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The objective of this study is to describe the histological and histochemical structures of the prostate gland during different seasons
of the year. The experiment was carried out on the prostate gland of 24 sexually mature apparently healthy male donkeys (5 to 7
years) distributed over the four seasons of the year. The prostate gland was enveloped externally by a thick fibromuscular capsule.
Fibromuscular septa arose from the deep aspect of the capsule dividing the prostate into variable numbers of lobules of different
sizes and shapes. Each prostatic lobe was made up of compound tubuloalveolar glands and duct system. The secretory end pieces
were lined with principal secretory cells with occasional few basal ones. The principal cells varied from columnar to cuboidal in
shape, depending upon the studied season. The principal cells showed PAS-positive reactivity. Seasonal variations were observed
in the height of the principal cell lining the secretory end pieces, in the interstitial tissue/glandular tissue ratio, and in the PAS
reactivity in the principal cells. In conclusion, the prostate gland of donkey appeared more active during spring. This reactivity
decreased during other seasons of the year. Minimal reactivity was recorded during winter.

1. Introduction

The accessory genital glands were a series of glands situated
between the vas deferens and the root of the penis. These
glands are responsible for the secretion of the seminal plasma,
which provides the substrate for conveying the sperm to the
female and ensuring final maturation [1, 2]. The accessory
genital glands of donkey were made up of ampulla ductus
deferentis, seminal vesicles, prostate gland, bulbourethral
glands, and urethral glands [3].

The secretory portions of the prostate were tubuloalveolar
in rabbits [4], dogs [5], boars [6], elephants [7], bulls [8],
equines [9], men [10], camels [11], and buffalo bulls [12]. In
rams, the prostate was compound tubular [13], while in red
deer and goats [14–16], it was of branched tubular type.

The epithelial lining of the secretory end pieces varied
from low cuboidal to high columnar cells as observed in
rabbits, boars, elephants, bulls, common marmoset, camels,
buffalo bulls, domestic animals, and men ([4, 6–8, 17–21],
resp.). In dogs, the lining epithelium was simple, stratified, or
pseudostratified [5, 22]. Frequently, flattened, large rounded,

ovoid, wedged, or pyramidal-shaped cells were recorded
between the lining cells of the secretory units of the prostate
of dogs [22], shrew [23], camels [24], men [10], and buf-
falo bulls [17]. These basal cells possessed darkly stained
cytoplasm and rounded nuclei with dense chromatin [18] in
marmoset.

The glandular epithelium of the secretory end pieces of
the prostate showed seasonal variations in red deer [14], bucks
[15], rams [25], and camels [26].

The histological and histochemical studies on the prostate
gland of equines especially those of donkeys are rare [9].
So the aim of the present work is to study the histological
and histochemical structures of the prostate gland of donkey
during different seasons of the year.

2. Materials and Methods

As discussed in our previous work [3], the present study was
performed on 24 sexually mature apparently healthy male
donkeys (jacks) that were collected during four seasons of the
year, six for each. Their age ranged between 5 and 7 years.
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Figure 1: Photographs showing the accessory genital glands of the donkey during spring (dorsal view, (a); ventral view, (b)-(c)). Ductus
deferens (arrowhead), ampulla of the deferent duct (Am), seminal vesicles (S), prostate gland (P) and its isthmus (I), band of urethralis muscle
(arrow) covers the caudal pole of the prostate (P), bulbourethral glands (Bu), genital fold (asterisk), vestige Mullerian ducts (arrow), urinary
bladder (Ub), and pelvic urethra (Pu). (d) High magnification photograph at the ventral aspect of an incised pelvic urethra of the donkey
during spring showing opening of the ejaculatory ducts (double arrows), prostate gland openings (arrows), bulbourethral gland openings
(arrowhead), and urethral gland duct openings (double arrowheads) adapted after Abou-Elhamd et al., [3].

The animals were anesthetized and then thoroughly bled
to death from the common carotid artery. The jacks were
dissected, and their accessory genital glands were perfused
in situ through the right and left internal pudendal arteries
with the appreciate fixatives. They included neutral buffered
formaldehyde, Bouin’s fluid (for routine histological and
morphometrical examination), and cold formol-calcium (for
lipids).

The fixed specimens from the prostate gland were further
processed for paraffin embedding. 5–7 𝜇m thick paraffin
sections were obtained and stained with the following stains.
Routine histological examinations were performed by using
Harris haematoxylin and eosin stain [27, 28]. Collagenous
fibers were detected by Crossmon’s trichrome stain [29, 30].
For demonstration of elastic and reticular fibers, we used
Verhoeff ’s methods [31, 32] and Gomori’s reticulin stain [33],
respectively. Periodic acid-schiff, PAS [34], alcian blue tech-
nique, pH 2.5 [35], and combined alcian blue-PAS technique

[36] for detection of neutral and acid mucopolysaccharides.
Glycogen was demonstrated by using Best’s carmine method
[37].

