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The aim of the present study was to evaluate the effects of supplementation of semen extender with
various non-enzymatic antioxidants on the quality of cooled or cryopreserved Arabian stallion spermatozoa. Semen collected from four pure Arabian stallions was centrifuged at 600g for 15 min. Spermatozoa were then diluted in INRA-82 extender supplemented with bovine serum albumin (BSA; 0, 10,
15 and 20 mg/mL) or trehalose (0, 75, 100 and 150 mM) or zinc sulphate (0, 100, 150 and 200 mM). The
diluted semen was then either cooled at 5  C or cryopreserved in 0.5eml plastic straws. After cooling or
thawing, sperm motility, viability, sperm abnormalities, viability index, and plasma membrane integrity
were evaluated. The results showed that supplementation of semen extender with 150 mM trehalose or
with 200 mM zinc sulphate signiﬁcantly (P < 0.05) improved motility, viability, sperm membrane
integrity and acrosome status in Arabian stallion spermatozoa after cooling or after freezing and thawing
compared with controls (non-supplemented media) or with those supplemented with other concentrations of trehalose or zinc sulphate. Supplementation of semen extender with BSA did not improve
sperm motility or cryosurvival of Arabian stallion spermatozoa after cooling or after freezing and
thawing. In conclusion, supplementation of semen extender with non-enzymatic antioxidants (trehalose
or zinc sulphate) improved the quality of chilled and frozen/thawed Arabian stallion spermatozoa. The
most beneﬁcial effects occur when semen diluent was supplemented with 150 mM trehalose or 200 mM
zinc sulphate.
© 2017 Elsevier Inc. All rights reserved.
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1. Introduction
Equine breeding has been improved over the past years largely
because of advances in the cryopreservation of stallion semen
[40,62,63,65]. Cryopreservation of stallion spermatozoa has many
advantages; it allows long-term preservation and world-wide distribution of valuable genetic resources as well as it avoids the risk of
disease transmission associated with transportation and natural
mating [54]. However, compared with other domestic species; the
fertility of frozen-thawed stallion sperm remains low [34,35].
Several factors have been reported to inﬂuence the cryosurvival of
stallion spermatozoa include osmotic stress, ice crystal formation,
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toxicity of the cryoprotectants and the variability among stallions
[54,59]. However, the physiological and biochemical causes related
to this variability remain unclear [60].
It is well known that cooled or frozen-thawed spermatozoa
experience a various degree of damage include reduction in sperm
motility, viability and/or perturbations in membrane integrity and
consequence loss of sperm fertilizing ability or even sperm death
[71,73]. Among various causes, oxidative stress has been ascribed to
affect the fertility and physiology of frozen/thawed spermatozoa
[1,9,56,67,70]. Oxidative stress occurs as a consequence of imbalance between the levels of reactive oxygen species (ROS) production and the antioxidant capacity of the cell [37,38]. It has been
demonstrated that equine spermatozoa have the ability to produce
ROS [12] and this process is believed to involve an NADPH oxidase
similar to that occurs in human sperm cells [2]. Although, excessive
amounts of ROS are harmful to the sperm cells [39], low level of
these molecules are required to induce sperm capacitation in
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human, a process that is required for the spermatozoa to acquire
their fertilizing ability [27,57]. The same phenomenon has also been
reported in equine spermatozoa [17]. Under oxidative stress, spermatozoa suffer extensive damage such as peroxidation of membrane lipids [69], oxidation of protein [52], DNA fragmentation,
oxidation of bases [4,15], low mitochondrial membrane activity
[32,44] and inactivation of enzymes associated with motility
[25,26]. The negative effect of oxidative stress on equine sperm
motility, viability and DNA integrity has been previously reported
[16]. Therefore, the presence of antioxidant enzymes is important
to circumvent oxidative damage in the spermatozoa [36,68,76].
Spermatozoa are susceptible to attack by oxidative stress due to
deﬁciency in the levels of intracellular antioxidant enzymes as a
result of their low amount of cytoplasm. Furthermore, unlike many
other cell types, sperm membranes contain high levels of polyunsaturated fatty acids which give the membranes the ﬂuidity
enabling them to fuse with the oocytes and achieve fertilization
[33,45]. The lipids in the spermatozoa are the main substrates for
peroxidation and excess amounts of ROS and free radicals have
negative inﬂuences on sperm motility and fertilizing ability [3].
Seminal plasma contains a variety of antioxidants that can ﬁght
against excess amount of ROS and subsequently protects spermatozoa from oxidative stress [16].
It has been reported that in stallions and in other mammalian
species, preparation of the spermatozoa for cryopreservation involves removal of seminal plasma and subsequently removal of the
main source of antioxidant protection. Previous studies reported
that the antioxidant activity of bovine spermatozoa decreased after
cryopreservation as compared with the fresh spermatozoa [18].
Moreover, freezing and thawing of equine spermatozoa has been
reported to be associated with elevation in ROS levels [12]. The
addition of either enzyme scavengers or non-enzymatic antioxidants during in vitro manipulation of spermatozoa has been reported as potent protectors against oxidative stress [16]. The aim of
present study was to evaluate the effect of supplementation of
semen extender with antioxidants; namely bovine serum albumin
(BSA), trehalose or zinc sulphate on the quality of cooled or frozenthawed spermatozoa of Arabian stallions.

