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INTRODUCTION

The camel plays essential socio-economic
roles and supports millions of people living
in the dry and arid regions of Asia and but also

ABSTRACT

The present study investigated the histochemical localization
and activity of five different enzymes during breeding and
non-breeding seasons and at pre- and post-pubertal ages in
the camel epididymis. The plasma and epididymis samples
were collected from a total of 40, one-humped, male camels
(Camelus dromedarius) from the slaughterhouse. The samples
were taken from pre-pubertal (1.0 — 3.5 years old) and post-
pubertal camels (4.0 — 13.0 years old). The intensity of the
studied enzymes i.e. alkaline phosphatase (ALP), acid phospha-
tase (ACP), glucose-6-phosphatase (G-6-Pase), adenosine tri-
phosphatase (ATPase), and 5 -nucleotidase (5-Nase) differed
depending upon the region of the epididymis. The rutting
season was associated with marked increases in the activity of
ATPase in plasma and caput region, along with a significant
rise in 5°-Nase activity in the caudal region; but the G-6-Pase
activity did not differ significantly by season in both the
plasma and epididymal tissues. The ALP and ACP activities
showed slight reduction in the caudal region of the epididymis
during the rutting season. With age advanced the caudal region
showed significant increases in ATPase and ALP activities.
The caput region showed a significant increase in 5 -Nase
activity in the post-pubertal camels. The caudal region showed
intensive reactivities of ATPase, ALP, and ACP more than the
caput region in both seasons and ages. On the contrarily, caput
region showed more activity of 5-Nase than the caudal
region. The current study concluded that the qualitative and
guantitative enzymes activities of the epididymis were closely
related with seasonal changes, stage of puberty, and with age
advancing.

Africa. Camels are the most suitable
domestic animals during severe droughts,
not only surviving these harsh conditions,
continuing to produce and
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reproduce™. Improving camel productivity,
especially reproductive efficiency, is essen-
tial for addressing shortages in animal
meat and milk. This requires effective
management strategies based on a compre-
hensive understanding of camel reproductive
biology!?.

The epididymis provides a micro-
environment for sperm structural, functional
changes, and maturationt®. The regions of
the epididymal duct were identified in pre-
pubertal swamp buffalo based on location of
ducts and epithelial height™. In camel, the
epididymal duct was divided into initial,
middle, and terminal segments®l. The first
two segments were areas of sperm matura-
tion, while the last one would represent
a storage region, as previously reported
in the rabbit epididymis!®. The epididymal
epithelium plays a crucial role in sperm
maturation, motility, and fertility through
its absorptive and secretory activities,
providing an optimal environment for these
processest®l. The epididymal duct is lined
with a pseudostratified epithelium that
includes principal cells, basal cells, apical
cells, clear cells, lymphocytes, and macro-
phages (the latter two often referred to as
halo cells). Principal cells make up
about 80% of the epithelial cells in the
epididymis!™. These principal cells are tall
columnar cells with stereocilia. The tubular
epithelium is encased by a thin layer of
lamina propria composed of loose connec-
tive tissue, followed by a smooth muscle
coat. Circumtubular connective tissue covers
the duct. The epididymis luminal diameter
and sperm content increase progressively
from the caput to the caudal’l.

The enzymes are the key molecules for
cellular functions such as energy production,
membrane transport, and metabolism. Insect
enzyme activities were involved directly in
maturation, concentration, and motility of
spermatozoal®. Mammalian alkaline phos-
phatase (ALP) is a membrane-bound ecto-
enzyme attached to cells by phosphatidyl-
inositol glycan anchors®l. It responsible for
dephosphorylation reactions that may be
essential for normal male reproductive

physiology and reflect germ cell function(l,
Acid phosphatase (ACP) is a marker enzyme
for lysosomes, and it is concerned with
the catabolic processes, which take place
within the cells and regulate the annual male
reproductive cycle in many species; e.g.
lizards**l. Also, it might be involved in
the metabolism of phosphate compounds
important to flagellar motility®®!. Glucose-6-
phosphatase (G-6-Pase) is a multifunctional
enzyme, displaying the ability to synthe-
size and hydrolyze glucose-6-phosphate to
glucose for providing energy for different
functionsl*?. Its activity was localized in
the endoplasmic reticulum, and at the
outer membrane of the nuclear envelop!l,
Adenosine triphosphatase (ATPase) is an
integral part of the cell membrane, plays
important roles in intracellular functions
and physiological activities!™. Many basic
and specialized cell functions have been
attributed to Na, K-ATPase'. Inhibition of
Na, K-ATPase lead to loss of sperm
motility that causes infertility of sperm!®l,
The 5'-nucleotidase (5-Nase) is an
enzyme, which has a glycosylphosphatidyl-
inositol  (GPI)-anchored structure, and
produces adenosine from adenosine 5°-
monophosphatel*®l. Adenosine in the sperm
microenvironment has been reported to
play an important role in regulating sperm
proper maturation, motility, and function[*®l,
Several mammalian 5-Nases attached to
membranes or present in the cytosol™7,

The histochemistry of the epididymis has
been investigated in several laboratory and
domestic speciest*®°l. Although literature is
available on the histoenzymic localization
of phosphatases in bovine testis?>?! and
buffalo calves[??, relatively scare reports are
available on qualitative and quantitative of
enzymes in the camel epididymis in relation
to age, pubertal stage, and seasonal variation
of the male dromedary camel. Therefore, the
present investigation carried out to study
the effects of puberty stage and seasons of
the year on localization and quantitative
activities of phosphatases enzymes (ALP,
ACP, G-6-pase, ATPase, and 5-Nase) that
play an essential role in sperm maturation
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and fertility, as well as their potential as
indicators of reproductive health and the
functional state of the epididymis of the
male dromedary camel.

MATERIAL AND METHODS

The present study was conducted in the
Laboratory of Cell Biology and Histology,
Department of Zoology, Faculty of Sciences,
in cooperation with the Biotechnology
Lab, Faculty of Agriculture, Mansoura
University, Egypt. A total of 40 heparinized
blood samples and epididymis of male,
one-humped, camels (Camelus dromedarius)
were collected from Bilbase slaughterhouse
after slaughter in cool box during the
breeding season (December-April) and non-
breeding season (June-August). Blood and
tissue samples were taken from camels at
pre-pubertal (1.0-3.5 years old) and post-
pubertal ages (4.0-11.0 years old). Five
phosphatases’ enzymes: ALP, ACP, G-6-
Pase, ATPase, and 5 -Nase were histo-
chemically and biochemically demonstrated.

Histochemical studies

Frozen cryostat sections (10 um thickness)
were used to demonstrate the localization
and activities of the mentioned enzymes
according to the following methods: the
negative control sections were incubated in
a substrate free medium.

Determination of ALP activity according
to Anwer et al.[]

Frozen sections of epididymis were fixed
in a mixture of 95% methanol and 4%
formalin for about 30 minutes and washed
in distilled water. The media stock solution
contains 150 mL of 0.2 mol tris-buffer +
25 mL of 0.05 mol P-glycerophosphate +
50 mL distilled water + 6 mL of 1.0%
L-tartaric acid at pH 9.5. The sections were
transferred to the following mixture for
about 2 hours: 45 mL of the previous stock
solution + 5 mL of 1.0% lead nitrate +
0.5 mL of 0.05 mol magnesium chloride.

Determination of ACP activity according
to Tice and Barrnett!?4

Frozen sections of epididymis were fixed
in a mixture of 25 mL methanol + 20 mL

acetone + 5 mL formalin for about 2 hours,
and then washed in distilled water. The
specimens were incubated in the following
mixture: 20 mL of 0.05 mol acetate buffer
+ 3 mL of 1.0% lead nitrate + 2 mL of
0.05 mol P-glycerophosphate for about
2 hours.

Determination of G-6-Pase activity accord-
ing to Tice and Barrnett[?4

Frozen sections of epididymis were fixed
in 2.5% glutaraldehyde (pH 7.4) for 3-4
minutes at 4°C, washed in distilled water,
incubated in the following mixture for
30 minutes at 37°C: 20 mL of 0.1 mol
acetate buffer at pH 6.4 + 3 mL of 1.0% lead
nitrate + 2 mL of 0.05 mol glucose-6-
phosphate disodium salt.

