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Summary. Environmental conditions such as
temperature, light and food availability are known to
influence the physiological status of animals. The male
dromedary camel (Camelus dromedarius) is considered
as a seasonal breeder with maximal sexual activity
during certain period of the year followed by a decrease
in activity during the remaining period. On the other
hand, the male camel is also shown as an atypical
seasonal breeder because this does not undergo sexual
quiescence with complete cessation of spermatogenesis.
This animal, however, shows remarkable physiological
and behavioral changes during its maximal sexual
activity. The annual breeding (rutting) period also
influences the epididymis. In this review, an attempt has
been made to present the available literature pertaining
to gross anatomical, histological, histochemical,
immunohisto-chemical and molecular changes in camel
epididymis during breeding and nonbreeding periods,
and the changes are believed to be correlated with male
sexual behavior and libido. This review may also exhibit
the dromedary camel breeding period, which is still
unresolved, and thus may prove helpful in determining
the exact time of mating, which is important for the
success of assisted reproductive outcomes. Further, the
review may contribute to a better understanding of the
epididymal physiology in camel and may also prove
useful in improving reproductive efficiency and
population of this animal.
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Introduction

The dromedary or one-humped camel (Camelus
dromedarius) is one of the two species within the genus
Camelus and the other being the Bactrian or two-
humped camel (Camelus bactrianus). The Camelus
dromedarius is a very useful animal to humans. Several
studies targeting better performance of dromedary camel
population have been conducted, including reproductive
efficiency (Taha and Abdalla, 1980; Tingari and George,
1984; Taha et al., 1994; Sumar, 2000; Hegazy et al.,
2004; Sckidmore, 2005; Ghazi, 2007). The reproductive
performance in dromedary camels is relatively lower
than in other domestic animals (Novoa, 1970) because of
many complex genetic and natural constraints (El-
Hassanein et al., 2004). The short breeding season and
limited male libido are considered to be the main
obstacles in the growth of dromedary camel livestock
(El-Hassanein, 2003). However, the idea that the
Camelus dromedarius breeding is seasonal is also
disputed. Male camels have been reported as seasonal
breeders with a marked sexual activity during certain
months of the year (rutting season) and remain sexually
quiescent during the remaining months (Musa and
Abusineina, 1978; Tingari et al., 1984a; Sumar, 2000;
Hegazy et al., 2004; Ghazi, 2007). Recently, Al-Bulushi
et al. (2019) have shown that there is clearly a defined
reproductive seasonality in Omanian male camels
ranging from December to March, with a peak
reproductive efficiency from December to January.
However, Ibrahim and Singh (2014) have reported that
there is no cessation of epididymis and testis activity in
male dromedary camels throughout the year, though
their activity is reduced during non-breeding months.
Similarly, Tingari et al. (1984a) have reported
dromedary camel as an atypical seasonal breeder and
that there is no complete cessation of spermatogenesis.
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The seasonal breeding activity in male dromedary
camels leads to variations in blood androgen level
(Babiker et al., 2011; Al-Bulushi et al. 2019), and so
sexual desire and behavior are affected. These
behavioral and functional changes are believed to result
in remarkable morphological and biochemical changes
in the male reproductive organs, which are evident from
gross anatomy of testis (Singh and Bharadwaj, 1978a;
Tingari et al., 1984a; Masood, 2007; Zayed et al., 2012;
Pasha et al, 2013) and epididymis (Singh and
Bharadwaj, 1978a; Zayed et al., 2012), histology of
testis (Singh and Bharadwaj, 1978b; Tingari et al.,
1984a., Zayed et al., 1995) and epididymis (Alkafafy et
al., 2011; Hafez et al., 2011; Abd-Elaziz, et al., 2012;
Zayed et al., 2012; Ibrahim and Singh, 2014),
ultrasonography of testis (Hussain, 2010; Pasha et al.,
2011a), and from immunohistochemistry of epididymis
(Alkafafy et al 2016; Ibrahim et al., 2017), efferent ducts
(Ibrahim, 2015) and poll glands (Tingari et al., 1984b;
Ibrahim et al., 2020; Ibrahim and Al-Kheraije, 2020).

Because of its important role in sperm maturation,
and sperm storage and resorption, epididymis has
received more attention than other parts of the testicular
excurrent duct system (Nicander and Malmgqvist, 1977;
Abe et al., 1983). Morphological and histochemical
studies on male camel reproductive organs could be of
great importance for a better understanding of its
physiological adaptive activity as it is thought to be
responsible for the reproductive performance in this
species (Osman and el-Azab, 1974). Recently, Ibrahim
and Abdel-Maksoud (2019) have studied the effect of
reproductive activity on epididymal structure and
function; the findings showed that the reproductive
activity significantly affected the immunohistochemstry
and ultrastructure of the camel epididymis. Seasonal
morphological and histochemical changes in the
reproductive organs may also lead to identification of a
clearly defined reproductive period with maximal
reproductive functions (Tingari et al., 1984a). During

Fig. 1. Diagram of camel epididymis showing three
regions: caput (a), corpus (b) and cauda (c). (Ibrahim
and Singh, 2014). (Reproduced with permission).

this period, a successful breeding program including
mating and semen collection could be performed and so
improve dromedary camel conception and development
of assisted reproductive techniques (Al-Bulushi et al.,
2019). The present review therefore describes the
morphological and histochemical changes in the
dromedary camel epididymis during breeding and
nonbreeding periods.

Structure and function

The dromedary camel epididymis is located at the
cranial border of the testis and extends from the lower
end to just above the upper border. According to Zayed
et al. (2012), the camel epididymis is situated on the
dorso-cranial testicular border, and the head is curved on
the testicular cranial pole. The epididymis, which is
composed of the efferent ductules proximally and a long
epididymal duct distally, is tightly packed in a thick
layer of tunica albuginea which is also covered from
outside by the visceral layer of tunica vaginalis (Zayed
et al., 2013). Epididymis is in the form of highly
convoluted and small tubules with a diameter of 2 mm
(Hafez and Hafez, 2001). The gross anatomical
description of this organ as having distinct regions like
head (caput), body (corpus) and tail (cauda) is
considered unsatisfactory (Glover and Nicander, 1971).
These regions could be subdivided into segments, either
depending on epithelial height (Reid and Cleland, 1957)
or cytological characteristics and epithelial height
(Nicander, 1958). The segments exhibit different
morphological features and vary in size, number and in
type of cells in different animal species (Tingari and
Moniem, 1979). On these bases, Tingari and Moniem
(1979) identified and designed distinct histological
regions in camel epididymis as initial segment, middle
segment and terminal segment; further, the middle
segment was subdivided into proximal part, intermediate
part and distal part. The segment-based design has also
been adopted by Zayed et al. (2012) and Ibrahim and
Singh (2014) in dromedary camel epididymis (Fig. 1).

It is well established that spermatozoa acquire
fertilizing capacity during their passage through the
proximal part of the epididymis before being stored in
the distal region (Abe et al., 1983). Therefore, the
functional maturation of spermatozoa is believed to be
mediated through the surrounding luminal fluid of the
epididymal duct. Further, Nicander and Malmqvist
(1977) have reported that the epididymal fluid has
regional chemical variations which are thought to be
associated with functional activity of the epithelial lining
in different segments.

The histological structure of the epididymis in all
mammalian species including dromedary camels is in
the form of a pseudostratified columnar epithelium,
surrounded by a thin layer of loose connective tissue,
and supported by a smooth muscle coat (Fig. 2); the high
stereo-ciliated epithelium in the proximal epididymis
decreases gradually towards the terminal segment
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Fig. 2. Photomicrographs of camel epididymis stained with hematoxylin and eosin (H&E). A. Caput region showing tall psuedostratified columnar
epithelium with long stereocilia (st), principal cells (p), apical cells (a) and halo cells (h). B. Cauda region showing low epithelium and stereocilia with
basal cells (b), dark cells (d) between the principal cells (p) and wide lumina filled with spermatozoa (sp). C. Corpus region showing high epithelium and
lamina propria (I) surrounded by a thin smooth muscle coat (m) and peritubular connective tissue (ct). D. Cauda region showing low epithelium with
abundant vacuoles (V) and lamina propria (I) surrounded by a thick smooth muscle coat (m). (Ibrahim and Singh, 2014). (Reproduced with permission).
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(Tingari and Moniem, 1979; Hermo and Robaire, 2002;
Ibrahim and Singh, 2014) of the organ.

