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THIS STUDY investigated the histomorphometrical and histochemical characteristics
of the epididymal duct in 24 sexually mature male Merize bucks across seasons. This
duct was divided into six segments; IS of the caput, PS, MS and DS of the corpus and PS
and DS of the cauda. The maximum total diameter, epithelial height and luminal diameter
of all epididymal segments were significantly higher (p<0.05) in autumn (October) compared
to other seasons. The epithelial lining of the epididymal duct consisted of a pseudostratified
columnar encompassing five distinct cell types: PCs, BCs, ACs, NCs, and CCs. Intraepithelial
glands were notably present exclusively in the IS. PCs had lightly stained nuclei and abundant
cytoplasm indicating increased activity during autumn compared to darkly stained nuclei
and scant cytoplasm in other seasons. The cytoplasmic granules, apical blebs, stereocilia and
secretion of the PCs as well as cytoplasmic granules and globules of the BCs along with the
secretion of intraepithelial glands exhibited a strong positive reaction for PAS and Diastase-
PAS stains during autumn and a moderate reaction with same stains during other seasons
indicating the presence of neutral glycoproteins. Furthermore, the stereocilia showed a strong
reaction with AB (pH 2.5) in autumn and a moderate reaction during other seasons showing
the presence of acid mucopolysaccharides. ACs, NCs and CCs were more numerous in autumn,
winter and spring but less in summer. Immune cells were consistently present throughout the
epididymal duct in all seasons. The PMC was thick and the ICT contained numerous blood
vessels in autumn.

Keywords: Meriz buck's, Epididymal duct, Histomorphometric, Histochemical, Seasonal
changes.

Introduction

The Meriz goats are considered the only main
breed in Kurdistan region produced the cashmere
[1].This breed is smaller in size than the local
mountain goat breed, easy to handle and it is
regarded the most favorable goat breeds for
the mount due to the adaptation well for the
elevation conditions and also is a source of
meat and milk production [2].The Kurdistan
Organization for Animal Protection (2012) has

called for the protection of Meriz goats from the
threat of extinction. The organization conducted a
statistical study to determine the number of these
animals in Duhok Governorate which revealed
that the population of these goats had decreased
to 4,000 in 2010 down from more than 10,000
in 2007. (https://www.iraghurr.org/a/25735228.
html). The epididymis serves as a tubular structure
linking the testis to the vas deferens encompassing
four distinct anatomical segments: the initial
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segment, caput, corpus and cauda. Throughout
the transit within the epididymal passages sperm
maturation takes place through the complex
interaction of sperm cells with the distinctive
luminal environment in each of these regions. The
epididymis a vital component of the reproductive
system plays a pivotal role in tasks such as sperm
concentration, maturation, safeguarding sperm
and providing storage facilities [3]. Similar to other
economically valuable livestock, the examination
of the reproductive organ morphology of Meriz
bucks is crucial for enhancing and optimizing
their reproductive functions. This research is vital
for the improvement and effective utilization of
their reproductive capabilities. After reviewing
existing studies on Meriz goats, it is evident
that no research had been conducted on the
morphology of the epididymis in this animal.
In light of these findings, so this study aimed to
inspect histomorphometric and histochemical
characteristics of the epididymis throughout
various seasons.

Material and Methods

Animals

The epididymal ducts from twenty-four
sexually mature 2-year-old Meriz bucks gathered
from Sumel town, Duhok Province, Kurdistan
Region of Iraq throughout the year (Table 1).
Age determination in the Meriz bucks involved
examining the goat deciduous teeth dental formula:
2(Di 0/4; Dc 0/0; Dp 3/3) = 20. Furthermore,
the permanent teeth were inspected using the
dental formula: 2(10/4; C0/0; P3/3; M3/3) = 32
for thorough age estimation.[4] Animal’s health
was clinically examined by testing their blood
and fecal samples at the Medicine and Surgery
Department of College of Veterinary Medicine,
Duhok University to ensure disease-free status.

Tissue samples

The animals were first castrated under the
influence of local anesthesia using 10 ml of
2% lidocaine [5] in the previous department.
Subsequently the testes and epididymis were
cleaned from blood and debris using normal
saline. After that, the testes and epididymis were
carefully separated. The epididymis divided into
six segments as shown in (Fig.1). Each segment cut
with as a size of 0.5 to 1 ¢cm in size and there was
an interval about 2 cm between each segment. [6]

Preparation of tissue specimens
Some epididymis samples were fixed in
Bouin’s solution for 4-18 hours, while others were

kept for (24-48) hours in 10% neutral buffered
formalin. After fixation, the samples were
dehydrated in increasing ethanol concentrations,
cleared in xylen, and then embedded in paraffin
wax at 58-60°C. A rotary microtome was used to
create successive tissue sections with a thickness
of 4-5 um. Subsequent staining of the tissue
sections utilized the following dyes, and all
methodologies followed the procedures outlined
in [7].

