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Abstract
The present work was designed to study the effect of different concentrations of bovine serum
albumin (BSA) in INRA-82 extender on quality of equine cooled-stored and frozen spermatozoa.
Semen was collected from four pure Arab stallions (10 to 12 years old) from Al-Zahraa horse stud on
a regular basis (one ejaculate / week) duringAugust throughOctober, 2015. After collection, semen
was evaluated using conventional methods. Centrifugation at 600xg for 15 mins, partial removal of
seminal plasma leaving 5%, and dilution of pelleted spermatozoa using INRA-82 extender containing
different concentrations of BSA (0, 10,15 and 20mg/ml) was carried out. Thenceafter, diluted semen
was cooled at 5°C and was kept frozen at -196°C. Evaluation of chilled semen at 5°C revealed that
inclusion of INRA-82 extender with BSA at 10, 15, 20 mg/ml diluent showed that, BSA 10mg/ml was
significantly(p < 0.05)higher (80.80%) than the other two concentrations (15, 20mg/ml) of BSA
(77.98, 78.30%, respectively) and control (77.88%) in live sperm percent. Evaluation of frozen semen
after thawing at 37°C for 30 sec, revealed that BSA 10mg/ml was significantly(p < 0.05) higher in
post-thaw motility, viability index and HOST than the other two concentrations and control. In view
of the pesent results, it can be concluded that cold-storage (+5° C) and freeze-thaw processing of
stallion semen in the presence of BSA antioxidant (10 mg/ml) achieved a significant amelioration in
the maintenance of ejaculated sperm quality parameters.
Keywords: Stallion semen, bovine serum albumin, sperm viability, motility, HOST.,
Introduction the country or region where the stallion is
Modermn equine reproduction, in most breeds, located (Paglet al., 2006).Development in
is based on the use of artificial insemination semen technology has become an area of
(AI). The widespread use of Al has renewed interest for the equine industry due to
accelerated genetic progress by making increase in use of Al using chilled or frozen—
selected stallions available to breeders outside thawedsemen(Samper

et al., 2007).
The storage of spermatozoa is associated with

and fisher (1994) andGriveau and Lannou

a reduction in cell viability and fertilizing
capacity. In many species, including horses,
peroxidation of plasma membrane lipids [lipid
peroxidation (LPO)] and other cellular
components is a major factor involved in
sublethalcryodamage to the spermatozoa
(Aitken et al, 2007). The particular
susceptibility of the sperm plasma membrane
to peroxidative damage is because of a high
cellular content of polyunsaturated fatty acids.
The fluidity of the plasma membrane that the
spermatozoon needs to participate in the
membrane fusion events associated with
fertilization is attributed to its unsaturated
fatty acids contents (Lenzi et al., 1996;
Flesch and Gadella, 2000). However, these
molecules of fatty acids are also vulnerable to
attack by reactive oxygen species (ROS).
Excess production of ROS during
cryopreservation has been associated with
reduce  post-thaw  motility,  viability,
membrane integrity, sperm function and
fertility (Uysal and Bucak, 2007). Aitken
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(1997)reported that the impact of oxidative
stress could be reduced by addition of
molecules of antioxidant, and thus improve
semen quality after thawing. Ball et al. (2001)
mentioned that a wide range of enzyme
scavengers and antioxidants have been used in
attempts to block or prevent oxidative stress
in a variety of cell systems. A number of
antioxidant systems have been tested in
attempts to prevent oxidative stress in semen
from a variety of species (Ball et al., 2001).

Bovine serum albumin (BSA) has ability to
protect sperm membrane integrity from heat
shock during freezing- thawing of semen. In
addition, it has been considered as a lipid
peroxidation inhibitor (Alvarez and Storey,
1993) and is known to eliminate free radicals
generations by oxidative stress (Lewis et al.,
1997; Uysal et al, 2007). However, few
reports have addressed application of BSA in
preservation of equine semen. Therefore, the
objective of the present work was to
determine the ability of BSA -supplemented
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in semen extender- to improve stallion sperm
quality parameters during storage at 5°C and

Material and Methods

All chemicals used in the present work were
purchased from Sigma (Madrid, Spain). The
medium used for washing and centrifugation
was INRA-82. It was prepared by mixing
equal amounts of glucose-saline solution and
ultra-heat skim milk (Vidament et al., 2000).
It contained antibiotics (Penicillin and
Gentamycin).

Experimental Design

» Stallions

The experiment was carried out during
August throughOctober, 2015 using four adult
healthy pure Arabian stallions (10 and 12
years old) from Al-Zahraa horse stud. The
animals were housed in individual boxes
bedded with straw and were exercised daily.
Each stallion fed 3-4 kg of a balanced grain
ration plus 6-7 kg of barseem hay daily. Water
was provided ad libitum.

