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Abstract

The objective of the study was to determine the optimum concentration of BSA in lecithin-based extender for post-thawing quality and
incubation resilience (0 h, 6 h and 10 h) of ram sperm. Ejaculates were collected from five rams via electro ejaculation. Ejaculates were mixed
to obtain pooled semen. Then, pooled semen was diluted with soybean lecithin-based extender without BSA (control) or supplemented with
different concentrations of BSA (2.5 mg/mL, 5 mg/mL, 7.5 mg/mL and 10 mg/mL), at a final concentration of 150x106 spermatozoon/mL.
Sperm motility, plasma membrane functional integrity (HOST), mitochondrial activity (rhodamine123), capacitation status (CTC), and DNA
integrity (TUNEL) were evaluated. At the 10 h incubation, motility, plasma membrane functional integrity and mitochondrial function were
better preserved in the BSA5 group compared to the control group. It was determined that high doses of BSA (5 mg/mL, 7.5 mg/mL and 10
mg/mL) affected acrosome reaction. The highest acrosome reaction rates were obtained in BSA10 groups in 6 h and 10 h incubation (P<0.05).
TUNEL assay demonstrated that there were no differences among groups for DNA fragmentation at post-thaw and during incubation periods.
The study shows that BSA supplemented extenders may have beneficial effect on ram semen parameters at 0 h, 6 h and 10 h of incubation.
The results of the present study demonstrated a remarkable advantage of using 5 mg/mL of BSA in 1% lecithin-based extender.
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Sigir Serum Albumini ilave Edilmis Lesitin Bazl Sulandirici ile Sulandirilan
Ko¢ Spermasinin Dondurma-Cozdiirme Sonrasi Uzun Siireli

Inkiibasyon Direnci

Oz

Bu calismanin amaci kog¢ spermasinin dondurma ¢ézdiirme sonrasi ve inkiibasyon direnci g6z 6niine alinarak (0, 6 ve 10. saatler) lesitin
bazli sulandirici i¢in uygun Sigir Serum Albumini BSA konsantrasyonunun belirlenmesidir. Bu amagla 5 kogtan sperma ornekleri alinmistir.
Alinan spermalar bir araya getirildikten sonra final konsantrasyonu 150x106 spermatozoon/mL olacak sekilde farkli dozlarda BSA iceren (2.5
mg/mL, 5 mg/mL, 7.5 mg/mL and 10 mg/mL) ve icermeyen (kontrol) soya fasilyesi lesitini bazl sulandiricilarla sulandiriimistir. Spermanin
degerlendirilmesi amaciyla motilite, plazma membran fonksiyonel biittinligl (HOST), mitokondriyal aktivite (Rhodamine123), kapasitasyon
statiisii (CTC) ve DNA biitiinligii degerlerine bakilmistir. inkiibasyonun sonunda (10. saat) BSA5 grubunun maotiliteyi, plazma membran
fonksiyonel butilinltigu ve mitokondriyal fonksiyonu diger gruplara gore daha fazla korudugu goériilmustir. BSA'nin yiikselen dozlari (5 mg/
mL, 7.5 mg/mL and 10 mg/mL) akrozom reaksiyonunu etkilemektedir. inkubasyonun 6 ve 10. saatlerinde en yiiksek akrozom reaksiyonu
oranlari BSA10 grubunda gézlemlenmistir (P<0.05). TUNEL sonuclari g6z 6niine alindiginda; ¢ézdiirme ve inklibasyon sonrasi gruplar arasi
DNA butunligi bakimindan bir fark olmadigr gorilmektedir. Calisma sonucunda; sulandiriciya BSA ilave edilmesinin inkubasyonun 0, 6

ve 10. saatlerinde ko¢ sperm parametreleri lizerinde yararli etkisi oldugu goérilmektedir. Calisma sonucu elde edilen veriler géz 6niine
alindiginda %71 lesitin bazl sulandirictya 5 mg/mL BSA ilavesinin dnemli bir avantaj olusturdugu gérilmektedir.

Anahtar sézciikler: Sigir serum albumini, Kriyoprezervasyon, inkiibasyon drenci, Ko¢ spermasi
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INTRODUCTION

Semen cryopreservation is the pillar of the reproductive
biotechnology ™. This reversible process brings semen
metabolism to a standstill, in this way it is possible to
storage genetic material throughout long time 2. Even
though cryopreservation is a reversible operation, there
are some detrimental effects (cold shock, ice crystallization,
lipid peroxidation etc.) of this process 3. These adverse
effects may cause irreversible decrease on motility, viability
and fertilization ability of spermatozoa “*. Therefore, the
success of semen cryopreservation depends on minimizing
the adverse effects and maintaining the post-thaw semen
quality "\ There are a lot of research, aim of which was
to increase success of ram semen cryopreservation with
different procedures and additives ©°,

Lecithin is a low-density lipoprotein fraction that is mainly
found in plants and plays an important role in the regulation
of an animal cells’ bio-membrane ", In addition, it is used
for semen cryopreservation either as an ingredient of egg
yolk or as an extracted substance "2, Many researchers
have obtained acceptable post-thaw semen parameters
with using lecithin-based extender ['""'% but upgrading
these results is possible with optimized lecithin base
extenders.

