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Abstract

The prostate gland, an androgen-dependent organ, plays a pivotal role
in male fertility. Bilateral castration, employed for therapeutic and
preventive purposes in both humans and animals, prompted our
investigation into the histological architecture of the prostate gland
post-orchiectomy in adult male dogs. Six apparently healthy male
mongrel dogs (18-20 kg, 12-24 months) were divided into Control
and bilateral castrated groups. A blood testosterone test was
conducted, and prostatic tissues were harvested on day 20 for basic
histological, histochemical, and immunohistochemical studies.
Results revealed a rapid decline in serum testosterone levels,
concomitant with significant histological alterations in the prostate
gland. Notably, there was a substantial reduction in epithelial height
and a noticeable decrease in the immunostaining affinity of androgen
receptors. Additionally, a marked interstitial thickening, characterized
by a significant increase in the percentage of collagen fibers, was
observed. In conclusion, bilateral castration induces changes in
prostatic histological architecture alongside a depletion of blood
testosterone levels. These findings contribute to our understanding of
the impact of castration on male reproductive organs, potentially
informing therapeutic and preventive strategies for androgen-
dependent conditions.
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Introduction

The significance of male accessory
genital glands in fertility is
undeniable, with notable variations
in types and numbers observed
across mammalian species (Konig &
Liebich, 2020). In dogs, the prostate
gland stands out as the singular and
well-developed male accessory
gland, constituting the majority of
ejaculate volume (Leis-Filho &
Fonseca-Alves, 2018; Basinger et
al., 2003).

Similar to other species, androgen
hormones play a crucial role in
regulating the canine prostate,
ensuring its development, growth,
and maintenance of secretory
activity. Androgens also influence
the proliferation and differentiation
of luminal epithelial cells (Sun etal.,
2017). While androgens are essential
for the survival of epithelial cells and
the quiescence of stromal cells, basal
cell proliferation remains androgen-
independent (Hayward & Cunha,
2000).

Castration in dogs, resulting in the
absence of testosterone and
subsequently  dihydrotestosterone
(DHT), leads to the involution of the
prostate gland (Hayward & Cunha,
2000; Leis-Filho & Fonseca-Alves,
2018). Castration induces an
immediate  drop in serum
testosterone levels (Tilley & Smith
Jr, 2015).

Given the prevalence of prostatic
disorders in male dogs, often
associated with age, elevated DHT,
and infectious agents (Palmieri et
al., 2022; Schrank & Romagnoli,

2020), the canine prostate serves as
an excellent model for human
prostate structure and pathology
(Ryman-Tubb et al., 2022).

Furthermore, canine castration is a
preventive measure against
androgen-dependent diseases such
as benign prostatic hyperplasia
(BPH)(Ryman-Tubb et al., 2022).
This procedure proves effective,
rapid, and long-lasting, causing a
swift reduction in blood testosterone

concentrations and  decreasing
glandular ~ volume to levels
comparable to healthy animals

within two weeks (Cazzuli et al.,
2022).

Therefore, the primary objective of
this study is to investigate the
histological features of the canine
prostate gland following castration
in comparison to its intact state.

Materials and Methods
Experimental animal and housing
Six apparently healthy male mongrel
dogs (18-20 kg, 12-24 months)
were acquired and housed under
standard environmental conditions
with free access to clean drinking
water and a standard diet. The study
took place at the Animal House,
Surgery Department, Faculty of
Veterinary Medicine, Suez Canal
University, Ismailia, Egypt. Ethical
approval was obtained from the
Scientific Research Ethics
Committee of the Faculty of
Veterinary Medicine, Suez Canal
University (Approval number:
2022019).
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Experimental design and animal

grouping
Following a week of
acclimatization, animals  were

randomly assigned to two groups:
Group I (Control - "Non-Castrated"),
comprising three intact male dogs,
and Group Il (Bilateral Castrated
Group), comprising three male dogs
that underwent complete castration.
Surgical procedure