For demonstration of lipids, Sudan black staining as
described by Bayliss and Adams [38]; we used the accessory
genital glands of another 2 jacks each season.

The sections were examined and photographed on an
Olympus microscope with DP72 camera and cell software.

For scanning electron microscopy, the specimens were
fixed in 5% phosphate buffered glutaraldehyde for 24 hr at
4∘C.Thereafter, the specimens were post-fixed in 1% buffered
osmic acid and dehydrated in alcohol followed by amyl
acetate. They were dried by the critical point drying using
liquid CO

2
andmounted on specimen’s tubes.The specimens

were sputtercoated with gold, examined, and photographed
at JEOL 5400 LV scanning electron microscope.

Themorphometric studies were performed on the stained
histological sections of the glands under investigation using
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Figure 2: Photomicrographs of the fibromuscular capsule of the prostate of the donkey during winter by using of (a) Crossmon’s trichrome
stain showing the smooth muscle fiber bundles (Sm) and collagen fibers (green colour). Septa (S), prostatic lobules (asterisk), blood vessels
(Bv), and ×25. (b): Verhoff ’s stain showing the elastic (arrowhead) and smooth muscle fibers (arrow). Secretory end pieces (asterisk), ×200.
(c): Gomori’s stain showing the reticular fibers network (arrowhead) supporting the smooth muscle fibers. Collagen fibers (brown colour),
prostatic lobules (asterisk), and ×100.

Leica Q 500MC image analyser.They were performed by two
operators, in double blind, comparing the results obtained
subsequently. The measurements were carried out on each
gland of the 6 jacks in all seasons in the following manner.
The height of the surface and the glandular epithelium, the
nuclear/cell ratio of the principal cells of the surface, and
glandular epithelium were calculated from fifteen random
fields of the glands under investigation. The interstitial
connective tissue/glandular tissue ratio of the studied glands
was calculated from five random fields. All the data were
presented as means ± SE, which were statistically analysed
using SPSS (one way ANOVA and Scheffe tests).

3. Results

The prostate gland (Glandula prostatica) of the donkey was
represented only by the body or the external part of the gland
(Pars externa, Corpus prostatica), which was retroperitoneal.

It consisted of right and left somewhat prismatic-shaped lobes
connected with isthmus. The prostate gland was located on
the dorsolateral surface of the neck of the urinary bladder
and the beginning of the urethra. Caudally, a muscular band
originating from the urethralis muscle covered partially each
prostatic lobe at its ventral surface. After incision of the
ventral aspect of the pelvic urethra, 15–20 duct openings of
the prostate were observed on both sides of the Colliculus
seminalis (Figures 1(a)–1(d)).

3.1. Histological Observations. The prostate gland of the
donkey consisted of stroma and parenchyma. The former
was represented by capsule, septa, and interstitial connective
tissue.

The prostate gland was enveloped externally by a thick
capsule.The capsule was divided into outer fibrous and inner
fibromuscular layers. The outer fibrous capsule was made up
mainly of collagenous, reticular, and few fine elastic fibers
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Figure 3: Photomicrographs of the prostatic capsule during winter showing fine elastic fibers (arrowhead), small-sized arteries (a), small-
sized veins (V), bundles of myelinated nerve fibers (Nf), and sympathetic ganglion (Sg) within the outer fibrous layer. Inner fibromuscular
capsule (Ic), and prostatic lobules (Pl). (a) Verhoff ’s stain. ×50. (b) Haematoxylin and eosin ×100.
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Figure 4: Photomicrograph showing the attachment (asterisk) of
the seminal vesicle (Sv) with the capsule of the prostate gland (Pg)
during winter. Collagen fibers (green colour). Tunica muscularis of
the seminal vesicle (Tm), and fibromuscular capsule of the prostate
(Fm). Crossmon’s trichrome stain. ×100.

(Figures 2(a)–2(c)). This layer contained small-sized arteries
and veins, arterioles, venules, bundles of myelinated nerve
fibers, and sympathetic ganglia (Figures 3(a) and 3(b)).

The inner fibromuscular capsule consisted mainly of
coarse collagenous fibers and thick bundles of smoothmuscle
ones (Figure 2(a)). The latter were concentrated mainly in
the deep portion of the capsule with abundant elastic fibers.
Moreover, fine elastic ones were seen elsewhere in the capsule
in between the individual smoothmuscle fibers (Figure 2(c)).

