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Introduction: Organisms are constantly in
a balance meaning that while new cells

are produced, some of the older ones die which takes place in
2 ways: necrosis or apoptosis. Apoptosis is the programmed
cellular death triggered by intrinsic or extrinsic stimuli. In
this study we have evaluated the apoptosis of prostate tissue
generated by surgical or medical orchiectomy. 
Material and Method: In this experimental study, we used 36
adult male rats that were evaluated in 3 groups. The first
group (Group 1) consisted of 12 rats that had bilateral
orchiectomy; the second group (Group 2) included 12 rats
that were given leuprolide acetate and the third group
(Group 3) consisted of 12 control rats. Immunohistochemical
staining of the prostate of all rats was performed and  the
presence of glandular atrophy and apoptosis were evaluated
in the three groups. The statistical differences between the
two  groups were evaluated by the Fisher exact test. 
Results: Glandular atrophy was not determined in any rat  of
the control group, and the apoptotic staining was in the nor-
mal limits in all the control rats. In Leuprolide group, glan-
dular atrophy was mild in 7 cases, and moderate in 3 rats. In
2 rats of the Leuprolide group, atrophy was not demonstrat-
ed. In surgical orchiectomy group, glandular atrophy was
present in all cases. Atrophy was observed as cystic atrophy.
Statistical analysis with the Fisher exact test revealed that
glandular atrophy was statistically significantly more com-
mon in surgical orchiectomy group compared with
Leuprolide group (p = 0,012).
Conclusion: If the aim of treatment in androgen dependent
prostatic adenocarcinoma or benign prostate hypertrophy is
the construction of a robust apoptosis, bilateral orchiectomy
generates a  more powerful apoptosis compared with
Leuprolide.
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taken away by cellular death in order to preserve this
balance. The cellular death has two modalities: apopto-
sis and necrosis (2, 3). In both of them, cellular death
takes place at the end of the regular, consecutive bio-
chemical and morphological events (4). Necrosis may be
defined as the death of cells before their appropriate
time. The period after the exposure of cells to any chem-
ical or physical agent that may damage the cellular plas-
ma membrane is defined as the necrosis. Necrosis takes
place as a result of acute, non-physiological cellular
injury and it is the pathological form of cellular death
(5, 6). Cellular necrosis is characterized by cellular bal-
looning, ballooning of organelles, budding of cellular
membrane and increase in cellular permeability.
Commonly karyolysis accompanies necrosis and DNA
breakages are present in a non-specific way (7). On the
other hand, apoptosis is the programmed cellular death
triggered by intrinsic and extrinsic stimulants (3, 5, 6, 8).
Conversely to necrosis, apoptosis develops in normal
physiologic conditions and it is a physiological period of
the cell. Apoptosis starts with the embryological devel-
opment and continues through the whole life. Normal
development and hemostasis of multicellular organisms
are regulated by apoptosis. If there is no more need for
the cells or the cells are damaged, they are eliminated
with the apoptosis (9).
Apoptosis is an important biological period not only
during the normal cellular physiology but also in benign
and malign disease conditions. Understanding the exact
cause triggering apoptosis will be the basis of many ther-
apeutic strategies. According to the cellular kinetic stud-
ies, neoplastic prostate enlargement depends on the loss
of balance between cellular proliferation and apoptosis
(10, 11). In benign prostate hypertrophy (BPH) normal
growth control mechanisms are not in process. Probably
the reason is the overexpression of bcl-2 which is a
potent apoptosis inhibitor originating from prostate
glandular cells and basal cells of the old gland during
hypertrophic proliferation (12, 13). This hypothesis is at
the basis of potential molecular mechanism that protects
long-living cells from self-destruction as in the case of
prostate epithelial cells (13, 14). Bcl-2-mediated, mito-
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INTRODUCTION
Prostate is the organ most commonly affected by malign
lesions in males and prostate cancer is the second most
common cause of death in men in many countries (1).
Organisms are constantly in a quite equilibrium. While
new cells are produced, some of the existing cells are
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chondria associated cell survival pathway (intrinsic path-
way) is one of the major pathways that are targeted for
inducing apoptosis in cancer cells. In addition to this,
another major pathway that promotes apoptosis in can-
cer cells is the death receptor-mediated pathway (extrin-
sic pathway) (15). In this study we have evaluated the
apoptosis of prostate tissue triggered by surgical or med-
ical orchiectomy. For this reason, bilateral orchiectomy
was performed in a group of rats and LH-RH analogues
were given to the other group; the apoptosis was deter-
mined by immunohistochemical staining and compared
between the two groups. 