1. The general tissue structure was illustrated
using Harris hematoxylin and eosin stain
(H&E).

2. Masson’s trichrome stain (MTS) was used to
confirm the existence of collagen and muscle
fibers.

3. Identification of reticular fibers was
accomplished through the application of
silver impregnation.

4. Periodic Acid Schiff (PAS) staining
was conducted to demonstrate neutral
mucopolysaccharides.

5. Diastase-Periodic Acid Schiff (Diastase-
PAS) stain was implemented to distinguish
glycogen from other PAS-positive elements.

6. To identify acidic mucopolysaccharides, use
the Alcian blue pH 2.5 (AB pH 2.5) stains.

The first stain was carried out at the Duhok
Central Laboratory in Duhok City; while the
remaining stains were carried out at the RNA
Research Laboratory in Mosul City and the Vajeen
Hospital in Duhok City.

Morphometrical and Statistical analysis
Stained slides with H&E and MTS were
prepared for general structure and morphometrical
analysis. Image measurements were captured and
examined using a light microscope (Olympus
CX22, Japan) equipped with a digital microscopic
USB 3.0 camera (SWIFT, 18MP, China). All
microscope objective lenses were calibrated
with the aid of stage micrometer (um). The
measurements included the following parameters:
epididymal ductular diameter, epididymal luminal
diameter and epididymal epithelial height.
Approximately ten tubular cross-sections were
measured from each part of the epididymis using
a medium-power lens (10 x magnifications) for
each of the mentioned parameters. One-way
analysis of variance (ANOVA) was employed to
analyze all the data. Using JMP Pro 14.3.0 (https://
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www.jmp.com/content/jmp/en_us/home. html/), a
Tukey test (was applied to identify any specific
differences between the various segments. The
mean = SD was used to indicate the accepted level
of significance, which was established at p<0.05.

Ethical Considerations

The approval of the ethics committee of the
college of veterinary medicine at the University
of Duhok was obtained to conduct this study
(references no; VM2020/0112UD), issue date:
1-12-2020.

Results

Histomorphometrical findings

As shown in Tables 2, 3 and 4, the epididymal
duct in Meriz buck's revealed significant
variations in total diameter, epithelial height and
luminal diameter in all seasons. The total diameter
showed a distinct pattern gradually decreasing
from the initial segment of the caput to the middle
segment of the corpus. Subsequently, it increased
steadily in the distal segment of the corpus getting
the extreme diameter in the distal segment of the
cauda. Epithelial height exhibited a different trend
increasing in the initial segment of the caput and
then decreasing towards the distal segment of
the corpus. A marked decrease was observed in
the proximal and distal segments of the cauda.
The luminal diameter displayed an increase in
the initial segment of the caput followed by a
decrease from the middle segment of the corpus.
A marked increase was noted in the distal segment
of the corpus the maximum diameter was gutted
in both segments of the cauda. All three parameter
was significant difference at p-value 0.05.
Notably, the maximum total diameter, epithelial
height and luminal diameter across all segments
of epididymal duct was significantly higher (p
< 0.05) during the breeding season (autumn)
particularly in October compared to the non-
breeding seasons.

Histological and histochemical findings

Firstly, the histological and histochemical
description of epididymal segments was discussed
particularly in autumn and these characteristics
became more obvious in October. The epididymal
duct was lined by pseudostratified columnar
epithelium. Five types of cells were observed
in this epithelium: principal (PCs), basal (BCs),
apical (ACs), narrow (NCs), and clear (CCs).
Additionally, immune cells such as intraepithelial
lymphocytes) (IELs) and macrophages that
including intraepithelial macrophages (IEMs)

and intraluminal macrophages (ILMs) were also
noted.

The initial segment of the caput

The epithelium in this segment exhibited
undulating appearance (rising and falling). The
epithelial crypts were frequently found in this
segment (Fig. 2). Furthermore, the epithelium of
this segment revealed numerous intraepithelial
glands that were characteristic of this segment
(Fig.3). These glands were lined with a simple
columnar epithelium that released its contents into
the lumen of the epididymal duct. The luminal
secretion from these glands exhibited a robust
response to PAS (Fig.4) and Diastase-PAS stains.