than 250  106 sperm cells/mL were used in the experiments. The
ﬁltered ejaculate was diluted 1:1 (v/v) with INRA-82 extender and
then centrifuged at 600g for 15 min. After centrifugation, the supernatant was discarded and the pellet was re-suspended in the
freezing medium (INRA-82 contained 15% egg yolk plus 5% glycerol) to a ﬁnal concentration of 100  106 sperm cells/mL. The
freezing extender was supplemented with- or without-various
antioxidants at different concentrations according to the experimental design. For sperm cooling, the cryotubes ﬁlled with diluted
samples were kept in refrigerator at 5  C for 90 min. For cryopreservation, diluted spermatozoa were equilibrated at 5  C for
15 min and then loaded in 0.5eml plastic straws. After sealing the
straws with polyvinyl powder, they were placed 4 cm over liquid
nitrogen (LN2) vapor for 10 min and then directly plunged into LN2
for storage [23]. After at least one week storage, thawing was done
by transferring the frozen straws into water bath at 37  C for 30 s
for analysis.

2. Materials and methods

2.4. Determination of sperm viability and sperm abnormalities

All chemicals were purchased from Sigma-Aldrich (Madrid,
Spain) unless otherwise stated.

Sperm viability and sperm morphological evaluation were
conducted after eosinenigrosin staining according to the method
described previously [29]. Slides were examined under a microscope and live spermatozoa remained unstained indicating intact
plasma membrane, however, dead sperm cells absorbed the stain
indicating disrupted sperm plasma membranes. Two-hundred
spermatozoa were counted under a microscope and the percentage of live spermatozoa was calculated as well as viability index for
each sample was estimated as described before [51].

2.1. Semen collection and processing
Semen was collected from four Pure Arabian Stallions individually housed at Al-Zahraa horse stud, Cairo, Egypt. All stallions were
of proven paternity and their age ranged from 10 to 12 years. The
stallions were maintained according to the institutional and Ministry of Agriculture, Egyptian Government regulations with semen
being collected on a regular basis (one collection per week) during
the period between August 2015 to October 2015. Semen was
collected using a Missouri model artiﬁcial vagina (All Vet. Supply
Inc., USA) lubricated and pre-warmed to 45e50  C and ﬁtted with
an inline ﬁlter to separate the gel fraction. In order to reduce the
extra-gonadal sperm reserves; semen was collected over a period of
ﬁve consecutive days before the start of the experiments. After that,
ten ejaculates were collected from each stallion over a period of ten
consecutive weeks. Semen collection was performed early in the
morning and a mare in estrus was used as a mount animal.
Immediately after collection, ejaculates were transported to the
laboratory and kept at 37  C for 20 min until processing. Sperm
motility, concentration, viability and sperm morphology were
evaluated. Only ejaculates with motility higher than 60% and more