It was observed that the prostatic capsule is attached
directly to the connective tissue adventitia of the seminal

vesicle cranially at its dorsal aspect (Figure 4). In addition,
bundles of skeletal muscle fibers of the urethralis muscle were
also demonstrated, joining the prostatic capsule at its caudal
pole ventrally (Figure 5(a)). Some of these skeletal muscle
fibers penetrated the capsule and were demonstrated among
the smooth muscle fiber bundles of the septa only in sections
obtained from the caudal pole of the prostate (Figure 5(b)).

Fibromuscular septa arose from the deep aspect of the
capsule (Figures 2(a) and 2(b)) dividing the prostate into
variable numbers of lobules of different sizes and shapes
(Figure 6(a)). Structurally, the septa simulated nearly the
capsule (Figure 6(b)), but the elastic fibers appeared more
numerous and thicker (Figure 6(c)). It also contained small-
sized blood vessels and bundles of myelinated nerve fibers.

The interstitial tissue of the prostate was made up mainly
of a network of reticular fibers supporting the glandular
end pieces (Figure 7(a)). In addition to the presence of fine
elastic (Figure 7(b)) and collagenous fibers, singly distributed
smooth muscle fibers were also demonstrated (Figures 8(a)
and 8(d)).

The amount of the interstitial connective tissue support-
ing the prostatic parenchyma varied among the studied sea-
sons, where highly significant (𝑃 < 0.01) seasonal differences
in the interstitial connective tissue/glandular tissue ratio
were recorded. The lowest amount of the interstitial tissue
was obtained in spring, where the interstitial connective
tissue/glandular tissue ratio reached about 0.247 ± 0.015.
This ratio increased gradually during summer (about 0.295 ±
0.019) and autumn (about 0.400 ± 0.025), while the highest
ratio was observed during winter, where it measured about
0.480 ± 0.018 (Figures 8(a)–8(d) and Figure 9).

The parenchyma of the prostatic lobes and isthmus is
composed of compound tubuloalveolar glands and duct
system (Figures 2(a), 5(a) and 8(a)–8(d)).

The compound tubuloalveolar glands were lined with
principal secretory cells with, however, occasional few basal
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Figure 5: Photomicrographs showing the site of attachment of the skeletal muscle fibers (a) of the urethralis muscle (asterisk) to the prostatic
capsule (Pc) and the extension of some these fibers (arrow) within the fibromuscular septa (b). Collagen fibers (green colour), smoothmuscle
fibers (Sm), and prostatic lobules (Pl). (a) Crossmon’s trichrome stain. ×50. (b) Haematoxylin and eosin stain. ×100. (asterisk).

ones. The principal cells varied from columnar to cuboidal
in shape, depending upon the studied season with some-
what distinct cell boundaries and fine granular acidophilic
cytoplasm, which appeared more numerous during spring
than the other seasons. Their deeply stained basely located
nuclei were nearly round or ovoid in shape. Also, fine dark
yellow to yellow brown granules were distributed within
the cytoplasm of the glandular and ductal epithelial cells of
the prostatic lobules. Large amount of these granules was
clearly visible during winter.The basal cells appeared as small
flat or triangular-shaped cells, wedged between the principal
ones and the basement membrane. They were characterized
by their somewhat small cytoplasm and large flattened or
irregular-shaped nuclei (Figures 10(a)-10(b)).

The height of the glandular epithelium revealed highly
significant (𝑃 < 0.01) seasonal variations. During spring, the
epithelial height reached its maximal value, where it mea-
sured about 14.67 𝜇m ± 0.138. Then, it decreased gradually
during summer (about 12.80 𝜇m ± 0.397) and autumn (about
12.64 𝜇m ± 0.279). The lowest value was obtained in winter,
where it was about 11.31 𝜇m ± 0.322 (Figures 11 and 12(a)–
12(d)).

The nuclear/cell ratio of the principal cells of the prostate
varied among the studied seasons. This ratio showed highly
significant (𝑃 < 0.01) seasonal variations. The lowest ratio
was recorded in spring, where it reached about 0.224 ± 0.013.
This ratio increased gradually to about 0.225 ± 0.005 during
summer, 0.241 ± 0.005 during autumn, and 0.270 ± 0.009
during winter (Figure 9).

The lumina of some secretory portions as well as that of
the central collecting sinuses showed acidophilic secretory
materials as well as concretes.

The duct system could be organized into tertiary, sec-
ondary, and primary ducts. The secretory portions were
drained directly by a tertiary duct into a secondary duct or the
central collecting sinus of the prostatic lobules (Figure 13(a)).
The glandular epithelium of the secretory portions changed
gradually into the ductal epithelium. Both the tertiary and
secondary ducts and central collecting sinuses were lined
with low cuboidal principal cells, with somewhat deeply
stained acidophilic cytoplasm.Their spherical or ovoid nuclei
appeared somewhat darkly stained occupyingmost of the cell
(Figure 13(b)).