Principle cells (PCs)

The (PCs) predominated as the most
prevalent cell types along the entire length of the
epididymal duct, extending from the basal lamina
to the lumen. The nuclei of (PCs) exhibited an
oval to elongated shape, predominantly located
adjacent to the basal lamina of the epithelium.
Sometimes, the nuclei could be located most
apically, especially in the hill of the epithelium.
The nucleus of PCs was lightly stained and
possessed one or more nucleoli. The cytoplasm
of PCs was abundant and contained fine granules
that faintly stained pink with eosin and strongly
reacted with PAS .In addition to that, different
sizes of vacuoles were noted in the supranuclear
and infranuclear regions (Fig.6). The boundaries
of these cells were not clearly defined along the
entire epididymal duct. The apical edges of the
PCs were adorned with stereocilia, exhibiting a
pronounced positive response to PAS, Diastase-
PAS, and AB (pH 2.5). (Fig.7).Different sizes of
the apical blebs projected from the apical borders
of the PCs into the lumen that stained pink (Fig.8)
and a strong PAS, Diastase -PAS.

Basal cells (BCs)

The BCs were regarded as the second most
common cells along the whole epididymal duct.
The BCs were situated adjacent to the basal lamina
of the ductal epithelium in close association with
neighboring PCs (Fig. 8). The nuclei of the BCs
possessed different shapes: rounded, elongated,
triangular and pear-shaped. The cytoplasm of
some BCs contained strongly PAS (Fig .9) and
Diastase -PAS positive globules and granules.

Apical cells (ACs)

The ACs were wedge-like cells with a wide
portion toward the apex and a narrow base
distally. They were observed in the apical portion
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of the ductal epithelium close to the lumen. These
cells were present singly among PCs, and their
numbers ranged from one to three in each tubular
cross-section. The luminal border of the ACs
lacked stereo cilia and had a somewhat dome-
shaped appearance. The nucleus was triangular in
shape with its base directed apically and its apex
directed basally (Fig. 7).

Narrow cells (NCs)

NCs were slender, elongated cells situated at
intervals (Fig. 10) within the ductular epithelium.
These cells were narrower than the PCs and were
situated between them. They possessed darkly
stained, elongated, spindle-shaped nuclei located
apically or distally. The NCs contained few
cytoplasmic vacuoles and granules that strongly
stained with PAS and Diastase- PAS.

Immune cells

IELs located at various positions of the
ductal epithelium, their nuclei were frequently
dark, rounded in shape and Enclosed by a slim,
lightly colored cytoplasmic border. (Fig. 11).
IEMs were observed at various levels of the
epididymal epithelium (Fig 12), while ILMs
were located inside the lumen (Fig.13). Both cell
types predominantly exhibited nuclei that were
eccentric, with arounded to oval shape, surrounded
by acidophilic cytoplasm. Additionally, some of
the IEMs displayed nuclei with a kidney-shaped
appearance. (Fig.12).

The proximal segment of the corpus

In this section, the lumens were consistently
oval or rounded, enclosed by a uniform epithelium
containing concentrated masses of spermatozoa.
(Fig.14). The cytological characteristics of PCs
were similar to those of the initial segment of the
caput, except that the nuclei of PCs were elongated
oval in shape and situated toward the middle of
the cells. The shape, position and characteristic
features of BCs, NCs, ACs and immune cells
were similar to those of the previous segment.
However, the numbers of BCs were fewer when
compared with those in the initial segment of the
caput.

The middle segment of the corpus

All the cells in this segment were similar
to those of the initial segment of the caput and
proximal segment of the corpus, despite that the BCs
became more numerous and contained large PAS
and Diastase-PAS positive globules (Fig.15). The
ACs and NCs were more recurrent in this segment
comparing with those of the previous segments.

The distal segment of the corpus

The lining epithelium of this segment had slight
folding that gave the lumen an irregular oval to
triangular or hexagonal appearance. The lumina of
the tubules might contain condensed or dispersed
masses of spermatozoa (Fig.16). The cytological
features of all cells in this segment were similar to
those of the initial segment of the caput, excluding
that the luminal secretion of the PCs revealed
strong PAS (Fig.17) and PAS-Diastase positive
reaction.

The proximal segment of the cauda

The lumina of the epididymal duct in this
segment revealed irregularity in shape due to
abundant epithelial folds. All cells of this segment
were identical to the cells of the initial segment of
caput with the exception that the nuclei of the PCs
were large and more crowded. They seem to form
asingle row just above the level of the BCs leaving
a wider supranuclear zone than infranuclear one.
The apical border of PCs was equipped with short,
crowded stereocilia. Large cytoplasmic vacuoles
were observed at the apical region of the PCs as
well as numerous apical blebs that displayed more
intense PAS and Diastase -PAS-positive reaction
compared to the preceding segments (Fig.18).
The luminal secretion of the PCs became more
abundant and showed positive reaction with
PAS (Fig. 19) and Diastase-PAS stains. The BCs
formed a distinct layer (Fig.20). Most of them
revealed numerous granules (Fig .20) and fewer
globules than those in the previous segments. The
ACs and NCs were rare present. In addition to the
aforementioned cells, another cell type could be
seen in this segment known as CCs. The CCs were
large cells located between the PCs and extended
from the basal lamina to the epididymal lumen. In
this segment, these cells were more prominent in
the cauda when compared to the caput and corpus.
The CCs exhibited cytoplasm with a light stain
and a sizable oval nucleus positioned centrally
with an open face. (Fig.20).

