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Özet
Amaç: Çalışmanın amacı cerrahi kastrasyon ile medikal 
kastrasyonun prostat doku apoptozuna etkilerinin kıyaslan-
masıdır. 

Gereç ve yöntem: Bax antikoruyla immünohistokimyasal 
boyama yöntemiyle prostat dokusundaki apoptoz ve glan-
diler atrofiyi değerlendirmek için gruplara  ayrılmış sıçanlar 
cerrahi veya medikal olarak kastre edilmişlerdir.10 haftalık 
250 gram ağırlığında 30 adet erişkin Sprague Dawley Sıçan 
üç ayrı grupta iki hafta boyunca değerlendirilmiştir. Grup (A) 
da siproteron asetat verilen 12 sıçan, grup (B) de orşiyekto-
mi yapılmış 12 sıçan bulunmaktadır. Üçüncü grupta ise (C) 
yalancı olarak opere edilen kontrol grubu bulunmaktadır.
İkinci haftanın sonunda  immünohistokimyasal ve histopato-
lojik olarak prostatlardaki apoptotik aktivite ve glandüler atrofi 
değerlendirilmiştir

Bulgular: Medikal kastrasyon yapılan 6 sıçanda ( %50) ve 
cerrahi kastrasyon yapılan 12 sıçanda (%100) pozitif glandü-
ler atrofi saptanmıştır. Prostatik atrofi cerrahi kastre edilenler-
de medikal kastre edilenlere göre yüksek bulunmuştur. A, B 
ve kontrol gruplarında prostatik apoptotik boyanma artışı sıra-
sıyla %58.3, %100 ve %0 bulunmuştur. Apoptoz artışı cerrahi 
kastre edilenlerde medikal kastre edilenlere kıyasla anlamlı 
şekilde yüksek bulunmuştur (Fischer’s exact test p=0.037). 

Sonuç: Bu çalışmada cerrahi kastrasyonun sıçan prostat 
dokusundaki apoptotik etkisi medikal kastrasyona göre yük-
sek bulunmuştur (Fischer’s exact test p=0.014). 

Anah tar söz cük ler: Apoptoz; cerrahi kastrasyon; medikal kast-
rasyon.

Abstract
Objective: The aim of the study is to compare the effect 
of surgical and medical castration on prostate tissue 
apoptosis. 

Materials and methods: Rats were either surgically or 
medically castrated. Apoptosis and glandular atrophy in 
the prostate was assessed via Bax antibody immuno-
histochemical staining method. 30 adult (10 weeks old) 
Sprague Dawley Rats weighing about 250 gr were evalu-
ated in three different groups for two weeks. Group (A) 
consisted of cyproterone acetate (CPA) administered rats 
(n:12) and Group (B) consisted of surgically castrated rats 
(n:12). The third group of six rats was the sham operated 
control group. Histopathologic and immunohistochemical 
apoptotic activity and glandular atrophy of the prostate 
was evaluated at the end of the second week. 

Results: Significant glandular atrophy was seen in six rats 
in the medically castrated Group (50%) and in all 12 rats 
of the surgically castrated (100%). Prostatic atrophy in the 
surgically castrated group was more significant than the 
medically castrated group (Fischer’s exact test p=0.014).  
58.3%, 100% and 0% of the rats in Group A, B and the 
control group respectively had an increased apoptotic 
staining in the prostate. Apoptosis in the surgically cas-
trated group was more significant (Fischer’s exact test 
p=0.037) than the medically castrated group. 

Conclusion: In this study we found that surgical castra-
tion is superior to medical castration in inducing apoptosis 
in the prostate of the rat. 
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Introduction
Eucaryotic cells have four known properties; they 