The secondary ducts or central collecting sinuses of
several prostatic lobules or even of a single lobule are drained
directly into a long primary duct (Figure 14). These primary
ducts were accompaniedwith few secretory end pieces, which
opened directly into their lumina. The ducts were directed
towards the cranial part of the pelvic urethra penetrating its
muscle (Figures 15(a) and 15(b)) to open on both sides of
the Colliculus seminalis. These ducts were firstly lined with
simple low cuboidal epithelial cells as those of the central
collecting sinus, which changed gradually into a bilayered
epithelium, consisting of superficial cuboidal cells and flat
basal ones. Near its termination, the ductal lining epithelium
changed into stratified cuboidal at its opening into the pelvic
urethra (Figure 16(b)).

The primary ducts were supported with highly vascu-
lar dense fibrous connective tissue layer made up mainly
of collagenous (Figure 16(a)). Reticular fibers network was
observed only under the epithelial lining of the duct
and secretory portions (Figure 15(b)). Elastic fibers were
demonstrated mainly parallel to the longitudinal axis of the
duct (Figures 17(a) and 17(b)). This connective tissue layer
contained also fibroblasts, fibrocytes, and blood vessels of



6 Journal of Histology

Pl

Pl

∗

∗

(a)

Nf
Pl

Pl

∗

(b)

∗

(c)

Figure 6: Photomicrographs of the fibromuscular capsule of the prostate of the donkey during winter after by using of (a) Crossmon’s
trichrome stain showing the smooth muscle fiber bundles (Sm) and collagen fibers (green colour). Septa (S), prostatic lobules (asterisk), and
blood vessels (Bv). ×25. (b) Gomori’s stain showing the reticular fibers network (arrowhead) supporting the smooth muscle fibers. Collagen
fibers (brown colour), and prostatic lobules (asterisk). ×100. (c) Verhoff ’s stain showing the elastic (arrowhead) and smooth muscle fibers
(arrow). Secretory end pieces (asterisk). ×200.

variable calibers as well as cavernous spaces (Figures 15(a),
15(b), and 16(a)).

Scanning electron microscopy of the pelvic urethra dur-
ing the studied seasons at the level of the Colliculus seminalis
revealed numerous prostatic duct openings (Figure 18(a)),
which are arranged into somewhat parallel rows on either
side of the Colliculus seminalis. These openings appeared as
elevated dome-shaped papillae upon the urethral membrane.
At the tip of each papilla, the prostatic gland openings
possessed irregular indentations and hexagonal-shaped cell
luminal surface (Figures 18(b) and 18(c)). Variable numbers

of spermatozoa could be observed within some prostatic duct
openings (Figure 18(d)).

3.2. Histochemical Observations

3.2.1. Carbohydrates

Neutral Mucopolysaccharides. During spring, the principal
glandular epithelial cells lining the majority of the secretory
end pieces of the prostatic lobules reacted very strongly to
PAS in the form of diffuse homogenous substance filling the
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Figure 7: (a) Photomicrographs showing the reticular fibers network (arrowhead) supporting the muscle fibers of the septa (asterisk)
during winter. Collagen fibers (brown colour), myelinated nerve fiber bundles (Nf), and prostatic lobules (Pl). Gomori’s stain. ×100. (b)
Photomicrograph showing the numerous elastic fibers (arrow) within the septa of the prostate of the donkey during winter. Secretory end
pieces (asterisk). Verhoff ’s stain. ×400. (a)-(b), (a) Photomicrograph of the prostatic lobules during spring showing reticular fibers network
(arrowhead) supporting the glandular epithelium (Ge) and smoothmuscle fibers of the septa (Sm).Gomori’s stain.×200. (b) Photomicrograph
showing fine elastic fibers (arrowhead) in the interstitial connective tissue of the prostate of the donkey during spring. Glandular epithelium
(Ge). Verhoff ’s stain. ×200.

whole cytoplasm (Figure 19(a)). It was observed that in some
glandular lobules or even in the same secretory portions, the
intensity of the PAS-positive reactivity ranged from strong
to moderate. But secretory portions that negatively reacted
to PAS could not be demonstrated. The secretory materials
observed within the lumina of some prostatic lobules showed
very strong positive reaction.The epithelial lining of the duct
had the same reactivity as that of the glandular one.

During summer, the intensity of the PAS reaction
was somewhat slightly lower than that during spring
(Figure 19(b)). During autumn, a moderate PAS-positive
reactivity was observed within the majority of the prostatic
lobules, although some of themweakly reacted (Figure 19(c)),
while the secretory globules very strongly reacted. During
winter, the majority of the secretory portions of the prostatic
lobules weakly reacted to PAS, although few secretory por-
tions showed moderate PAS reactivity. On the other hand,
strong PAS-positive granules were detected within some
glandular and ductal epithelial cells (Figure 19(d)).

