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Summary

The study was conducted to evaluate the effects of different extenders and inositol additions on post-thaw semen quality, lipid
peroxidation (LPO) and antioxidant activities. Semen was collected from four Karayaka rams from by artificial vagina three times a
week. Semen samples showing normospermy quality were pooled. The pooled semen samples were extended in three extenders (Tris,
T-, skimmed milk, M- and sodium citrate, NaC) with myo-inositol at two different doses (5 mM, 10 mM) and no antioxidant (control).
Nine experimental groups were assigned as follows: T-51, T-10I, T (control); M-5I, M-10I, M (control); Na-5I, Na-10l, NaC (control). Straws
containing extended semen were equilibrated at 4°C for 2 h, frozen in vapor of (15 min at -120°C) liquid nitrogen and stored in liquid
nitrogen. Frozen semen was thawed in a water bath at 37°C for 30 seconds. The use of all the extenders supplemented with different
doses of myo-inositol did not lead to any significant improvement in microscopic sperm and oxidative stress parameters (P>0.05).
Extenders of T and M resulted in higher sperm motility (50.00+2.24% and 55.00+0.42%) and HOST (49.00 3.32% and 48.17+2.97%)
rates, compared to NaC (37.00+3.74% and 31.80+2.96%, P<0.01), following the freeze/thawing process. Extenders supplementated
with myo-inositol not significantly affect malondialdehyde (MDA) levels and activities of catalase (CAT), superoxide dismutase (SOD),
glutathione (GSH) and glutathione peroxidase (GSH-PX) in comparison to the control groups (P>0.05), except for MDA level of T
extender containing 10 mM inositol. MDA level was found lower (1.224+0.07 nmol/ml) in T than those of the M and NaC (P<0.05). For
GSH and GSH-PX activities, T and NaC gave the higher values, compared to M, following the freeze/thawing process (P<0.01).
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Ko¢ Spermasinin Céziim Sonu Kalitesi Uzerine Farkl
Sulandiricilarin ve Myo-inositoliin Etkileri

Ozet

Bu calisma kog spermasinin ¢6zim sonu kalitesi, lipit peroksidasyonu ve antioksidan aktiviteleri tizerine farkli sulandiricilarin ve
inositoliin etkilerini degerlendirmek amaciyla yapildi. Sperma 4 bas Karayaka kogundan suni vajen yardimiyla haftada ti¢ kez alind.
Alinan sperma 6rneklerinden normospermi 6zellik gosterenler birlestirildi. Birlestirilen sperma 6rnekleri iki farkli dozda myo-inositol
(5, 10 mM) iceren ve icermeyen (kontrol) ti¢ farkli sulandirici (tris, yagsiz siit tozu, sodyum sitrat) ile sulandirildi. Ornekler dokuz ayri
calisma grubuna ayrildi: T-51, T-101, T (kontrol); M-51, M-10I, M (kontrol); Na-51, Na-10l, NaC (kontrol) sulandirilmis sperma iceren payetler
4°C'de 2 saat ekilibre edildi, sivi azot buharinda (-120°C'da 15 dakika) donduruldu ve sivi azot (-196°C) icinde saklandi. Dondurulmus
spermalar su banyosunda 37°C'de 30 saniyede ¢6zdurildi. Sulandiricilara eklenenen myo-inositol mikroskopik sperm ve oksidatif
stres parametelerine 6nemli bir etkiye neden olmadi (P>0.05). T ve M sulandiricilari, NaC sulandiricisina gére donma-¢6ziinme sonrasi
spermatozoon motilitesinde (%50.00+2.24% ve 55.00+3.42) ve HOS testte (%49.00+3.32% and 48.17+2.9) daha yulksek oranlar verdi
(P<0.01). Myo-inositol ilave edilen sulandiricilar MDA seviyeleri ile CAT, SOD, GSH ve GSH-PX aktivitelerini, 10 mM inositol iceren T
sulandiricisinin MDA seviyesi harig, kontrol gruplarina gére dnemliorandaetkilemedi (P>0.05). MDA seviyesiT sulandiricisinda (1.22+0.07
nmol/ml), M ve NaC sulandiricilarina gére daha dusik bulundu (P<0.05). GSH ve GSH-PX aktiviteleri icin, T ve NaC sulandiricilari M
sulandiricisina gore daha yiiksek degerler verdi (P<0.01).