Bovine Serum Albumine (BSA) has multifunctional effect on
sperm with its macromolecular structure and antioxidant
capacity. Therefore, BSA increases the post-thaw motility ['"'®,
protects the membrane against cold shock ' maintains
DNA integrity during freezing-thawing and incubation
periods ¥, In addition, it induces the capacitation 92
and acrosome reaction '\ In brief; BSA not only protect
the spermatozoa against freezing-thawing process but
also stimulates the capacitation and acrosome reaction.
Besides, BSA increase the possibility of sperm-zona
pellucida interactions and fertility results. As a consequence
of these, BSA supplemented extenders are used for
cryopreservation or liquid storage of bull 8, ram 2%, goat 324,
stallion 2°, buffalo 2%, rabbit *”and turkey semen 28,

Many researchers used lecithin or BSA based extenders
to improve post-thaw quality and fertilization ability of
spermatozoa ['6182021.28] However, collaborate using of
these ingredients for ram semen cryopreservation has not
been performed yet. The aim of this study was determining
the appropriate dose of BSA in lecithin-based extenders
for improving motility, viability, DNA integrity in 0 h, 6 h
and 10 h of incubation. Also, we aimed to recognize the
capacitation and acrosome reaction of ram spermatozoa
at the same time periods.

MATERIAL and METHODS

Scientific Ethical Committee (Uludag University, Bursa,
Turkey) have approved all issues concerning the experimental
setups and evaluation techniques (2015-07/03).

Chemicals

All chemicals used in the study were obtained from Merck
(Darmstadt, Germany) and Sigma (St. Louis, MO, USA).

Experimental Design

This study was designed to evaluate the efficacy of BSA
supplementation to the extender in ram sperm cryo-
preservation. Therefore, we used various concentrations
of BSA (0 mg/mL, 2.5 mg/mL, 5 mg/mL, 7.5 mg/mL or 10
mg/mL) in lecithin-based extenders during non-breeding
season.

Semen Extender Preparation

Extenders contained 223.7 mM Tris, 55.5 mM fructose, 66.6
mM citric acid, 100.4 mM Trehalose, 4.03 mM EDTA, 1 mM
cysteine, 4 g/L penicillin G, 3 g/L dihydrostreptomycin, 1%
lecithin in distilled water. Relevant concentrations of BSA
according to experimental design added to each group of
extenders, but the control.

Semen Collection and Dilution

Semen collection from Kivircik Rams, which were maintained
with same conditions at Uludag University, Faculty of
Veterinary Medicine in Bursa, Turkey, was performed by
electrically stimulated ejaculation (Ruakura Ram Probe
Plastic Products, Hamilton, New Zealand) five times in
every other day. After the collection, the ejaculates were
transferred to a water bath (37°C). Rapid wave motion
and motility evaluated by phase-contrast microscope
(Olympus BX51, Olympus Optical Co., Tokyo, Japan) with
a warm slide (37°C). Spermatozoa concentration on native
semen was evaluated with hemocytometric method.
For this purpose, semen was diluted with alcohol (1:200
semen/semen-alcohol dilution) then the solution was
dropped to Thoma'’s Couting Slide and the concentration
of spermatozoa were counted. Ejaculates have rapid
wave (>+3 on 0-5 scale), >75% motility and >1.0x10°
spermatozoon/mL were chosen for cryopreservation. In
order to eliminate individual differences, ejaculates were
pooled.

Briefly, pooled ejaculate was split into five equal aliquots
and diluted (37°C) to final concentration of approximately
150x10° (spermatozoon/mL) with BSA supplemented
extenders and control extender. Within 1 h, diluted semen
was gradually cooled to 4°C and then equilibrated for 2 h
at4°C.

Semen Freezing and Thawing

After the equilibration, semen was loaded into 0.25 mL
French straws. Semen was frozen at 3°C/min from +5°C
to -8°C and at 15°C/min from -8°C to -120°C in liquid
nitrogen vapor using the Nicool Plus PC freezing machine
(Air Liquide, Marne-la-Vallée Cedex 3, France). The straws
were then plunged into liquid nitrogen at -196°C where
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they were stored. Three straws from each group were
thawed at 37°C for 30 s in a water bath and incubated in
humidified air chamber with 5% CO,for 10 h at 39°C to
evaluate post-thaw semen characteristics.

Semen Evaluation

We evaluated sperm motility, plasma membrane integrity
(hypoosmotic swelling test [HOST]), mitochondrial activity,
(R123; Invitrogen TM, Eugene, OR, USA), capacitation status
(Chlortetra cycline [CTC) staining) and DNA integrity (using
terminal deoxynucleotidyl transferase-mediated dUTP
nick-end labeling [TUNEL]) at three-time points (post-thaw
at0 h,6 hand 10 h). All processes and measurements were
conducted by the same person during the study. Sperm
motility was assessed subjectively using a phase-contrast
microscope (400x) with a warm slide (37°C).