2.2. Experimental design
To evaluate the effects of supplementation of semen extender
with different antioxidants on the quality of chilled or cryopreserved spermatozoa, each ejaculate was divided into 10 aliquots and each aliquot was diluted with cryopreservation medium
as described above. The semen extender was supplemented with
either BSA (0, 10, 15 and 20 mg/ml) or trehalose (0, 75, 100 and
150 mM) or zinc (Zn; 0, 100, 150 and 200 mM). Sperm motility,
viability, morphology, sperm membrane integrity and acrosome
status were evaluated at 1, 2 and 3 h post cooling and post thawing
for estimation of viability index.
2.3. Evaluation of sperm motility
A small aliquot of diluted cooled or cryopreserved spermatozoa
treated with different antioxidants was applied onto a pre-warmed
glass slide for motility evaluation under a microscope. Motile and
immotile sperm (200 in total) were counted from the recorded
results and the percentage of motile population was calculated.

2.5. Determination of acrosome status
The integrity of the acrosome was detected in spermatozoa after
cooling and thawing by using Spermac (FertiPro N.V., Beernem,
Belgium) stain according to the method described previously [22].
Brieﬂy, an air-dried sperm smear prepared from each sample after
cooling and after freezing and thawing was ﬁxed in a solution
composed of 10% formalin for 10 min. Each slide was then processed
through stain solutions A, B and C for 1 min at room temperature.
After air drying the slides were analyzed under oil immersion (x
1000). Two-hundred sperm cells were counted and the percentage
of sperm cells with intact acrosome characterized by normal ovalshaped head with dark green anterior acrosome regions and redpink postacrosomal areas. Sperm heads with shed membranes or
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with partially green were considered abnormal acrosome.
2.6. Hypo-osmotic swelling (HOS) assay
The HOS assay in equine sperm is based on the observation that
intact sperm membranes swell upon incubation of the gametes in a
hypo-osmotic buffer and, as the membranes do not return to their
original state, this results in the curling of the tail towards the head
[55]. Following sperm cooling or thawing, 100 ml of sperm aliquot
were re-suspended in 1 mL of pre-warmed 100 mOsm (1.712 gm
sucrose dissolved in 50 mL of sterile deionized water). The mixture
was incubated at 37  C for 60 min. A small drop was then placed on
a microscope slide and covered with a cover slip. The slides were
examined under phase contrast microscope at 400. One hundred
cells were observed for evidence of plasma membrane swelling
(tail coiling). The percentage of spermatozoa with tail coiling
(HOSþ) was recorded for each sample.
2.7. Statistical analysis
Forty ejaculates were used in each experimental group and each
experiment was repeated four times. Data were normalized using
arcsine transformation and were presented as mean ± SEM. Data
were analyzed by using one-way ANOVA followed by Tukey's
multiple comparisons test using the SPSS package version 22
software (SPSS Inc., Chicago, IL, USA). Statistical signiﬁcance was set
at P < 0.05.
3. Results
3.1. Effects of supplementation of semen extender with BSA on the
quality of chilled Arabian stallion spermatozoa
The effect of supplementation of semen extender with different
concentrations of BSA (10, 15 and 20 mg/mL) on sperm motility,
viability, sperm abnormalities and viability index of cooled Arabian
stallion spermatozoa was presented in Table 1. No signiﬁcant differences were observed in sperm motility, percentages of abnormal
spermatozoa and viability indices in the spermatozoa cooled in a
medium supplemented with 10 mg/mL BSA and the control group
(spermatozoa cooled in a medium without BSA supplement). The
percentage of live spermatozoa was signiﬁcantly higher (P < 0.05)
in 10 mg/mL BSA supplemented group compared with the control
and with 15 and 20 mg/mL supplemented groups. Supplementation
of semen extender with 15 or 20 mg/mL BSA signiﬁcantly reduced
(P < 0.05) sperm motility as compared with the controls. These
results indicate that supplementation of semen extender with BSA
has no beneﬁcial effects on motility of cooled stallion spermatozoa.
3.2. Effect of supplementation of semen extender with BSA on the
quality of frozen/thawed Arabian stallion spermatozoa
Supplementation of semen extender with 10 mg/mL BSA
signiﬁcantly improved (P < 0.05) sperm motility, membrane integrity (HOSþ) and viability indices in frozen/thawed spermatozoa

