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Abstract

The present work aimed to study the effect of
cryopreservation on individual motility, mitochon-
drial activity, plasma membrane, acrosome, and
DNA integrities of bull spermatozoa in response to
the addition of different concentrations of bovine
serum albumin (BSA) to frozen semen extender.
Four adult fertile healthy bulls were enrolled in this
study, semen samples were collected weekly from
each bull for six successive weeks using an artificial
vagina (of 42°C temperature). After semen evalua-
tion, ejaculates from each bull were diluted in a
Tris-based buffer egg yolk extender and cooled to
5°C. The Semen extender was supplemented by
five different concentrations of BSA;0 (as a control
group), 0.5, 1, 1.5, and 2 g/100 ml. Samples were
processed for cryopreservation. Each cooled ejac-
ulate was split into five equal aliquots and diluted
with BSA supplemented extender; then semen was
packaged in 0.25 ml straws and placed 4 cm above
liguid nitrogen before being plunged into a liquid
nitrogen tank and stored. Frozen straws were
thawed in a water bath at 37°C for 30 sec and then

evaluated for assessment of individual motility, mitochondrial activity, and plasma membrane
and acrosome integrities. The results of the present study showed that post-thaw sperm motil-
ity and integrity of plasma membrane were significantly better (P<0.05) in semen samples con-
taining 1.0% BSA (60.00+£2.88 and 59.67+1.45 respectively) than in control sample (52.33+£1.45
and 53.67+1.85, respectively). Moreover, BSA 1%-supplemented group had better motility and
plasma membrane integrity than the other three groups; supplemented with BSA 0.5%-, BSA
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1.5%-, and BSA 2%. Also, acrosome integrity of spermatozoa was significantly better (P<0.05) in
the semen sample containing 1.0% BSA (62.33+2.60) than in the control one (57.00+1.53) and
the other three groups; BSA 0.5%-, BSA 1.5%-, and BSA 2%-supplemented groups. Increasing
the concentration of BSA above 1% appeared to have a deleterious effect on sperm DNA ex-
pressed as an increase in the percentage of fragmented DNA, DNA content in the tail of the
comet, tail length, and Olive tail moment. These results suggested a protective role of BSA 1%
supplementation in bull frozen semen extender that is, in turn, reflected in the improvement of
individual motility, mitochondrial activity, and plasma membrane, acrosome, and DNA integri-
ties after the freezing-thawing cycle.

Keywords: Keywords: BSA, post-thaw semen, cryopreserved bull semen, DNA.

1. Introduction

In developing countries, the use of assisted reproductive technologies to increase reproduc-
tive performance and livestock productivity needs to be more generalized (Bailey et al., 2003).
Use of cryopreserved semen in artificial insemination (Al) technology had become one of the
most effective methods used for the improvement of bovine productivity and genetic quality
(Watson, 2000). Many challenges are limiting the maximization of using frozen semen from
highly superior bulls in Al; one important issue that occurs during cryopreservation is the re-
duction in the quality and fertility of bull semen due to the multiple physiological and mechan-
ical stresses (Bailey et al., 2003). Even with the application of controlled semen freezing proto-
cols, sperm cells are still facing a lot of changes during cryopreservation such as pH and osmotic
changes, cold shock, and cryo-damages (Bailey et al., 2003) which are associated with oxidative
stress that in turn is harmful to mitochondria (Pena et al., 2009), plasma and acrosome mem-
branes of spermatozoa (Meyers, 2005) resulting in significant deleterious effects on the struc-
tural integrity, functional activity (Andrabi, 2009) and compromising the fertilizing capacity of
bull sperm (Gillan and Maxwell, 1999).

Production of reactive oxygen species (ROS) molecules in high levels is stimulated greatly
during the cryopreservation process (Baumber et al., 2005) due to lipid peroxidation of the
plasma membrane of non-viable spermatozoa (Kankofer et al., 2005); respiration of live sper-
matozoa during the freeze-thaw process and molecular oxygen that present in semen extend-
ers (Bamba and Cran, 1992). Other stressors such as thermal shock or removal of seminal plas-
ma also led to a high level of ROS (Bailey et al., 2003). Excessive levels of ROS molecules can
deteriorate different traits of bull semen such as (motility, plasma membrane, and acrosomal
integrity) (Nair et al., 2006).