Assessment of plasma membrane functional integrity
was performed with HOST test described by Leboef et
al.?? with little modification B%. Mitochondrial activity
was evaluated using a combination of fluorescent stains,
Rhodamine 123 (R123) and Pl methodology of Fraser et al.
was used to performe BY, Capacitation status evaluation
was performed as described by Pérez et al.B?. For the
TUNEL technique, we used the In Situ Cell Death Detection
Kit with fluorescein (Roche Diagnostics GmbH, Mannheim,
Germany) according to the manufacturer’s protocol with
slight modifications 3.,

Statistical Analysis

All data obtained from study were analyzed using SPSS
(SPSS 20.0 for Windows; SPSS, Chicago, IL, USA). Data
were represented as mean = standard deviation. Shapiro
Wilk test was used as normality test. Means of obtained
semen parameters were analyzed using Kruskal Wallis

test. Statistical differences between the various treatment
group means were determined by Mann Whitney U test.
Differences with values of P<0.05 were considered to be
statistically significant.

RESULTS

The standard semen parameters of the BSA were evaluated
in 5 independent experiments by the same person. Per-
centages of sperm motility, plasma membrane functional
integrity, mitochondrial activity and DNA fragmentation
were indicated in Table 1. Capacitation status are showed
in Table 2.

Sperm motility was progressively reduced after incubation
(Fig. 1) (P<0.001). Post-thaw sperm motility rates in BSA7.5
group was higher than the control and BSA2.5 groups at 0
h (P<0.05). After 6 h incubation, BSA2.5 group had higher
motility rate than the control group (P<0.05). At the end of
the 10 h incubation, mean motility rates better preserved
in the BSA2.5, BSA7.5 and BSA10 groups than the control
groups (P<0.05). The highest percentage of motility was
observed in BSA5 group at post-thaw and incubation
periods (P<0.05).

Plasma membrane functional integrity deteriorated after
post-thaw and incubation (P<0.001). Membrane functional
integrity was better preserved in the BSA7.5 and BSA10
groups than the control group at 0 h (P<0.05). The BSA2.5
group had higher membrane integrity percentage than
the control group at 6 h (P<0.05). After 10 h incubation,
the similar result was obtained in the BSA2.5, BSA7.5 and
BSA10 groups (P>0.05). Membrane integrity was protected
in BSA5 group compared to the other groups (P<0.05).

Mitochondrial function decreased with the freeze-thaw
process (P<0.001). While, post-thaw mitochondrial function

Table 1. The mean of studied sperm resilience parameters on different extender groups

Incubation Period Grany Motility HOST MitocI!ondrial DNA Fragmentation
(h) (%) (%) Function (%) (%)
Control 53.00+2.54° 63.40+3.25° 58.0+1.46° 4.75+0.96
BSA 2.5 54.00+2.07° 65.40+2.13% 59.4+2.13° 5.00+0.82
0 BSA 5 61.00+£2.07¢ 71.20+3.88¢ 68.0+2.36° 4.60+0.55
BSA 7.5 57.00+2.54° 67.00+1.46° 63.6+4.22° 5.00+1.15
BSA 10 56.00+2.07%° 67.40+2.75° 63.6+3.50° 5.75+1.26
Control 22.00+4.14° 32.20+3.17° 26.8+1.78° 9.75+2.50
BSA 2.5 26.00+3.87° 36.40£1.92° 30.20+2.57° 9.60+1.14
6 BSA 5 35.00+3.27¢ 43.40+4.56¢ 38.60+2.50¢ 8.40+1.14
BSA 7.5 25.00+3.27% 34.60+3.85% 29.40+4.37% 9.00+0.82
BSA 10 24.00+3.87°° 35.20+4.16% 30.80+4.00° 10.20+0.84
Control 2.00+2.54° 10.40+3.50° 7.20+2.01° 19.67+1.15
BSA 2.5 6.00+2.07° 13.40+2.41° 11.4042.32° 18.25+2.22
10 BSA 5 12.00+2.54¢ 21.00+2.17¢ 20.40+3.62¢ 18.00+1.41
BSA 7.5 8.00+2.54° 12.2042.57%° 14.20+2.88° 19.50+3.32
BSA 10 7.00+2.54° 13.40+1.80° 13.60+3.96° 19.50+4.20
ab¢<Values with different superscripts in the same column for each of incubation time are significantly different (P<0.05)
Data is presented in Mean+ S.D.
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Table 2. Effect of BSA on capacitation status of frozen-thawed sperm