compared with the controls (without BSA supplement) and with 15
and 20 mg/mL BSA supplemented medium (Table 2). No signiﬁcant
differences were observed in sperm viability between 10 mg/mL
BSA supplemented group and control ones. Supplementation of
semen extender with 15 or 20 mg/mL BSA signiﬁcantly reduced (P <
0.05) the proportions of live spermatozoa as compared to those
supplemented with 10 mg/mL and with the control group. These
results indicate that supplementation of semen extender with
higher concentrations of BSA (15 or 20 mg/mL) were detrimental to
the sperm viability after freezing and thawing. No signiﬁcant effect
of BSA supplementation on sperm abnormalities and acrosome
integrity as compared with the controls.

3.3. Effects of supplementation of semen extender with trehalose on
the quality of cooled Arabian stallion spermatozoa
The quality of Arabian stallion spermatozoa after cooling in
media supplemented with different concentrations of trehalose
(75, 100 or 150 mM) was evaluated and summarized in Table 3.
Supplementation of semen extender with 150 mM trehalsoe
signiﬁcantly (P < 0.05) increased motility, percentage of live spermatozoa and viability index of cooled spermatozoa as compared
with the controls or with 75 or 150 mM trehalose supplementation.
The percentage of abnormal spermatozoa was signiﬁcantly lower
(P < 0.05) in 150 mM trehalose supplemented group than in other
groups.

3.4. Effects of supplementation of semen extender with trehalose on
the quality of Arabian stallion spermatozoa after freezing and
thawing
The effects of supplementation of semen diluent with trehalose
(75, 100 or 150 mM) on different functions of frozen/thawed Arabian
stallion spermatozoa were evaluated and presented in Table 4. The
results showed that sperm motility, percentage of live spermatozoa,
sperm membrane integrity (percentage of HOS þ spermatozoa) and
viability indices were signiﬁcantly higher (P < 0.05) in 150 mM
trehalose supplemented group as compared with the controls and
with the other trehalose supplemented groups (75 and 100 mM).
The percentages of sperm with reacted acrosome did not signiﬁcantly differ among the four groups and the values ranged from
76.7% to 79.9%.

3.5. Effects of supplementation of semen diluent with zinc (Zn) on
the quality of cooled Arabian stallion spermatozoa
Supplementation of semen extender with 200 mM zinc signiﬁcantly (P < 0.05) increased sperm motility, percentage of live
spermatozoa and viability index in chilled semen as compared with
the controls (cooled in zinc free medium) and with 100 and 150 mM
zinc supplemented groups (Table 5). Sperm abnormalities were
signiﬁcantly higher in the control and in 100 mM Zn supplemented
groups than that in 150 and 200 mM Zn supplemented groups.

Table 1
Effects of supplementation of semen extender with bovine serum albumin (BSA) on quality of cooled Arabian stallion spermatozoa.
BSA (mg/ml)

Motility (mean % ± SEM)

0
10
15
20

62.6
63.6
59.0
57.3

±
±
±
±

0.7a
0.7a
0.9 b
0.8b

Live sperm (mean % ± SEM)
78.9
81.8
77.0
79.3

±
±
±
±

0.3b
0.5a
0.4b
0.5b

Values with different superscripts in the same column are signiﬁcantly different (P < 0.05).

Sperm abnormalities (mean % ± SEM)
21.5
20.0
22.4
22.8

±
±
±
±

0.5ab
0.3b
0.5a
0.5a

Viability index (mean ± SEM)
177.1
184.3
172.1
169.6

±
±
±
±

3.1ab
3.3a
4.0b
3.9b
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Table 2
Effect of supplementation of semen extender with bovine serum albumin (BSA) on the quality of frozen/thawed Arabian stallion spermatozoa.
BSA
(mg/ml)

Motility
(mean % ± SEM)

0
10
15
20

48.6
52.4
46.5
47.0

±
±
±
±

Live sperm
(mean % ± SEM)

0.9b
1.2a
1.1b
1.2b

73.5
75.1
71.6
73.2

±
±
±
±

Sperm abnormalities
(mean % ± SEM)