The gradual decrease in the epididymal epithelial
height is suggested to mechanically facilitate
spermatozoa passage towards the terminal segment (Abd
El-maksoud, 2010). Further, the high epithelial cells in
the initial segment may indicate more absorptive and
secretory activities in this segment. In line with this,
Crabo (1965) reported that over 90% of the fluid
reaching the epididymis is absorbed in the caput. A
gradual increase is also evident in the thickness of the
smooth muscle layer coat of the epididymal duct that
reaches to its maximum in the terminal segment (Tingari
and Moniem, 1979; Parillo et al., 2009; Hafez et al.,
2011; Ibrahim and Singh, 2014). The regional
histological variations in the epididymis are suggested to
correlate with different functional activities throughout
the duct necessary for sperm maturation; the absorptive
and secretory activities of the epididymal epithelial cells
are necessary for the spermatozoa to acquire fertilizing
capacity (Zhou et al., 2018). Further, spermatozoa
forward motility and ability to efficiently encounter the
ovum and its vestments are acquired in different
epididymal segments (Sullivan and Mieusset, 2016).
According to Tingari and Moniem (1979), the regional
histological appearance of the camel epididymal duct fits
well with the terminology proposed by Glover and
Nicander (1971). On this basis, Tingari and Moniem
(1979) have reported that the initial and middle segments
of the epididymis were concerned with sperm
maturation, while the terminal segment served for
storage of sperm and the initial segment with its stereo-
ciliated epithelium showed evidence of
micropinocytosis. There are two main types of epithelial
cells in the mammalian epididymis, namely principal
cells and basal cells (Glover and Nicander, 1971;
Tingari, 1989; Sostaric et al., 2008). Other cell types
including apical cells and clear cells are also present;
halo cells and narrow cells have also been identified in
dromedary camels (Tingari, 1989; Ibrahim and Singh,
2014) and stallions (Sostaric et al., 2008). Ibrahim and
Abdel-Maksoud (2019) identified five types of epithelial
cells in the epididymis of dromedary camel, and these
are principal cells, basal cells, apical cells, dark cells and
halo cells. Macrophages and lymphocytes are also found
scattered along the epididymal wall and lumen (EI-
Sakhawy et al, 2016). It has been reported that the

Table 1. Weight (g) of testis and epididymis in camel in different
seasons of the year

macrophages and lymphocytes might induce immune
tolerance, and hence prevent the animal body from
immune reaction against spermatozoa (Marchlewicz,
2001). The presence of macrophages is suggestive of
their participation in the process of sperm resorption.

Intraepithelial macrophages may also occur in the
epididymal epithelium (Schon and Blottner, 2009).
According to Tingari (1989) and Pasha et al. (2011a),
principal cells have been described as having
ultrastructural characteristics of absorption especially in
the proximal segment and intermediate part of the
middle segment, as indicated by abundant endocytotic
apparatus with endosomes, multi-vesicular bodies,
lysosomes and vesicles, and secretory function,
especially in in the terminal segment as shown by well-
developed Golgi apparatus, numerous smooth and rough
endoplasmic reticulum and scattered mitochondria; basal
cells, which are comparatively simple in structure
exhibit general paucity of organelles; halo cells consist
of scanty cytoplasm and large nuclei (Reid and Cleland,
1957) and morphological evidence relates them to
intraepithelial cells and circulating lymphocytes (Hoffer
et al., 1973); apical cells contain scanty mitochondria
and small Golgi apparatus; and dark cells are tall and
they have many electron dense bodies. Dark cells have
been described as dying principal cells (Tingari, 1989).

It is well established that spermatozoa acquire
fertilizing ability and motility during their transit
through the epididymis (Cooper and Yeung, 2006).
Some other functions are also ascribed to the
epididymis, including sperm transport, sperm
concentration, male gamete immune-protection, and
storage of spermatozoa (Cornwall, 2009; Belleannée et
al.,2012).

Seasonal gross anatomical variations

Zayed et al. (2012) have shown in camel an increase
in epididymal weight and volume during breeding
season compared to nonbreeding season (Tables 1, 2),
and this may be attributed to the fact that the
reproductive activity in this animal increases only during
certain months during which there is an increase in the
number of spermatozoa in the epididymis leading to an
increase in organ weight and volume compared to that in
the nonbreeding season. Further, the breeding season
also causes an increase in volume and exerts a prominent

Table 2. Volume (cm?) of testis and epididymis in camel in different
seasons of the year.

Season Testis Epididymis %Epididymis/Testis Season Testis Epididymis %Epididymis /Testis
+ Epididymis + Epididymis

Spring 99.93+22.47 26.83+2.21 21.16 Spring 97.83+21.78 25.66+4.96 20.77

Summer 77.80+25.70 18.50+5.63 19.21 Summer 77.33+24.01 18.33+5.03 19.17

Autumn 88.50+22.13 18.95+1.08 17.63 Autumn 85.75+20.46 21.25+2.50 19.80

Winter 68.68+14.96 18.82+1.15 22.60 Winter 71.80+16.17 19.80+0.40 22.90

Reproduced with permission from Zayed et al., 2012.

Reproduced with permission from Zayed et al., 2012.
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effect on the echotexture picture of camel testis and
epididymis (Pasha et al., 2011a).

Seasonal general histological variations

The dromedary camel epididymis exhibited seasonal
changes in epithelial cells shape and height, stereo-cilia
length, luminal diameter, peritubular muscular coat and
in cell distribution (Singh and Bharadwaj 1980; Tingari
et al., 1984a; Alkafafy et al., 2011; Zayed et al., 2012;
Ibrahim and Singh, 2014; El-Sakhawy et al., 2016;
Alkafafy et al. 2016; Ibrahim and Abdel-Maksoud,
2019).

Principal cells showed lightly stained oval nuclei
during breeding season which indicated increased
activity of these cells compared to darkly stained nuclei
in nonbreeding season (Abd El-maksoud, 2010; Zayed et
al. (2012). Zayed et al. (2012) reported that the
epididymal basal cells were relatively increased during
breeding season which might indicate increased activity,
noting that these cells are considered to be stem cells for
the principal cells. These authors also found that the
surrounding lamina propria in the epididymal duct is
very thick in breeding season and thin in other seasons,
which may be related to the increased total diameter of
the epididymal duct in the breeding season.

According to Ibrahim and Singh (2014), there is an
increase in apical cytoplasmic folding and intraepithelial
vacuoles accompanied by distended lumina with
increased spermatozoal content in the epididymis during
the breeding season compared to the nonbreeding season
(Fig. 3). Zayed et al. (2012) also reported inward folding
in the epithelium of camel epididymis as well as
increased number of principal cells during breeding
season. Ibrahim and Abdel-Maksoud (2019) reported
that the principal cells in the caput region are
significantly decreased in number during nonbreeding
season with respect to breeding season; this may indicate
that most of these cells start to undergo regression during
the inactive period. In the same manner, the abundant
apical protrusions and numerous cytoplasmic vacuoles in
the principal cells in breeding season are suggestive of
increased absorptive and secretory functions compared
to that in other seasons (Zayed et al., 2012).