Determination of ATPase activity accord-
ing to Wachstein and Meisel[?°]

Frozen sections of epididymis were fixed in
a mixture of 2.5% glutaraldehyde (pH 7.4)
for 5-7 minutes at 4°C. They were washed
with distilled water and incubated in the
following mixture containing specific sub-
strate: 2 mL of 0.2 mol tris-maleate buffer
pH 7.4 + 8.5 mL distilled water + 3 mL of
1.0% lead nitrate + 1.0 mL of 0.1 mol
magnesium chloride + 2.5 mL of 0.05 mol
adenosine-5-tri-phosphate disodium salt for
1.0 hour at 37°C.

Determination of 5'-Nase activity accord-
ing to Wachstein and Meisel[?°]

Frozen sections of epididymis were fixed
in a mixture of 2.5% glutaraldehyde
(pH 7.4) for 5-7 minutes at 4°C. The
specimens were washed in distilled
water and incubated in the following
mixture for 1.0 hour at 37°C: 12 mL of
0.2 mol of tris-maleate buffer, pH 7.4 +
8.5 mL distilled water + 3.5 mL of 1.0%
lead nitrate + 1.0 mL of 0.1 magnesium
chloride + 2.5 mL of 0.05M adenosine-5'-
monophosphate disodium salt. All the
sections of the different specimens treated
for demonstrating the different enzymes
were washed in distilled water and stained
in 1.0% ammonium sulfide for 2-3 minutes.
After a further washing in distilled water the
specimens were mounted in neutral glycerin
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jelly and examined by using bright field
microscopy.

Biochemical assays

The caput and caudal regions (2 g) of pre-
pubertal and post-pubertal ages in two
seasons were washed with saline (0.9%
NaCl), blotted on a piece of filter paper,
weighed and homogenized in ice cold
distilled water to yield (10% weight/volume)
using a Potter-Elvehjen glass homogenizer
fitted with a Teflon pestle. The freshly pre-
pared homogenate was used for biochemical
assays. The homogenates were centrifuged
at 10000 xg for 10 minutes at 4°C using
a HERMLE Z306 centrifuge (HERMLE
Labortechnik GmbH, Wehingen, Germany),
and the supernatants were aspirated for
biochemical assays. The ALP, ACP, G-6-
Pase, ATPase, and 5 -Nase enzyme activities
in tissue homogenate and plasma were
measured according to methods of Belfield
and Goldberg?®!, Wootton and King?"],
Swanson®l, LeBel et al.?®! and El-Aaser
and El-Merzabani®%, respectively.

Statistical analysis

The obtained data were analyzed statistically
by a two-way ANOVA using SAS System
for Windows, version 6.12 (SAS Institute
Inc., Cary, NC, USA). Duncan's multiple
range test was used to determine the least
significant difference among the means.

RESULTS

Effects of puberty and breading season on
the histochemical localization and activity
of ALP in the camel epididymis

The activity of ALP was demonstrated in
the epithelium cells, sub epithelium,
stereocilia and luminal contents in the
epididymis. The intensity of ALP staining
varied across different regions; also, its
localization changed depending on the
region. In pre-pubertal camels during non-
breeding season ALP was intensive along
the circumtubular smooth muscle cells and
the basal membrane in caput region (Figure
1A), and some cells wedged between
principal cells showed activity. It was not

possible to identify these cells with any
degree of certainty. No activity of ALP was
found in the lumen of caput. However, in
caudal region, ALP activity was intensive
along the basal lamina, and apical region
of the epithelium, while the middle epi-
thelial cells and stereocilia showed weak
to moderate reaction. The lumen showed
positive reaction (Figure 1B). In post-puber-
tal camels during non-breeding season,
ALP was intensive along the circumtubular
smooth muscle cells and the basal membrane
in caput region. The principle epithelial cells
showed weak reaction, but the stereocilia
showed intensive reaction to ALP. However,
the lumen of caput showed negative reaction
(Figure 1C). In the caudal region, the cir-
cumtubular smooth muscle cells showed
moderate reaction, and the apical region
of the epithelium showed very intensive
reaction, while the luminal contents showed
almost intensive reaction (Figure 1D). The
endothelial cells of intertubular blood
vessels had a moderate to strong reaction in
both regions (Figures 1C, D).

In the caput region of pre-pubertal
camels during breeding season, the activity
of ALP was intensive in the basement
membrane, circumtubular smooth muscle
cells, and the endothelial cells of inter-
tubular blood vessels (Figure 1E). However,
in the caudal region, the luminal contents
showed very intensive reactivity to ALP,
while the circumtubular smooth muscle
cells, endothelial cells of intertubular blood
vessels, and basal epithelial cells showed
moderate reactivity (Figure 1F). In post-
pubertal camel during breeding season,
the caput region showed intensive ALP
activity in the basal epithelium, stereocilia,
and circumtubular smooth muscle layer.
Also, intensive reaction was observed
in some parts of the lumen of the tubules,
while the principal cells of the epithelial
layers showed no reactivity (Figure 1G).
However, in the caudal region, the basal
and apical epithelium showed intensive
reactivity, while the principal cells, stereo-
cilia, and circumtubular smooth muscle layer
showed moderate reaction. The luminal
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atase (ALP) activity
in caput and caudal regions, respectively, of epididymis of pre-pubertal camel in non-breeding season (A and B),
post-pubertal camel in non-breeding season (C and D), pre-pubertal camel in breeding season (E and F), and
post-pubertal camel in breeding season (G and H). (A) Showing intensive ALP activity in the circumtubular
smooth muscle layer (CSML) and basal epithelium border (BE; x40); higher magnification showing intensive
ALP in the basal epithelium border (BE; x100). PC: principal cells. (B) Showing intensive ALP activity in BE
and the apical epithelium borders (AE), moderate ALP activity in CSML and PC (x40); higher magnification
showing moderate activity of ALP in the lumen (LU) of caudal region and CSML (x100). (C) Showing
intensive ALP activity in CSML, BE, and stereocilia (STC; x40); higher magnification showing no reactivity of
ALP in LU of caput (x100). (D) Showing moderate ALP activity in CSML, and intensive reaction in AE and
LU of caudal region (x40). (E) Showing intensive reactivity of ALP in BE and AE (x40); higher magnification
showing no ALP reactivity in LU of the caput (x100). (F) Showing moderate ALP activity in CSML and
intensive reaction in STC, AE, and LU of caudal region (x40). (G) Showing intensive reactivity of ALP in
CSML, BE, STC, and some parts of LU (arrow; x40); higher magnification showing intensive ALP activity in
the intertubular tissues (ITS) and in some parts of LU of some tubules (x100). (H) Showing intensive ALP
activity in BE and AE, weak reaction in PC and CSML, and very intensive reaction in LU of tubules (arrow;
x40); higher magnification showing weak reaction in STC and ITS, while very intensive reaction was observed
in LU of tubules (arrows; x100).
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contents showed a very intensive reaction of ALP of caudal epididymal tissues in
(Figure 1H). In general, the activity of ALP  post-pubertal camels were significantly
was higher in caudal than in caput region (P<0.05) higher than those in pre-pubertal
in pre- and post-pubertal camels in both  camels (Tables 1 and 4). During breeding
seasons. season there was insignificant change in the
Data presented in Tables “1 and 3” ALP activity of plasma and epididymal
indicated that the activity of ALP in blood tissues, except caput region. The results
plasma in pre-pubertal camels were obtained showed also higher activity in the
significantly (P<0.05) higher than those in  caudal region compared with the caput
post-pubertal camels. However, the activity  region in both seasons and at both ages.

Table 1: Effects of season, stage, and their interaction on alkaline phosphatase (ALP), acid
phosphatase (ACP), and glucose-6-phosphatase (G-6-Pase) enzymes activities in plasma and
tissues of caput and caudal regions (means = their standard error).