Before surgery, animals underwent a
fasting period of approximately 4
hours for food and 2 hours for water.
Intramuscular  administration  of
prophylactic antibiotic cefotaxime
(Cefotax, EIPICO, Tenth of
Ramadan, Egypt) at a dose of 50
mg/kg and intramuscular injection of
chlorpromazine hydrochloride
(Neurazine, Misr Co. Pharm., Al
Qalyubia, Egypt) at a dose of 1
mg/kg was performed. General
anesthesia was induced and
maintained by intravenous injection
of thiopental sodium 2.5% solution
(E.1.LP.1.C.O., Egypt) according to
Clarke et al., (2014). Animals then
underwent a closed pre-scrotal
orchiectomy as described by
Fossum, (2018).

Biochemical analysis

Blood samples were collected from
the cephalic vein for serum
testosterone estimation using an
enzyme-linked immunosorbent
assay (ELISA) with the Testosterone
(Canine) ELISA Kit from Abnova
(Catalog Number: KA2297).
Histological procedures

Tissue sampling and preparation
At the end of the experiment,
animals were euthanized with an
overdose of intravenous thiopental
sodium 2.5% solution. The prostate
gland was harvested, immediately
fixed in an appropriate fixative, and
processed for histological and
immunohistochemical studies.

Histological and histochemical
procedures

The fixed tissue  specimens
underwent dehydration, clearing,

paraffin infiltration, and embedding.
Paraffin blocks were sectioned at 5—
7 um thickness and processed for

Hematoxylin & Eosin (H&E),
Periodic  Acid  Schiff (PAS),
Masson’s Trichrome, Verhoeff’s

Van Gieson, and Gomori’s Reticulin
stains according to Suvarna et al.,

(2018).
Immunohistochemical procedures
For Immunohistochemical

examination, 4% paraformaldehyde-
fixed prostatic tissue specimens
were processed following routine
histological procedures. Sections of
5-7 um were cut, mounted on special
slides, and subjected to
immunostaining for detection of
Androgen Receptor (AR). The
primary AR antibody from Abclonal
(catalogue number: A2053) at a
dilution of 1:100 was used, and
PolyDetector DAB HRP Brown
detection system (catalogue number:
BSB 0015, Bio SB) was employed
for the reaction detection.
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Image analysis and morphometric
studies

Stained sections were examined and
photographed using an Olympus BX
41 research microscope with a
digital AMT camera at the
Photomicrograph Unit of Cytology
and Histology Department, Faculty
of Veterinary Medicine, Suez Canal
University, Ismailia, Egypt.
Morphometric parameters, including
epithelial height in H&E sections,
percentage area of collagen fibers
from Masson’s trichrome sections,
and mean area percent of AR
immunoreactivity were analyzed
using Image J software established
by the National Institute of Health
(Bethesda, Maryland, USA).
Statistical analysis

Data were presented as means + SE
and statistically analyzed using
SPSS (Statistical Package for Social
Sciences) version 25. The Student T-
test was applied, and significance
was considered when P value < 0.05,
with P < 0.01 indicating high
significance.

Results

Biochemical estimation of serum
testosterone concentrations
According to Fig (1), the bilateral
castrated group showed a significant
decline in serum testosterone
concentrations after 20 days of
bilateral castration (P < 0.01)
compared to the control group.
Histological observations

H&E staining results

Examination  of  H&E-stained
sections of the prostatic tissue from

the control group revealed normal
lobular  architecture.  Prostatic
lobules were formed of secretory
acini of variable shapes and sizes,
closely packed with  scanty
interstitial tissue. The glandular
lining consisted of simple cuboidal
or columnar epithelium  with
acidophilic cytoplasm and rounded
to oval vesicular nuclei. Sporadic
basal cells with flattened large nuclei
and scanty cytoplasm  were
observed. The lumina of the acini
contained variable amounts of
acidophilic secretion (Fig. 2A).
Contrastingly, the prostatic
specimens of the bilateral castrated
group revealed alterations in the
histological structure of the acini and
stroma. There was an apparent
reduction in the size of the acini and
lumen compared to the control
group. The epithelial lining altered
to be low cuboidal, and the
interacinar connective tissue became
thick (Fig. 2B).