The distal segment of the cauda

The lumina were round or oval and wider
than any other former segments (Fig.21). In this
segment the lumina were filled with abundant
condensed masses of spermatozoa. The lining
epithelium of this segment tended to be regularly
uniform (Fig.21) and lower than any other
preceding segments. Further distally, near the vas
deferens the lumen of this segment became very
wide and irregular due to the presence of large
folds. Each fold comprised of the epithelium,
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peritubular connective tissue and smooth muscle
which protruded into the ductal lumen (Fig.22).
The previous cytological differences that had
been mentioned in the proximal segment of the
cauda were also observed in this segment except,
the stereocilia became shorter and more intensely
reacted with both PAS and Diastase -PAS as well
as AB (pH 2.5) stains and the nuclei of the PCs
were located in the middle of the cell, although
some of them were displaced more apically.
Additionally, an intraluminal multinucleated giant
cell was observed only within the lumen of this
segment (Fig. 23).

Peritubular connective tissue (PCT) and
peritubular muscular coat (PMC)

A dense network of reticular fibers which
stained black with silver impregnation stain
formed the reticular lamina of the basement
membrane along all segments of the epididymal
duct (Fig. 24). The PMC consisted of several
layers of circularly arranged smooth muscle
fibers that stained pink with eosin and red with
Masson’s trichrome (Fig.25). The thickness of
this muscular coat varied from one segment to
another, being slightly thin in the initial segment
(Fig.25) and gradually became thick towards the
distal segment of the cauda (Fig.26). Fine collagen
fibers and reticular fibers were found among the
smooth muscle fibers (Fig.25).

Interstitial connective tissue (ICT)

The ICT in the initial segment of the caput
and the proximal segment of the corpus was
loose connective tissue (Fig. 25), while in another
segments of the corpus and cauda it was dense
connective tissue (Fig. 26). Furthermore, the
ICT of the distal segment of the cauda possessed
numerous blood vessels including arterioles,
venules and a network of capillaries (Fig.26) more
than in any other segments of the epididymal duct.

Histological and histochemical seasonal
changes

The current study revealed some seasonal
variations in the PCs and BCs along the
epididymal duct in non-breeding seasons; winter,
spring and summer. The PCs exhibited darkly
stained nuclei with scant cytoplasm and mostly
located basally (Fig .27). The number of BCs
with their granules and globules became fewer.
All histochemical stains of the PCs and BCs
that had been mentioned in the breeding season
became moderately staining in non-breeding
seasons (Fig.28).The number of the ACs, NCs and
CCs cells were numerous in autumn followed by

spring (Fig.29), winter and became less common
in summer. There cells did not show significant
cytological changes in and out of the seasons.
Both IELs and IEMs were found along the
entire length of the epididymal duct throughout
the seasons. The intraepithelial glands became
fewer in non-breeding seasons (Fig. 30) and their
secretion showed moderately reaction with PAS
and Diastase-PAS stains. In non-breeding season,
the luminal content of the spermatozoa became
less in all the segments, except the cauda. The fold
of the distal segment of the cauda became smaller
in non-breeding seasons. The PMC exhibited an
increase in their thickness from the caput towards
the cauda across all seasons. The thickness of the
PMC, connective tissue density and vascularity
of the ICT were reduced during non-breeding
seasons (Fig.31).

Discussion

The epididymal duct of the Meriz bucks
revealed significant seasonal variations in total
diameter, epithelial height and luminal diameter.
The gradual decline in epithelial height was
observed from the initial segment towards
the distal segment of the cauda in all seasons
demonstrating statistical significance at p < 0.05.
This gradual decrease in epithelial height might
facilitate the mechanical passage of sperm towards
the terminal segment [8]. Furthermore, the higher
epithelium in the initial segment might suggest a
greater absorptive capacity of the epithelium in
this region. In the present work, the maximum
epithelial height in all segments was observed
during autumn that significantly differences (p
< 0.05) when compared with other seasons. In
the current study, the distal segment of the cauda
exhibited the widest lumen, the lowest epithelial
height and the highest sperm concentration. A
possible explanation for these changes was thought
to be adaptations to maximize the storage and
maturation of sperm during the breeding season.
[9] in bulls stated that the proximal portion of the
tail exhibited slightly folded epithelium and these
folds gradually faded as they extended towards the
ductus deferens. Our findings support partly with
this result, since we observed these folds in the
distal segment of the cauda near the vas deferens.
These folds may potentially play arole in delaying
the passage of epididymal fluid and spermatozoa
to the vas deferens. The epididymal duct of Meriz
buck was lined by pseudostratified columnar
epithelium which was similar to findings reported
by [10]in Gaddi goat,[11]) in Marwari goat, [12]
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in Assam goat and [13]in Marwari sheep. In the
current study, this epithelium comprised mainly
of five cell types; PCs, BCs, ACs, NCs, and CCs.
However, [14]and [15] reported four cell types;
PCs, BCs, NCs and Acs [12] observed three cell
types; PCs, BCs and ACs in the same species.
This variation in cell types was due to different
goat breeding in various geographical territories.

