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Prostatic assessment in rats after bilateral orchidectomy and calcitonin 
treatment
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Objective. Bilateral orchidectomy is widely used as a treatment in patients with metastatic pros-
tatic cancer, but post-orchidectomy osteoporosis is a common sequel which is commonly treated by 
postoperative calcitonin injection. Since the increase in the invasiveness of malignant prostatic cells 
has been attributed to the use of calcitonin, this study was aimed to elucidate the effect of calcitonin 
on the structure of the prostate after orchidectomy in rats used as mammalian model.

Methods. A total of 84 adult male albino rats were divided into three groups: Group 1 (12 control 
rats); Group 2 (36 rats subjected to bilateral orchidectomy); Group 3 (36 rats subjected to bilateral 
orchidectomy and injected subcutaneously with calcitonin (5 µg/kg) every other day. Six animals 
of Group 2 and 3 were sacrificed two, four, eight, sixteen and twenty four weeks after orchidectomy. 
The prostates were removed and processed for morphometric measurements by using the image 
analyzer computer system.

Results. The present study demonstrated a decrease in the height and apoptosis of the epithelial 
lining of the prostatic acini. There was also an increase in the interacinar fibromuscular stroma. 
However, calcitonin administration following orchidectomy limited these changes.

Conclusion. Bilateral orchidectomy produced time related atrophic changes in the prostate, while 
a simultaneous administration of calcitonin inhibits the development of these atrophic changes.
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Prostatic cancer is considered the second most 
common cause of cancer mortality in males (Debru-
yne 2002). Treatment by radical prostatectomy and 
radiotherapy is useful in the early stages of the disease 
(Cheng et al. 1995). After the occurrence of metastases, 
patients are usually treated by orchidectomy (Zalcberg 
et al. 1996; Boccon et al. 1997; Eisenberger et al. 1998; 
Mahler et al. 1998).

Orchidectomy results in a rapid and significant re-
duction of blood flow to the mature rat ventral prostate 
(Shabsigh et al. 1998; Burchardt et al. 2000); prostatic 
atrophy, one week after orchidectomy and complete 

epithelial involution by the third week (Wahlgvist et al. 
1999). This reduction coincided with the appearance 
of striking degenerative changes within the vascular 
system of the prostate (Burchardt et al. 2000). Some 
authors recorded the flattening of cell surface, reduc-
tion of the size and number of microvilli, some blurring 
of the cell borders, cessation of the secretory activity 
and diminution of the gland volume. Eisenberger et 
al. (1998) found that orchidectomy affected all bones 
negatively with marked osteoporosis and latter resulted 
in pathological fractures. Most studies have shown that 
calcitonine administration improved bone density and 

ENDOCRINE REGULATIONS, Vol. 45,29–36, 2011



30	 Rat prostate - effect of orchidectomy and calcitonin

prevented this osteoporosis by inhibiting osteoclastic 
activity.

Ritchie et al. (1997) proposed that calcitonin might 
play an integral role in the regulation of normal prostatic 
cell growth and metastases. Increased invasiveness of 
malignant human prostatic cells as a result of elevation 
of intracellular cyclic adenosine monophosphate after 
parentral administration of calcitonin has been reported 
by Wu et al. (1996). On the other hand, Nagakawa et al. 
(1998) did not find any significant effect of calcitonin 
administration on the growth of the normal or prostatic 
tumor cells.

The aim of the present study is to bring some more 
concrete evidence about the effects and use of calcitonin 
on the prostate. Such attempt may be helpful to access 
the safety of calcitonin administration in prevention and 
treatment of post-orchidectomy osteoporosis in patients 
with advanced prostatic carcinoma.

Materials and Methods

A total of 84 adult male albino rats, weighing be-
tween 200-250 g were used in this study. The animals 
were fed ad libitum and allowed free water supply. They 
were housed in cages, six rats per cage, under strict care 
and hygiene to keep the animals in normal and healthy 
conditions.