ALP ACP G-6-Pase
Plasma Caput  Caudal o, Caput  Caudal . Caput  Caudal

tissue) tissue) tissue) tissue) tissue) tissue)

(A) T74.6% 130.0+ 422.0% 4.6+ 87.3% 177.0+ 376.0% 0.69+ 0.27%

g 5.9 16.0 129.1 0.7 58.3 55.3 84.2 0.07 0.04
3 (B) 659+ 2200+ 387.3% 5.7+ 83.1+  152.7+  650.0+ 052+  0.45%
8.1 51.9 54.22 0.6 38.4 12.7 120.7 0.05 0.14

(C) 814+ 1717+ 2755+ 4.8+ 16.8+ 1186+  654.9+ 0.68+  0.25%

S 2.5 56.2 54,20 1.0 15 22.2 130.9° 0.08 0.05
& (D) 610+ 1783+ 5346+ 54+ 1536+ 2111+  371.7+ 053+  0.47+
7.5b 24.4 100.5° 0.4 54.8 43.9 69.5 0.03 0.13

AxC 821+ 108.7+  164.8+ 3.4+ 16.4+ 98.0+  530.8% 0.80+  0.22+
4.4 21.9 46.8 1.1 3.3 45.1 127.6 0.11 0.06

S AxD 671+ 1512+  680.7% 5.8+ 1582+  256.0+ 2212+ 057+  0.32+
= 10.2 18.8 121.0 0.6 109.5 83.6 29.1 0.02 0.04
S BxC 809+ 2347+  386.2+ 6.9+ 17.2+  139.1+ 8205+ 055+  0.27+
= 2.0 106.5 15.1 0.9 0.2 1.6 251.7 0.09 0.08
BxD 54.8+ 2053+ 3885 5.0+ 1491+ 1662+  522.2+ 0.48+  0.62
11.6 435 120.3 0.6 54.8 25.0 81.4 0.06 0.24

A: Non breeding season, B: Breeding season, C: Pre-pubertal, D: Post-pubertal. Means in the same column with
different letters (e.g., 'a' and 'b") differ significantly at P<0.05.

Effects of puberty and breading season on  season, the granules in the supranuclear and
the histochemical localization and activity  apical zones of the epithelial cells (principal
of ACP in the camel epididymis cells) in the caput exhibited the strongest
In pre-pubertal camels during non-breeding ACP activity and appeared larger than
season, the activity of ACP was strong in  those scattered throughout the rest of
the apical and basal borders of the the cytoplasm (Figure 2C). The peritubular
epithelium cells of caput, while the basal smooth muscles and intertubular tissue
epithelium of cauda was weakly reacted. showed no ACP activity in both the caput
The apical epithelium and luminal contents  and cauda regions. A strong positive reaction
showed moderate to intensive reaction. The  was observed in the luminal content of
circumtubular smooth muscle cells and inter  the cauda, while the tubules in the caput
tubular tissue showed weak to moderate  were negative. The stereocilia in the cauda
reactivity to ACP (Figure 2A, B). In post-  exhibited weak to moderate ACP reactivity
pubertal camels during the non-breeding (Figure 2C, D).
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Figure 2: Photomicrographs of frozen cryostat sections for demonstrating acid phosphatase (ACP) activity in
caput and caudal regions, respectively, of epididymis of pre-pubertal camel in non-breeding season (A and B),
post-pubertal camel in non-breeding season (C and D), pre-pubertal camel in breeding season (E and F), and
post-pubertal camel in breeding season (G and H). (A) x40; Higher magnification showing intensive reaction of
the basal (BE) and apical (AE) epithelial borders and weak to moderate reaction of the circumtubular smooth
muscle layer (CSML) to ACP (x100). (B) x40; Higher magnification showing intensive reaction of AE and
lumen (arrow), and weak reaction of CSML, BE, principal epithelium (PC), and stereocilia cells (STC) to ACP
(x100). (C) Showing weak ACP activity in CSML and STC, while epithelium layer (EL) had moderate
reactivity. The lumen of some tubules showed extrusion of enzyme, and intensive ACP activity was found in the
lumen of some tubules (x40). (D) Showing no reaction in CSML, weak reaction in EL, and intensive ACP
activity in the lumen of the tubules (arrows; x40). (E) Showing weak reaction in CSML, and positive reaction in
BE (x40); higher magnification showing no reaction in the lumen of the tubules (arrow), but the epithelial cells
(EC) showed positive reaction to ACP (x100). (F) Showing intensive reaction to ACP in AE and the lumen
(arrows), and weak reaction in CSML, BE, and STC (x40). (G) Showing moderate reaction to ACP activity
(x40). (H) Showing intensive reaction AE and the lumen (arrows; x40); higher magnification showing weak
reaction to ACP in CSML, BE, PC, and STC (x100).
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In pre-pubertal camels during breeding
season the activity of ACP was intensive in
epithelial cells and weak in the circum-
tubular smooth muscles cells. The lumen of
the caput was free of the enzyme activity
(Figure 2E). In caudal region, intensive
reaction was noticed in apical epithelium
and in the lumen, while weak reaction was
found in the circumtubular smooth muscles
cells and principal cells (Figure 2F).
However, in post-pubertal camels during
breeding season the basal membrane and
stereocilia of the caput showed moderate
reaction to ACP and the luminal content was
free of the enzyme (Figure 2G). The apical
epithelium and luminal content of the
caudal region had strong reaction to ACP
(Figure 2H). The circumtubular smooth
muscle, intertubular tissue, and endothelial
cells of intertubular blood vessels had
negative reaction in both caput and caudal
regions (Figure 2G, H).

The activity of ACP enzyme was shown
in Table “17”, the activity of plasma enzyme
was insignificantly changed in breeding and
non-breeding seasons. In addition, the caput
and caudal tissues showed insignificant
changes in enzyme activity during breeding
and non-breeding seasons. The enzyme
activity increased in caudal compared with
caput in both pre- and post-pubertal ages,
and in breeding and non-breeding season.
Generally, the activity of ACP showed an
insignificant change as affected by seasons
and stage of puberty (Tables 1, 3, and 4).

Effects of puberty and breading season on
the histochemical localization and activity
of G-6-Pase in the camel epididymis

During the non-breeding season, the locali-
zation of G-6-Pase activity in the epididymis
of both pre- and post-pubertal camels was
similar. The luminal border of epithelial
cells showed strong positive activity, the
basement membrane was also reactive, and
the circumtubular smooth muscle cells had
a weak to moderate reaction (Figure 3A, B).
The G-6-Pase activity in the caput was
higher in pre-pubertal camels than in
post-pubertal ones, while in the cauda, the

activity was greater in post-pubertal camels.
The enzyme distribution in the epithelial
and smooth muscle cells of the cauda is
like that of the caput. However, the lumens
of tubules in pre-pubertal camels were
non-reactive, whereas those in post-pubertal
camels showed moderate reactivity due to
the presence of spermatozoa (Figure 3).
During the rutting season, G-6-Pase activity
in the cauda of post-pubertal camels was
higher than in pre-pubertal ones. Addition-
ally, the enzyme activity in the tubule
lumens of the caudal region was greater
during the breeding season compared to the
non-breeding season (Figure 3).

Data in Table “1” showed that the activity
of G-6-Pase in plasma was significantly
(P<0.05) increased in pre-pubertal than
post-pubertal camels and was insignificantly
changed in the breeding and non-breeding
seasons. However, the activity of G-6-Pase
in epididymal tissues did not differ signi-
ficantly (Tables 1, 3, and 4).

Effects of puberty and breading season on
the histochemical localization and activity
of ATPase in the camel epididymis

In pre- and post-pubertal camels, the epi-
thelium of the epididymal tubules, the inter-
stitial, and lumen were positively reacted
to ATPase, as well as spermatozoa in
the lumen were reacted. The activity of
ATPase in the epididymal epithelium was
located apically (Figure 4A-D). In non-
breeding season, the intensity of ATPase
activity in caput of pre-pubertal camels was
slightly more intensive than in post-pubertal
camels, while ATPase activity in caudal
region of post-pubertal camels increased as
compared to that in pre-pubertal camels,
especially in the luminal epithelial cells
and interstitial cells (Figure 4). In breeding
season, the ATPase activity in caput of
pre-pubertal was higher than in post-
pubertal camels. However, reactivity of
ATPase in caudal region of post-pubertal
camels’ epididymis was higher than in the
pre-pubertal camels. Rutting season was
associated with increased ATPase activity in
studied epididymal segments (Figure 4E-H).
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Figure 3: Photomicrographs of frozen cryostat sections for demonstratlng glucose -6-phosphatase (G-6-Pase)
activity in caput and caudal regions, respectively, of epididymis of pre-pubertal camel in non-breeding season
(A and B), post-pubertal camel in non-breeding season (C and D), pre-pubertal camel in breeding season (E and
F), and post-pubertal camel in breeding season (G and H). (A) x40; Higher magnification showing intensive
reaction of G-6-Pase activity in apical epithelium border (AE), principal cells (PC), and weak to moderate
reaction in the surrounding muscles. The lumen (LU) was free of the enzyme activity (x100). (B) x40; Higher
magnification showing intensive reaction of G-6-Pase activity in AE and weak reaction in the circumtubular
smooth muscle layer (CSML). LU was free of the enzyme reactivity (x100). (C) x40; Higher magnification
showing intensive activity of G-6-Pase in the epithelial cells (EC) and the luminal contents (arrow), and weak
reaction in CSML (x100). (D) Showing high activity of G-6-Pase in AE and the luminal contents (arrows),
moderate reaction in the basal epithelium (BE) and weak reaction in CSML (x100). (E) x40; Higher
magnification showing intensive reaction of G-6-Pase in PC (x100). (F) Showing G-6-Pase activity in PC (x40);
higher magnification showing no reactivity of G-6-Pase in LU and weak reaction in CSML (x100). (G) x40;
Higher magnification showing moderate reactivity to G-6-Pase in EC, weak reaction in CSML, and no reactivity
was found in LU (x100). (H) Showing very intensive reaction in AE and moderate reaction in BE (x40); higher
magnification showing weak reactivity for G-6-Pase in CSML (x100).
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. [ - - -
Figure 4: Photomicrographs of frozen cryostat sections for demonstrating adenosine triphosphatase (ATPase)