Supplements added to the semen extender to enhance the semen-keeping quality are
called semen additives; these additives can be used for the protection of male gametes from
stressful conditions during the cryopreservation process (Andreea and Stela, 2010). The indig-
enous antioxidant system of the sperm cell isn't enough (Baumber et al., 2005; Nichi et al.,
2006) to protect the sperm from in vitro oxidative stress-induced lipid peroxidation (Nair et al.,
2006). Furthermore, freezing-thawing cycles also reduce the indigenous antioxidant levels in
bovine semen (Stradaioli et al., 2007). Supplementation of antioxidants in the freezing extender
may decrease the oxidative stress of ROS production and can improve different sperm param-
eters after thawing (Donoghue and Donoghue, 1997). Previously, Cocuzza et al., (2007) noted
that small levels of ROS are physiologically important for the regulation of normal sperm func-
tions. Therefore, the addition of inappropriate high concentrations of antioxidants could alter
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the production of the required level of ROS needed for the completion of sperm physiological
processes (Hu et al., 2010). After the above-mentioned stressful conditions occurring during
bull semen cryopreservation, the question is to what extent supplementation of semen ex-
tender with extracellular cryoprotectant would be useful in overcoming the damaging effect of
freezing-thawing process and protecting semen traits during cryopreservation?

BSA is a highly soluble protein that naturally occurs in mammalian semen and can protect
the sperm cell from the harmful effects of free radicals in oxidative stress (Fukuzawa et al.,
2005). BSA has become a substance of scientific importance due to its antioxidant properties
and protective effects on different cells (Roche et al., 2008). Therefore, this current work was
conducted to study the effects of different concentrations of BSA supplementation in freezing
extender on sperm individual motility, mitochondrial activity, and plasma membrane and acro-
some integrities in post-thawed bull semen.

2. Materials and Methods

2.1. Chemicals and Semen Collection

BSA and other chemicals used in this study were obtained from Sigma-Aldrich, USA. This
trial was performed on 4 adult healthy bulls that were maintained on the experimental farm of
the Animal Reproduction Research Institute (ARRI). Their age ranged between 3 and 4 years
and their body weight were 450-700 Kg. Throughout the experimental period, the animals were
kept under similar conditions of nutrition and management, each animal received a daily ration
composed of about 15 kg green berseem, 4-5 kg concentrates mixture in pellet form, and 4-5 kg
rice hay. Water was allowed ad libitum.

In the present study, ejaculates were collected early in the morning, using the pre-warmed
artificial vagina (42°c), and semen samples were collected weekly from each bull for six succes-
sive weeks (September — October 2022). Two successive ejaculates with about 10 min intervals
were collected from each animal on one occasion. Immediately after collection, semen samples
were evaluated for ejaculate volume, and individual motility (%) using a pre-warmed stage of
phase-contrast system microscope.

2.2. Processing of Semen for Cryopreservation

After microscopic evaluation, the two ejaculates from each bull were pooled together.
Each pooled semen sample was diluted with a Tris-based egg yolk extender. According to
(Reddy et al., 2010), Tris-based buffer comprised of Tris 33.2 g/, citric acid 18.3 g/l, dextrose
7.8 g/l, 7% (V/V) glycerol, 20% (V/V) egg yolk and antibiotics (gentamycin sulphate 500ug/mL,
tylosin tartrate 100pg/mL, lincomycin HCl 300ug/mL, and spectinomycin HCl 600ug/mL (Akhter
et al., 2011) and double distilled water to make a volume of 200 mL at 37 °C in an incubator in
an appropriate dilution rate to obtain a concentration of 40x106 sperm/ml for all the ejacu-
lates. Samples were cooled slowly to 5°C over 1.5 hours.

BSA was added in the above-prepared extender to obtain five different final concentra-
tions: 0, 0.5, 1, 1.5, and 2 g/100 mL (control, T1, T2, T3, and T4, respectively). Each pooled ejac-
ulate was split into five equal aliquots and diluted with BSA supplemented extender; then
packaged in 0.25 mL straws (IMV, France). The straws were sealed by using an automatic filling
and sealing machine and placed 4 cm above liquid nitrogen in the vapor phase in a foam box for
15 minutes before being plunged into the liquid phase, Khalifa (2001). Straws were transferred
to a liquid nitrogen tank and stored. Frozen straws were thawed in a water bath at 37°C for 30
sec. immediately after thawing; straw contents were evaluated.

