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Positive effect of BSA supplemented soybean lecithin based extender
on liquid storage of ram semen at 5°C
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Summary: The aim of the study was to evaluate different BSA doses in soybean-lecithin based extenders for liquid storage of
ram semen. Pooled semen was divided into four equal volumes and diluted in a single-step dilution method with BSA supplemented
(BSA5, BSA7.5, BSA10 groups supplemented 5mg/mL, 7.5mg/mL, 10mg/mL BSA respectively) and BSA-free (control) extenders.
Semen samples were assessed for sperm motility, plasma membrane functional integrity using hypo-osmotic swelling test (HOST),
damaged acrosome using FITC-Pisum sativum agglutinin (PSA-FITC) at 0, 24, 48 and 72h of storage at 5 °C. Antioxidant activities
of groups at 0 and 72h were measured with glutathionine (GSH) concentration, membrane lipid peroxidation status was analyzed using
the malondialdehyde (MDA) concentration. Antioxidant capacity of extender also was measured with 2,2-Diphenyl-1-picrylhydrazyl
(DPPH) and Dichloro-dihydro-fluorescein diacetate (DCFH-DA) assays. In the study, BSA (5mg/mL) supplementation has beneficial
effect on ram sperm parameters at all evaluation times. In addition, the increasing doses of BSA supplementation has a negative effect
on sperm parameters especially 48 and 72h of storage.

Keywords: BSA, lecithin, ram semen, short-term storage.

BSA ilave edilmis lesitin bazli sulandiricinin kog¢ spermasinin 5 °C sicaklikta muhafaza edilmesine
olumlu etkisi

Ozet: Bu caligmada, farkli dozlarda BSA ilave edilmis lesitin bazli sulandiricinin kog spermasinin 5°C’ta kisa sureli saklanmasi
iizerindeki etkisinin degerlendirilmesi amaglandi. Caligma amaciyla alinan spermalar pooling yapilarak dort esit hacme boliindi ve
Smg/mL, 7.5mg/mL, 10mg/mL BSA ilave edilmis (BSAS5, BSA7.5, BSA10 sirasiyla) ve edilmemis (kontrol) sulandiricilarla
sulandirildi. Sulandirilmis spermanin sicakligi 5°C’a diistiikten sonra 0, 24, 48 ve 72. saatlerde; motilite, plazma membran fonksiyonel
biitiiniik [hipoozmotik sigsme testi (HOST)] ve akrozomal hasar [FITC-Pisum sativum agglutinin (PSA-FITC)] muayeneleri yapildi.
Calismanin baslangici ve sonunda antioksidan aktivitenin ve lipid peroksidasyonun degerlendirilmesi i¢in malondialdehyde (MDA) ve
glutathionine (GSH) konsantrasyonlart 6lgiildii. Ayrica 2,2-Diphenyl-1-picrylhydrazyl (DPPH) ve Dichloro-dihydro-fluorescein
diacetate (DCFH-DA) yontemleri ile her bir sulandiricinin antioksidan kapasiteleri degerlendirildi. Yapilan muayenelerin sonucunda;
Smg/mL BSA ilavesinin kog¢ spermasinin kisa siireli muhafazasinda etkili oldugu goézlemlendi. Ayrica artan BSA konsantrasyonunun
spermanin sogutularak saklanmasinda olumsuz etki olusturdugu belirlendi.

Anahtar sozciikler: BSA, kisa siireli muhafaza, kog¢ spermasi, lesitin.

Introduction

Artificial insemination (Al) with preserved semen is
one of the most common reproductive techniques for
production of domestic animals. Semen preservation
requires a depression or interruption of spermatozoa
metabolism which is performed by cryopreservation or
liquid storage (29). Ram sperm is more sensitive to
cryopreservation than those of other mammalian species
because of the polyunsaturated phospholipid membrane
structure (5). Liquid storage can be an alternative to
cryopreservation of ram semen to avoid detrimental
effects of freezing-thawing processes for short time
preservation (29). Despite all its advantages, liquid
storage, which means keeping the temperature low to