activity in caput and caudal regions, respectively, of epididymis of pre-pubertal camel in non-breeding season
(A and B), post-pubertal camel in non-breeding season (C and D), pre-pubertal camel in breeding season (E and
F), and post-pubertal camel in breeding season (G and H). (A) Showing intensive reaction for ATPase in the
tubules and weak reaction in inter-tubular tissues (x100). (B) Showing intensive reaction to ATPase in the
apical epithelium border (AE), moderate reaction in the basal epithelium border (BE), weak to moderate in the
circumtubular smooth muscle layer (CSML), and no reaction in the lumen (LU; x100). (C) Showing intensive
reaction in apical epithelium, no reactivity of ATPase in LU, and weak reaction in CSML (x100). (D) Showing
intensive reaction in AE and moderate reaction in BE and CSML to ATPase (x40); higher magnification
showing weak to moderate reaction in some LU (x100). (E) Showing intensive reaction in AE and BE and some
parts of CSML (arrow; x40); higher magnification showing no activity in LU (x100). (F) Showing very
intensive reaction in AE and CSML (x40). (G) Showing no reaction in LU (x40). (H) Showing very intensive
reaction in AE and some parts of LU (arrow; x40); higher magnification showing intensive reaction in AE, high
activity in CSML (arrows) and intertubular tissues (ITS; x100).
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The activity of ATPase in plasma and
epididymal regions was higher during
the breeding season compared to the
non-breeding season, with a significant
difference (P<0.05) observed only in the

caput (Tables 2-4). Additionally, the caudal
region showed a significant increase
(P<0.05) in post-pubertal camels, while the
caput region exhibited the opposite trend
(Tables 2-4).

Table 2: Effects of season, stage, and their interaction on adenosine triphosphatase (ATPase)
and 5'-nucleotidase (5-Nase) enzymes activities in plasma and tissues of caput and caudal
regions (means * their standard error).

ATPase 5°-Nase
Plasma Caput Caudal Plasma Caput Caudal

(U/L)  (Ulgtissue) (U/gtissue) (U/L)  (U/gtissue)  (U/g tissue)
- (A) 231.2+ 0.33t 0.89+ 334.2+ 0.87+ 0.20+
2 52.2 0.05° 0.13 92.0 0.16 0.04°
$ (B) 2528+ 048+ 0.90+ 432.5+ 0.69+ 0.45+
16.5 0.10° 0.17 89.5 0.13 0.11°
» (C) 2315% 0.47+ 0.63+ 335.3% 0.54+ 0.39+
g 45.1 0.11#8 0.09b 94.0 0.09° 0.13
» (D) 249.9+ 0.34+ 117+ 419.3+ 1.02+ 0.26x
37.6 0.05° 0.09? 89.5 0.122 0.03
AxC 209.5% 0.26x 0.60+ 218.1+ 0.60+ 0.17+
81.8 0.04 0.09 52.6 0.07 0.04
S AxD 2529+  0.25% 1.12+ 450.4+ 1.14+ 0.23+
& 75.5 0.07 0.03 166.4 0.21 0.04
S BxC 2607+  0.69% 0.66+ 491.6% 0.48+ 0.61+
= 9.1 0.02 0.18 187.0 0.18 0.19
BxD 246.9t 0.42+ 121+ 388.1+ 0.90+ 0.29+
29.7 0.05 0.20 94.9 0.10 0.03

A: Non breeding season, B: Breeding season, C: Pre-pubertal, D: Post-pubertal. Means in the same column with
different letters (e.g., 'a' and 'b") differ significantly at P<0.05.

Table 3: Analysis of variance of effects of season, stage, and their interaction on enzymes
activity in plasma.

Mean square

ALP ACP G-6-Pase ATPase 5°-Nase

Season 282.1 5.0 280437.6 1750.7 36011.8
Stage 1565.3* 1.3 299525.9* 1269.9 26331.3
Interaction 21.2 14.4 44707.8 2823.7 100007.5
Error 283.0 2.6 60468.8 14536.1 62132.4

ALP: alkaline phosphatase, ACP: acid phosphatase, G-6-Pase: glucose-6-phosphatase, ATPase: adenosine
triphosphatase, 5°-Nase: 5°-nucleotidase, *: significant (P<0.05).

Table 4: Analysis of variance of effects of season, stage, and their interaction on enzymes
activities in epididymal regions.

Mean square
Caput Caudal
ALP ACD G-6-Pase ATPase 5-Nase  ALP ACD G-6-Pase ATPase 5'-Nase
Season 243045 515 0.08 0.06 0.10 37705 1777.8 0.09 0.0 0.19"
Stage 129.8 56166.0 0.07 0.05" 0.69" 201369.9" 25692.8 0.15 0.9™ 0.05
Interaction 3881.2 72.0 0.02 0.3™ 0.01 197887.5° 12868.1  0.05 0.02 0.11
Error 10548.1 11249.3 0.02 0.01 0.07 236455 7233.9 0.05 0.01 0.03

ALP: alkaline phosphatase, ACP: acid phosphatase, G-6-Pase: glucose-6-phosphatase, ATPase: adenosine
triphosphatase, 5°-Nase: 5°-nucleotidase, ™ ™ significant (P<0.05 and P<0.01, respectively).
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Effects of puberty and breading season on
the histochemical localization and activity
of 5°-Nase in the camel epididymis

In non-breeding season, the epithelial cells
and the lumen content of caput in the young
camels showed intensive reaction to 5'-Nase,
while the muscular layer showed weak
reaction (Figure 5A). Caput of adult camels
showed more intensive reaction to 5 -Nase
than in young camels. The reaction in the
stereocilia, apical epithelium and the lumen
content, the basement, and middle epithel-
ium showed intensive reactivity. However,
the circular muscles fiber showed weak
reactivity (Figure 5C). The activity of 5'-
Nase in caudal region in pre-pubertal
camels was strongest in the apical area of
the epithelial cells and basal membrane,
while the circumtubular smooth muscles
showed moderate reaction (Figure 5B). The
same localization of 5°-Nase activity was
found in caudal region of adult camels.
In addition, the lumen content showed
moderate reactivity to 5°-Nase (Figure 5D).

In breeding season, the 5°-Nase of caput
in young camels showed intensive reactivity
in the lumen border and the apical epithelial
cell layer. The basal epithelium and basal
membrane showed moderate reaction, while
circumtubular smooth muscles showed weak
to moderate reactivity (Figure 5E). The same
distribution of 5 -Nase activity was found in
caput of the adult camels, but the intensity
was more in adult than young camels
(Figure 5E, G). In the caudal region, the
activity of 5°-Nase was intensive in the
basal epithelial cells. The circumtubular
smooth muscles showed weak to moderate
reactivity, while the lumen content showed
negative reactivity to 5°-Nase. The same
distribution was found in the caudal of
post-pubertal camels, but the intensity was
lower in post-pubertal camels than that in
the pre-pubertal camels (Figure 5F, H).