2.3. Motility of Frozen-Thawed Semen
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Immediately after thawing, semen samples were evaluated for individual motility (%) us-
ing a pre-warmed stage of phase-contrast system microscope.
2.4. Acrosome Integrity and Abnormalities
Acrosome integrity and abnormalities were evaluated by a dual staining procedure. Ac-
cording to (Didion et al., 1989) after thawing, spermatozoa were incubated with an equal vol-
ume of 0.2% trypan blue for 10 min and washed twice (centrifugation at 700g for 6 min) with
PBS (phosphate buffer saline). Smears were made on glass slides and dried quickly on a warm
stage. Slides were stained with 10% Giemsa stain for 40 min. They were rinsed under a stream
of distilled water, air-dried, and covered with coverslips. At least 200 sperm cells were counted.
Spermatozoa were classified as acrosome intact [light purple - dark pink acrosome] and dam-
aged/lost acrosome [unstained or blue acrosome]. The abnormal spermatozoa were classified
as head, mid-piece, and tail abnormalities (Cevik et al., 2007).
2.5. Plasma Membrane Integrity
The hypo-osmotic swelling test (HOST) was used to evaluate the functional integrity of
sperm membrane; the procedure described by (Jeyendran et al., 1984) was used to determine
the percentage of HOST-positive cells in each sample based on curled and swollen tails. This
was performed by incubating 30 mL of semen with 300 mL of hypo-osmotic solution which is
prepared as follows (0.735g of sodium citrate dihydrate and 1.351g of fructose in 100 mL of
sterile, de-ionized water). The sample was incubated at 37°C for 30-45min in a 2 ml mi-
cro-centrifuge tube. After incubation, 0.2 mL of the mixture was spread with a cover slip on a
warm slide for examination by using phase-contrast microscopy. Then 200 sperm were exam-
ined with 400x magnification. Sperm with swollen or coiled tails were recorded (Buckett et al.,
1997).
2.6. Sperm Mitochondrial Activity
MTT (3-(4, 5-dimethyl-thiazolyl-2)-2, 5-diphenyltetrazolium bromide) test used to deter-
mine spermatozoal mitochondrial activity, The MTT reduction assay depends on the ability of
metabolically active cells to reduce tetrazolium salt (3[4, 5-dimethylthiazol-2-y1]-2,
5-diphenyltetrazolium bromide) to formazan. MTT assay was performed according to the
method of Mosmann (1983). For each frozen-thawed semen sample, six wells of the 96-well
microplate were used. The 100 ul of semen sample plus 10 pl of MTT stock solution (5 mg
MTT/ml of PBS) was placed in each well. The rates of MTT reduction were determined using an
ELISA reader (Thermo Reader) at a wavelength of 550 nm. The optical density of semen sam-
ples was measured three times (immediately after thawing, after half an hour, and after one
hour of incubation at 37 °C). MTT reduction rates (optical density) for each semen sample were
calculated by concurring the difference between the first and each of the second (MTT1) and
third (MTT2) readings of the ELISA reader.
2.7. Sperm cell DNA integrity
The alkaline comet assay (single-cell electrophoresis) for spermatozoa was carried out ac-
cording to (Hughes et al., 1996). Full frosted glass slides were covered with 100 pl of 0.5% nor-
mal melting point agarose (Sigma), a coverslip was added, and the agarose was allowed to so-
lidify. The coverslips were removed and 1x105 sperm cells in 50 pl PBS (7.2 pH) were mixed
with 50 pl of 1.2% low melting point agarose and used to form the second layer. The slides with
coverslips removed were then placed in lysis buffer for 1 h (2.5 M NaCl, 100 mM Na EDTA, 10
mM Tris, 1% Triton X at a pH of 10). The slides were then incubated at 37°C in 100 pl/ml of
proteinase K in lysis buffer overnight. After draining the proteinase K solution from the slides,
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they were placed in a horizontal electrophoresis unit filled with freshly prepared alkaline elec-
trophoresis solution containing 300 mM NaOH and 1 mM EDTA for 20 min to allow the DNA to
denature Electrophoresis was performed at room temperature, at 25 V (0.714 V/cm) and 300
mA, obtained by adjusting the buffer level, for 10 min. The slides were then washed with a
neutralizing solution of 0.4 M Tris at pH 7 to remove alkalis and detergents. After neutralization,
the slides were each stained for 5 min with 50 ul of 20 pg/ml ethidium bromide and mounted
with a coverslip. A total of 200 sperm cells were examined under a fluorescent microscope
(Leica, Germany, 400X, at 254 nm wavelength). The percentage of non-fragmented (compact
sperm head) and fragmented (elongated tail of a comet) sperm nuclear DNA was calculated.
The intensity of the fluorescent stain in the comet tail region is presumed to be related to the
DNA content, and DNA damage is estimated from measurements of the percent DNA in the tail,
tail length, and tail moment, using an image analysis system (Comet-Score program). Sperma-
tozoa with fragmented DNA showed increased migration of the DNA from the sperm nucleus
towards the tail forming a "comet" as shown in Figure 1, while spermatozoa with intact DNA do
not form a “comet” as shown in Figure 2.