The animals were divided into three groups. Group 
1 (control) consisted of 12 rats receiving sterile saline. 
Group 2 consisted of 36 rats subjected to bilateral or-
chidectomy (OE) under light ether anesthesia when 
being fixed on a  wax plate in supine position. The 
skin of each animal was shaved and sterilized with 70 
% ethanol. A low midline trans-scrotal skin incision 
was made. The spermatic cords were dissected and 
the testicular vessels were ligated using Vicryl 3/0, 
synthetic, absorbable, polyglycan sutures and then 
testicles were excised. Aqueous penicillin powder was 
sprayed in the operation field to minimize the risk of 
postoperative infection. The incision was closed by 
interrupted 0/5 silk sutures and gentamycin cream was 
applied locally as a wound dressing to reduce the risk 
of postoperative wound infection. Group 3 consisted 
of 36 rats subjected to bilateral orchidectomy and re-
ceiving subcutaneous injection of calcitonin (5 µg/kg 
b.w.; Miaca1cic ampoules; 100 µg/ml; Swiss Pharma 
Company, Cairo, Egypt) immediately after the opera-
tion and then every other day until they were sacrificed 
(Deftos and Granin 1998). 

Six animals of Groups 2 and 3 each, and two animals 
from Group 1 were picked up randomly and sacrificed 
by deep ether inhalation after two, four, eight, sixteen 
and twenty four weeks. Suprapubic incision in the an-
terior abdominal wall was made to expose the prostate 
(Deftos and Granin, 1998) which was then removed 
and fixed in 10 % formol saline (Culling 1974). Paraffin 
sections of 5 µm thickness were cut and stained with 
haematoxylin-eosin and Periodic Acid Schiff (PAS) 
(Cormack 1993).

Morphometric study. The morphometric measure-
ments were obtained by using the image analyzer com-
puter system. This image analyzer consisted of software 
of Leica Quin 500 based on windows, connected to 
a microscope provided with Panasonic video camera 
and a monitor screen. The height of the lining epithelial 
cells of prostatic acini was measured. The estimations 
were done in ten fields from each section and the mean 
values were obtained.

Statistical evaluation. The data was analyzed statisti-
cally using ANOVA test. The values were given as the 
mean and the difference was considered as non-signifi-
cant at p>0.05, while the difference showing p<0.05 was 
considered significant, that of p<0.01 highly significant 
and that of p<0.001 very highly significant.

Results

Light microscopic observations. Group 1  (con-
trols). In this group acini of variable size and shape 
were present, some of them showing cuboidal epitelium, 
while several others had columnar and pseudo strati-
fied columnar epithelium. Acinar lumen was filled with 
acidophilic secretions and the acini were separated by 
fibro muscular stroma (Fig.1). The PAS reaction was 
strongly positive in the basal laminae underneath the 
epithelium and in the apical or luminal border of the 
cells and also the prostatic secretion showed a strong 
PAS positivity (Fig.2)

Group 2 (subjected to bilateral OE). One week after 
OE the prostate showed a decrease in the height of the 
epithelial lining of the prostatic acini. Besides of the 
secretory material also desquamated epithelial cells were 
present in the acini lumen and the wall of some acini 
showed few adherent flat epithelial cells (Fig. 3). Apical 
blebing of the epithelial lining cells was also observed, 
some of blebs being also present in the lumen of acini 
(Fig.5). Inflammatory cells were seen in the acini and 
fibro muscular stroma (Fig.3). In PAS stained sections, 
an intense reaction was seen in the thickened basal 
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Fig. 1. Control rat: prostatic acini of variable size and shape, 
separated by fibromuscular stroma (F); epithelial lining of vari-
able height (arrows); acidophilic secretion (S); hematoxyline 
and eosin, x 200.

Fig. 2. Control rat: fibromuscular stroma (F). Strongly posi-
tive PAS reaction in apical border (A), basal lamina (B) and 
prostatic secretion (S); PAS; x 100.

Fig. 3. Group 2 (after one week): the wall of prostatic acinus 
with few adherent flat epithelial cells (E); desquamated epithe-
lial cells in the luimen (D); hematoxyline and eosine.

Fig. 4. Group 2 (after one week): decreased PAS reaction in 
apical parts of epithelial cells (A) and intense reaction in ba-
sal lamina (B) of prostatic acini; PAS, x 100. epithelial cells; 
PAS; x 100.

lamina of acini and a  weak reaction was seen in the 
apical parts of the acini lining cells (Fig.4). 

Two weeks after OE increased number of desquamated 
cells and inflammatory cells was found in their lumen and 
fibromuscular stroma (Fig. 6). The PAS stained sections 
showed intense reaction in the thickened basal lamina of 
acini and weak reaction in the apical part of the lining epi-
thelial cells and in the secretory material in the lumen. 