In all studied seasons, the prostatic stromaweakly reacted
to PAS while the reticular fibers supporting the smooth
muscle fibers strongly reacted (Figures 19(a)–19(d)).

3.3. Glycogen. After Best’s carmine staining, the prostate
gland of the donkey did not reveal any positive glycogenic
granules during the four seasons. Only the luminal content
showed somewhat moderate reaction for Best’s carmine stain
(data not shown).

3.4. Acid Mucopolysaccharides. During the four studied sea-
sons, the glandular and ductal epithelium of the prostatic

lobules as well as the luminal contents, concretes, the capsule,
septa, and the interstitial connective tissue were devoid of any
alcianophilic positive reaction (Figures 20(a) and 20(b)).

With alcian blue-PAS staining technique, the histochem-
ical picture of the prostate gland of the donkey concerning
the pattern of distribution and the intensity of reaction was
nearly the same as that observed with PAS technique during
the all studied seasons (Figures 21(a) and 21(b)).

3.5. Lipids. During spring, few sudanophilic granules were
observed within the glandular and ductal epithelial cells
of the prostate gland of the donkey. They were repre-
sented by small granules within the majority of these
cells (Figure 22(a)). During the other seasons, the intensity
and amount of sudanophilic granules increased than those
observed during spring (Figure 22(b)). The components of
the capsule, connective tissue septa and the secretory sub-
stances negatively reacted to Sudan black stain.

3.6. Lipofuscins. After long Ziehl-Neelsen staining, few posi-
tive lipofuscin granules could be demonstrated during spring
in some glandular and ductal epithelial cells of the prostatic
lobules. These granules were nearly rounded ranging from
bright red to magenta colour (Figure 23(a)). They increased
slightly during summer (Figure 23(b)) while during autumn
a further increment in their amount could be observed
(Figure 23(c)). These lipofuscin pigments reached their max-
imal amount during winter (Figure 23(d)). In all studied sea-
sons, lipofuscin pigments within the stroma of the prostatic
glands of the donkey and the luminal contents could not be
demonstrated.
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Figure 8: Photomicrographs showing the variation in the amount of the interstitial connective tissue (arrow) of the prostate gland of the
donkey during spring (a), summer (b), autumn (c), and winter (d). Glandular epithelium (double arrowhead), collagen fibers (green colour),
smooth muscle fiber bundles of the septa (Sm), singly distributed smooth muscle fibers (arrowhead), central collecting sinus (asterisk), and
blood vessels (Bv). Crossmon’s trichrome stain. ×100.

4. Discussion

The prostate gland of the donkey was made up only of Pars
externa (Corpus prostatae), which consisted of right and left
lobes, connectedwith isthmus and located on the dorsolateral
surface of the neck of the urinary bladder and the beginning
of the urethra. Similar results were reported in horses [19, 39–
41] and equines [2, 9].

Theprostate of the donkeywas enveloped by thick capsule
which had outer fibrous and inner fibromuscular layers.
Simulated results were reported in bulls [8, 42, 43], common
marmoset [18], horses [40], camels [11], and buffalo bulls [44].

The present study revealed that the capsule of the prostate
is attached directly to the connective tissue adventitia of the
seminal vesicles. This may be the cause of the difficulty to
distinguish them on rectal palpation in horses [40].

The connective tissue septa of the prostate of the donkey
were mainly fibromuscular in nature. Similar results were
observed in bulls [8, 43] and buffalo bulls [17, 42, 45], while in
camels, it was less fibrous and more muscular [11, 26, 46, 47].

The present study revealed that the interstitial tissue of
the prostate gland of the donkey was made up of a network
of reticular fibers supporting the glandular end pieces as that
observed in the prostate of camels and buffalo bulls [26, 48].
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Figure 9:Thenuclear/cell ratio of the principal cells of the glandular
epithelium and the interstitial connective tissue/glandular tissue
ratio of the prostate gland of the donkey showed significant seasonal
variations.

In addition, fine elastic and collagenous fibers as well as
single distributed smooth muscle fibers were also observed.
A great amount of smooth muscle fibers were demonstrated
in the interstitial connective tissue of the prostate gland of
camels [46], stallions [19], and Mongolian gerbil [49]. The
contraction of this muscle may be required to push the stored
prostatic secretion into the lumen of the urethra [11, 50].

The parenchyma of the prostate gland of donkey was
compound tubuloalveolar in type. However, it was of com-
pound tubular type in red deer, horses, bucks, and domestic
animals ([14, 15, 39, 40], resp.).