Moderate seasonal variations have also been
described in the efferent ductules in terms of total

diameter, epithelial height, cilial length, muscular coat
thickness and cellular distribution (Zayed et al., 2013).
The maximal epithelial lining in dromedary camel
epididymis is demonstrated during breeding season
(Singh and Bharadwaj, 1980; Abd El-maksoud, 2010;
Alkafafy et al. 2011; Ibrahim and Singh., 2014; El-
Sakhawy et al, 2016) (Table 3). During nonbreeding
season, the epididymal epithelial cells are distorted and
their heights become one third to one half that recorded
during breeding season (Singh and Bharadwaj 1980).
This may be related to the decreased sperm production
during this season. Though increased epithelial height
with narrow luminal diameter is recorded during
breeding season, decreased epithelial height with wide
luminal diameter is seen during nonbreeding season
(Alkafafy et al. 2011; Ibrahim and Singh, 2014).
According to Ibrahim and Singh (2014) and Ibrahim and
Abdel-Maksoud (2019), the luminal content of
spermatozoa was increased during the breeding season.
It has been suggested that the decreased epithelial
thickness and wide lumina could facilitate easy
spermatozoa passage in the camel epididymal duct
(Alkafafy et al., 2011; Ibrahim and Singh, 2014) and
efferent ductules (Zayed et al., 2013). Aguilera-Merlo et
al. (2005) have reported similar seasonal epididymal
histologic changes in a typical seasonal breeder (viscaca)
attributing the changes to be testosterone-dependent. On
the other hand, however, contradictory findings have
also been reported in camel efferent ductules (Zayed et
al., 2013) and epididymis (Abd El-maksoud, 2010)
showing low epithelial thickness during breeding season
and high epithelial thickness during nonbreeding season.
It has been suggested that the low epithelium thickness
during the breeding season is an indication of high
activity and the high epithelium thickness during
nonbreeding season is an indication of low activity
accompanied by accumulated secretion within the cells
leading to increased cell size (Abd Elmaksoud, 2010;
Zayed et al., 2013).

A remarkable increase is reported in the stereocilial
length of the camel epididymal epithelium in the cauda
region in rutting Sudanese camels (Ibrahim and Singh,
2014), while prominent variations in length and
interdigitating stereocilia, including that in the caput
region are observed in rutting Egyptian camels (Zayed et
al., 2012) (Table 3).

Table 3. Seasonal morphometric parameters of different epididymal regions in camel (Ibrahim and Singh, 2014).

Epididymis region ~ Season Epithelial height Stereocilial length Luminal diameter Muscular thickness
Caput Winter 78.97+3.79 21.90+1.80 154.31+7.75 19.62+4.20
Summer 74.22+3.27 18.70+2.07 162.22+3.27 26.10+4.50
Corpus Winter 51.71+4.49 16.04+3.09 167.94+18.09 28.71+5.02
Summer 48.92+2.04 12.12+2.00 195.38+18.43 32.92+3.99
Cauda Winter 48.78+9.34° 12.70+1.812 273.55+14.10 31.21+6.30
Summer 32.53+8.88 6.95+1.99 331.23+28.69° 48.06+1.99%

All values (mean + SD, n=24) are in micrometers (um). *: Values are significantly different in cauda region during winter and summer seasons.

Reproduced with permission from Ibrahim and Singh, 2014.
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Fig. 3. Photomicrographs of camel epididymis stained with H&E: Caput region (A) during winter showing increased epithelial and stereocilial height,
decreased luminal diameter and decreased luminal spermatozoa from that seen in caput region (B) during summer. Cauda region (C) during winter
showing increased epithelial and stereocilial heights decreased luminal diameter and decreased luminal spermatozoa from that observed in cauda (D)

during summer. (Ibrahim and Singh, 2014). (Reproduced with permission).
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As reported by EL-Sakhawy et al. (2016), the
diameter of dromedary camel epididymis decreases
gradually from the initial segment to the intermediate
portion of the middle segment and then increases
gradually in the distal portion of the middle segment
with maximal diameter in the distal portion of the
terminal segment; the total epididymal diameter is
significantly changed among different segments in
different seasons. Zayed et al. (2012) and Ibrahim and
Singh (2014) have noted that the camel epididymal
diameter (#m) varies from season to season in Egyptian
and Sudanese camels and the maximal diameter is seen
during the rutting season (Zayed et al., 2012) (Table 3).
According to Abd El-maksoud (2010) and El-Sakhawy
et al. (2016), there is a marked seasonal change in the
epididymal duct total diameter, epithelial thickness,
stereocilial length, luminal diameter, peritubular
muscular coat thickness and in cellular distribution.

Intraepithelial vacuoles in the camel epididymis are
often seen during breeding season (Zayed et al., 2012;
Ibrahim and Singh, 2014) (Fig. 4). Such vacuoles are
suggested to be absorbed fluids (Wrobel, 1972), which
condense in the cytoplasm and get ready to be released
into the lumen through the apical cytoplasmic
membrane. Abd El-Maksoud (2010) considered the large
intraepithelial vacuoles of camel epididymis as unique
structures, which are called the intraepithelial glands of
the epididymal body. The lumen of these intraepithelial
glands is filled with intensely positive bromophenol blue
secretory granules in the breeding season (Abd El-
Maksoud et al., 2019) which may indicate protein

Fig. 4. Semithin sections stained with toluidine blue showing the
terminal segments of the camel epididymal duct in spring. The nuclei (N)
show very deep indentations. The cytoplasmic vacuoles (V) are
demonstrated and also show apical protrusions (arrow) and vesicles
(arrow head). (Zayed et al, 2012). (Reproduced with permission).

secretion (Pearse, 1968).

The circumtubular muscular coat thicknesses
increased during breeding season in dromedary camel
epididymis compared to nonbreeding season (Ibrahim
and Singh, 2014) (Table 3), and Zayed et al. (2013) have
also made similar observations in the efferent ductules of
one-humped camel. This feature is suggested to be
because of the increased muscular peristaltic movement
needed for easy spermatozoal flow through the
epididymal tubules. As the muscular coat thickness is
maximal in the cauda epididymidis (Tingari and
Moniem, 1979; Alkafafy, 2005; Alkafafy et al., 2011;
Ibrahim and Singh, 2014), it is suggested to play a role
in sperm ejaculation. Similarly, Zayed et al. (2013) have
reported that the thicker muscular coat in the terminal
segment of the epididymis during breeding season might
help in powerful ejaculation.

Generally, spermatozoa are crowded in the
intermediate portion of the middle segment of the
epididymis and are packed in the terminal segment
(Tingari and Moniem, 1979). During breeding season, a
compact spermatozoal mass occupies the entire lumen of
the intermediate portion of the middle epididymal
segment, while during nonbreeding season,
spermatozoal content is variable in the distal portion of
the middle segment, large in the distal part of the middle
segment and remarkable in the terminal segment
(Tingari et al., 1984a). According to Ibrahim and Singh
(2014), spermatozoa are detected in the epididymal
lumen during both breeding and nonbreeding seasons,
though they are less in number during nonbreeding
season. It could be stated that spermatozoal content in
the epididymis is related to their release from the testis;
increased sperm content in the epididymal segments
during breeding season and decreased content during
nonbreeding season reflect the functional state of the
testis and the spermatogenic activity in camels; the
observations of increased spermatozoa during breeding
season and decreased spermatozoa during nonbreeding
season suggest that the spermatogenic activity keeps
going, though at a reduced pace during nonbreeding
season compared to the breeding season. Thus, Tingari
et al. (1984a) and Ibrahim and Singh (2014) consider the
dromedary camel as an atypical seasonal breeder
because it does not undergo sexual quiescence in which
spermatogenesis is completely suppressed.

Seasonal ultrastructural variations

The study of Ibrahim and Abdel-Maksoud (2019), to
the best of our knowledge, appears to be the first study
that describes the seasonal ultrastructural changes in
epididymis of dromedary camels. These authors have
reported that the seasonal reproductive activity in
dromedary camels causes considerable ultrastructural
changes in the epididymis with consequent functional
effect; the changes are mainly observed in the stereocilia
and in the different epithelial cells of the duct, namely,
the principal, dark, basal, and apical cells (Fig. 5). The
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principal cells showed extremely long stereocilia and
multiple tight junctions in the reproductive season; a few
desmosomes could be seen between the principal cells
and between the principal and dark cells (Fig. 6). Some
intracytoplasmic vesicles with or without vacuoles are
also evident in the apical part of the cytoplasm in dark
and principal cells. During nonbreeding season, the
stereocilia are much shorter and fewer in number.
Abundant multivesicular inclusion bodies and large
cytoplasmic vacuoles are the most common features in
the principal cells during nonbreeding season (Ibrahim
and Abdel-Maksoud, 2019). The vacuoles are mainly
found in the apical and basal part of cytoplasm. On the
other hand, in the nonbreeding season principal cells
show smaller nuclear diameter, less developed Golgi
apparatus, a few rough endoplasmic reticulum (rER) and
mitochondria. Also in the nonbreeding season, the dark
cells are much smaller than that in breeding season,
especially in the caput region, and their nuclei are basal
and exceptionally lobulated (Fig. 7).