Incubation Period () Uncapacitated Capacitated Acrosome Reacted
(h) (%) (%)
Control 24.40+1.82° 58.20+0.84° 17.80+2.68
BSA 2.5 22.20+1.30° 58.80+1.48° 19.00+1.41
0 BSA 5 22.60+3.05° 59.40+2.30° 18.00+4.47
BSA7.5 17.80+1.30° 64.00+2.34° 18.20+1.79
BSA 10 15.20+2.28° 67.40+2.41° 17.40+1.14
Control 14.40+2.61° 66.40+1.52° 19.20+1.92°
BSA 2.5 15.20+1.10* 65.40+0.89%° 19.40+1.34°
6 BSA 5 17.80+1.30° 61.40+2.07° 20.60+1.52°
BSA 7.5 11.00+1.41°¢ 63.00+3.08%° 26.00+3.81°
BSA 10 9.60+0.55¢ 63.40+2.41%° 27.00+2.12°
Control 6.80+0.84° 58.80+1.79 34.40£1.522
BSA 2.5 6.60+1.52° 58.60+2.07 34.80£1.10°
10 BSA 5 6.00£0.71%° 57.60+1.34 36.40+1.14%°
BSA 7.5 4.40+1.145¢ 56.20+2.59 39.40+1.82"
BSA 10 3.60+0.89¢ 54.60+4.39 41.80+4.09¢

Data is presented in Mean+ S.D.

ab<\alues with different superscripts in the same column for each of incubation time are significantly different (P<0.05)
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Fig 1. The motility results of the experiment
groups during incubation
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values at 0 h in BSA7.5 and BSA10 groups were higher
than the BSA2.5 and control groups. After 6 h incubation,
BSA2.5 and BSA10 group had higher mitochondrial function
rate than the control group (P<0.05). At the end of the 10
h incubation, mitochondrial function was successfully
preserved in BSA2.5, BSA7.5 and BSA10 groups compared
to the control group (P<0.05). Similar to motility and
plasma membrane integrity, the best mitochondrial
function was obtained for the BSA5 group compared to
the other groups (P<0.05).

The post-thaw and after incubation DNA damaged
spermatozoa percentages were not statistically significant
in all groups (P>0.05).

Post-thaw uncapacitated and capacitated status in control,
BSA2.5 and BSA5 groups were higher than the other
groups (P<0.05) In addition, acrosome reacted (AR) values
were not significant among groups. After 6 h incubation,
uncapacitated rates in BSA7.5 and BSA10 groups were

lower than the compared to the other groups (P<0.05).
Capacitation rates in control group were higher than the
BSA5 group (P<0.05). AR rates in BSA7.5 and BSA10 groups
were higher than the other groups (P<0.05). At the end of
the 10 h incubation, uncapacitated rates in control and
BSA2.5 groups were higher than the BSA7.5 and BSA10
groups (P<0.05). Capacitated rates were not significant
between groups. AR rates in BSA10 groups were higher
than the control, BSA2.5 and BSA5 groups (P<0.05).

DISCUSSION

Cryopreservation process have a detrimental effect on
spermatozoa because of temperature change, cold shock,
ice crystallization and lipid peroxidation. These restrictive
effects provoke to decrease of motility, viability, mitochondrial
membrane function, DNA integrity and fertilizing ability of
spermatozoa "', Various supplements were tested to
minimize the adverse effect of cryopreservation ©-121416:28],
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Bovine serum albumin is one of the attempted supplements,
because of a good amino acid profile and protective
functions 72" In the present study, we compared the
effect of exogenous addition of BSA in lecithin-based
extender on ram semen quality at post-thaw and during
the incubation periods.

Motility is one of the essential semen quality parameters
as an indicator of attaining to oocyte 3. The post-thaw
motility values of ram semen cryopreserved with lecithin-
based extender ranged between 31.0% - 48.1% 5111434,
Our post-thaw motility results clearly higher than these
studies.Goodinteraction betweenlecithin-BSAcouldbethe
reason of these results. BSA stimulates sperm motility 11734
but there is no enlightening explanation about mechanism
of its stimulative effect "\ In our study; although BSA
supplementation prompted to clear increase on motility,
BSA2.5 group had not sufficient effect to make statistical
difference at all incubation times. BSA5 group had better
motility values than other groups at post thaw and after
incubation (P<0.05). When sufficient BSA doses (BSAS5,
BSA7.5, BSA10) were compared among each other, it was
shown that increasing doses of BSA caused gradually
decrease on motility.

The sperm-environment interaction is performed with
plasma membranes that have an essential role in sperm
metabolism 2!, Therefore, plasma membrane integrity is
important for capacitation, acrosome reaction and finally
oocyte fusion of sperm 3. However, plasma membrane
permeability and integrity get harmed from cold shock
and lipid peroxidation (LPO) 23, Cold shock causes
phase transition of membrane lipids and then plasma
membrane could lose its selective permeability 5¢. The
protection against cold shock is possible with increasing
the fluidity of membrane B7.. The protective effect of BSA
against cold shock is based on this expected impact.
BSA attaches to the sperm membrane then changes
sperm membrane lipid composition and decreases to
phospholipid concentration ", The proper protection
against cold shock could be evaluated with assessment
of plasma membrane functional integrity. HOST is the
optimized test for detecting the subtle changes of sperm
membrane functional integrity 5°.. In the present study, the
HOST values in BSA5 group were higher than in the other
groups at post-thaw and after incubation (P<0.05). The
HOST values are in a good agreement with the previous
researches 111228331,

The negative effect of cold shock and LPO is not only
limited to losing of plasma membrane integrity, but
also the organelle membranes suffered from them as
well. Membrane integrity loses lead to malfunction or
dysfunction of organelles *®. When reactive oxygen species
(the result of cooling, cold shock or cryostress) induce
mitochondrial membrane damage for this reason ATP
synthesis is interrupted and consequently spermatozoon

loss its motility and metabolism function 8. Therefore,
mitochondrial membrane function is important for sperm
fertilization ability. In the current study, sperm mito-
chondrial function was assessed by R123 fluorescent
staining. The BSA5 group protected mitochondrial activity
properly and this protective effect proceeded reach up to
10 h incubation.