¢ Semen collection

Semen was collected from stallions using a
lubricated and pre-warmed (45-50° C)
Missouri-model artificial vagina (All Vet.
Supply Inc., USA) on a regular basis (one
ejaculate / week). An in-line disposable nylon
mesh gel filter was used to exclude the gel
fraction of the ejaculate. Before beginning the
experiment, the extra-gonadal sperm reserves
were minimized and stabilized in each stallion
by daily semen collections over a period of
five consecutive days. Thereafter, ten
ejaculates were collected from each stallion
over a period of ten weeks. Semen collection
was performed early in the moming and a
mare in estrus was used as a mount animal.

¢ Semen evaluation

The semen samples were transported to the
laboratory and placed in a water bath at 37° C
for processing within 20 min after collection.
The semen was examined for basic semen
characteristics that included color,
consistency, pH, volume (gel free fraction),
sperm motility and concentration, Sperm
morphology and viability were assessed using
eosin—nigrosin stain (Evans and Maxwell,
1987).

¢ Semen processing

Immediately afier collection, the filter was
removed. The filtered semen was then diluted
¢ Evaluation of processed semen:
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duringeryopreservation

at a ratio of 1:1 with a non-fat dry mily
glucose- based semen extender (INRA. -82)
Only semen samples with more than 60%,
motile, viable, morphologically normal sperm
and sperm density of > 250x10° sperm/,
were used for cryopreservation.

The experiment was done to investigat,

the effect of bovine serum albumin (BSA) _
supplemented in semen extender- on spery
quality parameters stored at refrigerato,
temperature ( + 5° C ) and during
cryopreservation (-196°) .
For this purposc forty ejaculates were used,
Each ejaculate was divided into four aliquots
corresponding to different treatments: without
any supplementation (control); supplemented
with BSA in final concentrations of 10, 15
and 20 mg/mL. All aliquots were diluted 1:]
(v/v) with INRA 82 extender [INRA-82
consists of: 25 g / L glucose monohydrate, 1.5
g L-1 lactose monohydrate, 1.5 g / L
raffinosepentahydrate, 0.4 g / L potassium
citrate monohydrate, 0.3 g / L sodium citrate
dihydrate, 4,76 g HEPES, pH 7.0, 500 mg / L.
penicillin, 500 mg /L gentamycin, and 0.15%
skim milk (Vidament et al., 2000). All
diluted samples were centrifuged at 600 x g
for 15 minutes using a microtube centrifuge
(800 Electronic centrifuges, China). After
centrifugation, nearly 95% of the supernatant
was discarded immediately with minimal time
delay. Post-centrifugation sperm pellets were
re-suspended to a concentration of 100 x10°
sperm cells / mL with the same volume of
freezing medium (INRA 82 enriched with egg
yolk 15% and glycerol 5%} Tubes with
diluted samples were put in an incubator at
37°C and then cooled slowly to +5°C (for 90
min). Next, after 15 min equilibration at +
5°C, the semen was filled into 0.5 ml plastic
straws, sealed with a sealing powder and
placed 4 cm above liquid nitrogen in the
vapor phase in a foam box for 10 min before
being plunged into the liquid phase
(Cristanelli et al.,, 1985). Straws were then
transferred to liquid nitrogen (LN) container.
The cryopreserved samples were stored in LN
for a minimum of one week until
examination.
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For cooled (+5°C) semen: sperm motility, in. Acrosome integrity was estimated using
viability and functional membrane integrity patent specific stain (Spermac; FertiPro
were evaluated. N.V..Beernem, Belgium) according toChan
For post-thaw examination, {wo straws per et al. (1999).

treatment were thawed in a water bath at 37°C For evaluation of the functional integrity of
for 30 sec. Sperm motility, viability, acrosome the plasma membrane of the spermatozoa,
integrity and hypo-osmotic swelling test hypo-osmotic swelling test (HOST) was
(HOST) were assessed. performed (Nie and Wenzel, 2001).

Individual sperm motility was recorded for
cooled and just after thawing, 1, 2 and 3 hours
post-cooling and post-thawing. The post-
cooling and post-thawing viability indices
were estimated according to Milovanov
(1962). Living sperm percent was evaluated

USil:'g Stallion No. Volume | Motility Live Concentration Total
€osin (m (%) sperm% (x10°/ml) sperm/ejaculate
- 1 5230 | 83.00: 8770 & 508.00 + 26569.50 =
nigros 240a | 082a | 0722 12.25 2 131220
2 3850 | 7600+ | 8030+ 43120+ 16550.00 +
1.83b 1.00b 0.97b 16.83b 942.11 b
k] 1830+ | 7200+ | 77.80% 42310+ 767740 £
1.36¢c 0.82¢ 0.83¢ 1549b 575.96¢
94 5650 | 68.00+ | 7540+ 518.60 = 29237.00+
2.12d Lild 0.83¢ 1427¢ 1163.45a
Overall 4140 | 7475+ 8030+ 470.21 £ 20.00x10°+
mean(N=40) 1456.37
2.56 0.99 0.841 9.93

Statistical analysis
The results are shown as means and standard
errors. Data were normalized using arc-sine
transformation. Statistical analyses were done
Semen samples were placed on a microscope according to SnedecorandCochran (1989).
slide and cover-slipped for examination using
phase contrast microscopy (400 X) to evaluate
100 spermatozoa for evidence of swelling and
curling changes.