It has been earlier reported that rat epididymal
principal cells show markedly well-developed organelles
including Golgi apparatus and rER, suggesting increased
secretory and absorptive activities (Hoffer et al., 1973).
Similar findings have recently been reported by Ibrahim
and Abdel-Maksoud (2019) in dromedary camel
epididymis. According to the latter authors, the
absorptive activity is amplified during the nonbreeding

season, which is evident from infiltration of pinocytotic
vesicles in the principal cells apical cytoplasm and
numerous multivesicular inclusion bodies and
cytoplasmic vacuoles. The blood-epididymis-barrier
(BEB) guarantees a proper microenvironment for sperm
protection from the immune system (Akbarsha et al.,
2015). In this respect, Ibrahim and Abdel-Maksoud
(2019) described the BEB in dromedary camel as more
functional during the breeding seasons and the tight
junction is found to be more obvious in the rutting
season than that in nonrutting season. Moreover, it has
been noted that the harmful effects of some stressors
might adversely affect the cellular tightness resulting in
alterations in sperm fertility and function (Hermo et al.,
2007). Similarly, Ibrahim and Abdel-Maksoud (2019)
noted that during nonbreeding season heat stress might
alter the BEB. Intraepithelial leukocytes may participate
in holding epididymal sperm antigens away from the
immune system, i.e. prevent a specific immune response
against sperm antigens. According to Zayed et al.
(2012), principal cells display accumulation of dense
bodies and abundant lysosome-like dense bodies in
rutting camel epididymis, which may be related to active
sperm digestion and epithelial cell remnants with typical
signs of involuting organ.

Compared to nonbreeding season, the camel
epididymal basal cells show many structural changes,
including numerous cytoplasmic extensions, plasma

Fig. 5. Stereocilia covering the free surface of the head region of camel epididymis in the breeding (a) and nonbreeding (b) seasons. Arrows indicate

Non-b ree-d\iih@ sea
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pinocytotic vesicles in the apical cytoplasm of the principal cells. AP, apical cell; D, dark cell; FV, free vesicles; G, Golgi complex; J, junctional
complexes; M, mitochondria; P, principal cell; S, stereocilia; and V, vacuoles. (Ibrahim and Abdel-Maksoud, 2019). (Reproduced with permission).
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membrane folding, large euchromatic nuclei, and
abundant mitochondria and rER during breeding season
(Ibrahim and Abdel-Maksoud, 2019) (Fig. 8). Increased
number of mitochondria is believed to be essential for
reproductive activity and regulation of reproductive
function (Ramalho-Santos et al., 2009). These findings
could also indicate that the function of basal cells is not
confined to only their stem-like cells. It has been
suggested that during the breeding season the reduction
in tubular smooth endoplasmic reticulum with
proliferation in the condensed endoplasmic reticulum is
because of the relatively high level of testosterone
production (Friedlander et al., 1984; Pasha et al., 2011b).

Apical cells are mitochondria-rich cells which play
many important functional roles in the epididymis, such
as holocrine secretion, reabsorption of testicular fluid
and acidification of epididymal luminal fluid (Martinez-
Garcia et al., 1995). In reproductive season, the apical
cells appear wedge-shaped with broad basal ends and
small basal nuclei and they are rich in mitochondria and
many cytoplasmic processes (microvilli) (Fig. 9); during
nonbreeding season, the cells show large central nuclei,
small luminal bleb-like microvilli, ill-developed Golgi
apparatus and a few mitochondria and rER (Ibrahim and
Abdel-Maksoud, 2019).

The halo cells have been shown in the lining
epithelium of many mammalian epididymal ducts
(Hoffer et al., 1973; Wang and Holstein, 1983). They are
also present in camel epididymis (Ibrahim and Abdel-
Maksoud, 2019). The latter authors have shown that the

intraepithelial leukocytes such as macrophages and
lymphocytes are markedly increased during nonbreeding
season (Fig. 10). The presence of these intraepithelial
leukocytes together with multivesicular inclusion bodies
suggests an immune function as these elements serve as
a barrier between sperm antigens and the general blood
circulation (Wang and Holstein, 1983).

Histochemical variations

Studies of Tingari and Moniem (1979) show that the
PAS-positive material, which is probably glycogen, is
absent in the camel epididymal cells, while it is present
in epididymal stereocilia, sub-epithelial tissue and blood
vessels. On the other hand, PAS-positive material
(glycogen) has been detected in the epididymis of rabbit
(Linnetz and Amann, 1968), horse, ram and bull
(Nicander, 1958). According to Tingari and Moniem
(1979), it is difficult to offer an explanation for the
absence of glycogen in the epididymis of camel. In
contrast to the findings of Tingari and Moniem (1979),
PAS-positive granules have been demonstrated in
dromedary camel epididymis (Zayed et al., 2012) and in
efferent ductules (Zayed et al., 2013) in different
reproductive seasons with relative intensity in the
breeding season. PAS-positive reaction gives an
indication for the presence of glycoprotein (Abou-Hdiila
and Fain-maurel, 1984) which may be an indication of
increased secretory and absorptive activities. Further,
principal cells of dromedary camel epididymis are

Fig. 6. Ultrastructure of the principal (P) and dark (D) cells in the reproductive season of camel epididymis. a. The apical portion of the apical and dark

cells shows well-developed Golgi complexes (G) and rough endoplasmic reticulae (arrows). b. The basal portion of the apical and dark cells shows an
electron opaque spherical cellular inclusion closely attached or may fuse to the basal border of the nucleus (asterisks). M, mitochondria. (Ibrahim and
Abdel-Maksoud, 2019). (Reproduced with permission).
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shown to be PAS-positive in Egypt during spring season,
and this is considered as an indication of increased
secretory and absorptive activities in spring than in other
seasons (El-Sakhawy et al., 2016). It should be
remembered that the epididymal epithelial cells
synthesize and secrete glycoproteins as part of luminal
fluid and these glycoproteins are a carrier medium for
sperm during their passage along the duct in addition to
their role in sperm maturation and fertilization (L6pez et
al., 1989). In the efferent ductules, the nonciliated cells
secretory activity is denoted by detection of PAS-
positive granules and globules in their infra- and supra-
nuclear cytoplasm (Ahmed et al., 2013). The acid
mucopolysaccharides are found mainly in the apical part
of the epithelial cells in efferent ductules of camels.
According to Robaire et al. (2006) and Samuelson
(2007), the principal cells secrete proteins and enzymes
including phosphatases and glycosidases, which are

essential for fertilization. Further, Mandal et al. (2006) in
buffalo have shown a protein factor called forward
motility stimulating protein (FMSF-1), which is a
glycoprotein associated with activation of sperm
motility. In their study on camel testis, Shalaby et al.
(2012) reported that there was a marked increase in the
activity of 5’-nucleotidase (5°-Nase), adenosine

Fig. 7. Fine structure of the principal cells in the nonbreeding season. a. The epididymal epithelium from the body region of the camel epididymis shows
an extensive predominance of cytoplasmic vacuolation (V) and multivesicular inclusions (arrowheads). Higher magnification of principal cell (b): rough
endoplasmic reticulum (arrows). G, Golgi complex; M, mitochondria; and N, nucleus. (Ibrahim and Abdel-Maksoud, 2019). (Reproduced with
permission).
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Fig. 8. Ultrastructural features of the basal cells in the body of camel epididymis in the breeding (a) and nonbreeding (b) seasons. Black arrows indicate
elongated or round mitochondria, while white arrows indicate centrioles. Arrowheads in a indicate microfilament bundles, while in b indicate
multivesicular inclusion bodies. BL, basal lamina; N, nucleus of the basal cell; R, rough endoplasmic reticulum; and V, a cytoplasmic vacuole. (Ibrahim
and Abdel-Maksoud, 2019). (Reproduced with permission).