Four weeks after OE a decreased height of the epithe-
lial lining cells was observed and also few desquamated 
epithelial cells with increased fibro muscular stroma 
in between the acini were found (Fig.7). PAS stain-
ing showed an intense reaction in the thickened basal 
lamina, but a weak reaction in the apical parts of the 
epithelial lining of the acini.

Eight weeks after OE almost all acini were lined by 
flattened epithelial cells, their size and secretion amount 
being still more decreased than that found after one or 
two weeks. Similarly, still more desquamated epithelia 
in the lumen of acini and more increased fibro muscular 
stroma in between the acini appeared (Fig.8). In contrast 
to previous weeks, PAS staining showed a weak reaction 
in thickened basal lamina of acini and in the apical parts 
of epithelial lining.

Sixteen and twenty four weeks after OE a marked 
decrease in the height of the epithelial lining contin-
ued and it finally became extremely flattened, also 
an extensive damage and increased fibro muscular 
stroma and inflammatory infiltrate being noted 
(Fig.10). There was a markedly weak PAS reaction in 
the epithelial lining cells and their secretory material 
(Fig.9).
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Fig. 7. Group 2 (after one month): decreased height of epithelial 
lining cells of prostatic acini (E); weak reaction of secretory 
material in the lumen; hematoxyline and eosine, x 1000. 

Fig. 8. Group 2 (after two months): variable size of prostatic 
acini with decreased height of lining epithelial cells of these 
acini to become flattened simple squamous cells (E); decreased 
amount of secretory material (S) and increase fibromuscular 
stroma (F) which showed marked inflammatory cells infiltra-
tion; hematoxyline and eosine, x 1000.

Fig. 5. Group 2 (after one week): apical blebbing (arrows) at-
tached to the epithelial lining of a prostatic acinus, some of 
them being released in the lumen (arrow head); hematoxyline 
and eosine, x 1000. 

Fig. 6. Group 2 (after two weeks): normal epithelial lining of 
prostatic acini (arrow) with increased desquamated epithelial 
cells and inflammatory cells (C) in their lumen; few inflamma-
tory cells in the fibromuscular stroma (I) between the acini; 
hematoxyline and eosine, x 1000). 

Group 3 (subjected to bilateral OE and receiving 
calcitonin). One week after OE, the variability in the size 
and shape of acini, a decreased height of the epithelial 
lining cells of acini and infiltrating inflammatory cells 
in fibro muscular stroma were found. The acini showed 
secretory material and desquamated epithelial cells in 
their lumen. There was intense PAS reaction in the basal 
lamina of acini lining with slightly weak reaction in the 
apical parts. A weak reaction of secretory material in 
the lumen of acini was also seen.

Two weeks after OE a mild decrease in the size of acini 
with increased surrounding fibro muscular stroma and 
infiltrating inflammatory cells were found.

Four weeks after OE the acini of variable size were 
widely separated with increased fibro muscular stroma. 
The height of the epithelial lining of acini was moder-
ately decreased and low cuboidal shape of the cells was 
observed, while the fibro muscular stroma increased and 
appeared infiltrated by inflammatory cells. 

Eight weeks after OE the acini still showed a variabil-
ity of size, being widely separated by the fibro muscular 
stroma. PAS reaction in apical parts of epithelial lining 
of acini showed a marked decrease as compared to their 
thickened basal laminae. 

Sixteen and twenty four weeks after OE there were no 
obvious recordable differences in the microscopic fea-
tures. However, both groups showed markedly decreased 
reaction in the apical parts of the epithelial lining of the 
prostatic acini as compared to their thickened basal lami-
nae (Figs. 11, 12). There was also a variability in the size 
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of acini which were widely separated by fibro muscular 
stroma and showed an inflammatory infiltrate.