The activity of 5-Nase is shown in
Tables (2-4), revealing that the activity in
plasma insignificantly changed by seasons
and stage of puberty. The activity of 5°-Nase
in caput significantly (P<0.05) increased
in post-pubertal camels than pre-pubertal

camels. However, in the caudal region, the
enzyme activity was significantly (P<0.05)
higher in breeding than non-breeding season.

DISCUSSION

The epididymis is a vital part of the male
reproductive system, responsible for the
storage, maturation, and survival of sperm
until ejaculation, as well as maintaining the
blood-epididymal barrier®Y. The epididymis
environment results from intraepithelial ion
exchange and secretory and absorptive
activities of the epithelium that is regulated
by androgenic hormones®2. Studying seaso-
nal histochemical changes in the epididymis
can help identify a distinct reproductive
period with optimal reproductive functions.
During this peak period, a successful breed-
ing program, including mating and semen
collection, can be executed to enhance dro-
medary camel conception rates and the
development of assisted reproductive tech-
niquest3,

In the present study the activity of ALP
was demonstrated throughout the basal
and apical borders of epithelium cells with
stereocilia, subepithelial connective tissue,
and luminal contents of the epididymis. This
runs parallel with Goyal and Vigl® and
Avriyaratna et al.l in bulls and buffalo who
demonstrated heavy ALP activity along
the basal and apical region of epithelium
and with stereocilia. Tingari and Moniem[4
demonstrated ALP activity in the sub-
epithelial connective tissues, blood vessels,
stereocilia, and luminal contents in the epi-
didymis of camel. Early study demonstrated
ALP activity on the external or internal side
of the lipid bilayer®l, ALP is predominantly
a plasma membrane enzyme, localized in the
absorptive or secretory surfaces of cells!*®l,
The epithelium lining the caput region of
the camel epididymis that shows strong
ALP positivity at the apical and basal
borders, likely plays a significant role in
transporting testicular fluid from the lumen
to the intertubular tissuel®,

The present investigation clarifies that
strongly ALP reactivity in the basement
membrane in all regions of epididymis. The
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Figure 5: Photomicrographs of frozen cryostat sections for demonstrating 5 -nucleotidase (5°-Nase) activity in
caput and caudal regions, respectively, of epididymis of pre-pubertal camel in non-breeding season (A and B),
post-pubertal camel in non-breeding season (C and D), pre-pubertal camel in breeding season (E and F), and
post-pubertal camel in breeding season (G and H). (A) Showing intensive reaction to 5'-Nase (x40); higher
magnification showing intensive reaction to 5'-Nase in the basal (BE) and apical (AE) epithelium borders,
moderate in the principal cells (PC), and weak reaction in the circumtubular smooth muscle layer (CSML; x100).
(B) x40; higher magnification showing high reactivity of 5°-Nase in BE and AE, and moderate reactivity in the
PC and CSML (x100). (C) Showing very intensive reaction in AE, intensive reaction in PC and luminal
contents (arrows), and weak reactivity in CSML (x40); higher magnification showing intensive reaction to 5'-
Nase in PC, and very intensive reaction in AE and some lumen contents (x100). (D) Showing intensive reaction
to 5'-Nase in apical epithelium (arrows; x40); higher magnification showing weak reaction to 5°-Nase in BE and
CSML (x100). (E) Showing intensive reaction in the center of tubules (arrows) and intensive reaction in the
epithelial layer (EL; x40); higher magnification showing intensive reaction to 5'-Nase in PC, and moderate
reaction in CSML (x100). (F) Showing very intensive reaction to 5'-Nase in the epithelial cells (EC; arrows;
x40); higher magnification showing moderate reactivity to 5°-Nase in CSML and no activity was found in LU
(x100). (G) Showing intensive reaction to 5'-Nase in AE and stereocilia (arrows), and moderate reaction in
CSML and PC (x40); higher magnification showing moderate reactivity to 5'-Nase in PC (x100). (H) x40;
Higher magnification showing intensive reaction to 5'-Nase in EC and weak reaction in CSML (x100).
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ALP activity in luminal contents of caput
gave almost negative, except the caput of
adult camel in breeding season, while in
caudal was intensive in almost. This may be
due to that ALP could be involved directly
in some steps of maturation of spermatozoa
and positively correlated with sperm con-
centration®], In addition, the intensive
activity of caput in rutting season may
probably be because maturation of spermato-
zoa takes place in the caput and corpus
regions and hence the increased absorptive
activity and increased localization®8, The
higher ALP activity in the epithelial cells
of the caudal region of the epididymis
compared to the caput region indicates
a parallel between increased enzyme activity
and the emission/storage of epididymal sper-
matozoa in golden hamster®®. The intensive
ALP activity of endothelial cells in caput
and luminal contents in caudal region was
in breeding season. Therefore, the high
activity of ALP during the reproductive
season may be under hormonal control and
may have some role in fertilization.

The mean of plasma ALP activity of
prepubertal camels showed a significant
increase compared with the postpubertal
camels. Similar findings were reported in
camel testist*%*H. The high ALP activity in
the pre-pubertal stage indicates a higher
metabolic rate during development, as seen
in young animals compared to adults due
to bone development?. The ALP activity
was increased in caudal region than caput
region in both seasons and both ages.
Also, Raj et al.**l showed high ALP activity
in caudal segment of epididymis compared
to corpus epididymis, because there is
a good correlation between ALP and
sperm motility. The present data showed
insignificant changes in the ALP activity
of plasma and caudal tissues of epididymis
in non-breeding and breeding seasons.
On the contrary, Kataria and Bhatial®
observed a significant increase in ALP
and ACP activities in serum of dromedary
camels during non-breeding season compar-
ed with the breeding season. An increase in
ALP activity in caudal region of post

pubertal camel during non-rutting season
maintain sperm viability and functional
integrity  during  prolonged  storage,
possibly by providing energy or maintain-
ing ionic balanceP?. Conversely, during the
rutting season, camels increased reproduct-
ive activity with frequent ejaculation and
sperm turnover. Consequently, the demand
for long-term sperm storage in the caudal
region decreases, leading to reduced ALP
activity as the focus shifts to producing
and transporting fresh, mature sperm. The
caput region of post pubertal camel during
rutting season showed an insignificant
change in ALP activity. However, during
the non-rutting season, sperm production
and maturation slow down, reducing
metabolic demands in the caput region.
As a result, ALP activity decreases due
to the diminished need for the enzyme
in initial sperm maturation processes4.
Generally, the results of the biochemical
analyses confirmed the results of histo-
chemical analyses in the current investiga-
tion.

ACP is a key lysosomal enzyme vital
for energy-intensive biological processes
such as development, growth, maturation,
and histolysis“®l. If ACP is located in pro-
acrosomal vesicles, it will be significant for
flagellar motility™él. In the present study,
the ACP activity was present in the borders
of epithelial cells of all regions and was
negative in the circumtubular smooth muscle
and intertubular tissue. These results agree
with that obtained by Goyal and Vig!*®! and
Avriyaratna et al.l4 who found that ACP
was present in the luminal border of the
epithelium of the epididymis and the most
pronounced activity in the apical region
epithelium and stereocilia in bulls and
buffalo. The Iluminal content of caudal
region in both pre- and post-pubertal camels
in breeding and non-breeding seasons
showed intensive reaction that is make ACP
activity in caudal higher than caput region.
These results run parallel with the results of
Adamst*l who revealed that ACP activity in
the regions of the epididymis of the guinea
pig was increased gradually from caput to
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caudal. The present data revealed that the
intensity of ACP activity was more in
caudal region of post-pubertal than pre-
pubertal camel. The ACP activity was
increased in  epididymis with  goat
maturity®®. The present result indicated
also that ACP activity was increased in
caudal when compared with caput either
pre- or post-pubertal ages in both breeding
and non-breeding season. These results run
parallel with the results of Adamst” in
guinea pig. The higher ACP activity in
caudal region than in the caput region
regardless the age or season, indicating that
the caudal region plays a more significant
role of ACP in sperm maturation, prepara-
tion for fertilization or storage. A decrease in
ACP activity might indicate a reduction need
for the breakdown of phosphate compounds,
suggesting that spermatozoa have already
matured and are in storage!®l. Additionally,
lower ACP activity could signify a shift
in the metabolic demands of the epididymal
tissues, conserving energy for other repro-
ductive processes that are more critical
during the breeding season. ACP also plays
a role in regulating the reproductive cycle,
and a decrease in its activity might be part
of the physiological changes that prepare
the reproductive system for optimal
functioning during the breeding season,
such as maintaining the integrity and
function of the epididymal epithelium™1l,
ACP activity in plasma, caput and caudal
regions of post-pubertal animals was higher
than pre-pubertal animals. This coincides
with Kishore et al.*! who reported that the
ACP activity increased with the onset of
puberty especially in the epididymal
epithelium of Madras Red rams. On the
contrary, Olaho-Mukami et al.’%, found that
calves between 3 months and a year of age
had higher ACP activity than calves in the
age group of 5 years and above. The higher
ACP activity in post pubertal animals
compared to prepubertal animals suggests
that ACP activity increases with sexual
maturity. This increase may be associated
with the development and functioning of
reproductive organs, as ACP is often linked

to processes such as sperm maturation and
storage.