Fig. 9. Ultrastructural features of apical cells of the camel epididymis in the breeding (a) and nonbreeding (b) seasons. Arrows indicate mitochondria. A
bleblike structure (B) is seen in the apical cell membrane of the apical cell in the nonbreeding season. G, Golgi complex; N, nucleus of the apical cells;
R, rough endoplasmic reticulum; and V, intracytoplasmic vacuoles. (Ibrahim and Abdel-Maksoud, 2019). (Reproduced with permission).
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triphosphatase (ATPase) and glucose-6-phosphatase
(G6-Pase) during the breeding season, while there was a
marked decrease in the activities of acid phosphatase
(ACPase) and alkaline phosphatase (ALPase). These
authors suggested that the qualitative enzyme activity of
ACPase, ALPase, 5’-Nase, ATPase and G-6-Pase is
closely associated with the stage of puberty and seasonal
changes. The activity of acid phosphatase has mainly
been detected in the basal cytoplasm of the epididymal
cells in the middle segment and in supra-nuclear region
in the initial and terminal segments of camel epididymis
(Tingari and Moniem, 1979). Supra-nuclear localization
of acid phosphatase has also been observed in the
proximal part of middle segment in rabbit (Linnetz and
Amann, 1968). Alkaline phosphatase has only been
observed in the epididymal stereocilia, subepithelial
connective tissue and blood vessels. The activity of acid
phosphatase is shown to be high in the camel efferent
ductules (Ahmed et al., 2013). Further, this activity is
suggested to be associated with the mammalian
epididymal lysosomes (Ldpez et al., 1989; Delhon and
von Lawzewitsch, 1994).

The alkaline phosphatase activity has been detected
in the apical part of principal cells in rabbit epididymis
(Linnetz and Amann, 1968). In accordance with the
findings of Tingari and Moniem (1979) in camel
epididymis, positive alkaline phosphatase reaction has
only been seen in the efferent ductules stereocilia,
subepithelial connective tissue and blood vessels
(Ahmed et al., 2013). Positive alkaline phosphatase
activity has also been observed in the stereocilia of
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Fig. 10. Ultrastructural features of halo cell of the camel epididymis in the b

camel (Al-Shaikly et al., 1981) and horse (Ldpez et al.,
1989). The activity of alkaline phosphatase is believed to
be associated with cellular active transport (Lépez et al.,
1989) and with metabolites secretion that participate in
sperm maturation (Al-Shaikhly et al., 1981; Beu et al.,
2007). Alkaline phosphatase, AMPase and ATPase are
reported to be localized in the camel epididymal sub-
epithelial tissues, stereocilia, blood vessels and luminal
contents (Tingari and Moniem, 1979). According to
Tingari and Moniem (1979), the detection of the three
enzymes in the stereocilia and subepithelial connective
tissue is consistent with a suggested function of active
transport between the epithelial cells and the
endovascular structures on one hand, and between
luminal contents and epithelial cells on the other hand.
These authors have also suggested the considerable
importance of the glycolytic pathway and the high
enzymatic activity of LDH, indicating a high metabolic
activity of the epididymal cells.

Immunohistochemical variations

The immunohistochemical characterization of the
epididymis has been reported in some mammalian
species including human (Marchlewicz, 2001), ox
(Alkafafy, 2005), buffalo (Cruzana et al., 2003), donkey
(Alkafafy, 2009) and European bison (Czykier et al.,
2010). However, similar studies on the dromedary camel
epididymis were lacking in the literature until 2011
when Alkafafy et al. (2011) published the first report on
the immunohistochemical characteristics of camel

indicated by arrowheads and lysosomes indicated by arrows in a. In b, arrowheads indicate multivesicular inclusion bodies. N, nuclei of the halo cells.

(Ibrahim and Abdel-Maksoud, 2019). (Reproduced with permission).



Fig. 11. Photomicrographs showing seasonal S-100 immunoreactions in the camel epididymis. A (caput), B (corpus) and C (cauda) during
nonbreeding season showing mostly S-100- negative epithelial cells with some positive reactions in the apical parts of principal cells (arrowheads) and
nuclei of basal cells (arrows). D (caput), E (corpus) and F (cauda) during breeding season with relatively strong reaction in many epithelial cells,
especially in apical parts of principal cells (arrowheads), dark cells (d) and basal cells (arrows). Apical cells (a) show negative reaction. Positive reaction
is seen in the surrounding connective tissue (stars), which becomes strong during breeding season with the gradual decrease from caput to cauda.
Stereocilia and spermatozoa exhibit negative or weak reactions in both seasons. (lbrahim et al., 2017). (Reproduced with permission).




Fig. 12. Photomicrographs showing epihelium of caput (A), corpus (B) and cauda (C) regions of camel epididymis during nonbreeding season, and
epithelium of caput (D), corpus (E) and cauda (F) during breeding season with negative immunoreactivities to alpha smooth muscle actin (a-SMA).
Less intense a-SMA- immunopositive signals are seen in the muscular coat (stars) of the epididymis during nonbreeding season than that seen during

the breeding season. (Ibrahim et al., 2017). (Reproduced with permission).
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epididymis. In recent years, a number of authors have
made immunohistochemical observations on dromedary
camel reproductive organs including epididymis
(Ibrahim et al., 2017; Ibrahim and Abdel-Maksoud,
2019), efferent ductules (Ibrahim, 2015) and testis
(Alkafafy et al., 2016). However, limited published work
is available on immunohistochemistry of the epididymis
or any other reproductive organ in relation to
reproductive activity. Immunohistochemistry has been
used to show the spatial labeling of some important
biologically active proteins in different segments of the
camel epididymis, which may also reveal the potential
structural-functional relationship (Alkafafy et al., 2011).
According to these authors, angiotensin converting
enzyme (ACE), galactosyltransferase (GalTase), S100,
alpha smooth muscle actin (a-SMA), vascular
endothelial growth factor (VEGF) and connexin-43
(Cx43) have functional relevance including secretion,
absorption and contractility. S-100 and a-SMA

immunopositive signals have been observed in the
different regions of dromedary camel epididymis
(Alkafafy et al, 2011; Ibrahim et al., 2017). S-100
immunopositivity has been observed in both the
epithelial cells and the inter-tubular connective tissue,
whereas 0-SMA reactivity has only been shown in the
inter-tubular connective tissue, especially in the smooth
muscle coat and blood vessels. Positive S-100 labelling
has also been reported in the epididymis of ox (Alkafafy,
2005), buffalo (Alkafafy et al., 2011) and donkey
(Alkafafy, 2009). Ibrahim et al. (2017) showed that the
intensity of S-100 and a-SMA immunoreactivity is
increased during the breeding season in different regions
of dromedary camel epididymis as compared to that
during the nonbreeding season (Figs. 11, 12). These
authors stated that the camel epididymal morphology
and physiology could be affected by these proteins. S-
100 is known to be associated with many cellular
activities such as diffusion and modulation of physical

Fig. 13. Paraffin sections of the body of the camel epididymis showing a strong immunoreactivity for CX-43 in the epididymal epithelium during the

rutting season (a-c), but an absence of immunoreaction during the nonrutting season (d). b and ¢ are magnifications of squared fields in a. (Ibrahim

and Abdel-Maksoud, 2019). (Reproduced with permission).
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condition of membranes (Zimmer et al., 1995); it may
also play a role in cell contraction and in the process of
transcytosis (Czykier et al., 2000) and contribute to the
establishment of blood-testis-barrier (Cruzana et al.,
2003). Further, S-100 is associated with the absorptive
and secretory activities in the intra-testicular excurrent
ducts (Cruzana et al., 2003), sperm signaling and
regulation of migration of phagocytes via the modulation
of tubulin polymerization (Martinez-Heredia et al.,
2008). According to Ibrahim et al. (2017), there is an
increase in S-100 immunoreaction in the camel
epididymal epithelium and smooth muscle coat during
the breeding season compared to that during the
nonbreeding season. These authors report that during the
breeding season the secretory and absorptive activities of
camel epididymis are increased. Further, increased S-
100 immunoreactivity has been observed in efferent
ductules (Ibrahim, 2015) and testis (Alkafafy et al. 2016)
during breeding season. Stronger S-100 expression in the
vascular smooth muscles of the epididymis has also been
reported in adult European bison than in young animals
(Czykier et al. 2010). It has been concluded that the
expression of S-100 is increased during breeding season
in the camel epididymis and that this protein may play a
role in sperm maturation in this species (Ibrahim et al.,
2017).