In the present study, the PCs were primarily
responsible for the absorption and secretion of
materials into the epididymal lumen, so they
exhibited high secretory and endocytic activity.
They were also modulating luminal pH [16]
and [17]During the breeding season the PCs
showed lightly stained oval nuclei and abundant
cytoplasm indicating increased activity compared
to the darkly stained nuclei and scant cytoplasm
observed in non-breeding seasons. These findings
were similar to [8] and [18] in camel bulls.

Our results revealed that the apical blebs
and cytoplasmic granules of the PCs as well
as the luminal secretion reacted strongly with
PAS, Diastase-PAS during breeding seasons and
moderately reacted out the season. These reactions
indicted for presence neutral glycoproteins. [19]
described that these glycoproteins contributed to
the spermatozoa maturation, capacitation, and
fertilization. In the current study, the stereocilia
reacted strongly with PAS, Diastase-PAS, and
AB pH (2.5) stains during breeding season and
moderately with same stains during the rest of
the seasons. This result indicated the presence
of glycoprotein and acid mucopolysaccharides
materials. Our results revealed that the BCs
showed some cytological changes across the
seasons. However the number of these cells
became more numerous in autumn and their
granules and globules increased in autumn, winter
than in summer and spring. [18] and [20] found
increased activity in BCs during the breeding
season indicating their potential role as stem cells
for PCs. Furthermore, our findings mentioned that
these granules and globules reacted strongly with
PAS and Diastase-PAS stains in breeding season.
In the same respect, [21] mentioned that the
globular structures were considered PAS-positive
residual bodies following the reabsorption and
digestion of ductular fluid.

Inthe present study, the ACs,NCsand CCs were
numerous in autumn followed by spring, winter,
and they became less common in summer. These
cells were different in shape, number and position
within the ductal epithelium. [22] and [23] had

been mentioned that each of these cells possessed
a unique function. Furthermore, the coordinated
interactions between spermatozoa, PCs, BCs,
NCs, CCs and immune cells form a complex
process by which the epididymal epithelium
established and managed the conditions for sperm
maturation, protection, selection and storage [24].
So, for these facts, our opinion documented that
these cells were regarded as an independent cells
[25].

The current study pointed out that both IELs
and IEMs were present throughout the entire
epididymal epithelium in all seasons. Similar
observations had been documented in goats
[26,14, 27]and bulls [9]. According to previous
reports, immunological tolerance may be induced
by macrophages and lymphocytes, preventing
the animal’s body from mounting an immune
reaction against spermatozoa [28]. Epididymal
epithelium of Merize buck contained numerous
intraepithelial glands in the initial segment of the
caput only in all seasons. These findings were
inconsistent with those of [29] and [18]in camels
as well as [30]in boars who mentioned that these
glands were more numerous in the distal portion
of the middle segment. Our findings revealed that
the lumen of the intraepithelial glands were filled
with strong PAS, Diastase - PAS positive material
in breeding season and moderately reacted with
the same stains in non-breeding seasons. [31]
stated that these glands potentially play a role in
epididymal function, including the establishment
of a secretory microenvironment and the recycling
of damaged organelles or unused proteins for
reuse or to provide energy under stress conditions.
Additionally, they might serve as regulatory
sensors for seasonality.

Our results indicated that the PMC increased
distally during both breeding and non-breeding
seasons especially in cauda. These changes were
more pronounced in autumn compared to other
seasons. Similarly, [32] in camel bulls showed that
the thicker muscular coat in the terminal segment
ofthe epididymis during the breeding season might
contribute to powerful ejaculation. The present
investigation indicated that the ICT became
progressively denser and contained numerous
capillaries, arterioles, venules and lymphatics in
the distal segment of the cauda during breeding
season comparing to other seasons. These findings
were agreed with the researchers conducted
by [9] in bulls and [29]in camels. The unique
and densely layered arrangement of capillaries
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beneath the lamina epithelialis in the bovine cauda
epididymidis provided a strong morphological
basis for intensive metabolic processes [25]
Bucks were considered as seasonal breeders
being short or long day breeders, the sexual
activity of the bucks varies among breeds and the
animal’s geographical location[33]; [34];[35] The
researches of the animals management mentioned
that the optimum seasonality was seen in late
summer and autumn[36];[37]). Furthermore,
some studies on Meriz bucks indicated that the
highest rates of reproduction occurred in August
followed by September [38]. Histomorphometric
and histochemical of our studies documented
that the breeding season occurred in autumn
particularly in October. Our disagreement with
the researchers above was attributed to the impact
of global warming on some countries worldwide
including Iraq [39]. This phenomenon had
affected the seasonality of mating, as previously,
two decades ago, matting occurred at the end of
summer and beginning of autumn. Since goats
had the ability to adapt to changing conditions and