Histochemical staining results
The PAS-stained sections of the
prostate gland obtained from the
control group showed a PAS-
positive reaction in the apical
cytoplasm of the epithelial lining
(Fig. 2C). In contrast, prostatic
sections from the bilateral castrated
group  expressed a negative
reactivity to PAS (Fig. 2D).

The Masson’s trichrome-stained
sections of the control group
revealed a normal amount of
collagen fibers and a thin layer of
smooth muscle fibers around the
acini (Fig. 3A). Conversely, the
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bilateral castrated group
demonstrated heavy deposition of
collagen fibers among acini (Fig.
3B). The presence of a reticular fiber
network supporting the prostatic
acini was demonstrated in sections
stained with Gomori’s reticulin and
was apparently similar in both
groups; control group (Fig. 3C) and
bilateral castrated group (Fig.3D). In
addition, delicate elastic fibers were
observed between the secretory units
by Verhoeff’s Van Gieson stain. No
notable differences were detected
between the experimental groups;
control group (Fig. 3E) and bilateral
castrated group (Fig.3F).

Androgen receptor (AR)
immunostaining in prostatic tissue
In the control group, luminal
epithelial cells expressed a strong
positive nuclear reaction for AR
(Fig. 2E). In contrast, the bilateral
castrated group showed few acinar
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cells with very weak nuclear AR
immunolabeling, while all others
had a negative immunoreactivity
(Fig. 2F).
Morphometric  and
results

Morphometric analysis of epithelial
height in H&E-stained sections
showed a statistically significant
decrease in the bilateral castrated
group compared to the control group
(P <0.01), (Fig.4).

From the prostatic tissue section
stained with Masson’s Trichrome,
the bilateral castrated group revealed
a highly significant increase in the
mean area % of collagen fibers (P <
0.01) compared to the control
(Fig.4).

Concerning the mean % area of AR
immunolabeling, a  significant
reduction in the bilateral castrated
group was observed compared to the
control (P <0.01), (Fig.4).
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Fig.1: Serum testosterone level was measured for the Control and

Bilateral castrated groups. All data were represented as mean + SE. Means

with different superscripts are statistically significant (P <0.01).
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Fig.2: Photomicrographs of prostatic tissue. (A&B) H&E-stained sections
showing histological features of prostatic lobules. A: Control group
demonstrating prostatic acini (P) containing secretion and separated by scanty
interstitial tissue (*). B: Bilateral castrated group showing collapsed acini (P)
embedded in thick stromal tissue (*). (C&D) Prostatic tissue stained with PAS.
C: Control group showing strong positive reactivity of lining epithelium
cytoplasm (arrow). D: Bilateral castrated group demonstrating PAS negative
reaction of prostatic acinar epithelial lining. (E&F) Immunohistochemical
stained prostatic tissue for AR. E: Control group illustrating strong positive
nuclear AR immunolabelling of secretory cells (arrowhead). F: Bilateral
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castrated group showing only few cells have very weak positive nuclear AR
expression (notched arrow) while others are negative.
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Fig.3| Photomicrographs of prostatic tissue demonstrating the interstitial
tissue. (A&B) Masson’s trichrome-stained sections illustrating interstitial
collagen (arrows). A: Control group showing few interstitial collagen fibers.
B: Bilateral castrated group revealing abundant collagen fibers deposition.
(C&D) Gomori's reticulin-stained sections demonstrating the reticular fiber
network (notched arrows) supporting prostatic acini. C: Control group and D:
Bilateral castrated group showing normally distributed reticular fibers. (E&F)
Verhoeff’s Van Gieson-stained sections showing delicate elastic fibers
(arrowhead) of interstitial tissue. E: Control group and F: Bilateral castrated
group revealing nearby similar distribution pattern of elastic fiber.
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Morphometrics statistical results

35

30

25

Epithelialheight (pum)

m Control

a
|
15 b a
10 \
5 f ﬁ
0

Area% of ARimmunoreactivity

b
iI

Area% of collagen

B Bilateral castrated

Fig.4| The epithelial heights (um), the area % of AR immunoreactivity
and the area% of collagen fibers in prostatic tissue was measured in
Control and Bilateral castrated groups. All data were represented as mean
+ SE. Means with different superscripts are statistically significant (P <0.01).