a-SMA immunoreaction has been detected in the
muscle and connective tissue of the epididymis in some
mammalian species including donkey (Alkafafy, 2009)
and European bison (Czykier et al., 2010). a-SMA,
which has only been detected in cells having contractile
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Fig. 14. Paraffin sections of the body of the camel epididymis showing a strong immunoreactivity for vascular endothelial growth factor (VEGF) in the

function (Osborn and Weber, 1983), could also be
expressed in the peritubular muscles of the epididymis of
donkey (Alkafafy, 2009), ox (Alkafafy, 2005) and camel
(Alkafafy et al., 2011; Ibrahim et al., 2017).Though
epithelial cells are a-SMA negative, positive a-SMA
immunoreaction is seen in the peritubular muscle coat
and in the connective tissue of camel epididymis; the
reaction becomes relatively intense especially in the
terminal segment during the breeding season (Ibrahim et
al., 2017). Increased a-SMA reaction in the breeding
season compared to nonbreeding season suggests
increased contraction of epididymal muscles which
facilitates the sperm movement through the duct.
According to Ibrahim et al. (2017), the epididymal
structure might be affected by S-100 and a-SMA
proteins and that the increase in the intensity of
immunoreaction in these proteins during breeding season
could enhance the epididymal function in camels, and
hence, the reproductive efficiency.

Recently, Ibrahim and Abdel-Maksoud (2019)
evaluated the effect of reproductive activity on
functional characteristics of dromedary camel
epididymal epithelium using the immunoreactivity of
Cx-43, VEGFand AR (Figs. 13-15). They reported that
the principal cells are amplified during the breeding
season and their endocytotic functions are more active
during nonbreeding season, which is evident from the
strong immunoreactivity of Cx-43, especially in the
apical cytoplasm. On the other hand, principal cells
showed granular VEGF immunoreactivity in the apical
and basal parts of the cytoplasm; a strong

epididymal epithelium during the nonrutting season (a, b), but a weak immunoreaction in the rutting season (c). (Ibrahim and Abdel-Maksoud, 2019).

(Reproduced with permission).
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immunoreactivity for VEGF could also be seen in the
cytoplasm of apical and some basal cells. These authors
concluded that the reproductive activity significantly
affects the immunohistochemical and ultrastructural
appearance of the epithelial lining of the dromedary
camel epididymis.

Seasonal molecular characterization

Very limited molecular studies, represented by
immunohistochemistry (Saleh et al., 2002) and lectin-
histochemistry (Abd-Elmaksoud et al., 2008), have been
done on reproductive organs of dromedary camel. To the
best of our knowledge, Alkafafy et al. (2016) have
published the only report on the use of molecular
procedures for analyzing the expression of S-100 genes
to confirm the spatial distribution of S-100 in different
parts of the camel testis during rutting and non-rutting
seasons. These authors reported that the expression of S-

100 mRNA is significantly higher in adult animals in
breeding season than in other seasons. Further, they also
postulated that the seasonal changes in the gene
expression in relation to histological structure and sexual
activity are suggestive of the role of S-100 in regulation
of exocrine and endocrine testicular functions in
dromedaries.

Conclusion

The information presented in this review shows
considerable structural and histochemical changes in
camel epididymis in relation to reproductive activity and
these changes are suggested to be androgen-dependent.
The camel epididymis may also serve as a potential
source of many biologically active proteins in this
animal with increased activity during breeding season
compared to the nonbreeding season. Further, these
proteins may contribute to the improvement in camel

Fig. 15. Immunofluorescence labeling for androgen receptor (AR) (red) with DAPI (blue) counterstain for nuclei of the epididymal epithelium showing a
stronger immunofluorescence for AR in the rutting season (a) than that in the nonrutting season (b). Note: sperm in the lumen (asterisk). (Ibrahim and
Abdel-Maksoud, 2019). (Reproduced with permission).
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fertility and reproductive efficiency. This review may
also add to our understanding of the dromedary camel
breeding period and help determine the exact mating
time, which is important for the success of assisted
reproductive outcomes and so the reproductive
efficiency. The reviewed literature may also help us to
reanalyze what we know now about epididymal
physiology in mammalian species living in harsh
environmental conditions with limited food and water
supply and that this knowledge may prove beneficial
towards improving the reproductive efficiency and herd
population of camels owned by poor families in many
underdeveloped countries in Africa and Asia.

References

Abd-Elaziz M.1., Kassem A.M., Zaghloul D.M., Derbalah A.E. and Bolefa
M.H. (2012). Ultrastructure of the interstitial tissue in the testis of
Egyptian dromedary camel (Camelus dromedarius). Pak. Vet. J. 32,
65-69.

Abd El-maksoud F.M. (2010). Morphological studies on the seasonal
changes in the epididymis of the one-humped camel (Camelus
dromedarius). M.Sc. Thesis, Assiut University, Egypt.

Abd-El-maksoud A, Sayed-Ahmed A, Kassab M and Aly K (2008).
Histochemical mapping of glycoconjugates in the testis of the one-
humped camel (Camelus dromedarius) during rutting and non-rutting
seasons. Acta. Histochem. 110, 124-133.

Abd El-Maksoud F.M., Hussein M.T. and Attaai A. (2019). Seasonal
variation of the intraepithelial gland in camel epididymis with special
reference to autophagosome. Microsc. Microanal. 25, 1052-1060.

Abe K., Takano H. and Ito T. (1983). Ultrastructure of the mouse
epididymal duct with special reference to the regional differences of
the principal cells. Arch. Histol. 46, 51-68.

Abou-Héila A. and Fain-Maurel M.A. (1984). Regional differences of the
proximal part of mouse epididymis: morphological and histochemical
characterization. Anat. Rec. 209, 197-208.

Aguilera-Merlo C., Mufioz E., Dominguez S., Scardapane L. and Piezzi
R. (2005). Epididymis of Viscacha (Lagostomus maximus maximus):
Morphological changes during the annual reproductive cycle. Anat.
Rec. 282, 83-92.

Ahmed Y., EI-Sakhawy M., El-Shammaa M., El-Sabaa A., Hussein S.
and Alkafafy M. (2013). Histological and histochemical studies of the
efferent ductules of male one humped camel (Camelus
dromedarius). J. Am. Sci. 9, 48-55.

Akbarsha M.A., Faisal K. and Radha A. (2015). The epididymis:
structure and function. In Mammalian endocrinology and male
reproductive biology. Singh S.K. (ed). CRC/Taylor & Francis. Boca
Raton. pp 115-165.

Al-Bulushi S., Manjunatha B.M., de Graaf S.P. and Rickard J.P. (2019).
Reproductive seasonality of male dromedary camels. Anim. Reprod.
Sci. 202, 10-20.

Alkafafy M. (2005). Glycohistochemical, immunohistochemical and
ultrastructural studies of the bovine epididymis. PhD dissertation.
Munich, Germany: Faculty of Veterinary Medicine, LMU.

Alkafafy M. (2009). Some immunohistochemical studies on the
epididymal duct in the donkey (Equus asinus). J. Vet. Anat. 2, 23-40.

Alkafafy M., Rashed R., Emara S., Nada M. and Helal A. (2011).
Histological and immunohistochemical studies on the epididymal
duct in the dromedary camel (Camelus dromedarius). Anat. Cell.

Biol. 44, 284-294.

Alkafafy M., EI-Shazly S.A., Ahmed M.M., Shoghy K.M. and Rashed
R.F. (2016). S-100 Proteins expression in the testis dromedary
camel during breeding and non-breeding seasons: Molecular and
immunohistochemical studies. J. Camel. Pract. Res. 23, 251-260.