environments [40] therefor the animals breeding
season had extended to the October aligning with
the altered patterns caused by global warming.

Conclusion and Recommendations

The results of our histological, morphometrical
and histochemical studies proved that the
breeding season for Meriz bucks occurred in
autumn and specifically in October. . Therefore,
we recommend that the breeders of these animals
rely on this month for mating, as it has been shown
to yield the best results compared to other months.
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TABLE 1. Distribution of epididymal samples used in different seasons for histomorphometricand histochemical

studies.

Seasons Months Number of animals

Winter December (2020) 2

January  (2021) 2

February 2

Spring March 2

April 2

May 2

Summer June 2

July 2

August 2

Autumn September 2

October 2

November(2021) 2
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The initial segment of'the caput(IS)
The provimal s grment of the corpus(P5)
I, The middle segnent of the corpus{lvs)

IV, The distal segnent of the corpusDS)
. The proximal segment of the caudalPS)

VI, The distal sgment of the caudaiD5)

II.

Wil

Fig.1. A diagram of the testis and epididymal duct of Meriz buck’s illustrated the different segments from which
the samples were obtained

Fig.2. Photomicrograph of a section ar the level of the
imitial segment of the caput of Meriz buck s epididvmal
during awtumn showing: Lumen(star) Epithelial

duct
ervpt (arrow) Stain:H&EE (24)

of a section at the level of the

t of the caput of Meriz buck s spididyvmal
during aurumna showing: strong secretion (arrvow).

]

PAS (x10)

Fig.3. Photomicrograph of a section at the level of the
imitial segment of the caput of Meriz buck's epididvmal
duct during awtumn showing: intraspithelial glands
{arrows head) siain: HEE (x4)

Fig-5. Photemicrograph of a section at the level of the
imirial segment of the caput of Meriz buck s
epididyvmal duct during antumn showing: Principle
cell (P), rising (arrow), falling (arrow head). Stain:
Diastase-PAS (x40)
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Fig.6. Photomicrograph of a section at the level of the Fig.7. Photpmicrograph of a section at the level of the
imirial segment of the caput of Meriz buck s epididvmal  imitial segment of the caput of Meriz buck s epididvmal
duct during autumn showing: Apical cell (A) Vacuoles duct during autumn showing: stereocilia (arrow) Stain:
(V) Stain: HEE AB pH2 5(x40)

N Ly o \ L

I‘ig.ll.w‘thmu-ﬂ-hﬂdh Fig.11 Photomicrograph of a section at the level of the
imitial segment of the caput of Meriz buck s epididvmal initial segment of the caput of Meriz buck s epididvmal
hdi:.h-!— showing: Narrow cells (arrows) duct during autumn showing: [EL {armows) Stain: H&E
stain: E(x40) (x40)
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Fig.11. Photomicrograph of a section at the level of the  Fig.1). Photomicrograph of a section at the level of the
imitial segment of the caput of Meriz buck s initial segment of the caput of Meriz buck s
duct during auiums showing: Nucleus (armow) of [EM.  duect during auiumn showing: ILM (arrow) Stain HEE
Stain: PAS (x100) (x100)

Fig.15. Photomicrograph of a section at the level of the
middle swgment of the corpus of Meriz buck's
- epididvmal duct during antumn showing: Globules of
{arrow) Stain: H&E (x10). basal cells (arrows) Stain: Diastase -PAS (140)

A J 4 -
Fig.16. Photomicrograph of a section at the level of the Fig.17. Photomicrograph of a section
distal segment of the corpus of Meriz buck's epididymal  distal segment of the corpus of 4
duct during awmmn showing: lumen (L) with epididvinal dect during awrums showing: luminal
spermatozoa (arrows). Stain. H & E (110) secretion (arrows) Stain: PAS (x40)
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Fig. 18. Photomicrograph of a sectiom at the level of the Fig 19. Photomicrograph of a section at the level of the
mmwdmnmdmm: proxvimal segment of the cawda of Meriz buck’'s

duct during antumn thowing: Apical blebs  epididymal duct during awiuma showing: luminal
(arrow)Stain: Diastase-PAS (140) secretion (stars) Stains (119)