The present study revealed that the glandular epithelium
of the prostate is made up of principal secretory cells with
occasionally few basal ones. Similar descriptionwas observed
in dogs [5], goats [51], common marmoset [18], camels [20,
46], goats [52] and domestic animals [19], while the glandular
epithelium of the prostate of bucks [15], buffalo bulls [12, 48],
gorilla [53], and camel [11] ranged from cuboidal to columnar.

The present study revealed that the principal glandular
cells were columnar in shape with fine granular acidophilic
cytoplasm.The basal cells appeared as small flat or triangular-
shaped.

These cells were considered as a source of cellular regen-
eration and played a role in substrate transport [54]. This
was supported by Chandler et al. [55] as after administration
of cadmium to rats, the basal cells were found to replace
epithelial cells in vivo.

Contrary to that observed in male opossum [56] and
camels [11, 20, 26], the apical surface of the principal cells
of the prostate of the donkey showed no apical protrusions,
and this suggests that the mode of secretion of these cells
may be a merocrine type.This finding was in agreement with
that observed in dogs [57] as well as in bucks [58]. Both
merocrine and apocrine modes of secretion were observed
in the prostate gland of Mongolian gerbil [49].

Similar to that observed in the glandular epithelium of
the prostate gland of baboons [59], dogs [60, 61], and house

F
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Figure 10: Photomicrographs of the glandular epithelium of the
prostate during spring (a) and winter (b) showing the principal cells
with fine acidophilic granular cytoplasm and rounded basely located
nuclei (arrow). During winter, the principal cells contained large
amount of lipofuscin pigments (brown colour). Basal cells with flat-
tened (arrowhead) or irregular-shaped nuclei (double arrowhead),
Fibroblasts (F). Haematoxylin and eosin stain. ×1000.
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Figure 11: The height of the glandular epithelium of prostate gland
of the donkey showed significant seasonal variations.
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Figure 12: Photomicrographs showing the variation in the height of the glandular epithelium of the prostate during spring (a), summer (b),
autumn (c), and winter (d). Principal cells (arrow), basal cells (arrowhead), and lipofuscin granules (brown colour in (d), fibroblasts (F).
Haematoxylin and eosin stain. ×400.

mice [62], fine dark yellow to yellow brown granules were
distributed within the cytoplasm of the glandular and ductal
epithelium of the prostate of the donkey. These granules
were histochemically similar to lipofuscin pigments [21]. The
prostatic stromal and glandular cells of the prostate gland of
dogs underwent serial pathological changes of atrophy and
apoptosis after castration. The atrophic cells were filled with
numerous intracellular lipofuscin pigments. This indicates
that the prostate was an androgen sensitive organ. Reference
[62] added that there was an increase in apoptotic cells in
ventral prostate of house mice on ageing related to the fall of
testosterone level and increase of lipofuscin granules, which
may be indicative stress in this tissue. In men prostatic tissue,
the increase of lipofuscin might be secondary to cellular

damage with a consequent catabolic process in the cells
[63]. This confirmed the present results, in which lipofuscin
pigments were observed during winter (in active season) and
decreased during the rest of the seasons, where they reached
their minimal amount during spring (active season).

The prostate gland of donkey reached its maximal activity
during spring, where the glandular epithelium reached its
maximal height (about 14.67 𝜇m± 0.138), and the nuclear/cell
ratio of the principal cells reached the lowest value (about
0.224 ± 0.013). The connective tissue was sparse, where the
interstitial connective tissue/glandular tissue ratio reached
the lowest value (about 0.247 ± 0.015). The lowest activity
was observed during winter, where the cell height reached
the lowest value (about 11.31 𝜇m ± 0.322), and the nuclear/cell
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Figure 13: Photomicrographs of the prostatic lobules (a) and the higher magnification of the marked area (b) during winter. The secretory
portions (Sp) drained by a tertiary duct (Td) into large secondary duct or collecting sinus (Sd), gradual change of the glandular epithelium
(arrow) into ductal one (arrowhead). Fibromuscular capsule (C) connective tissue septa (S), interstitial connective tissue (Ic). Haematoxylin
and eosin stain. (a): ×50. (b): ×200.
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Figure 14: Photomicrograph of the prostate during spring showing
the secretory end pieces (Se) drained directly by tertiary ducts (thin
arrow) into collecting sinuses (asterisk), which are drained into long
primary duct (thick arrow). Fibromuscular capsule (C), septa (S),
and collagen fibers (green colour). Crossmon’s trichrome stain. ×25.

ratio reached its maximal value (about 0.270 ± 0.009). The
connective tissue was abundant and the interstitial connec-
tive tissue/glandular tissue ratio reached the maximal value
(about 0.480 ± 0.018).

Seasonal variations were also observed in the prostate of
bucks [15], rams [25], camels [26], and rats [64]. In addition,
reducing androgen production by the Leydig cells causes

involution of the prostatic epithelium and growth of stroma
in adult animals [65, 66].