Al-Shaikhly A.K.J., Nanda B.S. and Najat A. (1981). Histoenzymic
studies on the epididymis of camel. Z. Mikrosk. Ant. Forsch. Leipzig.
95, 217-222.

Babiker E.A., Ahmed A.l., Husna M.F. and Abdel-Aziz B.E. (2011).
Serum testosterone and progesterone levels and ovarian activities
as indicators for seasonal breeding in dromedary camels in Sudan.
Res. Opin. in Animal. Vet. Sci. 1, 309-312.

Belleannée C., Thimon V. and Sullivan R. (2012). Region-specific gene
expression in the epididymis. Cell. Tissue Res. 349, 717.

Beu C.C.L., Orsi A.M., Vovelli E.L.B., Domeniconi R.F., Burneiko R.C.
and Galhardi C.M. (2007). Alkaline phosphatase localization in
Golden hamster epididymidis: a biochemical and histochemical
investigation. Braz. J. Morphol. Sci. 24, 170-174.

Cooper T.G. and Yeung C.H. (2006). Computer-aided evaluation of
assessment of “grade a”’spermatozoa by experienced technicians.
Fertil. Steril. 85, 220-224.

Crabo B. (1965). Studies of the composition of epididymal content in
bulls and boars. Acta. Vet. Scand. 6, 51-94.

Cornwall G.A. (2009). New insights into epididymal biology and function.
Hum. Reprod. Update 15, 213-227.

Cruzana M.B., Budipitojo T., De Ocampo G., Sasaki M., Kitamura N.
and Yamada J. (2003). Immunohistochemical distribution of S-100
protein and subunits (S100-alpha and S100-beta) in the swamp-type
water buffalo (Bubalus bubalis) testis. Andrologia 35, 142-145.

Czykier E., Sawicki B. and Zabel M. (2000). S-100 protein
immunoreactivity in mammalian testis and epididymis. Folia.
Histochem. Cytobiol. 38, 163-166.

Czykier E., Zabel M., Surdyk-Zasada J., Lebelt A. and Klim B. (2010).
Assessment of S100 protein expression in the epididymis of juvenile
and adult European bison. Folia Histochem. Cytobiol. 48, 333-338.

Delhon G. and von Lawzwisch I. (1994). Ductus epididymidis
compartments and morphology of epididymal spermatozoa in
Llamas. Anat. Histol. Embryol. 23, 217- 225.

El-Hassanein E. (2003). An invention for easy semen collection from
dromedary camels, El- Hassanein camel dummy. In: Recent
advances in camelid reproduction. Skidmore J.A. and Adams, G.P.,
(eds). International Veterinary Information Service, Ithaca, New
York, USA.

El-Hassanein E.E., El-Bahrawy K.A., Fateh El-bab A.Z. and Zeitoun
M.M. (2004). Sexual behavior and semen physical traits of desert
male camels in rut. J. Egypt. Vet. Med. Assoc. 64, 305-321.

El-Sakhawy M., El-Shamaa M., Hussein S., El-Sabaa A.A. and Ahmed
Y. (2016). Seasonal histomorphometric studies of the epithelial
lining of the epididymal duct of the one-humped camel (Camelus
dromedarius). Internat. J. Biol. Pharm. All Sc. 5, 362-375.

Friedlander M., Rosenstrauch A. and Bedrak E. (1984). Leydig cell
differentiation during the reproductive cycle of the seasonal breeder
Camelus dromedarius: An ultrastructural analysis. Gen. Comp.
Endocrinol. 55, 1-11.

Ghazi F.B. (2007). Follicular wave pattern, folliculogenesis and assisted
reproductive techniques in the non-pregnant female dromedary
camel. J. Biol. Sci. 7, 1038-1045.

Glover T.D. and Nicander L. (1971). Some aspects of structure and
function in the mammalian epididymis. J. Reprod. Fertil. 13, 39-50.



503

Seasonal morphology and histochemistry in camel epididymis

Hafez E.S.E. and Hafez B. (2001). Reproductive parameters of male
dromedary and bcterian camels. Arch. Androl. 46, 85-98.

Hafez S.A., El-shafey S.M. and Caceci T. (2011). Histological and lectin
histochemical characterization of the epididymal duct in the
dromedary (Camelus dromedarius). J. Vet. Anat. 4, 51-67.

Hegazy A., Ali A., Al-Eknah M. and Ismail S. (2004). Studies on pituitary
—ovarian axis in the female camel, with special reference to cystic
and inactive ovaries. J. Camel Sci. 1, 16- 24.

Hermo L. and Robaire B. (2002). Epididymal cell types and their
functions. In: The epididymis, from molecules to clinical practice.
Robaire B. and Hinton B.T. (ed). Kluwer Academic/Plenum
Publishers, NY. pp 81-102.

Hermo L., Korah N., Gregory M., Liu L.Y., Cyr D.G., D’Azzo A. and
Smith C.E. (2007). Structural alterations of epididymal epithelial cells
in cathepsina deficient mice affect the blood-epididymal barrier and
lead to altered sperm motility. J. Androl. 28,784-797.

Hoffer A.P., Hamilton D.W. and Fawcett D.W. (1973). The ultrastructure
of the principal cells and intraepithelial leucocytes in the initial
segment of the rat epididymis. Anat. Rec. 175, 169-201.

Hussain R. (2010). Morphological and functional characteristics of the
testis of one-humped camel (Camelus dromedarius) in the natural
ecology of Punjab, Pakistan. Ph.D. thesis. University of Agriculture,
Faisalabad, Pakistan.

Ibrahim Z.H. (2015). Morphometric and immunohistochemical studies on
camel efferent ductules in relation to reproductive activity. Nova J.
Med. Biol Sci. 4, 1-7.

Ibrahim Z.H. and Singh S.K. (2014). Histological and morphometric
studies on the dromedary camel epididymis in relation to
reproductive activity. Anim. Reprod. Sci. 149, 212-217.

Ibrahim D. and Abdel-Maksoud F. (2019). Immunohistochemical and
ultrastructural features of the seasonal changes in the epididymal
epithelium of camel (Camelus dromedarius). Microsc. Microanal.
25(5), 1273-1282.

Ibrahim Z.H. and Al-Kheraije K.A. (2020) Seasonal morphology and
immunoreactivity of cytokeratin and atrial natriuretic peptide in
dromedary camel poll glands. Anat. Histol. Embryol. 00, 1-9.

Ibrahim Z.H., Joshi D. and Singh S.K. (2017). Seasonal
immunohistochemical reactivity of S-100 and a-smooth muscle actin
proteins in the epididymis of dromedary camel (Camelus
dromedarius). Andrologia 49, e12667.

Ibrahim Z.H., Al-kheraije K.A., and El-Tigani-Asil E.A. (2020). Seasonal
studies on morphology and immunohistochemical localization od S-
100 and alpha smooth muscle actin proteins in dromedary camel
poll glands. J. Camel Pract. Res. 27, 39-47.

Linnetz L.J. and Amann R.P. (1968) Histochemistry of the epididymis
and ampulla as influenced by sperm output. J. Reprod. Fert. 16,
343-350.

Lopez M.L., Grez P., Gribbel I. and Bustos-Obregén, E. (1989).
Cytochemical and Ultrastructural characteristics of the stallion
epididymis (Equus caballus). J. Submicrosc. Cytol. Pathol. 21, 103-
120.

Mandal M., Saha S., Ghosh A.K. and Majumder G.C. (2006).
Identification and characterization of a sperm motility promoting
glycoprotein from buffalo blood serum. J. Cell Physiol. 209, 353-362.

Marchlewicz M. (2001). Localization of immunocompetent cells in the
human epididymis. Folia Histochem. Cytobiol. 39, 173-174.

Martinez-Garcia F., Regadera J., Cobo P., Palacios J., Paniagua R. and
Nistal M. (1995). The apical mitochondria-rich cells of the
mammalian epididymis. Andrologia 27, 195-206.

Martinez-Heredia J., de Mateo S., Vidal-Taboada J.M., Ballesca J.L.
and Oliva R. (2008). Identification of proteomic differences in
asthenozoospermic sperm samples. Hum. Reprod. 23, 783-791.