MATERIALS AND METHODS
In this experimental study, we used 36 adult male rats
(Sprague Dawley) with an average of 250 gr weight and
10 weeks of age that were divided in 3 groups. The first
group (Group 1) consisted of 12 rats that had bilateral
orchiectomy; the second group (Group 2) included 12
rats that were given Leuprolide acetate and the third
group (Group 3) consisted of 12 control rats. In the rats
of the first group, after the intraperitoneal anesthesia of
25 mg/kg Pentothal, bilateral orchiectomy was per-
formed, through an incision of the scrotum on the raphe,
the cord was tightened with 4/0 vicryl, the bleedings
were cauterized and the skin was closed with 4/0 rapid
vicryl. Single dose depot Leuprolide acetate was admin-
istered to the rats in the second group. The third group
was regarded as the control group in which no interven-
tion was performed. After 4 weeks, the rats were sacri-
ficed after the injection of 100 mg/kg pentothal and
bladder, prostate, vesicula seminalis and penis were
taken en bloc, and put in formaldehyde. 

Histopathology
Prostate glands were put on PBS and cut longitudinally;
then they were fixed with tamponed formalin, embedded
on paraffin and slices were obtained. All
slices were investigated for the presence of
inflammatory infiltration, edema, fibrosis,
basal cell degeneration, hyperplasia,
endothelial cellular volume density. 

Immunohistochemical Staining 
The material used for the staining was
Bax:B-9 rat monoclonal IgG2b antibody.
Bax protein eliminates the apoptosis by
inhibiting the effects of Bcl-2 gene in
cells and accelerates apoptotic cellular
death Bax antibody attaches to the bax
protein that has an increased concentra-
tion in cases with accelerated apoptosis.
At the beginning of the procedure, the
tissue slices were cleaned from the paraf-
fin; incubated for 15 minutes in hydro-
gen peroxide solution and washed 2
times with TBS. A citrate tampon was
produced on microwave oven and
cooled at room temperature for 20 min-
utes and the slices were washed with
TBS for 4 times. To prevent non-specific

background staining, Ultra V Block (protein blockage)
was performed at room temperature for 5 minutes.
Without washing, only Ultra V Block on the lam was
transferred. Bax antibody was dripped to cover the tissue
and incubated for 1 hour, then diluted with water at a
1/100 ratio and washed with PBS for 4 times. We waited
for twenty minutes after dripping Biotinylated Goat
Antipolyvalent Solution (link yellow) serum and then we
washed with PBS for 4 times and incubated until colored
with AEC chromogen. Preparation of AEC was obtained
by dripping 1 drop chromogen into 1 ml substrate and
washing with distilled water. Then, we counter-stained
with Mayer's Hematoxylin and waited for 1 minute at
most; finally we washed with distilled water and closed
with Ultramount. Slices were investigated under light
microscopy. Bax (+) staining demonstrates granular
staining in cytoplasm. Increase in staining strength was
recorded as (+), strong increase was recorded as (++) and
normal staining was shown as (N). Arithmetical decrease
in glandular component, cystic formation, flattening in
epithelium are regarded as the signs of atrophy and
recorded as mild (+), moderate (++) and severe (+++)
atrophy (Table 4).
The statistical differences of the results between the two
groups were evaluated by Fisher exact test. 