The localization of the G-6-Pase in the
present study was observed in the principal
cells of the epithelia of the epididymis;
the same finding was reported in micel,
The increased G-6-Pase activity of the
principal cell may be attributed to the
secretary and absorptive functions of these
cells®?. The lumen of the caput and caudal
of pre-pubertal camels have no reaction,
while lumen of the tubules in caput and
caudal of the post-pubertal camels had
moderate reactivity to G-6-Pase. Increased
G-6-Pase activity in the lumen of post
pubertal caput might be linked to the need
for more glucose production and release to
support the energy requirements of sperm
cells during these early development stages.
Glucose is necessary for both glycolysis
and the synthesis of metabolites important
for sperm function®™. The G-6-Pase activity
in the cauda ensures adequate glucose levels
in the epididymal fluid, helping to maintain
sperm viability, and prepare them for
activation during ejaculation. When sperm
are mobilized, they rely on stored glucose
for energy to power their motility, and
increased G-6-Pase activity ensures that free
glucose is available when needed!®!.

In breeding season, the plasma and post-
pubertal caudal region showed higher
G-6-Pase activity than non-breeding season.
These results also coincide with results
obtained by Shalaby et al.*!in camel testis.
This suggests elevated metabolic activity
to meet the higher energy, and glucose
demands associated with reproductive
functions. Kanai et al.®¥ noticed a marked
regressive change occurred in the endo-
plasmic reticulum of principal cells in non-
breeding season. Therefore, the reduction of
G-6-Pase activity in principal cells in
non-breeding season may be related to
the regressive changes in the endoplasmic
reticulumB%2. The biochemical results for
G-6-Pase activity of the epididymis regions
showed that the activity of enzyme was
significantly increased in plasma of pre-
pubertal than post-pubertal camels; this
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might reflect a higher demand for glucose to
support rapid growth and development.
Sodium-potassium ATPase is a widely
present plasma membrane enzyme that
hydrolyzes ATP to regulate cellular sodium
and potassium levels, as well as fluid
volumel®l. In the current study, ATPase
activity in the epididymis exhibited an
intense reaction in the epithelium of the
caput and the caudal regions. A more intense
reaction was observed in the apical
epithelium of the caudal region, and
a moderate reaction was seen in the
muscular layer. These results align with the
findings of Byers and GrahamP4, who
reported similar localization of ATPase
activity in the rat epididymis. This distribu-
tion is consistent with the fluid resorptive
function of these epithelia, as described
by Diamond and Bossert®™. In the caudal
segment, ATPase is in the apical part of
the epithelium near fluid accumulation sites
is crucial for regulating absorptive and
secretory activities, creating an environment
conducive to sperm motility and fertility as
they pass through the epididymal duct®%57],
In the present study, ATPase activity
was higher in the caudal region compared
to the caput, in both seasons particularly
in post-pubertal animals. This is because
the caudal epididymis stores spermatozoa.
ATPase is vital for normal sperm function,
as it produces ATP necessary for cellular
activities such as motility®®. Moreover,
research by Kocak-Toker et al.’®! showed
that inhibiting Na, K-ATPase results in
the loss of sperm motility, indicating that
decreased Na, K-ATPase activity in the
sperm plasma membrane may be linked to
infertility. The current findings indicate that
ATPase activity in the epididymis fluctuates
based on the breeding season and camel age.
Notably, enzyme activity in the plasma and
caudal region shows a slight increase, while
the caput tissue exhibits a significant rise
during the breeding season. This suggests
that the breeding season boosts enzyme
activity, likely to support reproductive
functions. Additionally, post-pubertal camels
display higher enzyme activity in the caudal

region compared to pre-pubertal camels,
suggesting that maturity also affects enzyme
levels. Swain et al.l® observed that goat
sperm motility is highest during the breeding
season, particularly in sperm from the
caudal region. This suggests a link between
increased enzyme activity and enhanced
sperm motility, highlighting its importance
for optimal sperm function and fertility
during this period.

The 5-Nase is a GPl-anchored protein
that has a role in protecting spermatozoa
from immune attack during their maturation,
storage, and fertilization!®l. The current data
indicates a strong reaction for 5'-Nase
activity in the epithelial layer lining the
epididymal duct. This finding may be due to
the epididymis being the site for reabsorbing
testicular fluid and performing secretory
functions that aid in sperm maturation. This
process requires energy and ATP, which are
generated from the breakdown of 5'-Nase
molecules, thus regulating maturationf®8621,

In the current study, the breeding season
was associated with increased 5'-Nase
activity in both plasma and the caudal
region. Additionally, the caput region of
post-pubertal camels exhibited significantly
higher 5'-Nase activity compared to pre-
pubertal camels, confirming the histo-
chemical findings. The elevated intensity of
5-Nase in the caudal region of post-
pubertal camels during the breeding season,
compared to the non-breeding season, is
likely due to the caudal region’s role in
storing spermatozoa. Increased 5'-Nase
activity may enhance and regulate sperm
motility, while also protecting sperm from
immune attacks as they traverse the
male genital tract®3l. Furthermore, 5'-Nase is
essential for both normal sperm physiology
and the pathophysiology of male infertility.
The strong reaction of 5'-Nase in the caput
region of both pre-mature and post-mature
animals across both seasons suggests that it
plays a vital role in protecting and maturing
spermatozoa, as the caput is the epididy-
mal segment responsible for the complete
maturation of sperm(®4],

In conclusion, the intensity of the studied
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enzymes of the camel epididymis varied
depending on the specific epididymal region.
In addition, the enzyme activities in the
epididymal segments were closely related
to seasonal changes, stages of puberty, and
advancing age. The breeding season was
associated with a marked increase in plasma
and caput ATPase, as well as plasma and
caudal 5'-Nase and G-6-Pase. The breeding
season also linked to an insignificant change
in plasma and caudal ALP, as well as caput
and caudal ACP enzyme activities. The
caudal region exhibited higher activity of
ATPase, ALP, and ACP compared to the
caput region across both seasons and ages.
In contrast, the caput region displayed
a more intense reaction in 5'-Nase and
G-6-Pase during both seasons and ages.
In post-pubertal camels, there was a notable
increase in caudal ATPase and caput 5'-Nase,
alongside a significant decrease in plasma
G-6-Pase. ALP activity was higher in the
plasma of pre-pubertal camels compared
to post-pubertal camels, reflecting a higher
metabolic rate during the pre-pubertal
stage. In contrast, the caudal region of
post-pubertal camels exhibited significantly
increased ALP levels compared to the caudal
region of pre-pubertal camels. This indicates
that enzyme reactivity in epididymal tissue
differs from that in plasma based on
specific functions. ACP activity was weak
in pre-pubertal camels, but moderate in post-
pubertal ones. The elevated ACP activity
in post-pubertal animals compared to pre-
pubertal ones indicates that ACP activity
rises with sexual maturity, likely due to
its role in the development and functioning
of reproductive organs, including sperm
maturation, and storage.

ETHICAL APPROVAL

The animals blood and tissues used in
this study were obtained from a licensed
slaughterhouse after the animals were sacri-
ficed as part of routine food production,
with the permission of the slaughterhouse
manager. Prior permission for animal use, an
approval of the protocol was also obtained
from the Institutional Animal Care and

Use Committee of Mansoura University,
code number: MU-ACUC (AGR.R.24.11.
10).

CONFLICT OF INTEREST
There are no conflicts of interest.

REFERENCES

[1] Kandil, H. M; Wassif, 1. M.; Rabee, A.
et al. (2023). Camel, the animal of
food security and climate change.
Egyptian J Camel Sci, 1: 1-8.