Masood A. (2007). Studies on the morphology of male reproductive
system of one-humped camel (Camelus dromedarius) kept under
natural ecology of Pakistan. M.Sc. (Hong) University of Agriculture.
Faisalabad (Pakistan).

Musa B.E. and Abusineina M.E. (1978). The oestrous cycle of the camel
(Camelus dromedarius.) Vet. Rec. 102, 556-557.

Nicander L. (1958). Studies on the regional histology and cytochemistry
of the ductus and epididymidis in stallions, rams and bulls. Acta
Morphol. Neerl. Scand. 1, 337-362.

Nicander L. and Malmqvist M. (1977). Ultrastructural observations
suggesting merocrine secretion in the initial segment of the
mammalian epididymis. Cell Tissue Res. 184, 487-490.

Novoa C. (1970). Reproduction in Camelidae: a review. J. Reprod.
Fertil, 22, 3-20.

Osborn M. and Weber K. (1983). Tumor diagnosis by intermediate
filament typing: a novel tool for surgical pathology. Lab. Invest. 48,
372.

Osman A.M. and EI Azab E.A. (1974). Gonadal and epididymal sperm
reserves in the camel. J. Reprod. Fertil. 38, 425-430.

Parillo F., VeriniSupplizi A., Macri D. and Catone G. (2009). The ductus
epididymis of the alpaca: immunohistochemical and lectin
histochemical study. Reprd. Domest. Anim. 44, 284-294.

Pasha R.H., Qureshi A.S., Lodhi L.A. and Jamil H. (2011a). Biometric
and ultrasonographic evaluation of the testis of one-humped camel
(Camelus dromedarius). Pak. Vet. J. 31, 129-133.

Pasha R.H., Qureshi A.S., Lodhi L.A., Jamil H., Masood A., Ha S., Igbal
J., Kamran Z. and Khamas W.A. (2011b). Morphological seasonal
changes in the testis of one-humped camel (Camelus dromedarius).
J. Camel Pract. Res. 18, 145-158.

Pasha R.H., Qureshi A. S., Rehman Z. and Khamas W.A. (2013).
Seasonal anatomical changes in the testis of the one-humped
camel: a review. Eur. J. Anat. 17, 132-141.

Pearse A.G.E. (1968). Histochemistry. Theoretical and applied. 3rd ed.
Vol. 1. J. & A. Churchill, London.

Ramalho-Santos J., Varum S., Amaral S., Mota P.C., Sousa A.P. and
Amaral A. (2009). Mitochondrial functionality in reproduction: From
gonads andgametes to embryos and embryonic stem cells. Hum.
Reprod. Update 15, 553-572.

Reid B.L. and Cléland K.W. (1957). The structure and function of the
epididymis. 1. The histology of the rat epididymis. Aust. J. Zool. 5,
223-246.

Robaire B., Hinton B. and Orgebin-Crist M. (2006). The epididymis. In:
The physiology of reproduction. Neil J.D. (ed). Elsevier, New York.
pp 1071-1148.

Saleh A., Alameldin M., Abdelmoniem M., Hassouna E. and Wrobe K-H.
(2002). Immunohistochemical investigations of the autonomous
nerve distribution in the testis of the camel (Camelus dromedarius).
Ann. Anat. 184, 209-220.

Samuelson D.A. (2007). Text book of Veterinary Histology, Saunders an
imprint of Elsevier Inc., pp 546.

Schon J. and Blottner S. (2009). Seasonal variations in the epididymis
of the roe deer (Capreolus capreolus). Anim. Reprod. Sci. 111, 344-
352.

Shalaby F.M., Attia K.A. and El-Harairy M.A. (2012). Effect of the
puberty and breeding season on some enzymes of dromedary
camel testes: Histochemical and biochemical studies. Egypt. J. Zool.



504

Seasonal morphology and histochemistry in camel epididymis

1, 307-326.

Singh U.B and Bharadwaj MB. (1978a). Morphological changes in the
testis and epididymis of camels (Camelus dromedarius). Part |. Acta
Anat. 101, 275-279.

Singh U.B. and Bharadwaj M.B. (1978b). Histological and histochemical
studies on the testis of camel (Camelus dromedarius) during the
various seasons and ages. Part Il.Acta Anat (Basel). 101, 280-288.

Singh U.B. and Bharadwaj M.B. (1980). Histological studies on the
testicular seminal pathway and changes in the epididymis of the
camel (Camelus dromedarius). Part IV. Acta Anat (Basel). 108, 481-
489.

Skidmore J.A. (2005). Reproduction in dromedary camels: an update.
Anim. Reprod. 2, 161-171.

Sostaric E., Aalberts M., Gadella B.M. and Stout T.A. (2008). The roles
of the epididymis and prostasomes in the attainment of fertilizing
capacity by stallion sperm. Anim. Reprod. Sci. 107, 237-248.

Sullivan R. and Mieusset R. (2016). The human epididymis: its function
in sperm maturation. Hum. Reprod. Update 22, 574-587.

Sumar J.B. (2000). Llamas and Alpacas. In: Reproduction in Farm
Animals. 7th edn. Hafez B. and Hafez E.S.E. (eds). Lippincott
Williams and Wilkins, Sydney. pp 218-236.

Taha A.A.M. and Abdalla A.B. (1980). Observations on the structure of
the poll glands of the dromedary. Acta Veterinaria 30, 247-252.

Taha A.A., Abdel-Mageed E.M., Abdalla M.A. and Abdalla A.B. (1994).
The poll glands of the dromedary (Camelus dromedarius).
Ultrastructural characteristics. Anatom. Histol. Embryol. 23, 269-274.

Tingari M.D. (1989). The fine structure of the epithelial lining of the
epididymis of the camel (Camelus dromedarius) with special
reference to regional differences. J. Anat. 156, 210-214.

Tingari M.D. and Moniem K.A. (1979). On the regional histology of the
epididymis of the camel (Camelus dromedarius). J. Reprod. Fertil.
57, 11-20.

Tingari M.D. and George M.A. (1984). Studies on the poll glands of the

one-humped camel in relation to reproductive activity. II.
Ultrastructural observations. J. Anat. 139, 463-474.

Tingari M.D., Ramos A.S., Gaili E.S.E., Rahma B.A. and Saad A.H.
(1984a). Morphology of the testis of the one humped camel in
relation to reproductive activity. J. Anat. 139, 133-143.

Tingari M.D., Rahma B.A. and Saad, A.H. (1984b). Studies on the poll
glands of the one-humped camel in relation to reproductive activity.
|. Seasonal morphological and histochemical changes. J. Anat,
138,193-205.

Wrobel K.H. (1972). zurMorphologie der Ductuli efferentes des Bullen.
Z. Zellforsch. Mikrosk. Anat. 135, 129-148.

Wang Y.F. and Holstein A.F. (1983). Intraepithelial lymphocytes and
macrophages in the human epididymis. Cell. Tissue Res. 233, 517-
521.

Zayed A., Hifny A., Abou-Elmaged A. and Wrobel K. (1995). Seasonal
changes in the intertubular tissue of the camel testis (Camelus
dromedarius). Ann. Anat. 177, 199-212.

Zayed A.E., Ismail K.A., lIbrahim A.A. and EL-Maksoud F.M.A. (2012).
Morphological studies on the seasonal changes in the epididymal
duct of the one-humped camel (Camelus dromedarius). Vet. Sci.
Dev. 2, 7-14.

Zayed A.E., Aly K., Ibrahim I.A. and Maksoud F.M.A. (2013).
Morphological studies on the seasonal changes in the efferent
ductules of the one-humped camel (Camelus dromedarius). Eur. J.
Vet. Med. 2, 76-97.

Zhou W., De luliis G.N., Dun M.D. and Nixon B. (2018). Characteristics
of the epididymal luminal environment responsible for sperm
maturation and storage. Front. Endocrinol. (Lausanne). 9, 59.

Zimmer D.B., Cornwall E.H., Landar A. and Song W. (1995). The S100
protein family: history, function, and expression. Brain. Res. Bull. 37,
417-29.

Accepted January 11, 2021