Anahtar sézciikler: Ko¢ spermasi, inositol, Kryopreservasyon, Sperma parametreleri, Antioksidan aktivite
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INTRODUCTION

Karayaka sheep are one of the most economically
important skin and meat-breed of sheep reared in
Turkey . Little is known regarding the reproductive
performance of Karayaka rams and ewes surviving under
normal environmental conditions in Turkey. The Karayaka
population has been decreasing in recent years, and
effective procedures should be applied for the preservation
of the valuable genetic material. Preservation of genetic
material such as sperm, embryo and tissue samples, could
be archieved by freezing process.

The survival of frozen-thawed ram sperm is affected
by many factors, extensively reviewed by Salamon
and Maxwell 2. These factors include the kinds and
concentrations of ingredients and cryoprotectants in
the semen extenders and the quality of semen used for
freezing. However, even the presence of cryoprotectans
such as glycerol and egg yolk, the freeze-thaw process
causes damage to sperm plasma membranes and the
reduces the motility and fertilizing ability of spermatozoa 3.

A defective antioxidant capacity associated with high
unsaturated: saturated fatty acids ratio and low cholesterol
content of sperm plasma membrane have a major
influence in the extensive damages inflicted to ram sperm
during cryopreservation °.

Myo-inositol (Ml), belonging to vitamin B complex,
is isoforms of inositol, and widely distributed in nature °.
Inositol is present in high concentrations in the epididymal
fluid and seminal plasma of several species including the
ram 7 and is considered to be important for the survival
of spermatozoa in the epididymis 8. In addition, inositol
protects enzymes from damage caused by freezing or lipid
peroxidation ° and maintains the acrosome integrity of
frozen-thawed ram spermatozoa '°.

The aim of the present study was to improve the
procedure for freezing of Karayaka ram semen. We focused
on three factors affecting cryopreservation success: (i) type of
extender, (i) the effect of inositol additions to the extenders
and (iii) interactions between extenders and inositol.

MATERIAL and METHODS

Animals and Semen Collection

The animals were housed at The Education Research and
Practise Farm, Faculty of Veterinary Medicine, University
of Ankara, and maintained under uniform feeding and
housing conditions. Semen samples were obtained from
4 mature Karayaka rams (2 and 3 years of age). A total
number of 20 ejaculates were collected the rams with
the aid of artificial vagina three times a week during the
non-breeding season.

Extenders

In the present experiment, three semen extenders
(Tris [T], Skimmed milk [M] and Na citrate [NaC]) and
two different doses of myo- inositol (5 mM and 10 mM)
were tested. The contents of extenders formed as nine
different groups are given in Table 1. For freezing, nine
experimental groups were assigned as follows: T with 5
mM inositol (T-51), T with 10 mM inositol (T-10I), T with no
additive (T); M with 5 mM inositol (M-51), M with 10 mM
inositol (M-10I), M with no additive (M); NaC with 5 mM
inositol (Na-51), NaC with 10 mM inositol (Na-10I), NaC
with no additive (NaC). The pH of extenders was adjusted
at7.0.

Table 1. Extender compositions *
Tablo 1. Sulandirici icerikleri

Contents Unit T T-51 T-101
Tris base mM 375 375 375
Citric acid mM 125 125 125
Glucose mM 41 41 41
Inositol mM = 5 10
Inositol mM = = =
M M-51 M-10l1
Skimmed milk g/l 100 100 100
Glucose g/l 9 9 ©
Inositol mM = 5 10
Inositol mM = = =
NaC Na-5I Na-101
Na-citrate g/l 29 29 29
Inositol mM = 5 10
Inositol mM = = =

“All the extenders contained 50 mg streptomycin and 50.000 Ul penicillin,
100 ml egg yolk and 50 ml glycerol per litre (1.000 ml)

T: Tris with no additive (control), T-5I: Tris with 5 mM inositol, T-10I: Tris
with 10 mM inositol, M: Skimmed milk with no additive (control), M-5I:
Skimmed milk with 5 mM inositol, M-10I: Skimmed milk 10 mM inositol,
NaC: Na citrate with no additive, Na-5I: Na citrate with 5 mM inositol, Na-
10I: Na citrate with 10 mM inositol

Semen Extending, Freezing and Thawing

Only ejeculates, between 1 and 2 ml in volume,
spermatozoa with >80 % motility and concentration higher
than 3x10° spermatozoa/ml, were pooled, balancing the
sperm contribution of each male to eliminate individual
differences. Each of the pooled ejaculate was splitinto nine
equal aliquots and diluted (at a concentration of 400x10°
sperm/ml) in the extenders given above. Diluted samples
were aspirated into small-sized (0.25 ml) French straws,
sealed with polyvinyl alcohol powder and equilibrated
at 4°C for 2 h. After equilibration, the straws were frozen
in liquid nitrogen vapor, 4 cm above the liquid nitrogen,
for 15 min and plunged into liquid nitrogen for storage.
After stored for a week, the frozen straws were thawed



individually at 37°C for 30 s in a water bath for semen
evaluation.