divide for proliferation, produce specific features 
with differentiation, and enlarge with hypertrophy or 
suicide with programmed cell death. The latter seems 
to be extremely important for normal embryologic 
development, hormonal effect, reproduction forms 
and homeostatic maintenance of adult tissues. Like 
other cellular processes, apoptosis/programmed cell 
death is a well regulated response. Inappropriate 
activation of apoptosis or defects in this process is 
encountered in the benign and malignant diseases 
of the body including the genitourinary system. The 
tissue that gives the best understanding on genitouri-
nary apoptosis has been the prostate. Apoptosis in the 
prostate of the rodents can be established by castra-
tion. John Kerr was the first one to show apoptosis in 
the prostate after castration.[1] Lee,[2] and Kyprianou 
and Isaacs[3], described the differentiation of cells 
in the regressing prostate tissue. Recently there are 
increased efforts towards the design of pharmaco-
logical agents that would target the apoptotic compo-
nents of the prostate epithelial cells and significantly 
improve the therapeutic response in prostate cancer 
and benign prostate hyperplasia (BPH), while mini-
mizing systemic toxicity.[4-7] 

In our study castration was achieved either surgi-
cally or medically. The subsequent apoptosis in the 
prostate tissue was investigated by staining the BAX 
protein using immunohistochemical techniques. BAX 
protein prevents the process of cell death suppression 
that is provided by Bcl-2 gene. Its over expression 
causes cell death by either apoptosis or necrosis 
depending on the caspase involvement.[8] This has 
been shown by addition of purified Bax protein to iso-
lated mitochondria, which results in release of cyto-
chrome c.[9] The release of cytochrome c is prevented 
by the antiapoptotic protein Bcl-2 and Bcl-XL.[10] Bax 
mediates necrotic cell death in a caspase independent 
manner. This is achieved by release of cytochrome-c 
involving disruption of the mitochondrial membrane 
potential, increased production of reactive oxygen 
species and Adenosine-5’-triphosphate (ATP) deple-
tion through loss of oxidative phosphorilation.[11] 

The aim of this study is to compare the effect of 
surgical and medical castration on prostate apoptosis. 
This has been demonstrated in the tissue with Bax 
antibody immunohistochemical staining.

Materials and methods
30 adult Sprague Dawley Rats weighing average 

250 gr and 10 weeks old were separated into three 

groups and were evaluated for two weeks. Medically 
castrated 12 rats were included in group A while 
surgically castrated 12 rats were included in group 
B. The third group of six rats was used as the control 
group. First group of rats was administered depot 
cyproterone acetate (CPA) intramuscularly on the 
first day of the study and on the first day of the second 
week. Each rat was administered 30mg of CPA oily 
depot solution. The second group underwent orchi-
ectomy on the first day of the study. The third group 
underwent a sham operation (scrotal incision). At the 
end of the second week the rats were sacrificed with 
75 mg/kg penthotal and their bladder, prostate and 
seminal vesicles were removed en bloc.

Histopathology
The pathologist blindly evaluated the specimens 

without knowing which one belonged to a certain 
study group. Prostates were laid in the Phosphate 
buffered saline (PBS) solution, cut longitudinally 
and fixed in buffered formalin to be placed on slides. 
Inflammatory infiltrate, edema, fibrosis, basal cell 
degeneration, hyperplasia and endothelial cell inten-
sity was examined after staining the slices randomly 
with Hemotoxilen Eosine (HE).

Immunohistochemistry
Initially tissue slices were kept at 57°C for 24 

hours, then washed with cold xylene at 30°C and 
alcohol in 20°C and then distilled to remove the par-
affin. They were incubated for 15 minutes in hydro-
gen peroxide, washed twice with triss buffered saline 
(TBS), then buffered with citrate in a microwave 
oven and left to be cooled in room temperature. To 
prevent non-specific background staining, Ultra V 
Block (protein blocking) was applied to the slides. 
Ultra V Block was let to flow off the slides, without 
washing, and bax antibody with the dilution of 1/100 
was dropped on them to be incubated for one hour. 
The slides were washed four times with TBS and 
incubated until growing colored with chromogeneous 
AEC (AEC preparation; one drop of chromogeneous 
AEC is dropped in 1ml substrate, washed with 
distilled water). Later slides were kept in Mayer’s 
Hemotoxilen for contrast staining and washed with 
distilled water to be covered by Ultramount. 

Slides were examined under light microscope. 
Bax positivity was assessed with granular type cyto-
plasmic staining. Normal Bax staining, increased 
staining, strongly increased staining were symbol-
ized respectively with (N), (+) and (++). Glandular 
component decrease, cystic formation and epithelial 
flattening were considered as the presence of atrophy. 
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This was classified in, no atrophy (-), mild atrophy 
(+) and atrophy (++). Results were also stratified 
as either having apoptosis or not and this was also 
repeated for atrophy.