Fig. 20 Photomicrograph of a section at the level of the  Fig.2l. Photomicrograph of a section at the level of the
prozimal segment of the canda of Meriz buck's distal segment of the cauda of Meriz buck s epididvmal
epididymal duct during aurumn showing: Basal cells duct during awrumn showing: lumina (L) Epithelium
granules (arrows), Clear cell (star), [EL (arrow head) (arrvow) Stain: H &E (x4)

Stain: Diastase -PAS (x40).

j‘:;}-f ‘::‘_ ""\W

-
. "
» -,.,l-‘.s Ak - -]
Ve a ‘fr'lt_ 2 ';:'...I"-
y -'r?‘ wl' [4’;:" ‘...I d

- e o8 . ' NN
- . 4 { - v
# Uy .

Fig.12. WH:Muhhﬂdm Fﬁﬂmﬂlmﬂhﬂﬂ.kﬂlﬂ

distal segment of the canda of Meriz buck s epididymal duct  the distal segment of the canda Meriz buck's

during autumn thowing: Fold (arrow) Stain: H& E(x10) epididymal duct during autuma showing: Imtra
luminal multinucleated giant cells (arrow) stereocilia
{arvow head). Stain: PAS (z40)
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Fig.24. Photomicrograph of a section af the level proximal Fig- 25 Photomicrograph of a section at the level of the
segment of the canda of Meriz buck + epididvmal duct initial segment of Meriz buck s epididvmal duct during
during awrumn showing: Perimubular reticular fibers awmumn showing: PMC (arvow head), collagen fibers
{arrow) Stain: Sliver impregnation (x40) {arvews), ICT (star). Stain: Mavson Trichrom (x40)

Fig.28. Photomicrpgraph of a section at the level of the  Fig 29 Photomicypgraph of a section at the level of the
canda of Meriz buck's proximal segment of the corpus of Meriz buck's

sterocilia epididvmal during spring showing: apical cells (arrows

(arvow head) granules (arrows) Stain : PAS (x40 ) head) and narrow cells (arrows). Stain : H&E X40

?
i
l
i
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swegment of the caput of Meriz buck s epididvmal duct during
summer showing Intraspithelial glandsiArrows) Stain: PAS
(x4}

Discussion

The epididymal duct of the Meriz bucks
revealed significant seasonal variations in total
diameter, epithelial height and luminal diameter.
The gradual decline in epithelial height was
observed from the initial segment towards
the distal segment of the cauda in all seasons
demonstrating statistical significance at p <
0.05. This gradual decrease in epithelial height
might facilitate the mechanical passage of sperm
towards the terminal segment[8]. Furthermore,
the higher epithelium in the initial segment
might suggest a greater absorptive capacity of
the epithelium in this region. In the present work,
the maximum epithelial height in all segments
was observed during autumn that signifcantly
differences (p < 0.05) when compared with other
seasons.In the current study, the distal segment
of the cauda exhibited the widest lumen, the
lowest epithelial height and the highest sperm
concentration. A possible explanation for these
changes were thought to be adaptations to
maximize the storage and maturation of sperm
during the breeding season. [9]in bulls stated that
the proximal portion of the tail exhibited slightly
folded epithelium and these folds gradually faded
as they extended towards the ductus deferens. Our
findings support partly with this result, since we
observed these folds in the distal segment of the
cauda near the vas deferens. These folds may
potentially play a role in delaying the passage
of epididymal fluid and spermatozoa to the vas
deferens. The epididymal duct of Meriz buck was
lined by pseudostratified columnar epithelium

Fig .31 Photomicrograph of a section at the level of
distal segment of the cauda of Meriz buck's
epididyvmal duct during winter showing: ICT
(Star). PMC {arvow head). Fold (armow head)
Stain: Mawon Trichrom (x4)

which was similar to findings reported by [10]
in Gaddi goat,[11]) in Marwari goat, [12]in
Assam goat and [13]in Marwari sheep. In the
current study, this epithelium comprised mainly
of five cell types; PCs, BCs, ACs, NCs, and CCs.
However, [14]and [15]reported four cell types;
PCs, BCs, NCs and ACs[12]observed three cell
types; PCs, BCs and ACs in the same species.
This variation in cell types was due to different
goat breeding in various geographical territories.

In the present study, the PCs were primarily
responsible for the absorption and secretion of
materials into the epididymal lumen, so they
exhibited high secretory and endocytic activity.
They were also modulating luminal pH [16]
and [17]During the breeding season the PCs
showed lightly stained oval nuclei and abundant
cytoplasm indicating increased activity compared
to the darkly stained nuclei and scant cytoplasm
observed in non-breeding seasons. These findings
were similar to [8] and [18]in camel bulls.