0.6a
0.7a
0.7b
0.6b

26.4
22.9
26.6
25.5

±
±
±
±

HOSþ
(mean % ± SEM)

0.5a
0.5a
0.7a
0.6a

74.7
78.8
73.2
72.9

±
±
±
±

0.5b
0.6a
0.5b
0.6b

Intact acrosome
(mean % ± SEM)
0.5a
0.5a
0.5a
0.6a

±
±
±
±

77.7
78.9
79.2
79.5

Viability index
(mean ± SEM)
136.2
149.5
128.8
128.7

±
±
±
±

2.9b
3.4a
3.7b
3.7b

HOS þ means the percentages of spermatozoa with tail coiling in hypo-osmotic swelling (HOS) assay.
Values with dissimilar superscripts in the same column are signiﬁcantly different at P < 0.05.

Table 3
Effects of supplementation of semen extender with trehalose on quality of cooled Arabian stallion spermatozoa.
Trehalose (mM)

Motility (mean % ± SEM)

0
75
100
150

61.6
58.4
59.4
65.8

±
±
±
±

Live sperm (mean % ± SEM)

0.7c
0.7a
0.7a
0.8b

77.9
78.8
79.2
82.0

±
±
±
±

Sperm abnormalities (mean % ± SEM)

0.3a
0.5a
0.4a
0.4b

20.6
20.9
20.3
17.4

±
±
±
±

Viability index (mean ± SEM)

0.5a
0.4a
0.5a
0.3b

176.1
169.4
173.5
200.4

±
±
±
±

3.1a
2.9a
2.9a
3.1b

Values with dissimilar superscripts in the same column are signiﬁcantly different at P < 0.05.

Table 4
Effect of supplementation of semen extender with trehalose on the quality of frozen/thawed Arabian stallion spermatozoa.
Trehalose
(mM)

Motility
(mean % ± SEM)

0
75
100
150

47.6
44.8
48.8
56.5

Live sperm
(mean % ± SEM)

0.9b
0.9a
0.8b
0.9c

±
±
±
±

72.5
73.3
75.2
77.8

±
±
±
±

0.6a
0.6a
0.5b
0.4c

Sperm abnormalities
(mean % ± SEM)
25.4
25.5
23.9
21.5

±
±
±
±

HOSþ
(mean % ± SEM)

0.5a
0.6a
0.5b
0.5c

73.7
73.5
75.2
79.0

±
±
±
±

0.5a
0.5a
0.5b
0.5c

Intact acrosome
(mean % ± SEM)
76.7
77.1
77.9
79.9

±
±
±
±

Viability index
(mean ± SEM)

0.5a
0.5a
0.5a
0.4a

137.2
130.5
140.4
165.0

±
±
±
±

2.9b
2.8a
2.7b
3.4c

HOS þ means the percentages of spermatozoa with tail coiling in hypo-osmotic swelling (HOS) assay.
Values with dissimilar superscripts in the same column are signiﬁcantly different at P < 0.05.
Table 5
Effects of supplementation of semen extender with zinc on the quality of cooled Arabian stallion spermatozoa.
Zinc (mM)

Motility (mean % ± SEM)

0
100
150
200

61.6
58.4
60.9
67.9

±
±
±
±

Live sperm (mean % ± SEM)

0.7b
0.6a
0.6b
0.8c

77.9
78.6
80.0
82.7

±
±
±
±

Sperm abnormalities (mean % ± SEM)

0.3a
0.4a
0.4b
0.4c

20.6
20.6
18.9
18.0

±
±
±
±

Viability index (mean ± SEM)

0.5a
0.5a
0.4b
0.3b

176.1
166.0
177.6
208.3

±
±
±
±

3.1a
2.7a
2.9a
2.8b

Values with dissimilar superscripts in the same column are signiﬁcantly different at P < 0.05.