Differences in groups were evaluated statistically 
with Fisher exact’s test. A p value <0.05 was consid-
ered to be statistically significant.

Results
Staging of Apoptosis and Atrophy

Prostate specimens from the control group rats 
showed no atrophy (Fig. 1a) and apoptotic staining 
was normal in all rats (Fig. 1b). In the medically 
castrated six rats (50%) mild glandular atrophy was 
visible (Fig. 2a). On the other hand nine (75%) surgi-
cally castrated rats (Fig. 3a) had visible mild glan-
dular atrophy three (25%) had significant atrophy. 
Prostates of five (41.7%) rats from group A had no 
increased apoptotic activity and seven (58.3%) rats 
had increased apoptotic staining (Fig. 2b). In the 
surgically castrated group the apoptotic activity was 

increased in four (33%) and strongly increased in 
eight (67%) rats (Fig. 3b).

Presence of Apoptosis and Atrophy

Another way we analyzed our results was separat-
ing them as either having apoptosis and atrophy or not 
(Table 1). Positive glandular atrophy was observed in 
six (50%) of the antiandrogen administered rats and 
in all (100%) surgically castrated rats. The number 
of rats in which prostatic atrophy developed was 
significantly greater in the surgically castrated group 
than the medically castrated group (p=0.014). Five 
rats in the CPA administered group had normal 
apoptotic staining (41.7%) similar to those of control 
group while seven rats had increased apoptotic stain-
ing (58.3%). On the other hand all rats that had an 
orchiectomy had increased apoptotic activity in the 
prostate (100%) (Table 2). Apoptosis in rats which 
had undergone orchiectomy was found to be signifi-
cantly higher than the two other groups (p=0.037). All 
results are summarized in Tables 1 and 2.

Discussion
Prostate is dependent on androgens all life long. 

Normal physiologic testosterone levels maintain epi-

(a) Control group prostate tissue depicting no 
apoptotic staining. (b) Control group prostate 
tissue depicting no glandular atrpohy.

Figure 1 

A

B

(a) Mild glandular atrophy in the medically 
castrated group. (b) Increased apoptotic stai-
ning in the medically castrated group.

Figure 2 

A

B
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thelial /stromal interaction.[12] Withdrawal of testicu-
lar androgen (castration) induces apoptosis that ren-
ders the prostate as a rudimentary gland. However; 
when testosterone is readministered, the prostate 
gland proliferates to return to its original state. It is 
also well known that testosterone has an angiogenic 
effect on the prostate gland.[13-14] Castration causes 
apoptosis within the luminal cells and death of 
approximately 80% of epithelial cells of the prostate 
gland.[15] Subsequent remaining prostatic glandular 
tissue contains both ductal luminal cells and basal 
cells. However, the ratio of these cells is affected. It is 
known that the normal luminal cell/basal cell ratio in 
non castrated animals is 13/1 however after castration 
this ratio becomes 1/3. 

In this present study we compared the effect of 
medical and surgical castration on the rate of glan-
dular atrophy and apoptosis. According to our results 
surgical castration has a significant effect on apop-
tosis (100%) and atrophy (100%) when compared 
with the control group and medically castrated rats. 
The apoptotic and glandular atrophy intensity was 
significantly higher in the surgically castrated group. 
This overwhelming effect of surgical castration over 
medical castration is further confirmed by no atrophy 
and apoptosis being observed in 50% and 41.7% of 
the medically castrated rats consecutively. Apoptosis 
is a result of complex relationships between chemical 
signals and finally vascular regression. In our study 
the rate of apoptosis was evaluated qualitatively by 
immunohystochemical staining. In the literature we 
found that similar immunohystochemical evaluation 
techniques have been used as a way of qualitative 
measurements.[16] 