Capacitationandacrosomereactionare essential forthelast
journey of spermatozoon. It has been related with sperm
penetration and fusion to zona pellucida ®°. The trigger
of capacitation process is the increment of intracellular
calcium concentration so it can be regarded as a key factor
that regulating induction of sperm capacitation . The
BSA promotes Ca*? to influx into spermatozoon and rises
intracellular Ca** concentration. In this way it stimulates
sperm membrane reorganization “. In the study, there
was no statistical difference between low doses BSA and
control for uncapacitated spermatozoa rates at 0 h. It is not
an undesirable result because higher rate of capacitated
spermatozoa at 0 h may be the indicator of precapacitation.
Considering the progressive times of incubation, higher
BSA doses decreased the capacitated spermatozoa rates.
The decrease of capacitated sperm with higher dose BSA
groups was relevant with the increase of acrosome reacted
sperm. Briefly, higher doses of BSA was induce acrosome
reaction and the highest results of 6 h and 10 h was
obtained with BSA10 (P<0.05).

The other adverse effect of cryopreservation is the DNA
damage #*#2, On the contrary of the other assessment
methods; DNA integrity is not the direct indicator of sperm
fertilizing ability 2. It is important for identification of
seriouslydamaged spermatozoaand embryo development
ability 2. According to our data; there were no difference
among DNA integrities of control or BSA groups. In many
studies using ram spermatozoa, the post-thaw and after
6 h incubation results of DNA fragmentation rates are in
a rate between 3.6%-11.9% ['23>4land 5.8%-12.4% !'>43
respectively. In our study, similar DNA fragmentation rates
were obtained.

The results of the present study indicated that BSA5 group
preserved sperm motility, plasma membrane functional
integrity and sustained mitochondrial activity better than
both BSA-free and higher doses of BSA supplemented
extenders throughout freezing-thawing and incubation
period. Considering to all sperm parameters mentioned
above; BSA5 group was the optimum for ram semen
preservation. Beneficial effect of BSA supplementation
looked promising to increase the utility of lecithin-based
extender for ram spermatozoa. Future studies should be
aimed at confirming the usefulness of the supplementation
with BSA5 group regarding field fertility.

ACKNOWLEDGEMENTS

This work was supported by the Uludag University Scientific



296

Long Term Incubation Resilience ...

Research Projects Unit, Bursa, Turkey, (BAP) (Project number:
KUAP (V)-2015/55

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

REFERENCES

1. Salamon S, Maxwell WM: Storage of ram semen. Anim Reprod Sci, 62,
77-111,2000. DOI: 10.1016/50378-4320(00)00155-X

2. Holt WV, Penfold LM: Fundamental and practical aspects of semen
cryopreservation. In, Chenoweth P, Lorton S (Eds): Animal Andrology:
Theories and Applications, 76-99, CAB International CABI, Wallingford
Oxfordshire, 2014. DOI: 10.1079/9781780643168.0076

3. Fiser PS, Fairfull RW: The effects of rapid cooling (cold shock) of
ram semen, photoperiod, and egg yolk in diluents on the survival of
spermatozoa before and after freezing. Cryobiology, 23, 518-524, 1986.
DOI: 10.1016/0011-2240(86)90061-1

4. O’Connell M, McClure N, Lewis SEM: The effects of cryopreservation
on sperm morphology, motility and mitochondrial function. Hum Reprod,
17 (3): 704-709, 2002. DOI: 10.1093/humrep/17.3.704

5. Ustuner B, Alcay S, Toker MB, Nur Z, Gokce E, Sonat FA, Gul Z,
Duman M, Ceniz C, Uslu A, Sagirkaya H, Soylu MK: Effect of rainbow
trout (Oncorhynchus mykiss) seminal plasma on the post-thaw quality
of ram semen cryopreserved in a soybean lecithin-based or egg yolk-
based extender. Anim Reprod Sci, 164, 97-104, 2016. DOI: 10.1016/J.
ANIREPROSCI.2015.11.017

6. Yildiz S, Oztiirkler Y, Ari UC, Lehimcioglu NC, Atakisi E, Kulaksiz R:
The effects of I-ergothioneine, n-acetylcystein and cystein on freezing of
ram semen. Kafkas Univ Vet Fak Derg, 21 (1): 81-86, 2015. DOI: 10.9775/
kvfd.2014.11792

7. Ari UC, Kulaksiz R, Ozturkler Y, Lehimcioglu NG, Yildiz S: Effect of
n-acetylcysteine (NAC) on post-thaw semen quality of Tushin rams. Kafkas
Univ Vet Fak Derg, 22 (6): 883-887,2016. DOI: 10.9775/kvfd.2016.15558

8. Ari UC, Kulaksiz R, Ozturkler Y, Yildiz S, Lehimcioglu NC: Effect
of L -(+)-ergothioneine (EGT) on freezability of ram semen. Int J Anim Vet
Adyv, 4 (6): 378-383,2012.