Figure 1. Sperm cells with comet Figure 2. Sperm cells without comet
(With DNA fragmentation). (Without DNA fragmentation).
2.8. Statistical analysis
Data were presented as mean * SEM (standard error of the mean). Independent-sample T-test
and Duncan's multiple range tests were done for the obtained data using the SPSS program
version 16.0 and P £ 0.05 was considered statistically significant.
3. Results
The effects of the addition of different concentrations of bovine serum albumin (BSA) in

the Tris citric acid (TCA) extender on Individual motility, viability index, mitochondrial activity,
total abnormalities, the integrity of plasma membrane and acrosome of bull sperm at
post-thawing are shown in Table 1. Most of the tested parameters were significantly better in
the semen sample containing 1.0% BSA than in others containing (0.5% - 1.5% - 2% BSA) and
control samples (P<0.05). Post-thaw sperm motility and integrity of plasma membrane were
significantly better (P<0.05) in semen samples containing 1.0% BSA than that in the samples
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containing (0.5% - 1.5% - 2% BSA) and also better than the control sample. Acrosome integrity
of spermatozoa was significantly (P<0.05) better in semen extender containing BSA 1.0 than in
other BSA concentrations (0.5% - 1.5% - 2% BSA) and control samples under study. Results also
revealed that some of the tested parameters did not differ significantly between the control
group and other BSA treatments (0.5 — 1.5 — 2) %, also BSA supplementation was not equally
beneficial at all different concentrations.

Effects for the addition of different concentrations of bovine serum albumin (BSA) in the
Tris citric acid (TCA) extender on DNA integrity (different comet parameters) of bull spermato-
zoa at post-thawing. are presented in Table 2. The addition of 1% BSA in the Tris citric acid (TCA)
extender resulted in the highest (P < 0.001) DNA integrity (94.85+0.32 %), While the addition of
0.5% BSA to the semen extender was found to exert no significant difference from the control
group on DNA in the tail of the comet, percentage of non-fragmented DNA, tail length and olive
tail moment. On the other hand, the addition of 1.5% and 2% BSA resulted in the lowest DNA
integrity (91.33£0.41% and 90.3+0.39% respectively).
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Table 1. Effect of different concentrations of bovine serum albumin (BSA) in the Tris citric acid (TCA) extender on Individual motility, viability in-
dex, mitochondrial activity, total abnormalities, the integrity of plasma membrane and acrosome of bull sperm at post-thawing.
Bovine serum albumin (BSA) concentrations

Semen trait

Control (0%)  T1 (BSA 0.5%) T2 (BSA 1%) T3 (BSA 1.5%) T4 (BSA 2%) P-value
Individual motility (%) 52.33+1.45° 48.67+2.33¢ 60.00+2.88° 48.00+2.08°¢ 46.33+1.85¢ 0.009
Viability index 149.83+6.65° 146.00+7.76° 175.00+6.29° 134.00+8.12¢4 135.83+4.64¢ 0.011
Plasma membrane integrity (%) 53.67+1.85° 50.00+1.152b 59.67+1.45° 49.66+1.45% 47.65+1.45¢ 0.002
Acrosome Integrity (%) 57.00+1.53P 52.33+1.45b¢ 62.33+2.60° 54.67+1.45°¢ 49.00+0.58¢ 0.002
MTT reduction rate 0.50+0.01° 0.43+0.02¢ 0.56+0.01° 0.44+0.02b¢ 0.46+0.01¢ 0.001
Total Abnormality (%) 9.00+0.58¢ 10.67+0.882b 7.00+0.57¢ 11.66+0.67° 12.33+0.332 0.001

Values are mean +SE. a,b,c,d Values with different superscripts within rows differ significantly, p < 0.05 (one-way ANOVA).

