lobes, lateral
and anterior. Although the apoptotic index was
lower in dorsal, lateral and anterior lobes compared
with the ventral lobe, the percentage of apoptotic
cells observed in the 4 prostate lobes were signifi-
cantly reduced with age (1).

This study demonstrated a statistically sig-
nificant difference between the levels of active
caspase-3 in animals of the groups that received
alpha-tocopherol supplementation (groups II and
1) in relation to the group without supplemen-
tation, that was higher in those without supple-
mentation. It was observed that in groups with
supplementation, the dosage of 8-isoprostane was
significantly lower in the castrated group without
the use of antioxidant, suggesting that the serum
oxidative stress, detected by 8-isoprostane, has a
role in apoptosis of castrated rats. These findings
demonstrate that the probable pathway of apopto-
sis induced by androgen ablation is the oxidative

stress, since the use of vitamin E reduced both the
dosage of 8-isoprostane and quantification of ac-
tive caspase-3.

The findings demonstrated in this study
show that oxidative stress may have an important
role in the process of apoptosis in prostate stroma
of rats, due to low levels of testosterone (hypoan-
drogenism). It was found that supplementation of
alpha-tocopherol after bilateral orchiectomy de-
creased the apoptotic index, but it is necessary to
emphasize that this work was designed to evaluate
animals submitted to orchiectomy as a cause of ag-
ing. This study will follow the line of research that
intents to clarify the factors involved in the devel-
opment of benign prostatic hyperplasia and a pos-
sible better and less invasive therapeutic approach.
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