9. Ozturkler Y, Ari UC: Additives used In extenders to improve the
freezability of ram semen in recent years: A mini review. Agric Biol, 52 (2):
242-250,2017.

10. Ari UC, Kulaksiz R, Ozturkler Y: Freezability of tushin ram semen
extended with goat or cow milk based extenders. Reprod Domest Anim,
46 (6): 975-979,2011.DOI: 10.1111/j.1439-0531.2011.01769.x

11. Ustuner B, Alcay S, Nur Z, Soylu MK: Effect of egg yolk and soybean
lecithin on tris-based extender in post-thaw ram semen quality and in
vitro fertility. Kafkas Univ Vet Fak Derg, 20, 393-398, 2014. DOI: 10.9775/
kvfd.2013.10248

12. Toker MB, Alcay S, Gokce E, Ustuner B: Cryopreservation of ram
semen with antioxidant supplemented soybean lecithin-based extenders
and impacts on incubation resilience. Cryobiology, 72, 205-209, 2016. DOI:
10.1016/J.CRYOBIOL.2016.05.001

13. Masoudi R, Sharafi M, Zare Shahneh A, Towhidi A, Kohram
H, Zhandi M, Esmaeili V, Shahverdi A: Effect of dietary fish oil
supplementation on ram semen freeze ability and fertility using soybean
lecithin-and egg yolk-based extenders. Theriogenology, 86, 1583-1588,
2016.DOI: 10.1016/j.theriogenology.2016.05.018

14. Mehdipour M, Daghigh Kia H, Nazari M, Najafi A: Effect of lecithin
nanoliposome or soybean lecithin supplemented by pomegranate
extract on post-thaw flow cytometric, microscopic and oxidative
parameters in ram semen. Cryobiology, 78, 34-40, 2017. DOI: 10.1016/J.
CRYOBIOL.2017.07.005

15. Motlagh MK, Sharafi M, Zhandi M, Mohammadi-Sangcheshmeh
A, Shakeri M, Soleimani M, Zeinoaldini S: Antioxidant effect of rosemary
(Rosmarinus officinalis L.) extract in soybean lecithin-based semen
extender following freeze-thawing process of ram sperm. Cryobiology,

69, 217-222,2014. DOI: 10.1016/J.CRYOBIOL.2014.07.007

16. Najafi A, Daghigh-Kia H, Dodaran HV, Mehdipour M, Alvarez-
Rodriguez M: Ethylene glycol, but not DMSO, could replace glycerol inclusion
in soybean lecithin-based extenders in ram sperm cryopreservation. Anim
Reprod Sci, 177, 35-41,2017. DOI: 10.1016/J.ANIREPROSCI.2016.12.004

17. Uysal O, Bucak MN: Effects of oxidized glutathione, bovine serum
albumin, cysteine and lycopene on the quality of frozen-thawed ram
semen. Acta Vet Brno, 76, 383-390, 2007. DOI: 10.2754/avb200776030383

18. Uysal O, Bucak MN, Yavas |, Varisli O: Effect of various antioxidants
on the quality of frozen-thawed bull semen. J Anim Vet Adv, 6, 1362-1366,
2007.

19. Davis BK, Byrne R, Hungund B: Studies on the mechanism of
capacitation. Il. Evidence for lipid transfer between plasma membrane
of rat sperm and serum albumin during capacitation in vitro. Biochim
Biophys Acta, 558, 257-266, 1979. DOI: 10.1016/0005-2736(79)90260-8

20. Xia J, Ren D: The BSA-induced Ca?* influx during sperm capacitation
is CATSPER channel-dependent. Reprod Biol Endocrinol, 7:119, 2009. DOI:
10.1186/1477-7827-7-119

21. Hossain MS, Hyeong LJ, Miah AG, Tsuju H: Effect of fatty acids
bound to bovine serum albumin-V on acrosome reaction and utilization
of glucose in boar spermatozoa. Reprod Med Biol, 6, 109-115, 2007. DOI:
10.1111/j.1447-0578.2007.00173.x

22.GokceE, Alcay S, Gul Z: Positive effect of BSA supplemented soybean
lecithin based extender on liquid storage of ram semen at 5°C. Ankara
Univ Vet Fak Derg, 64,313-320, 2017.

23.AmidiF, Farshad A, Khor AK: Effects of cholesterol-loaded cyclodextrin
during freezing step of cryopreservation with TCGY extender containing
bovine serum albumin on quality of goat spermatozoa. Cryobiology, 61,
94-99, 2010. DOI: 10.1016/j.cryobiol.2010.05.006

24, Anghel A, Zamfirescu S, Dragomir C, Nadolu D, Elena S, Florica B:
The effects of antioxidants on the cytological parameters of cryopreserved
buck semen. Rom Biotechnol Lett, 15 (3): 26-32, 2010.