The duct system of the prostate of the donkey was
organized into tertiary, secondary (central collecting sinuses),
and primary ducts. The latter opened into dorsal aspect of
the prostatic urethra. Contradictive speculations were men-
tioned concerning the duct system organization in prostate
of the different animals. In stallions and bulls, the prostate
has intercellular canaliculi in addition to the excretory ducts,
which have the same glandular lining [39]. In camels, the
prostate duct system was organized into connecting ducts,
collecting sinuses, and interlobular ducts.The latter was lined
with stratified epithelium, which changed near its termi-
nation into the transitional one [26]. In the present study,
similar interlobular ducts were not absolutely seen where the
interlobular connective tissue was free of them. In buffalo
bulls, it was organized into intra- and interlobular ducts
[12]. However, Wrobel and Dellmann [19] in the prostate of
domestic animalsmentioned only intraglandular ductswhere
their lining epithelium changed from simple columnar to
transitional one at their terminal portions.

Our results showed that 15–20 prostatic duct openings
are arranged on both sides of the Colliculus seminalis,
representing the prostate gland ducts. Similar results were
observed in equines [9], camels [46], buffalo bulls [12], and
stallions [19]. Scanning electron microscope of the prostatic
urethra showed that these openings appeared as elevated
dome-shaped papillae upon the urethral surface (Figure 18).

The glandular epithelial cells of the prostate of the
donkey reacted strongly to PAS, indicating the presence of
neutralmucopolysaccharides.This reaction reachedmaximal
intensity and amount during spring. During summer, the
PAS reaction was nearly the same or somewhat slightly
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Figure 15: (a) Photomicrographs showing the penetration of the primary ducts (asterisk) to the urethral muscle (Um) during spring and high
magnification of the marked area and (b) the change of the lining epithelium from bilayered epithelium (arrowhead) to stratified cuboidal
(arrow) as that of the urethral epithelium (Ue). Secretory portions accompanied the duct (Sp), blood vessels (Bv). Haematoxylin and eosin
stain. (a) ×25. (b): ×200.
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Figure 16: (a) Photomicrographs showing the presence of collagenous fibers (green colour) in the connective tissue layer supporting the
primary duct (Pd) during autumn. Secretory end pieces accompanied the duct (asterisk). Urethral epithelium (arrowhead), urethral lumen
(Ul), cavernous spaces (C), and blood vessels (Bv). Crossmon’s trichrome stain. ×50. (b) Photomicrograph of the reticular fibers network
(arrowhead) supporting the accompanied secretory end pieces (asterisk). Collagenous fibers (brown colour). Gomori’s stain. ×200.

decreased more than that during spring. Then it reached its
lowest reactivity during winter. In the epithelial cells of the
prostate of rabbits, the neutral mucopolysaccharides were the
precursors of fructose in the prostatic secretion [67].

Seasonal variations with PAS were also recorded in the
secretory end pieces of the prostate of red deer and rams.
In red deer, strong PAS-positive granules were observed in

the epithelial lining of the prostatic tubules during the rut
than in the pre-rut season [14]. In rams, during winter the
PAS-positive granules were observed in the majority of the
active cells, and these granules increased in amount during
spring and summer and reached their maximum during
autumn [25]. In camels, the total glandular reactivity to PAS
is greater in spring and winter than in autumn and summer.
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Figure 17: (a) Photomicrographs showing the parallelly arranged elastic fibers (thin arrow) to the longitudinal axis of the primary duct (Pd)
during autumn. Secretory portions (asterisk) accompanying the duct, and urethral epithelium (arrowhead). Verhoff ’s stain. ×25. (b) High
magnification photomicrograph of the elastic fibers (thin arrow) in the wall of the primary duct (Pd) during autumn. Cavernous spaces (C).
Verhoff ’s stain. ×200.
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Figure 18: (a) Scanning electron micrograph of the luminal surface of the prostatic urethra at the level of the Colliculus seminalis during
spring showing the arrangement of the prostate gland openings (arrow) into somewhat parallel rows. ((b)-(c)) High magnification scanning
electron micrographs of (a) showing the elevated dome-shaped like papillae of the duct openings with its irregular oval appearance and
hexagonal-shaped cell surface (arrowhead). (d) High magnification scanning electron micrograph of the prostate duct opening containing
variable numbers of spermatozoa (arrowhead). Scale bar was demonstrated on each figure.
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Figure 19: Photomicrographs showing the PAS reactivity within glandular epithelium (arrow) of the prostate gland of the donkey. Strong
PAS positive reaction was observed during spring (a). This reaction decrease in intensity during summer (b) and becomes moderate during
autumn (c). During winter (d), the majority of the secretory end pieces are weakly reacted, except the lipofuscin granules. Weakly reacted
smooth muscle fiber bundles and connective tissue stroma (asterisk). Concretes (C). PAS/haematoxylin stain. ×400.