extend the survivability of spermatozoa, causes reversible
and irreversible decreases on motility, viability and
fertility of spermatozoa. Irreversible reduction of
spermatozoa metabolism originates from cold shock, lipid
peroxidation (29) and also incomplete cessation of
metabolism during liquid storage (29). However
reversible reduction of spermatozoa metabolism, an
indicator of successful liquid storage, depends on
providing the effective environmental conditions (e.g.
suitable extender) to spermatozoa during liquid storage
(14). Optimal semen extender must protect spermatozoa
against the detrimental effects of cold shock and lipid
peroxidation.
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Providing protection against the cold shock, egg yolk
is one of the most common ingredients of semen extenders
(29, 38). The non-dialyzable protein fractions and low
density lipoproteins (lecithin) of egg yolk provide the best
protection to ram semen during liquid storage (38). Egg
yolk contributes to protection from the detrimental effects
of cold shock through maintenance of the motility, plasma
membrane and acrosome integrity during
cryopreservation (38) and liquid storage (16) of ram
spermatozoa. On the other hand, main disadvantages of
using an animal-derived material in semen extender can
be listed as: failure to prevent individual differences (lack
of homogeneity), risk of contamination and transmission
of diseases (16, 38). The low-density lipoprotein fraction
such as lecithin (35, 38) or multifunctional
macromolecules such as bovine serum albumin (BSA)
(19, 31, 33) could be substitutes for egg yolk in a semen
extender.

Lipid peroxidation and its final product Reactive
Oxygen Species (ROS) are other limiting factors in semen
preservation (1, 3, 27). Their depredatory effects can be
specified as irreversible reduction on motility and viability
of spermatozoa, and moreover, permanent damages on
plasma membrane, acrosome and DNA (11, 12). On
natural conditions, antioxidant system elements of
spermatozoa and seminal plasma protect the spermatozoa
against the lipid peroxidation (3). However, this
antioxidant activity is insufficient when lipid peroxidation
is originating from artificial conditions as liquid storage.
Therefore, exogenous antioxidant supplementation is
required for ram semen preservation to improve the
fertility (29). In recent years, various antioxidants have
been used for semen preservation by several researchers
(11, 13, 35).

Among the wide range of antioxidant species, BSA
attracts the attention because of its multifunctional effects
on spermatozoa. It is known that, in addition to antioxidant
capacity, BSA accelerates the motility (36, 37), protects
the membrane (36) and DNA integrity (33), increases the
survivability of spermatozoa, and induces the capacitation
(40) and acrosome reaction (26). As a consequence of
these, BSA supplemented extenders are used for
cryopreservation or liquid storage of bull (37), ram (35),
goat (6, 7), stallion (9), buffalo (2), rabbit (34) and turkey
(8) semen.

Although lecithin and BSA supplementation was
used as an alternative to egg yolk through improving the
preservation conditions of semen extenders (35, 38), there
are no researches about the efficiency of lecithin-BSA
combination for liquid storage of ram semen. The
objective of this study was to find out the optimum dose
of BSA in lecithin based extenders for improving the
motility, viability and acrosome integrity of ram
spermatozoa at 5 °C during storage for 72 h.

Materials and Methods

All issues concerning the experimental setups and
evaluation techniques have been approved by Uludag
University Scientific Ethical Committee (No: 2015-
07/03).

Experimental design: We designed this study to
evaluate the efficacy of BSA supplementation for liquid
storage of ram semen. For this purpose, we used 1%
lecithin based extender with 3 concentrations of BSA (5,
7.5, 10 mg/mL) and without BSA supplementation
(control) for short term storage, and then assessed the
lifespan and spermatological parameters of liquid stored
ram semen at 4 times (0, 24, 48, 72 h). Semen
extender preparation: Experimental groups were designed
according to the amount of BSA supplementation such as
BSAS5 (with 5mg/mL BSA), BSA7.5 (with 7.5 mg/mL
BSA), BSA10 (with 10 mg/mL BSA) and Control
(without BSA). Extenders consisted of 223.7 mmol/L Tris
(Sigma, USA), 55.5 mmol/L fructose (Sigma), 66.6
mmol/L citric acid (Merck, Darmstadt, Germany), 100.4
mmol/L Trehalose, 4.03 mmol/L EDTA, 1 mmol/L
cysteine, 4 g/L penicillin G, 3 g/L dihydrostreptomycin,
1% lecithin in distilled water.