RESULTS
After immunohistochemical staining, all the three groups
were evaluated for glandular atrophy and apoptosis in
general and the results are summarized in Table 1. 
In 12 rats of control group glandular atrophy was not
reported (Figure 1) and apoptotic staining was in the
normal limits (Figure 2). In the Leuprolide group, glan-
dular atrophy was mild (+) in 7 cases, and moderate (++)
in 3 rats. In 2 rats of the Leuprolide group, atrophy was
not demonstrated. In surgical orchiectomy group; glan-
dular atrophy was present in all cases. The atrophy was

Control Bilateral orchiectomy Leuprolide
Cases Glandular atrophy Apoptosis Glandular atrophy Apoptosis Glandular atrophy Apoptosis
1 - N ++ ++ + +
2 - N ++ + ++ ++
3 - N + ++ + +
4 - N + + + +
5 - N ++ + - N
6 - N + + + +
7 - N + ++ + +
8 - N + ++ - N
9 - N + ++ + +
10 - N + ++ + +
11 - N + ++ ++ ++
12 - N + ++ ++ ++

Table 1. 
The evaluation of glandular atrophy and apoptosis in prostates of Leuprolide,
bilateral orchiectomy and control rat groups. Atrophy is evaluated as absent
(-), mild atrophy (+), moderate atrophy (++), severe atrophy (+++). Apoptosis
is evaluated as; Bax staining normal (N) (atrophy is not present), increase in
staining (+), strong increase in staining (++).



observed as cystic atrophy. In 9 rats of the orchiectomy
group, glandular atrophy was mild (+) and in 3 cases
moderate (++) glandular atrophy was present. In this
group, apoptotic staining was increased mildly in 4 cases
and moderately in 8 cases. Glandular atrophy was not
present in 2 cases of the Leuprolide group (2/12, 16.6%)
and in this group statistically significant glandular atro-
phy was present (Fisher exact test < 0.001). The statisti-
cal analysis with Fisher exact test revealed that glandular
atrophy was statistically significantly more common in
surgical orchiectomy group compared with Leuprolide
group (p = 0.012).
In the evaluation of apoptosis, in the 12 Leuprolide
acetate administered rats, normal apoptotic staining was
present in 2 rats (2/12, 16,6%), while apoptotic staining
was increased in 5 rats (5/12, 41.6%) and apoptotic
staining was strongly increased in the other 5 rats (5/12,
41.6%). Statistically significant apoptotic staining was
also reported in this group (Fisher Exact Test < 0.001).
In 12 rats with bilateral orchiectomy, normal apoptotic
staining was not reported in any rat, while apoptotic
staining was increased in 4 rats (4/12, 33,3%) and apop-
totic staining was strongly increased in the other 8 rats
(8/12, 66,6%). 
Statistically significant apoptotic staining was also
reported in this group (Fisher exact test < 0.001). In the
orchiectomy group, apoptotic staining was statistically
significantly more strong and more distinct compared
with the Leuprolide group (Fisher exact test < 0.001).

In atrophic cases apoptosis increases and this increase is in
parallel with the density of atrophy. The drug produced
83.3% atrophy (more commonly mild) but severe atrophy
was not observed in the drug group. Atrophy was as a
decrease in glands sometimes together with periductal
fibrosis but occasionally it was cystic in structure. 