3.6. Effects of zinc (Zn) supplementation to semen extender on the
quality of frozen/thawed Arabian stallion spermatozoa
Sperm motility, percentage of live spermatozoa, proportions of
HOS þ spermatozoa, acrosome reaction and viability index were
signiﬁcantly (P < 0.05) higher in frozen/thawed spermatozoa that
was diluted in a medium supplemented with Zn at 200 mM concentration than those in controls (medium without any Zn supplementation) or 100 and 150 mM Zn supplemented groups. The
percentage of abnormal spermatozoa was signiﬁcantly (P < 0.05)
lower in 150 mM Zn supplemented group compared with those in

the controls and in 100 mM supplemented ones. These values were
further decreased by supplementation of semen diluent with
200 mM Zn (Table 6).
4. Discussion
Cryopreservation of spermatozoa has potential in preserving
genetic materials in both humans and domestic animals [11]. It is
well documented that sperm experience various degrees of damage
during freezing and thawing include perturbations to the sperm
organelles and changes in membrane ﬂuidity and enzymatic

Table 6
Effects of supplementation of semen extender with zinc on different functions of Arabian stallion spermatozoa after freezing and thawing.
Zinc
(mM)

Motility
(mean % ± SEM)

0
100
150
200

47.6
46.1
51.9
58.3

±
±
±
±

0.9a
1.0a
0.8b
0.9c

Live sperm
(mean % ± SEM)
72.5
73.9
76.8
79.1

±
±
±
±

0.6a
0.7a
0.4b
0.4c

Sperm abnormalities
(mean % ± SEM)
25.4
25.2
23.4
21.0

±
±
±
±

0.5a
0.6a
0.5b
0.5c

HOSþ
(mean % ± SEM)
73.7
75.8
77.5
81.0

HOS þ means the percentages of spermatozoa with tail coiling in hypo-osmotic swelling (HOS) assay.
Values with dissimilar superscripts in the same column are signiﬁcantly different at P < 0.05.

±
±
±
±

0.5a
0.4ab
0.4b
0.5c

Intact acrosome
(mean % ± SEM)
76.7
78.2
78.1
79.7

±
±
±
±

0.5a
0.5a
0.5a
0.4b

Viability index
(mean ± SEM)
137.2
132.0
148.2
173.0

±
±
±
±

2.9a
2.4a
3.1b
3.2c
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activity that subsequently resulted in a reduction in sperm motility,
viability and fertilizing ability [7]. Two main factors namely; formation of intracellular ice crystals and osmotic stress have been
described to be responsible for the cell death and subcellular
damage that occur during freezing and thawing [18,59,73]. However, it has been indicated that the intracellular ice crystals is unlikely to occur at the freezing rates currently applied in sperm
cryopreservation, with most damage being mainly due to osmotic
stress [53]. Sperm cryopreservation is also associated with an increase in ROS production and a decrease in the antioxidant levels,
which in turn increases the susceptibility of the frozen/thawed
spermatozoa to the lipid peroxidation (LPO; [5]). Furthermore, LPO
and apoptosis-like mechanisms have been reported to be linked
with premature aging and DNA fragmentation in cryopreserved
equine spermatozoa [54,58]. Oxidative damage is then well
recognized as a major factor in sperm cryodamage and therefore,
justiﬁes the use of antioxidants to improve the outcomes of sperm
cryopreservation is an important procedure. In the present study
we evaluated the impact of supplementation of semen extender
with different concentrations of BSA, trehalose or zinc on motility,
viability, morphology, membrane integrity, and acrosome status of
cooled or frozen-thawed spermatozoa of Arabian stallions.
Our results show that supplementation of semen extender with
BSA has no beneﬁcial effects on sperm motility of Arabian stallion
spermatozoa especially after cooling. However, it does improve (at
10 mg/mL) motility and plasma membrane integrity in frozen/
thawed spermatozoa (Table 2). Beneﬁcial effects of supplementation of semen extender with BSA on the quality of frozen/thawed
spermatozoa have been previously reported in different species
include equine [28,43,47], bovine [72,74], ovine [31,50,74] and
caprine [8,75]. The axosome and associated dense ﬁbers of the
middle pieces in sperm are covered by mitochondria that generate
energy from intracellular stores of ATP. It is well established that
ROS can induce axonemal and mitochondrial damage, resulting in
the immobilization of sperm [2,61]. Disruption of membrane
integrity causes a raise in membrane permeability and decreases
the ability of the spermatozoon to control the intracellular concentrations of ions involved in the sperm motion [16]. The present
results suggest that supplementation of semen extender with BSA
at a concentration of 10 mg/mL enhances some of the functions
such as motility and membrane integrity of frozen/thawed Arabian
stallion spermatozoa; although, it did not improve sperm viability.
The results also show that supplementation of semen extender
with BSA at concentrations higher than 10 mg/mL were detrimental
to sperm viability. Extreme doses of antioxidants in the freezing
medium can counteract the oxidative stress and it can also affect
the normal sperm functions connected with the ROS. Therefore, the
effective concentration of BSA must be used in the freezing
extender.
Various mechanisms have been speculated to explain the positive impact of BSA on the quality of frozen/thawed spermatozoa.
First, BSA has the ability to adhere to the sperm plasma membranes
leads to modiﬁcations in the lipid composition of the membranes
and subsequently changes in the membrane ﬂuidity through an
increase in the cholesterol efﬂux [19,24]. BSA was also reported to
have an antioxidant effect through its ability to scavenge the free
radicals [13].
Trehalose, a non-permeating disaccharide, acts as non-enzymatic
scavenger and plays an important role in the protection of the
spermatozoa against ROS [66]. Trehalose induces its protective effects against oxidative stress through osmotic effect and speciﬁc
interactions with phospholipids in the sperm plasma membranes,
rendering hypertonic media, causing cellular osmotic dehydration
before freezing and then decreasing the amount of cell injury by its
crystallization [20]. In the present study we demonstrated dose