Semen collection and dilution: Five Kivircik rams
aged between 3-5 years were used as the material of study
during non-breeding season. Rams were maintained at
Uludag University, Faculty of Veterinary Medicine in
Bursa, Turkey. Electrically stimulated ejaculatior
(Ruakura Ram Probe Plastic Products, Hamilton, New
Zealand) was used for semen collection five times in every
other day. After collection, the ejaculates were transferred
to andrology laboratory in a water bath (32 °C) and then
evaluated for rapid wave motion and subjective motility
via a phase-contrast microscope (Olympus BX51,
Olympus Optical Co., Tokyo, Japan) with a warm slide
(38 °C). Only ejaculates with rapid wave (>+3 on 0-5
scale), >75% motility and at least 1 x 10° spermatozoa/mL
were used for liquid storage. To eliminate individual
differences, chosen ejaculates were pooled and split into
four equal aliquots. Each group was separately diluted to
final concentration of approximately 500 x 108 (spz/mL)
with control (without BSA) or BSA supplemented
extenders (containing 5, 7.5, and 10mg/mL BSA,
respectively) then cooled to 5 °C within 60 min. Cooled
samples were maintained at 5 °C during 72 h. Five pooled
ejaculates were included in the study.

Semen evaluation: We assessed sperm motility,
plasma membrane integrity (hypo-osmotic swelling test
[HOST]) and acrosome integrity (FITC conjugated
Pisum_sativum agglutinin [FITC PSA]) four times (0, 24,
48 and 72 h of liquid storage at 5 °C). Also MDA and GSH
concentrations were measured at 0 and 72 h of storage at
5 °C. To eliminate personal differences; all processes were
performed by same person during the study.
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Fluorescein lectin staining assay (FITC conjugated
Pisum sativum agglutinin [FITC PSA]): PSA-FITC
staining performed for assessment of acrosome integrity.
We performed this staining according to description of
Algay et al. 2014 with a fluorescence microscope
(Olympus BX51) (4). At least 200 spermatozoa per smear
were evaluated for acrosome integrity.

The hypo-osmotic swelling test (HOST): Sperm
membrane functional integrity was evaluated by the hypo-
osmotic swelling test. This evaluation was based upon
concentration of spermatozoa which have curled and
swollen tails. Semen samples (10 pL) were separately
incubated with 100 pl of a 100 m OsM hypo-osmotic
solutions (5) at 37 °C for 60 min. After incubation, mixture
was dropped on a microscope slide and covered with
coverslip. At least 200 spermatozoa were evaluated with
phase-contrast microscope (Olympus BX51) with a warm
slide (38 °C) and sperms that have swollen or coiled tails
were counted (5).

Determination of oxidative stress markers: The
MDA levels of each group were measured according to the
thiobarbituric acid method (3, 35). For this purpose,
thiobarbituric acid solution (0.67%) was added to
supernatant in a glass tube with 2:1 volume and then tubes
were hold at 100 °C for 60 min. After cooling the tubes,
the absorbance of the supernatant was read at 546 nm via
spectrophotometer (Mannheim Boehringer Photometer
4010). The results were expressed as nmol/mL. MDA
standard of this evaluation is 1,1,3,3-tetramethoxypropane.

For measuring the GSH levels Ellman method was
followed (20). 2 mL of Na,HPO42H,0 (0.3 M) and 0.2 mL
of 5.5'-dithiobis-2-nitrobenzoic acid (0.4 mg/mL in 1%
sodium citrate) were mixed with 0.5 mL of the
supernatant. After vortexing, the absorbance was read with
spectrophotometer (Mannheim Boehringer Photometer
4010) at 405 nm. The results were expressed as pmol/mg
protein.

Evaluation of antioxidant capacity of extender:
Antioxidant activity of extender was investigated by using
DPPH (2,2-Diphenyl-1-picrylhydrazyl) and Dichloro-
dihydro-fluorescein diacetate (DCFH-DA) assays.

DPPH evaluation was performed according to
Dorman method and the results were given as % of
inhibition (18). 450 uL of Tris-HCI buffer (50 mM) was
premixed with 1.0 mL of DPPH (0.1 mM, in methanol)
then 50 pL of seminal plasma was added to premixed
solution. Final solution was incubated in darkness and
room temperature during 30 minutes. The resultant
absorbance was recorded at 517 nm. The percentage
inhibition was calculated using the following equation;

Inhibition (%) = [(Absorbance of control-
Absorbance of sample) / Absorbance of control] x 100

DCFH-DA assay depend on measurement of H20,-
Induced fluorescence in incubation medium. For the first

stage, increasing concentrations of H202 were incubated
in 2 mL of oxygenated medium and 2 mL of DCFH-DA
oxygenated medium mixture (5 uM) for 1 hat 37 °C in the
dark. For the second phase, extenders (control, BSA5,
BSA7.5 and BSA10) were incubated with 2 mL of
oxygenated physiological medium (pH 7.5) for 1h at
37 °C in the dark. After the incubation process, 200 pL of
the aliquots was diluted with 2 mL of distilled water.
Measurement of fluorescence intensities was performed as
indicated above. For assessment of fluorescence
intensities in control conditions, 2 mL of distilled water
was incubated with oxygenated physiological medium and
it was exposed to same processes.