Results

I-Fresh semen :

In general, the color of ejaculated semen of Arabian stallions was greyish whitish with PH around
6.7.

Tablel: Fresh semen characteristics of Arabian stallions (Mean +SEM)

(n=10 ejaculates/ stallion)

Means with different alphabetical superscripts (a, b, c...) within the same columns are
significantly different at least at P < 0.05.

The values for raw semen characteristics are summarized in Tablel. Stallion factor affected
significantly (p <0.05) all semen parameters examined.
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Table 2: Effect of BSA antioxidant on the studied parameters of chilled (5"(,') stallion semen

I1- Chilled semen

(Mean £ SEM).
" Concentration of | Progressivemotility |
| antioxidant '
IL (%)

" Comtrol | 6l63F T
B (n=40) 40.68 |
! BSAI(10mgml | 6262 |
| (n=40) 072
BSAXmgm) | T s® T
‘ (v=40) :
+0.86

BSAI20mgm) T I
| (0=40) +0.84 |

'li\;e-spem'l“'_ "Viability index |
() ! [
SOOI (WSS
77.88 176.05
+0.34 +3.06
80.80° 1833 |
+0.46 +3.30
K R N VN1
.43 403 |
AR e |
78307 | 16856 |
10.43 +3.92 i

(n;ﬁu?ﬂgcr_of ejaculates) BSA = Bovine Serum Albumin o

Means with different alphabetical superscripts (a, b, c...) within the same columns are

significantly different at least at P <0.05.

The results of supplementation of bovine
serum albumin (BSA) in INRA- 82 equine
semen extender at different concentrations

(10, 15 and 20 mg/ml) on cooled-stored -

spermatozoa (+5° C) are shown in Table 2.
There was no significant difference between
inclusion of BSA, 10 mg/ml, and control
samples in terms of progressive motility and
viability index. The other two concentrations
I11- Frozen semen

progressive motility, structural membrane
integrity (HOST) and viability compared to
control.

(15 and 20 mg/ml) exhibited a significant (p
<0.05) decrease in progressive motility with
no differences in live sperm percentage and
viability index of spermatozoa compared to
control. The results showed that INRA-82
diluent supplemented with BSA -10 mg/ml-
was significantly superior to other
concentrations (15 and 20 mg/ml) used for
stallion semen cooled and stored at + 5° C.

As presented in table (3), the equine
spermatozoa stored frozen in BSA (10
mg/ml) INRA-82 extender maintained
significantly (p < 0.05) higher post-thaw

Table 3: Effect of BSA antioxidant on the studied parameters of frozen stallion semen (Mean

+ SEM), _ . I Y P
Conceniration of | Progressive ~ live sperm Viability HOST " Acrosome i
antioxidant motility index - integrity |

(%) (%)
(%) %) ;
e RN VIV S U RO I 'SR YY1 P FRNCEE Ty it g ne ol g f
" Control 47.63° 7245 13717 73.73bd 76.65% !
(0=40) +0,95 +0.55 2,94 0,51 0.53 |
BSAT (10mg/ml) 5138° 7407 | 14849 | 75.82° 7785¢
(=40) | #115 066 | 339 | 064 =047
" BSA2 (15mg/ml) | 45.50° 70.58" 127.81° 122 78.18%® @
(n=40) _ L1374 43,68 £0.52 | A
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(n=40) ‘

7202% |
10.62 !

' 11,16

129.66* |
43,70

7848
40.58

[T
; 40,62 ’

Means with different alphabetical superscripts (a, b, c...) within the same columns are significantly

different at least at P< 0.05.