Table 2. Effects of different concentrations of bovine serum albumin (BSA) in the Tris citric acid (TCA) extender on DNA integrity (different comet

parameters) of bull spermatozoa at post-thawing.

Different concentrations of bovine serum albumin (BSA)

Semen trait Control (0%) T1 (BSA 0.5%) T2 (BSA 1%) T3 (BSA 1.5%) T4 (BSA 2%) P-value

Sperm with intact DNA (%)  93.87+0.26% 93.13+0.46° 94.85+0.32° 91.33+0.41° 90.3+0.39° 0.0001
DNA in the head of Comet (%)  94.49+0.30% 93.63+0.49b¢ 94.85+0.152 93.21+0.39< 92.41+0.53¢ 0.001
DNA in the tail of Comet (%) 5.51+0.30% 6.37+0.495¢ 5.15+0.15¢ 6.79+0.39% 7.59+0.53° 0.001
Comet tail length (pixels) 5.63+0.51° 5.26+0.29° 4.70+0.31° 8.61+0.48" 11.69+0.74° 0.0001
Olive tail moment 0.59+0.04 0.58+0.03° 0.44+0.03° 0.66+0.04 0.86+0.06° 0.0001

Values are mean £SE. a,b,c,d Values with different superscripts within rows differ significantly, p < 0.05 (one-way ANOVA).
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4. Discussion

In the current study, BSA supplementation (1 g/100 mL) in semen extender has increased
sperm motility characteristics, the integrity of plasma membrane, and acrosome. These results
are consistent with the results of (Lornage et al., 1983, and Uto and Yamahama., 1996) who
found higher percentages of motile and viable spermatozoa in groups with BSA supplementa-
tion.

Post-thaw sperm motility and integrity of plasma membrane were better in semen sam-
ples containing 1.0% BSA than that in other samples containing (0.5% - 1.5% - 2% BSA) and also
better than the control sample. Our findings are in line with the results reported by (Ashrafi et
al., 2013). BSA had beneficial effects on motility, viability, normal morphology, and plasma
membrane integrity in bull spermatozoa after a freeze-thaw process. Also agree with what had
been assessed by previous studies on bovine semen in which higher sperm plasma membrane
integrity was reported after the addition of BSA in the extender (Uysal et al., 2007). It is be-
lieved that BSA addition reduces lipid peroxidation of the membrane system that resulted in
higher membrane integrity (Lewis et al., 1997). Deterioration of semen variables for tested
treatments containing BSA concentrations higher or lower than 1g/100 mL in the semen ex-
tender (0.5% - 1.5% - 2% BSA) may be rendered to what was previously mentioned by (Cocuzza
et al., 2007) small levels of ROS are physiologically important for regulation of normal sperm
functions. Therefore, the addition of inappropriate higher or lower concentrations of antioxi-
dants could alter the production of the required level of ROS needed for the completion of
sperm physiological processes (Hu et al., 2010).

Acrosome integrity of spermatozoa was better in semen extender containing BSA 1.0 than
in other BSA concentrations (0.5% - 1.5% - 2% BSA) and control samples under study. The ob-
tained results are in a similarity to findings noted by (Ashrafi et al., 2013) who observed that
out of four concentrations of BSA tested 1.0% was most beneficial for bull semen in citrate-egg
yolk extender that resulted in higher post-thaw motility, the integrity of plasma membrane and
acrosome compared with BSA at a concentration of 0.5 %. In contrast to obtained results,
(Rahman et al., 2015) reported that Post thaw motility, the integrity of plasma membrane, and
acrosome of spermatozoa in 0.5% BSA were better than that in 1.0% BSA (P<0.05). As well as,
the acrosome integrity of spermatozoa frozen in 0.5% BSA was also better than that in control
semen (P<0.05). Results of the present work also revealed that some of the tested parameters
did not differ significantly between the control group and other BSA treatments (0.5 -1.5-2) %
and this is similar to the results recorded by (Rahman et al., 2015) who stated that neither of
post-thaw sperm progressive motility or integrity of plasma lemma differed significantly be-
tween control and semen containing 0.5% BSA.

The addition of 1% BSA in the Tris citric acid (TCA) extender resulted in the highest DNA
integrity, While the addition of 0.5% BSA to the semen extender was found to exert no signifi-
cant difference from the control group on DNA in the tail of the comet, percentage of
non-fragmented DNA, tail length and olive tail moment. On the other hand, the addition of 1.5%
and 2% BSA resulted in the lowest DNA integrity. Different methods have been developed for
detecting DNA strand damage (Charles, 2005). Comet assay has been established to be a very
sensitive method for detecting DNA strand breaks in human sperm (Duty et al., 2002).