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 error. Shapiro Wilk test was used as normality
test. Means of obtained semen parameters were analyzed
using Kruskal Wallis test followed by Mann Whitney U
test. Paired samples were analyzed using Wilcoxon
Signed Ranks test.

Results

The effects of different doses on semen parameters
through liquid storage processes was evaluated in 5
experiments. Table 1 and Table 2 show the percentages of
sperm motility, plasma membrane functional integrity and
acrosome integrity of study groups at 0 h (time point of
solution temperature reaches 5 °C), 24 h, 48 h, and 72 h .
Figure 1 and Figure 2 show the MDA and GSH
concentration of 0 and 72 h preservation at 5 °C.

Motility: The liquid storage process significantly
reduced sperm motility. Effect of extenders on sperm
motility is shown in Figure 3. The motility values of BSA5
group, except at 0 h, were higher than the control group
through the study (p<0.05). At the end of 72 h liquid
storage, BSA5 group had higher motility rate than the
other groups (p<0.05). The increasing doses of BSA had a
negative impact on motility at 48 and 72 h compared to
the BSAS group.

Plasma membrane integrity: Plasma membrane
functional integrity decreased during liquid storage
process. It is observed that, BSA supplementation helped
to protection of membrane integrity successfully
compared with the control group up to 48 h of liquid
storage (p<0.05). After 72 h storage, BSA5 group had a
higher HOST value than the other groups (p<0.05).

Acrosomal status: Acrosome integrity deteriorated
during preservation process (p<0.05). However, BSA5
group provided the best protection. Increasing doses of
BSA caused reduction of acrosomal integrity.

Oxidative stress markers: Figure 1 and Figure 2
show the effect of MDA and GSH levels (respectively) at
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0 hand 72 h of liquid storage. In respect to MDA levels, groups at 0 and 72 h. GSH levels of all experiment groups
control group was significantly higher than BSA groups were similar both starting and finishing of liquid storage
although there were no significant differences among BSA (p>0.05).

Table 1. Mean values (x+Sx) of sperm parameters for extender groups at Oh and 24h (n=5).
Tablo 1. 0 ve 24. saatlerdeki spermatolojik parametrelerin ortalamatstandart hata (X+SX) degerleri (n=5).

Oh 24h
GROUP MOTILITY HOST POSITIVE PSAPOSITIVE | MOTILITY  HOSTPOSITIVE ~ PSA POSITIVE
(X£SX) (X£SX) (X£SX) (X+SX) (x+SX) (x£SX)
Control 66.00£1.00°0  73.20+1.53% 75.20+2.632 61.00£1.00°  64.00+1.95° 60.40+2.322
BSAS5 712543158 81.50+2.60° 86.75+0.85P 68.75+2.39°  71.25+3.35 71.5+1.85P
BSA7.5 67.00+1.228  78.20+1.28% 82.60+1.54P 63.00+1.22%  68.20+1.64 68.00+2.90%
BSA 10 68.00£1.22°  79.60+1.47% 81.80+1.07% 61.00+1.87%  67.60+2.782 65.20+2.962

a and b: Values with different superscripts in the same column for each of storage time are significantly different (p<0.05).
a and b: Her muhafaza saati i¢gin ayni siitunda farkl harfleri tasiyan sulandirici ortalamalar arasinda istatistiksel olarak fark vardir
(p<0.05).

Table 2. Mean values (x+Sx) of studied sperm parameters for extender groups at 48 h and 72 h (n=5).
Tablo 2. Calismanin 48 ve 72. saatlerdeki spermatolojik parametrelerin ortalamatstandart hata (X+SX) degerleri (n=5).