Morphometric assesment (Table 1). The differences 
in the mean value of epithelial height between controls 
and orchidectomized rats (Group 2) as well as orchidec-
tomized plus calcitonin treated rats are shown in Table 
1. It appeared that the mean height of epithelial cells 
in pairs of control rats incresaed from 12.1 μm at the 
beginning of experiment up to 15.7 μm after 2 months 
and to 19.6 μm after six months. Although, at the be-
ginning of experiment, the mean epithelial height in 
six anamals of Group 2 (11.8 μm) and Group 3 (11.3 

Fig. 9. Group 2 (after four months): decreased PAS reaction in 
apical border (A) and basal lamina (B) of epithelial cells lining 
the prostatic acini; secretory material (S) also shows a weak 
PAS reaction; PAS, x 200.

Fig. 10. Group 2 (after six months): decreased height of epithe-
lial lining cells which became transformed in flattened simple 
squamous cells (E); marked inflammatory cell infiltration (ar-
row) within the increased fibromuscular stroma (F) in between 
the prostatic acini; hematoxyline and eosine, x 1000.

Fig. 11. Group 3  (two months after): markedly decreased 
reaction in the apical parts (A) of the epithelial lining of the 
prostatic acini as compared to their thickened basal laminae 
(B); PAS, x 200.

Fig. 12. Group 3 (after six months): variability in the size of 
prostatic acini which are widely separated by fibromuscular 
stroma; also markedly decreased PAS reaction in apical parts 
(A) of epithelial lining of the prostatic acini (E) as compared 
to their thickened basal laminae (B); PAS; X 400.

Table 1

Mean values (µm) of the epithelial height (EH) of prostatic 
acini in individual groups of rats

Duration
Epithelial heigth (μm)

Control Group 2 Group 3

1 week 12.1 11.8±1.19✳ 11.3
2 weeks 12.2 11.7 11.6
1 month 14.6 10.13 12.32
2 months 15.7 9.3 11.4
4 months 16.9 7 9.6
6 months 19.6 5.7±1.20✳ 9.6

✳- p<0.05 between two labeled means
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μm) has been about the same as in two control animals 
(12.1 μm), it strikingly decreased (to 5.7 μm) mainly 
in the orchidectomized Group 2, while such decrease 
in orchidectomized and calcitonin treated Group 3 (to 
9.6 μm) appeared somewhat less striking which appar-
ently shows beneficial effect of calcitonin treatment on 
prostatic epithelial cells. 

Discussion

Prostatic carcinoma is among most frequent malig-
nancies in males above the age of 65 years (Bishop 1996). 
Most of such patients are usually presented in advanced 
stage with distal metastases (Spry et al. 1996). Sandb-
lom et al. (1997) mentioned that the initial treatment 
for advanced prostatic carcinoma is bilateral OE which 
results in atrophy of the primary tumor and also of all 
its metastases with increasing chances of survival. At the 
same time, OE is complicated by marked osteoporosis 
which may result in pathological fractures (Shabsigh et 
al. 1998). However, subcutaneous calcitonin injections 
improved the bone density by inhibiting the osteoclastic 
activity and were opted by many clinicians as a treat-
ment for post OE osteoporosis (Moyad 2002). In con-
trast, however, calcitonin administration has also been 
associated with increased invasiveness of malignant 
prostatic cells.

The present study showed a reduction in the height 
of epithelial lining of prostatic acini after OE in rats 
and this effect was found time dependent since more 
severe flattening was observed in subgroups at several 
weeks after orchidecomy. Our findings are in agree-
ment with those by Stattin et al. (1998) who reported 
a regressive morphology and decreased cellular activity 
three months after castration in rats and Burchardt et 
al. (2000) who proposed a supranuclear atrophy of the 
acini cells as a cause of this regression. 

The epithelial lining of the prostate reflected the level 
of testosterone and any alteration in its level through 
cellular atrophy and loss of secretory activity (Preston 
et al. 2002). These trophic changes were observed with 
any factor which either removed or antagonized the 
effect of testosterone on the accessory sex organs such 
as antiandrogens (Cheng et al. 1995).

One of the histological findings of the present study 
was the appearance of apoptotic cells in the epithelial 
lining of the prostatic acini after OE. Malkowicz et al. 
(2001) suggested that the activated protease enzymes 
were responsible for these apoptotic changes. Shabsigh 

et al. (1998) reported a decline in prostatic blood flow 
in the early period after castration. Debruyne (1989, 
2002) proposed a  counterbalancing effect of andro-
gens between the agonistic cellular proliferative and 
antagonistic cellular death activity. Since androgens 
might influence DNA synthesis and induce the synthe-
sis of substances with mitogenic effect on the prostate. 
Castration results in a striking reduction in androgens 
level which resulted in a  loss of the mitogenic effect 
(Cheng et al. 1995). Reduction in blood flow, loss of 
mitogenic influence of androgens, loss of counter-
balancing effect of androgens and an increase in the 
activity of proteolytic enzymes in the epithelial lining 
cells may be contributory factors towards the apoptotic 
activity, atrophic changes and a reduction in prostatic 
size in a short period of time seen after bilateral OE in 
the present study. 