Androgen deprivation therapy is a well established 
treatment for prostate cancer and surgical castration is 
one of the well known options. Studies comparing 
the effect of CPA and surgical castration on survival 
are limited.[17] In a multicenter, three-armed, rando-
mized study,the effects of short-term (2 weeks) and 
continuous addition of CPA to buserelin to those of 
orchiectomy in patients with advanced prostate can-
cer were compared. In this study it was concluded 
that the short-term or continuous addition of CPA to 
buserelin did not improve treatment results compared 
to orchiectomy only.[18]

Most of the published papers in this field are com-
parative studies usually made with bicalutamide. In 
androgen dependent Dunning R3327PAP rat prostate 
adenocarcinoma, castration keeps the tumor volume 

and stromal epithelial cells stable, furthermore when 
50 microgram estradiol benzoate is added, tumor 
volume decreases with death of its cells.[19] In our 
experimental study we have found that surgical cas-
tration is superior to CPA in inducing apoptosis and 
atrophy in the normal prostate. Further experimental 
comparative studies are necessary to determine if 
surgical castration is superior to medical castration in 
prostate cancer. 

Table 1.  Glandular atrophy rates in study groups

Glandular atrophy    - +/++ (total) [%]

Antiandrogen 6 (50%) 6/0 (6) [50%]

Orchiectomy 0 (0%) 9/3 (12) [100%]

Glandular atrophy in the castration group is superior to the antiandrogen 

group (statistically significant, Fischer’s exact test; p=0.014)

Table 2.  Apoptotic intensity in study groups

Apoptotic staning Normal +/++ (total) [%]

Antiandrogen 5 (41.7%) 7/0 (7) [58.3%]

Orchiectomy 0 (0%) 4/8 (12) [100%]

Castration group’s apoptotic staining is more dense than that of the 

antiandrogen group (statistically significant, Fischer’s exact test; p=0.037)

(a) Strongly increased apoptotic staining in 
the surgically castrated rats group. (b) Cystic 
atrophy in the surgically castrated rat group.

Figure 3 

A

B
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Anglin et al suggested that in addition to decreas-
ing smooth muscle tone, adrenoceptor antagonists 
(ARA), doxazosin and terazosin, induce apoptosis 
in benign and malignant prostate epithelial cells, as 
well as prostate smooth muscle cells.[20] In the com-
bination of ARA with finasterid the rate of apoptosis 
in the prostate is comparable with untreated prostate 
tissue.[21-22] ARAs effect on progression and long-term 
therapy of BPH and potentially prostate cancer is 
through apoptosis. The positive effect of castration on 
the prostate is also through the apoptotic activity on 
androgen dependent cells. The combination and com-
parison of the two treatments in forming apoptosis in 
the prostate may be a further subject of research. 

Our study is not devoid of limitations. First, it 
can be argued that, medical castration was performed 
only with CPA and no other known antiandrogen regi-
men (e.g. bicalutamide) was used. Bicalutamide is a 
non-steroid antiandrogen which does not suppress 
Luteinizing-hormone releasing hormone (LHRH) 
agonists and has no parenteral administration forms. 
These two drugs can be used together to gain maxi-
mal androgen blockage. On the other hand CPA is a 
steroid antiandrogen which can suppress LHRH and 
can be administered parenterally. Second, additional 
groups containing longer evaluation periods than the 
existing groups could give an idea about the influence 
of androgen deprivation time on apoptosis and atro-
phy. Third, the blood CPA levels were not measured. 
However we do know that a 300mg dose should be 
administered weekly to a 70 kg male inorder to gain 
maximal stable blood levels.[23] On the other hand we 
administered 30 mg CPA to 250 mg weighing rats 
which we think is more than sufficient. Under these 
circumstances we did not find it necessary to mea-
sure the blood levels of CPA. Nevertheless, our data 
strongly supports the superiority of surgical castra-
tion over medical castration in forming apoptosis and 
glandular atrophy in the prostate.

Finally in this study we found that apoptotic stage 
in the surgically castrated rat prostate tissue was 
superior to that of medically castrated ones. Therefore 
the same question should be asked in prostate cancer 
patients. 

Our study suggests that apoptotic and glandular 
atrophic stage and rate in the surgically castrated 
rats are superior than medically (CPA) castrated rats. 
Further studies may be conducted to evaluate the 
clinical significance of the degree of apoptotic stage 
in the prostate. 
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