Gherissi, D. E. and Lamraoui, R.
(2021). Reproduction Management and
Artificial Insemination in Dromedary
Camel. In: Sustainable Agriculture
Reviews 54: Animal Biotechnology
for Livestock Production 1 (Yata, V.
K.; Mohanty, A. K. and Lichtfouse,
E., eds), pp. 55-106. Springer, Cham,
Switzerland.

Zhou, W.; De luliis, G. N.; Dun,
M. D. et al. (2018). Characteristics of
the epididymal luminal environment
responsible for sperm maturation and
storage. Front Endocrinol (Lausanne),
9: 59 (DOI: 10.3389/fendo.2018.
00059).

Ariyaratna, H. B.; Gunawardana, V. K.
and Navaratne, M. A. (1996). The
epididymis of the prepubertal swamp
buffalo (Bubalus bubalis): histo-
chemistry of phosphatases. Anat Histol
Embryol, 25(3): 161-165.

Saini, M. K.; Joshi, S.; Thanvi,
P. K. et al. (2023). Histomorphological
study on the ductus epididymis of
camel (Camelus dromedarius). Pharma
Innovation, SP-12(7): 2794-2799.
Nicander, L. and Pléen, L. (1979).
Studies on regional fine structure and
function in the rabbit epididymis. Int J
Androl, 2(1-6): 463-481.

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(3): 212-217.
Fernandes, A. P. (1999). Ultra-
structural localization of enzymatic

[2]

[3]

[4]

[5]

[6]

[7]

[8]

59



Puberty & breeding season affect epididymal enzymes of camel

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

activity during spermiogenesis in
two phytophagous bugs (Hemiptera:

Pentatomidae). Tissue Cell, 31(3):
349-356.
Sharma, U.; Pal, D. and Prasad,

R. (2014). Alkaline phosphatase: an
overview. Indian J Clin Biochem,
29(3): 269-278.

Bucci, D.; Isani, G.; Giaretta, E. et al.
(2014). Alkaline phosphatase in boar
sperm function. Andrology, 2: 100-
106.

Grimalt, P. E.; Castro, L. P.; Mayorga,
L. S. et al. (1995). Epididymal acid
hydrolases in the annual reproductive
cycle of two lizards. Comp Biochem
Physiol, A Physiol, 112(2): 321-325.
Nordlie, R. C. (1979). Multifunctional
glucose-6-phosphatase: cellular bio-
logy. Life Sci, 24(26): 2397-2404.
Song, J.-Y.; Tigchelaar, W.; Schellens,
J. P. M. et al. (1996). Ultrastructural
localization of activity of phosphatases
by low temperature incubation of
unfixed cryostat sections. Histochem
Cell Biol, 106(3): 351-355.

Crambert, G.; Hasler, U.; Beggah,
A. T. et al. (2000). Transport and
pharmacological properties of nine
different human Na,K-ATPase
isozymes. J Biol Chem, 275(3): 1976-
1986.

Peralta-Arias, R. D.; Vivenes, C. Y.;
Camejo, M. I. et al. (2015). ATPases,
ion exchangers and human sperm
motility. Reproduction, 149(5): 475-
484,

Schiemann, P. J; Aliante, M,
Wennemuth, G. et al. (1994).
Distribution of endogenous and

exogenous 5'-nucleotidase on bovine
spermatozoa. Histochemistry, 101(4):
253-262.

Bogan, K. L. and Brenner, C. (2010).
5'-Nucleotidases and their new roles in
NAD* and phosphate metabolism. New
J Chem, 34: 845-853.

Goyal, H. O. and Vig, M. M. (1984).
Histochemical activity of alkaline
phosphatase and acid phosphatase in

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

the epididymis of mature intact and
androgen-deprived bulls. Am J Vet
Res, 45(3): 444-450.

Moniem, K. A. and Glover, T. D.
(1972). Comparative histochemical
localization of lysosomal enzymes in
mammalian epididymides. J Anat,
111(Pt 3): 437-452.

Blackshaw, A. W. (1964). The
enzymatic activity of bull testis and
epididymal Spermatozoa. J Bioi Sci,
1964, 17: 489-498.

Roussel, J. D. and Stallcup, O. T.
(1966). A histochemical study of the
development of alkaline phosphatase in
the testicle and epididymis of young
bovine males. Int J Fertil, 11(2): 215-
225.

Goyal, H. O. and Dhingra, L. D.
(1973). Postnatal study on the
histochemistry of testis in Buffalo
(Bubalus bubalis): from birth to one
year. Acta Anat (Basel), 84: 150-160.
Anwer, A.; El-Aaser, A. A,
Hassanein, S. et al. (1975). A new
direct lead technique for histochemical
demonstration of alkaline phosphatase
activity. Acta Biol Acad Sci Hung,
26(1-2): 105-110.

Tice, L. W. and Barrnett, R. J. (1963).
The fine structural localization of some
testicular phosphatases. Anat Rec, 147:
43-63.

Wachstein, M. and Meisel, E. (1957).
Histochemistry of hepatic phosphat-
ases of a physiologic pH; with special
reference to the demonstration of bile
canaliculi. Am J Clin Pathol, 27: 13-
23.

Belfield, A. and Goldberg, D. M.
(1971). Colorimetric determination of
alkaline phosphatase activity. Enzyme,
12(5): 561-568.

Wootton, I. D. P. and King, E. J.
(1974). Microanalysis in  Medical
Biochemistry. Churchill Livingstone,
London, UK.

Swanson, M. A. (1950). Phosphatases
of liver. 1. Glucose-6-phosphatase. J
Biol Chem, 184(2): 647-659.

60



Shalaby, F. M. et al.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

LeBel, D., Poirier, G. G. and
Beaudoin, A. R. (1978). A convenient
method for the ATPase assay. Anal
Biochem, 85, 86-89.

El-Aaser, A. A. and El-Merzabani, M.
M. (1975). Simultaneous determination
of 5'-nucleotidase and alkaline phos-
phatase activities in serum. Z Klin
Chem Klin Biochem, 13(10): 453-459.
James, E. R.; Carrell, D. T.; Aston,
K. I. et al. (2020). The role of the
epididymis and the contribution of
epididymosomes to mammalian repro-
duction. Int J Mol Sci, 21(15): 5377
(DOI: 10.3390/ijms21155377).

Breton, S.; Ruan, Y. C.; Park, Y.-J.
et al. (2016). Regulation of epithelial
function, differentiation, and remodel-
ing in the epididymis. Asian J Androl,
18: 3-9.

Al-Bulushi, S.; Manjunatha, B. M.; de
Graaf, S. P. et al. (2019). Reproductive
seasonality of male dromedary camels.
Anim Reprod Sci, 202: 10-20.

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

Komoda, T.; Kumegawa, M.; Yajima,
T. et al. (1984). Induction of rat
hepatic and intestinal alkaline phos-
phatase activity produced by bile
from bile duct-ligated animals. Am J
Physiol, 246(4 Pt 1): G393-400.
Setchell, B. P.; Maddocks, S. and
Brooks, D. E. (2006). Anatomy,
Vasculature, Innervation, and Fluids
of Male Reproductive Tract. In: The
Physiology of Reproduction (Knobil,
E. and Neil, J. D, eds), pp. 1063-1175.
Raven Press, New York city, NY,
USA.

Roth, T. L.; Stoops, M. A.; Robeck, T.
R. et al. (2010). Alkaline phosphatase
as an indicator of true ejaculation in
the rhinoceros. Theriogenology, 74(9):
1701-1706.

El-Badry, D. A.; Scholkamy, T. H.;
Anwer, A. M. et al. (2015). Assess-

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

ment of freezability and functional
integrity of dromedary camel sperma-
tozoa harvested from caput, corpus and
cauda epididymides. AJVS, 44: 147-
158.

Beu, C. C. L.; Orsi, A. M.; Novelli, E.
L. B. et al. (2007). Alkaline phosphat-
ase localization in golden hamster
epididymidis: a biochemical and histo-
chemical investigation. Braz J Morphol
Sci, 24(3): 170-174.

Kataria, N. and Bhatia, J. S. (1991).
Activity of some enzymes in the serum
of dromedary camels. Res Vet Sci,
51(2): 174-176.