Our present observations showed a weak reaction in 
the apical portion of acini lining cells in PAS stained sec-
tions in animals of Group 2 (Figs. 2, 4 and 9). This may 
be explained by a decrease in amount of the secretory 
products resulting from decreased activity of the lining 
cells secondary to the decrease of testosterone after OE. 
Another significant finding of this study is the presence of 
blebs (Fig. 5) in the lining epithelial cells which has been 
proposed as an early sign of injury (Ross and Small 2002) 
which is further supported by the finding of inflammatory 
cells in fibromuscular stroma in the present study. 

Moreover, increased amount of fibromuscular 
stroma has been found in animals of Group 2 which 
seems to be associated with atrophy of the prostatic 
acini as suggested by Debruyne (1989, 2002) who 
observed a doubling in the amount of fibromuscular 
tissue and attributed this to a diminution of testicular 
hormones. Group 3  animals injected by calcitonin 
every other day after bilateral OE have shown delayed 
and limited atrophic changes in epithelial lining cells 
of the prostatic acini, but most significant changes be-
ing present in the animals at sixteen and twenty four 
weeks after OE. From this possibly follows that the 
administration of calcitonin may prevent the effects 
of androgens loss after OE only for a limited period, 
but after some time that effect of androgens loss ap-
peared overwhelmed by the effects of calcitonin as 
shown by the above mentioned animals of Group 3 at 
sixteen and twenty four weeks after OE.

Thus, it was concluded that OE showed a  definite 
regressive effect on the epithelial lining of prostatic acini. 
However, this regressive effect was less marked when 
OE was followed by calcitonin injection. 
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As the Editor wrote in his Preface, ”regenerative 
medicine is an old human dream, and for the first time in 
human history its realization in within reach. Diabetes 
ranks high on the priority list of diseases that can benefit 
from regenerative medicine intervention” …..”stem cells 
hold a promise for providing an abundant source of cells 
for cell therapy for diabetes. The generation of human 
embryonic stem cell lines created expectations for an 
imminent unlimited supply of all cell types needed in 
regenerative medicine.”

The Editor contacted 39 experts from three conti-
nents who contributed to this unique work by 13 chap-
ters divide in three sections reviewing the three main 
approaches for the generation of sufficient numbers of 
insulin-producing cells for restoration of an adequate 
beta-cell mass: beta-cell expansion, stem cell differentia-
tion, and nuclear reprogramming.

The first section opens with pancreas and islet de-
velopment which is a highly complex process in which 
two distinct cell types musty derive from one simple 
epithelium. It should be emphasized that this chapter 
includes nearly 300 up to date references. Next chapter 
describes he procedures of islet cell transplantation, 
clinical protocols and outcomes including immunosup-

pressive therapy and this section is concluded by chap-
ters on cell cycle regulation in human pancreatic cells, 
islet regeneration and beta-cell expansion in vitro.

The second section is entitle “Beta cells from non-beta 
cells” and contains five chapters which consider alterna-
tive cell sources for deriving insulin-producing cells and 
opens with the overview of the makeup of normal beta-
cells. Next chapter describe the generation of beta-cells 
from acinar cells, from pancreatic duct cells and also of 
adult cells reprogramming by using nonpancreatic cell 
sources and also of embryonic stem cells.

Finally, the third section is devoted to tissue engi-
neering and immune protection. It include a chapter 
on functional tissue reconstruction with the use of 
biologic scaffolds and, moreover, a  chapter on im-
munoisolation in cell transplantation and the last one 
on the prevention of islet graft rejection and recipient 
tolerization.

Thus monograph contains numerous instructive 
figures, schemes and microphotos which help to under-
stand sophisticated biological and technical processes 
representing the contemporaneous armament being 
used in this newly and rapidly development field of 
diabetology.
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