The comet assay parameters, tail length, and tail moment provide additional evidence about
the level of DNA damage during cryopreservation and therefore increase the sensitivity of the
comet assay in detecting low levels of DNA damage (Fraser and Strzezek, 2007).
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5. Conclusions

In conclusion, supplementation of (1 g/100 mL) BSA in the freezing medium has beneficial
effects on the individual motility, normal morphology, mitochondrial activity, and plasma
membrane & acrosome integrities in bull spermatozoa after freeze-thaw process and needs

further investigation.
References

Akhter, S., Ansarj, MS, Rakha, BA, Andrabi, SMH, Khalid, M. & Ullah, N. (2011). Effect of
low-density lipoproteins in extender on freezability and fertility of buffalo (Bubalus bubalis)
bull semen. Theriogenology, 76: 759-764.

Andrabi, S.M.H. (2009). Factors affecting the quality of cryopreserved buffalo (Bubalus bubalis)
bull spermatozoa. Reproduction in Domestic Animals, 44: 552-569.

Andreea A, Stela Z. (2010). Role of antioxidant additives in the protection of the cryopreserved
semen against free radicals. Romanian Biotechnological Letters, 15(3): 33-41.

Ashrafi, I., Kohram, H., Tayefi-Nasrabadi, H. (2013). Antioxidant effects of bovine serum albumin
on kinetics, microscopic and oxidative characters of cryopreserved bull spermato-
zoa. Spanish Journal of Agricultural Research, 11(3): 695-701.

Bailey J, Morrier A, Cormier N. (2003). Semen cryopreservation: Successes and persistent prob-
lems in farm species. Canadian journal of animal science, 83(3): 393-401.

Bamba K, Cran DG (1992). Effects of treatment with butylated hydroxytoluene on the suscepti-
bility of boar spermatozoa to cold stress and dilution. Journal of Reproduction and Fertility,
95: 69-77.

Baumber, J., Ball, B.A. AndInfor, J.J. (2005). Assessment of the cryopreservation of equine
spermatozoa in the presence of enzyme scavengers and antioxidants. American Journal of
Veterinary Research, 66: 772-779.

Buckett WM, Luckas MJ, Aird IA, Farquharson RG, Kingsland CR, Lewis-Jones DI (1997). The hy-
po-osmotic swelling test in recurrent miscarriage. Fertility and Sterility, 68: 506-509.

Cevik, M. Tuncer, P.B. Tafidemir, U., Ozgurtafi, T. (2007). Comparison of spermatological char-
acteristics and biochemical seminal plasma parameters of normozoospermic and oligo-
asthenozoospermic bulls of two breeds. Turkish Journal of Veterinary Animal Science, 31(6):
381-387.

Charles, C.L. (2005). The sperm chromatin structure assay: a review of clinical applications. An-
imal. Reproduction, Science. 89: 39—45.

Cocuzza, M., S.C. Sikka, K.S. Athayde, and A. Agarwal. (2007). Clinical relevance of oxidative
stress and sperm chromatin damage in male infertility: an evidence-based analysis. Inter-
national Brazilian. Journal of Urology, 33: 603- 621.

Didion, B.A., Dobrinsky, J.R., Giles, J.R., Graves, C.N. (1989). Staining procedure to detect viabil-
ity and true acrosome reaction in spermatozoa of various species. Gamete Research, 22:
51-57.

Donoghue AM, Donoghue DJ (1997). Effects of water- and lipid-soluble antioxidants on turkey
sperm viability, membrane integrity, and motility during liquid storage. Poultry Science, 76:
1440-1445.

Duty, S.M.; Singh, N.P.; Ryan, L.; Chen, Z.; Lewis, C.; Huang, T. and Hauser, R. (2002). Reliability
of the comet assay in cryopreserved human sperm. Reliability of the comet assay in cryo-
preserved human sperm. Human. Reproduction, 17: 1274-1280.



Sjyr 2023, 3(3). 10 of 12

Fraser, L. and Strzezek, J. (2007). Effect of different procedures of ejaculate collection, extend-
ers, and packages on DNA integrity of boar spermatozoa following freezing-thawing, Ani-
mal. Reproduction, Science., 99: 317-329.