DISCUSSION
In this study, we evaluated the apoptotic changes in
prostates of castrated rats and Leuprolide administered
rats. In atrophic prostates increase in apoptosis and a
direct correlation of this increase with the density of atro-
phy were observed. We demonstrated that in Leuprolide
administered group, atrophy developed in 83.3% of the
cases and the atrophy was mild; on the other hand in
orchiectomy group atrophy was 100% and the atrophy
was predominantly moderate. In both groups, together
with the atrophy, in some cases periductal fibrosis or for-
mation of cystic structures were observed. 
Though many studies were performed, new substances
or more rational drug combinations are still required in
limiting growth of androgen resistant prostate cancer
cells. Increasing evidences support the role of protein
kinases and anti-apoptotic signal cascades in therapeutic
resistance of castration resistant prostate cancer (16, 17).
An antiapoptotic signal with hyperactive PI3K pathway
was suggested to be the probable cause of resistance to
treatment in prostate cancer cells (18).
Owing to the dependence of BPH and prostate cancer to
the androgen steroids, these diseases became the model
for studies of apoptosis of the prostate. Apoptosis, a
decrease in cellular proliferation, is one of the main
mechanisms causing prostate depletion in androgen defi-
cient conditions. 
Ten days after castration, rat prostate ventral tissue
regresses completely and prostate androgen dependent
epithelial cells degenerate with a ratio of 80% (19).
The normal growth and hemostasis of multicellular organ-
isms are regulated with apoptosis. Prostate glandular
epithelial cells are separated from basal lamina by interg-
landular stroma composed of smooth muscle cells and
fibroblasts. In adult prostate, glands and ducts are
arranged as double layered by luminal and basal epithelial
cells. Basal cell layer, that is suggested to contain prostatic
stem cells giving rise to both basal and luminal epithelial
cells, is reproduced in castrated mice after testosterone
replacement (20, 22). After castration, depletion in
prostate gland results in apoptosis of luminal cells and
approximately 80% of epithelial cells die (23). The glan-
dular atrophy is not complete, and rudimentary glandular
structures are observed for a long time after castration
(24). Androgen deprivation due to castration stimulates
apoptosis in human prostate tissue. The apoptotic
response in human prostate tissue is less than that of the
rat ventral prostate. In the first day after castration, the
percentage of TUNEL (+) cells (apoptotic index) increases,
reaching to a maximum level at the fourth day after cas-
tration and then the apoptotic index progressively decreas-
es (25). The ventral prostate of rat is a good model for in
vivo apoptosis; prostate epithelial cells become independ-
ent to androgenic steroids when they are cultured (26). In
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Figure 1. 
Glandular atrophy.

Figure 2. 
Apoptotic staining.
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sensitive Dunning R3327PAP rat prostate adenocarcino-
ma, after castration tumor volume and epithelial stromal
cells were reported to be stable, however when 50 micro-
gram estradiol benzoate was added to the castration total
tumor volume was reported to be decreased and tumor
cells died (27). In BPH development, normal adult
prostate enlarges unusually. In BPH, tissue proliferative/
apoptotic balance is deteriorated in the favor of prolifera-
tion in both epithelial and stromal cells. Endogenous
apoptosis ratios are significantly decreased in BPH (28,
29). This decreased apoptotic activity in human BPH sam-
ples, reflects the activity of antiapoptotic protein Bcl-2 in
epithelial cells of these tissues (30).
In BPH, morphological induction of apoptosis as a
response to doxazosin in prostatic stromal smooth mus-
cle cells was reported. In pre-treatment biopsies of
patients with BPH, any apoptotic cells were not observed
with terminal transferase end labeling. With 3 months of
doxazosin treatment, a dramatic apoptosis induction was
observed in those patients in smooth muscle cells with
terminal transferase end labeling (31).
Increase in cell number in BPH and prostate carcinoma
depends on the decrease in apoptotic cellular death. The
administration of alpha adrenergic antagonists decreases
the surgical treatment requirements in BPH. Moreover,
they reduce the tonus of bladder neck and these agents
change the course of the disease by inducing apoptosis.
Terazosin causes apoptosis in prostate epithelium in a dose
dependent manner (32). In rat ventral prostate, 5-alpha
reductase inhibition also results in apoptosis but apopto-
sis caused by castration is more marked. While 60% cel-
lular decrease is observed on the 9th day with finasteride,
castration results in 90% decrease of cells (33).
Cardillo et al. investigated 26 patients who were hormon-
ally ablated with LH-RH analogues for one month before
radical prostatectomy. They compared the apoptosis in
pretreatment biopsy and radical prostatectomy materials.
They observed that after androgen deprivation apoptosis
was present in normal prostatic epithelial cells and
prostate cancer cells (34).

CONCLUSION
If the aim of treatment in androgen dependent prostatic
adenocarcinoma or benign prostate hypertrophy is con-
struction of robust apoptosis, bilateral orchiectomy gen-
erates more powerful apoptosis compared with
Leuprolide. In Leuprolide administered cases, apoptosis
was observed with a ratio of 83.3%. 
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