Discussion

In this study, a highly significant
decline in serum testosterone levels
was observed after bilateral
castration, consistent with findings
in rats by (Felix-Patricio et al.,
2017) The reduction in testosterone
can be attributed to the absence of
testes, the primary site of
testosterone production (Salavati et
al., 2018).

The histological examination of non-
castrated animals revealed a normal
lobular architecture of the prostate
gland, with closely packed acini
lined by columnar cells, consistent
with previous studies (Al-Omari et
al., 2005; Hammodi & Hamza,
2022; Lai et al., 2008; Leis-Filho &

Fonseca-Alves, 2018). Positive
reactivity to PAS in the apical
cytoplasm of luminal cells indicated
the presence of neutral
mucopolysaccharides (Hammodi &
Hamza, 2022).
Immunohistochemical analysis
showed a strong positive AR
immunoreactivity of luminal cells,
supporting the importance of
testosterone  levels and AR
expression for normal prostatic
epithelium (Dai et al., 2017).

After bilateral castration, distinct
alterations in histological
architecture were observed,
including a reduction in acini size,
low cuboidal epithelium, and loss of
cytoplasmic  acidophilia.  These



SCVMJ, XXVIII (2) 2023

461

changes align with previous studies
(Al-Omari et al., 2005; Campos et
al., 2010) and suggest epithelial
reduction and atrophy  post-
castration. The negative reactivity to
PAS indicated a lack of secretory
activity, consistent with hormonal
prostatic atrophy observed in dogs
following neutering (Palmieri et al.,
2019).

Immunohistochemical analysis
revealed weak AR immunoreactivity
and negative cells after bilateral
castration, indicative of reduced
androgen sensitivity and secretory
epithelial loss. Similar results were
reported in rats, where castration led
to a decline in AR-positive cells that
increased after androgen
replacement (Felisbino et al., 2019;
Shidaifat et al., 2004).

Also, the present histochemical
investigations of intact animal
showed that secretory units of the
prostate gland were surrounded by
scanty interstitial tissue that made up
of collagen fibers and a thin layer of
smooth muscle fiber was seen by
Masson’s trichrome, a network of
reticular fibers around the glandular
end pieces was observed in Gomori
reticulin sections, and fine elastic
fibers between the secretory units by
the Verhoef’s as that observed by
(Marettova, 2017).

Histochemical findings in the
bilateral castrated group indicated
interstitial tissue thickening, an
increase in collagen fibers, and
normal distribution of reticular and
elastic fibers. These changes align
with studies showing an influence of

androgen depletion on collagen
fibers, while reticular fibers remain
unaffected (Felix-Patricio et al.,
2017; Al-Omari et al., 2005).
Morphometric analysis supported
these findings, showing a significant
decline in  epithelial  height,
reduction of AR immunoreactivity,
and an increase in the mean area %
of interacinar collagen fibers in the
bilateral castrated group compared
to the control. Similar results were
observed in castrated ferrets and
neutered rats (Bo et al., 2019; Felix-
Patricio et al., 2017).

Conclusions

In conclusion, this study
demonstrated significant
histological alterations in the

prostatic tissue, both in stromal and
glandular components, following
bilateral castration, corresponding to
the ablation of testosterone. These
findings contribute to a broader
understanding of the impacts of
castration on the prostate gland and
may have implications  for
therapeutic and preventive strategies
in androgen-dependent conditions.
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