Semen Evaluation

Subjective motility was assessed using a phase-
contrast microscope (x100), with a warm stage maintained
at 37°C. A wet mount was made using a 5-pl drop of semen
placed directly on a microscope slide and covered by a
cover slip. Sperm motility estimations were performed in
three different microscopic fields for each semen sample.

The viability of sperm in the sample was assessed by
means of a eosin-nigrosin stain ''. The sperm smears were
prepared by mixing a drop of semen with two drops of
stain on a warm slide and spreading the stain immediately
with a second slide. The viability was assessed by counting
200 cells with bright-field microscopy (magnification 400x).
Sperm showing partial or complete purple colorization
was considered non-viable or dead. Only sperm showing
strict exclusion of the stain were considered to be alive.

The hypo-osmotic swelling test (HOST) was used to
evaluate the functional integrity of the sperm membrane,
based on curled and swollen tails. This was performed by
incubating 10 pl semen with 100 ul semen of a 100 mMOsm
hypo-osmotic solution (fructose and sodium citrate) at
37°C for 30 min. After incubation 0.1 ml of the mixture
was spreaed with a cover slip on a warm slide two undres
sperms were evaluated (magnification 400x) with bright-
field microscopy. Sperm with swollen or coiled tails were
recorded "2

Biochemical Assays

Biochemical assays were performed on the sperm
samples immediately after thawing and without washing.

Malondialdehyde (MDA) Concentrations

The concentrations of MDA, as indices of the LPO in the
sperm samples, were measured using the thiobarbituric
acid reaction and according to the method of Placer et al."
The quantification of thiobarbituric acid reactive sub-
stances was determined by comparing the absorption
with the Standard curve of MDA equivalents generated by
the acid catalyzed hydrolysis of 1.1,3.3-tetramethoxy-
propane. The MDA concentrations were expressed in
nmol/ml.

Glutathione (GSH) Levels and Gluthione
Peroxidase (GSH-PX), and Catalase (CAT) Activities

The GSH content of sperm was measured using the
method of Sedlak and Lindsay '*. The samples were
precipitated using 50% trichloracetic acid and then
centrifuged at 1.000xg for 5 min. The reaction mixture
contained 0.5 ml supernatant, 2.0 ml Tris-EDTAbuffer
(0.2 mol/l and pH 8.9) and 0.1 ml 0.01 mol/l 5.5 dithiobis-
2-nitrobenzoic acid. The solution was maintained at
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room temperature for 5 min, and then recorded at 412
nm using a spectrophotometer. The levels of GSH were
expressed as nmol/ml.

The GSH-PX activity was determined according to the
method of Lawrence and Burk . The reaction mixture
consisted of 50 mM potassium phosphate buffer (pH 7.0),
1 mM EDTA, 1 mM sodium azide (NaNs), 0.2 mM reduced
nicotinamide adenine dinucleotide phosphate (NADPH),
1 EU/ml oxidized glutathione (GSSG)-reductase, T mM
GSH and 0.25 mM H20:. An enzyme source (0.1 ml) was
added to 0.8 ml of the above mixture, and this mixture
incubated at 25°C for 5 min before the initiation of the
reaction-induced by the addition of 0.1 ml of the peroxide
solution. The absorbance at 412 nm was recorded for 5
min using a spectrophotometer. The activity was
calculated from the slope of the lines as micromoles of
NADPH oxidized per minute. The blank value (enzyme
replaced with distilled water) was subtracted from each
value and the GSH-PX activity was expressed as inter-
national units (IU)/g protein for the sperm samples.