Fukuzawa, K., Saitoh, Y., Akai, K., Kogure, K., UENO, S., Tokumura, A., Otagiri, M. AND Shibata, A.
(2005). Antioxidant effect of bovine serum albumin on membrane lipid peroxidation in-
duced by iron chelate and superoxide. Biochemistry, biophysics Acta, 1668: 145-155.

Gillan, L., Maxwell, W.M. (1999). The functional integrity and fate of cryopreserved ram sper-
matozoa in the female tract. Journal of Reproduction and Fertility., 54: 271-283.

Hu, J.H., Tian, W.Q., Zhao, X.L. Zan, L.S., Wang, H., Li Q. W., Xin. Y.P. (2010). The cryoprotective
effects of ascorbic acid supplementation on bovine semen quality. Animal Reproduction
Science, 121:72-77.

Hughes, C.M., Lewis, S.E., McKelvey-Martin, V. & Thompson, W.A. (1996). Comparison of base-
line and induced DNA damage in human spermatozoa from fertile and infertile men, using
a modified comet assay. Human. Reproduction, 2, 613—619.

Jeyendran, R.S., Vander-Ven, H.H., Perez-Pelaez, M., Crabo, B.G., Zanevld, L.J.D. (1984). Devel-
opment of an assay to assess the functional integrity of the human sperm membrane and
its relationship to other semen characters. Journal of Reproduction and Fertility, 70:
219-228.

Kankofer, M., Kolm, G., Aurich, J. (2005). Activity of glutathione peroxidase, superoxide
dismutase, and catalase and lipid peroxidation intensity in stallion semen during storage at
5 °C. Theriogenology, 63: 1354-1365.

Khalifa, T.A.A. (2001). Effect of some antioxidants on viability of preserved buffalo and ram se-
men. Ph.D. Thesis, Faculty of Veterinary Medicine Cairo University, Egypt.

Lewis, S.E., Sterling, E.S., Young, I.S., Thompson, W (1997). Comparison of individual antioxi-
dants of sperm and seminal plasma in fertile and infertile men. Fertility and Sterility, 67:
142-147.

Lornage, J., Guerin, J.F., Czyba, J.C., Menezo, Y. (1983). Influence of cations and albumin on
human spermatozoa. Archive Andrology, 10: 119-125.

Meyers, S.A. (2005). Spermatozoal response to osmotic stress. Animal Reproduction Science, 89:
57-64.

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and survival: application to
proliferation and cytotoxicity assays. Journal of Immunological Methods, 65: 55—63.

Nair, S.J., Brar, A.S., Ahuja, C.S., Sangha, S.P., Chaudhary, K.C. (2006). A comparative study on
lipid peroxidation, activities of antioxidant enzymes, and viability of cattle and buffalo bull
spermatozoa during storage at refrigeration temperature. Animal Reproduction Science, 96:
21-29.

Nichi, M., Bols, P.E.J., Zuge, R.M., Barnabe, V.H., Goovaerts, |.G.F., Barnabe, R.C. AND Cortada,
C.N.M. (2006). Seasonal variation in semen quality in Bos indicus and Bos taurus bulls
raised under tropical conditions. Theriogenology, 66: 822-828.

Pena, F.J., Rodriguez-Martinez, H., Tapia, J.A., Ortega-Ferrusola, C., Gonzalez-Fernandez, L., Ma-
cias-Garcia, B. (2009). Mitochondria in mammalian sperm physiology and pathology: a re-
view. Reproduction in Domestic Animals, 44: 345-349.

Rahman, Z.U., Anwar, M., Andarbi, S.M.H., Mehmood, A, Ali, L., Ahmad, H. (2015). Effect of bo-
vine serum albumin in extender on post-thaw quality and in vivo fertility of buffalo bull
semen. Buffalo Bulletin, 34(4): 417-421.



Sjyr 2023, 3(3). 11 of 12

Reddy, N.S.S., Mohanarao, G.J., Atreja, S.K. (2010). Effects of adding taurine and trehalose to a
tris-based egg yolk extender on buffalo (Bubalus bubalis) sperm quality following cryo-
preservation. Animal Reproduction Science, 119: 183-190.

Roche, M., Rondeau, P., Singh, N.R., Tarnus, E. AND Bourdon, E. (2008). The antioxidant proper-
ties of serum albumin. FEBS Letter, 582: 1783-1787.

Stradaoli, G., Noro, T., Sylia, L. and Monaca, M. (2007). Decrease in glutathione (GSH) content in
bovine sperm after cryopreservation: Comparison between two extenders. Theriogenology,
67:1249-1255.