Shalaby, F. M.; Attia, K. A. and EI-
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 (EJZ), 58: 307-326.
Sonwane, S. and Bhad, W. (2022).
Alkaline  phosphatase activity as
individual skeletal maturity indicator:
a systematic review. Ann Case Report,
7: 833 (DOI: https://doi.org/10.29011/
2574-7754.100833).

Raj, R.; Basu, S.; Ray, K. et al. (2022).
Effect of acid phosphatase and alkaline
phosphatase on epididymal spermato-
zoan motility during maturation
process in black Bengal buck. Pharma
Innovation, Sp-11: 719-723.

Osman, D. l.; Moniem, K. A. and
Tingari, M. D. (1976). Studies on
the testis of the camel (Camelus
dromedarius). 1ll. Histochemical ob-
servations. Histochem J, 8(6): 579-
590.

Ray, A.; Rao, C. G. P.; Sridevi, R.
et al. (1984). Changes in acid
phosphatase activity in Spodoptera
litura (Lepidoptera: Noctuidae) during
the postembryonic and adult develop-
ment. Entomon, 9(3): 161-168.

Sousa, M.; Moradas Ferreira, P.;
Amorim, A. et al. (1988). Starfish
acrosomal acid phosphatase: a cyto-
chemical and biochemical study. Biol
Cell, 63: 101-104.

61


https://doi.org/10.29011/

Puberty & breeding season affect epididymal enzymes of camel

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Adams, C. S. (1983). Localization of
acid phosphatase in the principal cells
of the guinea pig epididymis. Acta
Anat (Basel), 115(3): 282-287.

Nagvi, S. S. M.; Ahmed, W. and

Khanum, A. (1993). Studies on
testicular and epididymal LDH,
aldolase, alkaline pyrophosphatase,

acid and alkaline phosphatases in
immature and mature goat (Capra
hircus). Turk J Zool, 17: 207-214.
Kishore, P. V. S.; Geetha Ramesh,
G. R. and Basha, S. H. (2012).
Histochemistry of phosphatases in the
epididymis of ram during postnatal
development. IJVASR, 8(4): 181-188.
Olaho-Mukani, W.; Nyang'ao, J. N.
M.; Kimani, J. K. et al. (1995). Studies
on the haemolytic complement of
the dromedary camel (Camelus
dromedarius). Il. Alternate comple-
ment pathway haemolytic activity in
serum. Vet Immunol Immunopathol,
48(1-2): 169-176.

Kanai, K.; Asada-Kubota, M. and
Kanamura, S. (1981). Ultrastructural
localization of glucose 6-phosphatase
activity in the cells of the epididymis
of the mouse. Experientia, 37(5): 509-
511.

Brooks, D. E. (1981). Metabolic
activity in the epididymis and its
regulation by androgens. Physiol Rev,
61(3): 515-555.

Cooper, T. G. (1982). Secretion of
inositol and glucose by the perfused rat
cauda epididymidis. J Reprod Fertil,
64(2): 373-379.

Byers, S. and Graham, R. (1990).
Distribution  of  sodium-potassium
ATPase in the rat testis and epididy-
mis. Am J Anat, 188: 31-43.

Diamond, J. M. and Bossert, W.
H. (1967). Standing-gradient osmotic
flow. A mechanism for coupling of

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

water and solute transport in epithelia.
J Gen Physiol, 50(8): 2061-2083.
Goyal, H. O. and Williams, C. S.
(1991). Regional differences in the
morphology of the goat epididymis:
a light microscopic and ultrastructural
study. Am J Anat, 190(4): 349-3609.
Simons, K. and Fuller, S. D. (1985).
Cell surface polarity in epithelia. Annu
Rev Cell Biol, 1: 243-288.

Aumdller, G.;  Renneberg, H.;
Schiemann, P. J. et al. (1997). The role
of apocrine released proteins in the
post-testicular regulation of human
sperm function. Adv Exp Med Biol,
424:193-219.

Kogak-Toker, N.; Aktan, G. and
Aykac-Toker, G. (2002). The role of
Na,K-ATPase in  human sperm
motility. Int J Androl, 25(3): 180-185.
Swain, D. K.; Yadav, S. and Pandey,
V. (2016). Seasonal variations of cauda
epididymal spermatozoa of bucks. J
Adv Vet Anim Res, 3(3): 263-267.
Fabiani, R. and Ronquist, G. (1993).
Characteristics of membrane-bound 5'-
nucleotidase on human prostasomes.
Clin Chim Acta, 216(1-2): 175-182.
Garcia-Ayllén, M. S.; Campoy, F. J.;
Vidal, C. J. et al. (2001). Identification
of inactive ecto-5'-nucleotidase in
normal mouse muscle and its increased
activity in dystrophic Lama2(dy) mice.
J Neurosci Res, 66(4): 656-665.
Takayama, T.; Matsubara, S,
Shibahara, H. et al. (2000). Ultracyto-
chemical localization of 5'-nucleotid-
ase activity in human ejaculated sper-
matozoa. Int J Androl, 23(2): 106-108.
Kirchhoff, C. and Hale, G. (1996).
Cell-to-cell transfer of glycosylphos-
phatidylinositol-anchored  membrane
proteins during sperm maturation. Mol
Hum Reprod, 2(3): 177-184.

How to cite this article:
Shalaby, F. M.; El-Harairy, M. A. and Attia, K. A. A. (2025). Effects of the puberty and the
breeding season on some enzymes of the dromedary camel epididymis: histological and
biochemical studies. Egyptian Journal of Zoology, 84: 43-63 (DOI: 10.21608/ejz.2024.330094.
1124).




O s alad 4 uaaal) Alpal
(2025 Jsamud) 84 ol

rmiond) Jaall f ) cilay 3 (arg Ao S anigag £ slall Al ya il 5l
Ao dailpasS 9 Al Apilas il

4l dae daaa o Al ae Jad 3 ) all adal) e M‘Z‘lﬁiwuﬁ
a-:.‘-.’)’d\ rae 2‘-‘))@-“‘3 AdgBall dladlag cs)}“‘:‘d\ daala c(’}l"” LS ) sal) (‘l‘ (‘“‘51
403 sl A jall ASladl) AlA cllal) daala (o slal) A0S Bl o sle a2
A gl jeae Ay ) e Aulgiall Adadlas 3 ) paiall Aaala Ao ) N IS ) gaal) 2 LGY) a3
pae Ay ) sean Al giall Adadlae (ol Aae dadls Al & ganl 5 lal jall agaa dpndall ol gall s andt
o el

zoas S awge JNA diline Gl dwed Bl asell JLeSH bl L) Au) el cisy
Sax 40 Maa) o gmolls pall Ll i aan o3 V) G b skl dmrs Ji Jlae Y1 by IS s
(s 3.5 — 1.0) §shll Jd QY1 e el 240 &5 &ludll (e (Camelus dromedarius) aals alis 53 1583
(eaaall ildu gl s g sl ol il A g paall Cley 1Y) Bad Cadlia) (R 13.0 — 4.0) gt e
830 S s g Jagi ) gl Alaie CONEAL (lai lS 5305 5 ¢ line s (O Cppne il 5 ¢ 3l s3-6- S slall 5
Liliaa) Jasale g i) cuila ) el ol 5 dilaia s aall LoD (e IS (3 iline s (SO (e il Dol 8 3da galae
Guan i) bsale JSG iy ol 5l b6- )5S slall bl (81 LAl Akl (4 Slag oS 55 LLas 8
Laliail ameall ol ill 5 o slaY alin il (e JS Llis jelal s gl Aol adll L33l e IS 8 ans sall
Ll 85 0 3aly ) 4LAN Akl < jelal ¢ peal) a3 pas . SIS a g0 A Fosll e 4 dihial) b Lk el
& i€ 05 Lalss 85 Baly ) el Yl Alaie < pedal (o sl i sl s Giilia b (SNE Cpan sl (e JS
S sl g (5 ol i il 5 5l g8 S Cpane sinal ey 53 L Sl L ALl Aadaial) < yelal g ¢ o1 say A1)
ST agle s () dilaie < yedal celld (o (uSall e 5 lae W) 5 ansd sall (e JS (8 Gl ) didaie (e ST azaeal)
gl sl 5 Ao il ey Y Adaial G N s Al pal) cuali 5 LA dakidlly 4 jlie o slS 505 33y

el adf aa g & o) Als e A sall Ol il L8 5 Lol ) Adai ye cilS

63