This simply reflects the change in the amount of neutral
mucopolysaccharides secreted by the prostate along the year
being maximal in spring and minimal in summer [26].

In this work, the PAS-positive cells did not reveal any
significant positive reaction to Best’s carmine. Similar results
were observed in dogs [5], buffalo bulls [48], and ferrets
[68], where glycogen could not be observed in the prostate of
these animals. These results were contrary to those observed
in one-day-old poppy, opossum, shrew, camels, and young
calves ([5, 11, 23, 45, 56], resp.), where fine glycogenic granules
were demonstrated in the prostatic glandular epithelium.
These glycogen granules might be involved in the metabolic
activity of the secretory units of camel’s prostate [11].

Similar to that observed in the prostate of boars [6],
dogs and cats [69], camels [24, 26], and Viscacha [70],

the prostate of the donkey was devoid of any alcianophilic
positive reaction.This result was in contrary that observed in
the prostate of dogs [71], goats [16], buffalo bulls [12, 17, 48],
and ferrets [68] in which the prostatic epithelium contained
alcianophilic positive granules.

From the previous results, the secretory materials of the
prostate gland of the donkey were neutral mucopolysaccha-
rides and the prostate was suggested to be serous gland while
in bulls [8, 72] and buffalo bulls [12, 17] two types of prostatic
epithelial cells were recorded: serous and mucous cell types.

In a common agreement with Arcadi [5] Seaman and
Winell [22] Brandes and Bourne [73], Miraglia et al. [18], Ali
et al. [24], Nasr and Moustafa [11], Sudhakar et al. [45] in the
prostate gland of dogs, men, commonmarmoset, camels, and
buffalo bulls, respectively, the prostate of the donkey reacted
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Figure 20: Photomicrographs of the prostate after alcian blue staining during spring (a) and winter (b) showing the negative reactivity
of the glandular epithelium (arrow), stroma (asterisk), luminal contents (arrowhead), concretes (C), and blood vessels (Bv). Alcian
blue/haematoxylin stain. ×400.
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Figure 21: Photomicrographs of the prostate gland during spring (a) and winter (b) after alcian blue/PAS/haematoxylin staining showing
nearly the same picture as PAS reactivity. Glandular epithelium (arrow), interstitial connective tissue (asterisk), and septa (S). ×200.

positively to Sudan black stain. Few sudanophilic granules
were distributed in the cytoplasm of the glandular and ductal
epithelial cells during spring. During the other seasons, the
intensity and amount of sudanophilic granules was increased.

Seasonal variations in the amount of lipid content were
observed in the glandular epithelial cells of the prostate of
bucks, in which the maximal sudanophilic materials were
demonstrated in autumn (active season), while materials
collected at the end of spring showed minimal lipid contents
[15]. This was on contrary to that observed in the prostate
of goats [16] and buffalo bulls [48], which were free from
sudanophilic materials.

The secretory materials of the prostate of domestic
animals increased spermatozoal motility and contributed to
vaginal plug formation. In bulls, the secretory fluids contain
high quantities of fructose and citric acid; however, little
else is known regarding its function [1]. In stallions, the
prostatic secretion forms about 25–30% of the total volume
of the ejaculate, and its function is to neutralize the seminal
plasma, made acid by accumulation of metabolic carbon
dioxide and lactate, and to initiate active movements of the
ejaculated spermatozoa [19]. Also, Dym [74] reported that
the prostatic secretion of men was colourless fluid that con-
tained zinc, citric acid, and numerous proteolytic enzymes.
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Figure 22: Photomicrographs showing few sudanophilic granules within the glandular and ductal epithelial cells (arrow) of the prostate of
the donkey during spring (b). These granules increase in intensity and amount during winter (b). Negatively reacted interstitial connective
tissue (asterisk). Sudan black stain. ×400.
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Figure 23: Photomicrographs showing the variation in the amount of lipofuscin granules (arrowhead) within the glandular epithelial cells
(arrow) of the prostate of the donkey. Few granules are observed during spring (a), which increase in amount during summer (b) with further
increase during autumn (c), where they reach theirmaximal amount during winter (d). Smoothmuscle fibers (S), interstitial connective tissue
(asterisk). Long Ziehl-Neelsen technique ×400.
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The most potent one was fibrinolysin, which played a role in
liquefaction of semen.

In conclusion, the prostate gland of donkey appeared
more active during spring, which is manifested by increase
in the epithelial height, decrease in the interstitial connective
tissue glandular tissue ratio, and strong PAS reactivity in the
epithelial lining of the secretory end pieces. This reactivity
decreased during other seasons of the year. Minimal reactiv-
ity was recorded during winter.
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