25, Ball BA, Medina V, Gravance CG, Baumbe J: Effect of antioxidants
on preservation of motility,viability and acrosomal integrity of equine
spermatozoa during storage at 5°C. Theriogenology, 56, 577-589, 2001.
DOI: 10.1016/50093-691X(01)00590-8

26. Akhter S, Rakha BA, Igbal R, Ansari MS: Effect of bovine serum
albumin on motility, plasmalemma, viability and chromatin integrity of
buffalo bull spermatozoa. Pakistan J Zool, 46, 115-120, 2014.

27. Sariozkan S, Turk G, Canturk F, Yay A, Eken A, Akcay A: The effect
of bovine serum albumin and fetal calf serum on sperm quality, DNA
fragmentation and lipid peroxidation of the liquid stored rabbit semen.
Cryobiology, 67, 1-6, 2013. DOI: 10.1016/j.cryobiol.2013.04.002

28. Bakst MR, Cecil HC: Effect of bovine serum albumin on motility and
fecundity of turkey spermatozoa before and after storage. J Reprod Fertil,
94, 287-293, 1992. DOI: 10.1530/jrf.0.0940287

29. Leboeuf B, Le Vern Y, Furstoss V, Kerboeuf D, Guillouet P,
Magistrini M: Response of goat sperm to hypoosmotic steps modelled
probit analysis. Anim Reprod Sci, 91, 265-274, 2006. DOI: 10.1016/j.
anireprosci.2005.04.014

30. Alcay S, Gokce E, Toker MB, Onder NT, Ustuner B, Uzabaci E, Gul
Z, Cavus S: Freeze-dried egg yolk based extenders containing various
antioxidants improve post-thawing quality and incubation resilience
of goat spermatozoa. Cryobiology, 72, 269-273, 2016. DOI: 10.1016/j.
cryobiol.2016.03.007

31. Fraser L, Lecewicz M, Strzezek J: Fluorometric assessments of
viability and mitochondrial status of boar spermatozoa following liquid
storage. Pol J Vet Sci, 5, 85-92, 2002.

32. Pérez L), Valcarcel A, de las Heras MA, Moses DF, Baldassarre
H: In vitro capacitation and induction of acrosomal exocytosis in ram
spermatozoa as assessed by the chlortetracycline assay. Theriogenology,
45,1037-1046, 1996. DOI: 10.1016/0093-691X(96)00031-3

33.Nur Z, Zik B, Ustuner B, Sagirkaya H, Ozguden CG: Effects of different
cryoprotective agents on ram sperm morphology and DNA integrity.
Theriogenology, 73, 1267-1275, 2010. DOI: 10.1016/J.THERIOGENOLOGY.
2009.12.007


https://www.sciencedirect.com/science/article/pii/S037843200000155X?via%3Dihub
https://www.cabi.org/cabebooks/ebook/20143171293
https://www.sciencedirect.com/science/article/pii/0011224086900611?via%3Dihub
https://academic.oup.com/humrep/article/17/3/704/642300
https://www.sciencedirect.com/science/article/pii/S0378432015300610?via%3Dihub
http://vetdergi.kafkas.edu.tr/extdocs/2015_1/81-86.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2016_6_1/883-887.pdf
http://maxwellsci.com/print/ijava/v4-378-383.pdf
http://www.agrobiology.ru/2-2017ozturkler-eng.html
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1439-0531.2011.01769.x
http://vetdergi.kafkas.edu.tr/extdocs/2014_3/393-398.pdf
https://www.sciencedirect.com/science/article/pii/S0011224016300438?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X16302187?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0011224017300019?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0011224014001953?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0011224014001953?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0378432016304948?via%3Dihub
https://actavet.vfu.cz/76/3/0383/
https://www.medwelljournals.com/abstract/?doi=javaa.2007.1362.1366
https://www.sciencedirect.com/science/article/pii/0005273679902608?via%3Dihub
https://rbej.biomedcentral.com/articles/10.1186/1477-7827-7-119
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1447-0578.2007.00173.x
https://www.cabdirect.org/cabdirect/abstract/20173356684
https://www.sciencedirect.com/science/article/pii/S001122401000088X?via%3Dihub
https://www.rombio.eu/rbl3vol15Supplement/4.Andreea.pdf
https://www.sciencedirect.com/science/article/pii/S0093691X01005908?via%3Dihub
http://zsp.com.pk/pdf46/115-120%20(16)%20PJZ-1279-13%208-1-14%20Akhter%20et%20al.%20%20Revised%20Manuscript.pdf
https://www.sciencedirect.com/science/article/pii/S001122401300120X?via%3Dihub
https://rep.bioscientifica.com/view/journals/rep/94/2/jrf_94_2_001.xml
https://www.sciencedirect.com/science/article/pii/S0378432005001065?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0011224016300189?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0093691X96000313?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0093691X10000440?via%3Dihub

297

ALCAY, TOKER, GOKCE
ONDER, USTUNER, NUR

34. Matsuoka T, Imai H, Kohno H, Fukui Y: Effects of bovine serum
albumin and trehalose in semen diluents for improvement of frozen-
thawed ram spermatozoa. J Reprod Develop, 52, 675-683, 2006. DOI:
10.1262/jrd.18033

35. Maxwell WM, Salamon S: Liquid storage of ram semen: A review.
Reprod Fertil Dev, 5, 613-638, 1993. DOI: 10.1071/RD9930613

36. El-Kon I: Testing usability of bovine serum albumin (BSA) for
preservation of egyptian buffalo semen. Am Eurasian J Agric Environ Sci,
11,495-502, 2011.