48 h 72h
GROUP MOTILITY HOST POSITIVE PSAPOSITIVE | MOTILITY ~ HOSTPOSITIVE ~ PSA POSITIVE
(X£SX) (x£Sx) (x£Sx) (x£Sx) (X£SX) (X£SX)
Control 53.0042.55%  57.60+0.602 47.00+1.00 38.00+2.55%  43.80+1.322 40.801.502
BSA5 61.25+3.158  67.50+2.53b 61.50+2.50P 50.00+2.04>  56.00+2.48P 56.00+2.16°
BSA7.5 53.00+£2.55%  59.00+1.70% 54.40+2.80% 37.0042.00°  47.00+0.95 49.20+1.56
BSA 10 46.00+2.92°  52.6042.77° 49.20+2.222 35.0042.24%  43.20+1.622 43.20+2.18%

a,b and c: Values with different superscripts in the same column for each of storage time are significantly different (p<0.05).
a,b ve c: Her muhafaza saati i¢in ayni siitunda farkli harfleri tagiyan sulandirici ortalamalari arasinda istatistiksel olarak fark vardir
(p<0.05).
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Figure 1. MDA levels at the beginning and finishing of liquid storage. There are no differences among the groups at 0 h (P>0.05).
a and b: Values with different superscripts at the same storage time are significantly different (P<0.05).

Sekil 1. Kisa siireli saklamanin baslangi¢ ve bitis zamanlarina ait MDA degerleri. Gruplar arasinda 0. saat MDA degerleri bakimindan
fark yoktur (P>0.05).

a ve b: Farkli harfleri tagiyan sulandirici ortalamalari arasinda istatistiksel olarak fark vardir (P<0.05).
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Table 3. Mean values (x+Sx) of antioxidant capacity of extenders.

Tablo 3. Kullanilan sulandirici gruplarina ait ortalama+standart hata (X+£SX) antioksidatif kapasite degerleri.

CONTROL BSA5 BSA7.5 BSA10
DFCH-DA a a a b
(Inhibiton flourence intensity %) 78.20+1.1 79.01+1.4 76.46+1.4 73.28+2.9
Inhibition DPPH Activity (%) 40.00+3.22 60.00+5.4° 53.00+6.3¢ 49.00+2.1°¢

a,b and c: Values with different superscripts in the same rows for each experiment method are significantly different (p<0.05).
a,b ve c: Her degerlendirme yontemi igin ayni satirdaki farkli harfleri tasiyan sulandirici ortalamalari arasinda istatistiksel olarak fark

vardir (p<0.05).
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Figure 2. GSH levels at the starting and ending of liquid storage.
There are no differences among the groups at certain times
(P>0.05).

Sekil 2. Kisa siireli saklamanin baglangig ve bitis zamanlarina ait
GSH degerleri. Belirtilen saatlerde (0. saat, 72. saat) gruplar.
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Figure 3. Effects of BSA in semen extender on motility at
different evaluation times.

Sekil 3. BSA ilave edilmesinin farkli degerlendirme saatlerinde
motilite tizerine etkisi.

Antioxidant capacity of extender: Table 3 shows the
antioxidant capacity of extenders. According to DCFH-
DA analyses; inhibition florescence intensity % of control,
BSAS, BSA7.5, BSA10 groups were 78.20 + 1.1%, 79.01
+ 1.4%, 76.46 = 1.4% and 73.28 + 2.9% respectively.
Florescence intensity of BSA10 group was lower than
other groups (p<0.05).

Inhibition DPPH activity (%) of control, BSA5,
BSA7.5, BSA10 groups were 40 + 3.2%, 60 + 5.4%, 53 +
6.3% and 49 + 2.1% respectively. According to this results
inhibition DPPH activity of BSA5 group was significantly
higher than other groups. Also there were differences
between control and other experiment groups (p<0.05).

Discussion and Conclusion

Liquid storage is used as an alternative of ram semen
cryopreservation for short-time storage because of
detrimental effects of cryopreservation (29). However,
continuing spermatozoa metabolism and cold shock cause
some negative effects on spermatozoa with the passing of
time (29).

BSA was tested as a semen extender ingredient by
several researchers because of its stability, good amino
acid profile and protective functions (28, 36, 37). In the
present study we compared 1% lecithin based extender
containing different doses of BSA (5 mg/mL, 7.5 mg/mL,
10 mg/mL) during liquid storage of ram semen in non-
breeding season. The results of the present study indicated
a clear advantage of using 5 mg/mL of BSA in 1% lecithin
based extender.

Motility of spermatozoa is the essential factor for
sperm evaluation. It indicates the ability of passage
through cervix and penetration of zona pellucida (3).
Many researchers indicated that BSA stimulates sperm
motility (28, 36, 37) by an unknown mechanism (36, 37).
In our study there were no differences among the groups
at 0 h, BSA supplementation increased the motility at 24
h. BSA10 group significantly reduced the motility of
sperm compared to the BSA5 group at 48 h and 72 h. Our
results show that increasing doses of BSA have a negative
effect on sperm motility. Although these results are
inconsistent with certain researches (19, 28), this
inconsistency could be originated from using different
animal species and preservation methods. At the end of 72
h, motility value of BSA5 group was significantly higher
than other groups and this motility level (56%) is
appropriate for Al. Motility values of liquid stored ram
semen ranged between 70% - 84%, 60% - 80%, 40% -
78%, 30% - 77% (0, 24, 48 and 72 h, respectively) in
previous studies (14, 23, 24, 34). Despite our study
performed in non-breeding season, results of our study
were in agreement with these values.