dependent effects of trehalose supplementation to semen extender
on the quality of chilled and frozen/thawed Arabian stallion spermatozoa with the highest percentages of sperm motility and
viability occurred at 150 mM trehalose supplementation (Tables 3
and 4). Similar beneﬁcial effects of trehalose on the quality of cryopreserved spermatozoa have been reported in different species
include buffalo bulls [66], rams [7,50], boars [41] and rabbits [20].
Contrary to our results, previous studies showed no beneﬁcial effects
of trehalose supplementation to semen extender on the quality
of chilled stallion spermatozoa [10]. The differences between
the results may be ascribed to the individual variations in the
stallion spermatozoa, the breeds, and the type of the diluent used in
each study.
It is well known that zinc plays an imperative role in the process
of sperm production and differentiation [64]. Furthermore, previous
studies reported the role of zinc in protecting spermatozoa against
oxidative stress and subsequent improving male fertility [14,30]. In
the present study we demonstrated that supplementation of semen
diluent (INRA-82) with 200 mM zinc sulphate signiﬁcantly improved
motility, viability, plasma membrane integrity and acrosome status
of Arabian stallion spermatozoa after cooling at 5  C or after freezing
and thawing as compared with the controls and with those supplemented with 100 and 150 mM zinc sulphate (Tables 5 and 6).
Consistent with our results, the positive impact of zinc sulphate on
the quality of the spermatozoa have been previously reported in
stallions [42], buffalo bulls [6], goats [48] and humans [49]. Various
mechanisms have explored the positive role of zinc on the quality of
the cryopreserved spermatozoa for example, zinc as an antioxidant
and ROS scavenger can protect the spermatozoa against the delirious effects of LPO maintaining the integrity of the plasma membrane [21]. Moreover, it has been reported that zinc could protect
the membrane potential of mitochondria in cryopreserved spermatozoa which is important to maintain the energy that requires for
sperm motility [46].
In conclusion, supplementation of semen extender with nonenzymatic antioxidants (Trehalose or Zinc) improved the quality
of chilled and frozen/thawed Arabian stallion spermatozoa. The
results demonstrated that both type and concentration of the
antioxidant inﬂuence the quality of the spermatozoa after cooling
and after cryopreservation and the most beneﬁcial effects were
observed when semen extender; INRA-82, was supplemented with
150 mM trehalose or 200 mM zinc sulphate. BSA supplementation
during freezing and thawing seems to be less beneﬁcial on the
cryosurvival of Arabian stallion spermatozoa. This study highlights
the positive role of antioxidants in improving different functions of
Arabian stallion spermatozoa after cooling or after cryopreservation that could correlate with sperm fertilizing ability.
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