(n= number of ejaculates), BSA= Bovine Serum Albumin, HOST= Hypo-osmotic swelling tes

among the three levels ofBSA. The results
demonstrated that spermatozoa exposed 1o BSA at
10 mg/ml in INRA-82 stallion semen extender and
stored frozen were superior (p < 0.05) in
progressive motility, live sperm percent, viability
index and structural membrane integrity
concentrations (15 and 20 mg/ml) used,

Discussion

The current work, which was performed on a
total forty semen ejaculates obtained from
four stallions, provides a detailed description
of raw, cold-stored at + 5° C and frozen
semen characteristics in Arabian horse.
Results of raw semen showed that the
stallion  significantly  influenced  all
parameters evaluated in raw semen (table,
1). The large differences noted in semen
quality correspond with finding in other
horse breeds(Dowsett andKnatt, 1996;
Janett et al., 2003; Janett et al.,2012).Age
(Dowsett and Knatt, 1996), season of
semen collection (Magistrini et al.,
1987)and duration of sexual rest (Magistrini
et al, 1987;Siemeet al, 2002) also may
influence semen quality. The results of the
present study showed that equine
spermatozoa cold-stored at +5° C and frozen
in INRA-82 extender supplemented with 10
mg/ml BSA improved, to some extent, all
parameters of sperm quality studied. This
aspect is of high importance, since most
studies dealing with stallion semen only
evaluate  post-thaw  sperm  motility.
Moreover, the plasma membrane of
spermatozoa acts as the principal physical
barrier to outside environment and it is a
main site for freeze-thaw damage (Ricker et
al., 2006). Considering this evidence, the
current work paid specific attention to the
evaluation of the sperm membranes, both
plasma and acrosome membranes. Also, live
sperm (completely intact membrane) was
considered. It known that INRA-82 extender
is a common extender for equine semen
preservation at +5° C , and supplementation
of this diluent with antioxidants was also
beneficial for the preservation of stallion
semen at +5° C and freezing ( Klem at al.,
1986). Bovine scrum albumin has been

shown to possess antioxidant properties and
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Also, progressive motility, live sperm
percent, HOST, and viability index of post-
thaw spermatozoa improved by addition of
BSA at 10 mg /ml concentration than those in
any of the other two concentrations (table, 3).
The acrosome integrity of post-thaw
spermatozoa showed no significant difference

has been incorporated into a number of
scmen extenders (Kreider et al, 1985;
Klem et al, 1986). In the current study,
addition of 10 mg/ml to INRA-82 extender
at cold-stored and freezing of equine
spermatozoa was significantly useful, and
did enhance maintenance of progressive
motility, viability, live sperm percent and
plasma membrane integrity (HOST). These
finding are in consistent with the observation
of previous studics on equine (Dixon and
Kreider, 1981; Kreider, et al., 1985;Klem
et al., 1986) who also detected a positive
effect of adding BSA to cooled, extended
and frozen equine spermatozoa. Other
studies on bulls (Uysal et al. , 2007 andE}-
kon, 2011) rams(Matsuoka, et al., 2006 ;
Uysal and Bucak, 2007 ; Andrea, et al.,
2009; Saritzkan, et al., 2009 ; Eisherbiny,
et al.,2013 ; Akhter, et al., 2014) and goats
(Bucak and Uysal ,2008 ; Andrea, et al.,
2010) recorded that inclusion of BSA to
freezing extender at concentrations ranging
from 5 to 20 mg/ml enhanced the post-thaw
motility, live sperm percentage, functional
membrane integrity, percentage of intact
acrosome and viability index. The
satisfactory results obtained with inclusion
of bovine serum albumin to stallion semen
freezing and chilling extender, in the present
study, may be atiributed to the direct
evidence that bovine serum albumin adheres
rapidly to the sperm membrane at time of
dilution (Blank, et al., 1976), modifies the
lipid composition of the sperm through lipid
exchange ot hydrolysis (Davis, et al., 1979)
, promotes plasma membrane protein
hydrolysis (Davis and Gergely, 1979),
causes influx of calcium ions into the
cytoplasm (Blank et al., 1976)and decreases
the cholesterol and phospholipids ratio in the
sperm plasma membrane (Davis, et al,
1980; Singleton and Killian, 1983).

CamScanner = Ligs d>gwaall


https://v3.camscanner.com/user/download

VMIGVOl62(2) - 21-28 April 2016

Furthermore, it is well established that
cholesterol efflux from the sperm membrane
induces enhanced  membrane  fluidity
(Grunze, and Deuticke, 1974). Therefore,
cholesterol efflux from sperm membranes by
BSA would enhance the fluidity of sperm
plasma membranes, before freezing and
enhancing the cryo-survival, of the
spermatozoa and regulates the susceptibility
of sperm to cold shock (Yamashiro et al,
2006). The sperm plasma membrane
contains a large amount of unsaturated fatty
acids and is, therefore, particularly
susceptible to peroxidative damage, with
subsequent less membrane integrity,
impaired cell function and decreased
motility (Alvarez et al.,, 1987; Griveau et
al., 1995). Masuda et al. (2006) suggested
that BSA has the effect of maintaining some
phospholipid fractions associated with the
plasma membrane by reducing lipid
peroxidation.Despite  storage of equine
spermatozoa at + 5° C or freezing in INRA-
82 supplemented with BSA at 15 or 20
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