37.FangL, BaiC, ChenY, DaiJ, XiangY, Ji X, Huang C, Dong Q: Inhibition
of ROS production through mitochondria-targeted antioxidant and
mitochondrial uncoupling increases post-thaw sperm viability in yellow
catfish. Cryobiology, 69, 386-393, 2014. DOI: 10.1016/j.cryobiol.2014.09.005
38. Bedford JM: Significance of the need for sperm capacitation before
fertilization in eutherian mammals. Biol Reprod, 28, 108-120, 1983.

39. Baek S, Lee ST, Hwang JY, Park KH, Yun JI: Identification of
capacitation inducers customized to sperm retrieved from inbred mouse

epididymis. Biochem Biophys Res Commun, 488, 273-277, 2017. DOI:
10.1016/J.BBRC.2017.04.152

40.Visconti PE: Understanding the molecular basis of sperm capacitation
through kinase design. Proc Natl Acad Sci U S A, 106, 667-668, 2009. DOI:
10.1073/pnas.0811895106

41.Lépez-Fernandez C, Fernandez JL, Gosalbez A, Arroyo F, Vazquez
JM, Holt WV, Gosalvez J: Dynamics of sperm DNA fragmentation
in domestic animals Ill. Ram. Theriogenology, 70, 898-908, 2008. DOI:
10.1016/j.theriogenology.2008.04.055

42, Alcay S, Ustuner B, Nur Z: Effects of low molecular weight
cryoprotectants on the post-thaw ram sperm quality and fertilizing ability.
Small Ruminant Res, 136, 59-64, 2016. DOI: 10.1016/J.SMALLRUMRES.
2016.01.009

43. Alcay S, Toker MB Gokce E, Gul Z, Onder NT, Ustuner B, Nur Z,
Sagirkaya H, Soylu MK: Improvement of incubation resilience with
various antioxidants in cryopreserved ram semen. Erciyes Univ Vet Fak
Derg, 14 (3): 183-190, 2017.


https://www.jstage.jst.go.jp/article/jrd/52/5/52_5_675/_article
http://www.publish.csiro.au/rd/RD9930613
https://pdfs.semanticscholar.org/d257/ae0056871eab7786dc334a8cea4b6e474f4f.pdf
https://www.sciencedirect.com/science/article/pii/S0011224014002491?via%3Dihub
https://watermark.silverchair.com/biolreprod0108.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAm0wggJpBgkqhkiG9w0BBwagggJaMIICVgIBADCCAk8GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMdXskZ_kQEiaULqMHAgEQgIICIF6GaLoOU7CW_CFOYiWO1CMKVQdFE4wfhH2wcPhlGFwV_fHumolspIRgHByl-_SSoGZGdMhZYVcEYxH2DS-2bMqFFfn1V6nshQNMc40K6JiSlg27KH7kJAMvlslQ5OaZzDwgj9cR7xuUHBFxy_njSG08Bee0USpNOkT9QZaX-TXzMB7w7VHZMovR08zOTbou6N_AOcxK6HxgOZQvGFsLGvu59lIUCxQyDKPG5nkYCD_L5HQedS78etdDI5AkF0zqxEI2SUaXapdgGbTZwOCF9oCxHclglp3A_i0YTbZ4FqQgZHx7k9qTP_WepWST8U4VroLmIRk4whNXXedROSNa2ULN2JdeiJ7OLu08NUuyCBrAQ9rw9tM80qG7JP3MwmIXW1BdAhokXxbeleVV9d2QvjKOfB4xcXxOgkQ1em87VMCHC684MZ5QqSVBIaDFQ6mMYnnrDLb_8c5alvkOYsi2p050uoSm6U4bYmAFvbYv_bV4_qIPzEoXtVWuht6MtivQctEMVTsQgXfHWQbZF3B_9kyo7xgmT3Vbzohrvrdh2AM5i66aZskYZYFXyiT9rKZptde6_x4ennISjkcHo3pN0KSEZPI1L-IXYRUatT8LxdxTPpIw1ouwXzttl7UPpFSiwtjHJ1Uv8uTVYeG8B69XlvoHDWl6cicFuuvW8yQhYOz9cNTuKfi7s4wOeAEq1WYk9vzPgqPfKXuRCSf3c1hffWM
https://www.sciencedirect.com/science/article/pii/S0006291X17308410?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0006291X17308410?via%3Dihub
http://www.pnas.org/content/106/3/667
https://www.sciencedirect.com/science/article/pii/S0093691X08003105?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0921448816300098?via%3Dihub
http://dergipark.gov.tr/download/article-file/392006