Membrane damage of spermatozoa originates from
cold shock, lipid peroxidation and ageing of spermatozoa
during storage. Cold shock is probably related to phase
separation and loss of selective permeability of
spermatozoa which is dependent on phase transition of
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membrane lipids (29). BSA adheres to the sperm
membrane and modifies the lipid composition of
spermatozoa in several ways such as lipid exchange or
hydrolysis of plasma membrane, protein hydrolysis, and
decrease of cholesterol and phospholipid concentration of
plasma membrane (15). It is known that increasing fluidity
of plasma membrane decreases the susceptibility of
spermatozoa against cold shock (19) therefore protective
effects of BSA against cold shock depend on increasing
membrane fluidity. Plasma membrane functional integrity
is crucial for the evaluation of sperm quality, because it
indicates the viability of spermatozoa (3). HOST has been
used for detecting subtle changes in the functional
integrity of sperm membranes (4). Acrosome integrity is
another important factor in the fertilization process
because it has been related with sperm penetration and
fusion to zona pellicuda (5). Sari6zkan et al. (33) indicated
that BSA protects the acrosomal integrity (33), and our
results substantiated to that idea. As expected, plasma
membrane and acrosome integrity of spermatozoa
regularly decreased during liquid storage in our study
(p<0.05). However, we observed protective effects of
BSA (5 mg/mL) on plasma membrane functional integrity
and acrosome integrity. Plasma membrane and acrosome
integrity values of BSA5 group had a good agreement with
previous studies (22, 24).

MDA is often used as an indicator of oxidative
damage. Therefore, it is a key product of lipid
peroxidation in the cells (3, 35). GSH is a multifunctional
non-protein which is known as a thiol group antioxidant in
mammalian cells (12, 33, 36). This compound
counterattack the effects of oxidative stress in sperm cells
directly and indirectly (throughout cooperation with GSH-
PX for reduction of toxic H,0,) (12, 33, 36). Therefore, it
can be regarded as an indicator for antioxidant capacity of
sperm cells. According to our results, BSA
supplementation protect spermatozoa against lipid
peroxidation. GSH values at 0 and 72 h were not
significantly among the groups. This could be originated
from our base extender include cysteine and this already
have an antioxidant capacity. Our results agreed with
previously published studies (3, 14, 24)

Demircan et al. (17) recently reported that incubating
H,O,and DCFH-DA in oxygenated physiological
medium causes a significant increase in fluorescence
intensity, and antioxidants can attenuate this increment.
Thus, the effectiveness of antioxidant compounds against
the H,0O,-induced increase in fluorescence intensity was
also tested in the medium. According to our results 10
mg/mL BSA supplementation decreased the antioxidant
capacity of semen extender compared to lower doses of
BSA supplementation. Increasing values of % inhibition
DPPH activity is related with increasing antioxidant

capacity. Our results showed that BSA5 group had a
higher antioxidant capacity. Briefly, DFCH-DA and
DPPH activities of extenders showed that increasing doses
of BSA lose its antioxidant activity gradually. In current
study, BSA started to pretend as an oxidant factor when
the extender already has an antioxidant substance such as
cysteine. Bouayed and Bohn (10) claimed that higher
doses of isolated antioxidants, carve out pro-oxidant effect
also cause cytotoxicity, DNA damage and apoptosis of
cells (39). Also high concentrations of antioxidants can
stimulate ROS production (21, 25, 30, 32) Negative
effects of higher doses of BSA can be explained with these
phenomena. Decrease of antioxidant performance could
be the reason of decreasing motility, viability and integrity
values of BSA10 groups and incompatibility results with
previous research (19, 28).

In conclusion, results of the present study indicate
that BSA (5mg/mL) supplemented lecithin based extender
preserved sperm motility, plasma membrane functional
integrity, and acrosome integrity are better than both BSA-
free and higher doses of BSA supplemented extenders
when liquid ram semen was stored at 5 °C up to 72 h.
Beneficial effects of BSA supplementation on liquid
storage of ram semen can be supported with fertility
results after Al in future studies.
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