Our results revealed that the apical blebs
and cytoplasmic granules of the PCs as well
as the luminal secretion reacted strongly with
PAS, Diastase-PAS during breeding seasons and
moderately reacted out the season. These reactions
indicted for presence neutral glycoproteins. [19]
described that these glycoproteins contributed to
the spermatozoa maturation, capacitation, and
fertilization. In the current study, the stereocilia
reacted strongly with PAS, Diastase-PAS, and
AB pH (2.5) stains during breeding season and
moderately with same stains during the rest of
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the seasons. This result indicated the presence
of glycoprotein and acid mucopolysaccharides
materials. Our results revealed that the BCs
showed some cytological changes across the
seasons. However the number of these cells
became more numerous in autumn and their
granules and globules increased in autumn, winter
than in summer and spring. [18] and [20] found
increased activity in BCs during the breeding
season indicating their potential role as stem cells
for PCs. Furthermore, our findings mentioned that
these granules and globules reacted strongly with
PAS and Diastase-PAS stains in breeding season.
In the same respect, [21]mentioned that the
globular structures were considered PAS-positive
residual bodies following the reabsorption and
digestion of ductular fluid.

Inthe presentstudy, the ACs,NCsand CCs were
numerous in autumn followed by spring, winter,
and they became less common in summer. These
cells were different in shape, number and position
within the ductal epithelium. [22]and [23]had
been mentioned that each of these cells possessed
a unique function. Furthermore, the coordinated
interactions between spermatozoa, PCs, BCs,
NCs, CCs and immune cells form a complex
process by which the epididymal epithelium
established and managed the conditions for sperm
maturation, protection, selection and storage[24].
So, for these facts, our opinion documented that
these cells were regarded as an independent cells.

[25] The current study pointed out that both
IELs and IEMs were present throughout the
entire epididymal epithelium in all seasons.
Similar observations had been documented in
goats[26];[14]; [27] and bulls[9]. According to
previous reports, immunological tolerance may
be induced by macrophages and lymphocytes,
preventing the animal>s body from mounting
an immune reaction against spermatozoa [28].
Epididymal epithelium of Merize buck contained
numerous intraepithelial glands in the initial
segment of the caput only in all seasons. These
findings were inconsistent with those of[29]
and [18]in camels as well as [30]in boars who
mentioned that these glands were more numerous
in the distal portion of the middle segment.
Our findings revealed that the lumen of the
intraepithelial glands were filled with strong
PAS, Diastase - PAS positive material in breeding
season and moderately reacted with the same
stains in non-breeding seasons. [31] stated that
these glands potentially play a role in epididymal

function, including the establishment of a
secretory microenvironment and the recycling of
damaged organelles or unused proteins for reuse
or to provide energy under stress conditions.
Additionally, they might serve as regulatory
sensors for seasonality.

Our results indicated that the PMC increased
distally during both breeding and non-breeding
seasons especially in cauda. These changes were
more pronounced in autumn compared to other
seasons. Similarly, [32]in camel bulls showed that
the thicker muscular coat in the terminal segment
ofthe epididymis during the breeding season might
contribute to powerful ejaculation. The present
investigation indicated that the ICT became
progressively denser and contained numerous
capillaries, arterioles, venules and lymphatics in
the distal segment of the cauda during breeding
season comparing to other seasons. These findings
were agree with the researchers conducted by
[9]in bulls and [29]in camels. The unique and
densely layered arrangement of capillaries
beneath the lamina epithelialis in the bovine cauda
epididymidis provided a strong morphological
basis for intensive metabolic processes [25]
Bucks were considered as seasonal breeders
being short or long day breeders, the sexual
activity of the bucks varies among breeds and the
animal’s geographical location[33];[34];[35] The
researches of the animals management mentioned
that the optimum seasonality was seen in late
summer and autumn[36];[37]). Furthermore, some
studies on Meriz bucks indicated that the highest
rates of reproduction occurred in August followed
by  September[38].Histomorphometric ~ and
histochemical of our studies documented that the
breeding season occurred in autumn particularly
in October. Our disagreement with the researchers
above was attributed to the impact of global
warming on some countries worldwide including
Iraq [39]This phenomenon had affected the
seasonality of mating, as previously, two decades
ago, matting occurred at the end of summer and
beginning of autumn. Since goats had the ability
to adapt to changing conditions and environments
[40-43]therefor the animals breeding season had
extended to the October aligning with the altered
patterns caused by global warming.

Conclusion and Recommendations

The results of our histological, morphometrical
and histochemical studies proved that the
breeding season for Meriz bucks occurred in
autumn and specifically in October. . Therefore,
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we recommend that the breeders of these animals
rely on this month for mating, as it has been shown
to yield the best results compared to other months.
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