Uto, N., Yamahama, Y. (1996). The motility and fertility of golden hamster sperm cultured in
BSA-free medium. Biology Cell, 88: 23-28.

Uysal, O., and Bucak, M.N. (2007). Effects of oxidized glutathione, bovine serum albumen, cys-
teine, and lycopene in quality of frozen-thawed ram semen. Acta Veterinary Brno., 76:
383-390.

Watson, P.F. (2000). The causes of reduced fertility with cryopreserved semen. Animal Repro-
duction Science, 60-61: 481-492.




Sjyr 2023, 3(3). 12 of 12

Jldo
‘éﬂl oasthell

JEY 3N Ggiall Pl dnazd BeiS e ! o gl Juae d3Lo) 3
10.1) ogJJ‘ Sle ¢3L“5)J..JJ| elus ‘ZJ}',TM clol:)) uo.\a.,a.a

082524 Clﬁ}w cclﬁ}w danl> ¢§M| g.,\.la.ﬂ &.JS(L?CW)” @5.12.’\3 d.wmb ..\.dj]J\ Eud 1
BN SJ.QUU‘ c@‘j:«;:ﬂ C)u.wl.«ﬁ\ T SINVE ¥ ;@‘3&\ de bl M 2

e ¢ 5,081 (Al gl Ol Ggoe dgae Yl Jig (£llaodl pedlil o 3
mostafa_omar@vet.sohag.edu.eg :Jggwall CxlJI*

DI slazg i gSyinedl bliady cdon,all a1 e wyall Jaasdl 6 duwhs J) Jld! Jonll B
d &8l o5l Juas (ye dlizes 58155 48L5Y Dl dogiall ygill llgad S99l pasall JoBis ¢pg9,SYlg
Soadl Bludl Olue auzd @39 cduwhdll oda QS dedus Al 09 )l plascinl ©F deaxell (§ gl Sl Cadseo
el s < (dgie A3 42 B> Ampy) (Sldassl Juge plisiinl dlite molid & Sbe e g8 S o0 Lie g
‘_J.A-C ‘03 :Myuo Ol 5 L;‘ LRYpx ‘0.33 uz:.«.dleb.,a L9 LgJﬁ:‘ USUA (S}LAJ‘ Bldl Caass ‘o..)" ‘(53:../.;]\ Jsld
mﬂbwuwlwlanw JAIOO/PZleclcOSc(pix@M)O MUJ«S)JW
U—myJ)’l e e Geizn G Caasall plasuinly gabss @y Dgluin shal dues ] 83,0 485 (S ot
3 ey U Ll g Al (398 e 4 Lgau99 o 0.25 ©lwad (3 ol JLudl Al casd @5 40558
o) Lgoeis o5 4006 30 el dugie dmys 37 wie o plax (§ dazmell Glunadll g @3 . JSladl g il
Ul gamedl &Sy O Aol Ayl 85 gl o gang LS oGy LoyMA! slict g byl gSginall blidy d3,a)1 A8l
BSA e dgizall oiall Jiludl wlize § (P <0.05) AiSo Jaadl o8 Lyl slie dadlung Obsdll day dugiall
(Jlsdl e 1.85 + 53.679 1.45 + 52.33) Soull due oo (Jlsd) e 1.45 + 59.679 60.00 + 2.88) %1.0
Olegazall o S48l L) cline dadwg Juadl &Sy 8)d8 /BSA 12 degedall de gacxall G O I3 e B5dle
deolo A6 A 21 395 BSA 1Sy 8oLy Of 94w .ZBSA 29 - ZBSA 1.53 - ZBSA 0.5 3 JaSe 5,31 edll
@ S959) paeadl Sgizmng Tmall (S99l (el Digiall dedll (3 83 o Dare Dgiall blgeoll (9511 (el
Soxall Jsludl Cadzes (3 7 BSA 1 o) G5B 1595 bl 0de o stdl .0giu3ll (b3 pieg ol Jsbg Codall i
vaesdl JolGs LMW cline g bydsoSgruell bolady Dayall ASyall cpus (e 0yads (uSias Slg 4ol dazmall
xazdll da 0 g9 SYI9 S99l

oaesdl ¢y gil) Ggiall 3Ll cabgddl das Sgiadl 5Ll (BSA 1diludl Lol


mailto:mostafa_omar@vet.sohag.edu.eg