The method described by Goth '® was used for the
determination of the CAT activity in the sperm. A 0.2 ml
sperm volume was incubated in 1 ml substrate (65 mol
of hydrogen peroxide in 60 mmol/lI sodium potassium
phosphate buffer, pH 7.4) at 37°C for 60 s. One unit of CAT
decomposes 1 mol of hydrogen peroxide per min, under
these conditions. The enzymatic reaction was terminated
using 1 ml 32.4 mmol/l ammonium molybdate, and the
yellow complex of molybdate and hydrogen peroxide
was measured at 405 nm using a spectrophotometer.
Values of CAT activity were expressed as kU/I, where k was
the first-order rate constant.

Statistical Analysis

The study was repeated 5 times and the results were
expressed as the mean+SEM. Means were analyzed
using a one-way analysis of variance, followed by Tukey'’s
post hoc test to determine significant differences in
all the parameters between all groups using the SPSS/
PC computer program (version 12.0; SPSS, Chicago, IL).
Differences with values of P<0.05 were considered to be
statistically significant .

RESULTS

Sperm Characteristics (Motility, Viability
and Membrane integrity)

The effect of different extenders and myo-inoistol on
standard semen quality parameters in frozen Karayaka
ram semen were evaluated in 5 independent experiments.
As set out in Tables 2-5, the use of all the extenders
supplemented with different doses of myo-inositol did
not lead to any significant improvement in microscopic
sperm and oxidative stress parameters (P>0.05, Table 2,
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3 and 4). Extenders of T and M resulted in higher motility Biochemical Parameters of Post-Thaw Sperm
(50.00+2.24% and 55.00+3.42%) and HOST (49.00+3.32%

and48.17+2.97%)rates,comparedtoNaC(37.00+3.74%and The effects of different extenders and myo-inoistol
31.8042.96%, P<0.01, respectively), following the freeze/ on MDA and antioxidant activities following the freeze-
thawing process. thawing of Karakaya ram sperm are shown in Table

Table 2. Mean (£S.E.) of motility, viability, HOST, MDA levels and SOD, CAT, GSH and GSH-PX activities in
Karayaka ram semen frozen in tris extender with different myo-inositol doses

Tablo 2. Farkli inositol dozlari ile tris sulandiricisinda dondurulmus kog spermasinda ortalama motilite,
viabilite, HOST ve MDA diizeyleri ile SOD, CAT, GSH ve GSH-PX aktivitesi

Parameter T T-51 T-101 P
Motility (%) 50.00+2.24 47.00+2.55 43.00+3.00 -
Viability (%) 52.50+4.93 52.40+3.37 53.00+2.00 -
HOST (%) 49.00+3.32 44.00+2.45 42.40+4.61 -
MDA (nmol/ml) 1.224+0.07 ° 1.374£0.09 1.94+0.33° *
GSH (nmol/mg protein) 4.28+0.94 2.70£0.11 3.38+0.23 -
GSH-PX (U/g protein) 96.90+2.22 57.15+4.42 76.00+6.71 -
SOD (U/mg protein) 51.43£8.11 50.39£1.62 47.79+2.44 -
CAT (k/g protein) 2.40+2.27 1.48+0.05 2.34+0.33 -

a,b: Different superscripts within the same line demonstrate significant differences (* P<0.05, - : P>0.05)

Table 3. Mean (+S.E.) of motility, viability, HOST, MDA levels and SOD, CAT, GSH and GSH-PX activities in
Karayaka ram semen frozen in skimmed milk with different myo-inositol doses

Tablo 3. Farkliinositol dozlari ile yagsiz siit tozu sulandiricisinda dondurulmus ko¢ spermasinda ortalama
motilite, viabilite, HOST ve MDA diizeyleri ile SOD, CAT, GSH ve GSH-PX aktivitesi

Parameter M M-51 M-10I P
Motility (%) 55.00+0.42 54.00+3.67 56.00+4.30 -
Viability (%) 53.00 £ 1.55 53.60+2.29 54.60+4.13 -
HOST (%) 48.17+2.97 47.40+3.57 46.60+4.37 -
MDA (nmol/ml) 1.88+0.27 1.33+0.12 1.36+0.09 -
GSH (nmol/mg protein) 1.53+0.05 1.54+0.11 1.97+0.22 -
GSH-PX (U/g protein) 33.88+0.31 29.82+2.91 42.80+5.10 -
SOD (U/mg protein) 49.0+1.49 59.70+1.34 43.38+1.82 -
CAT (k/g protein) 1.41+0.38 1.18+0.23 1.38+1.41 -
-: P>0.05

Table 4. Mean (+S.E.) percentages of motility, viability, HOST, MDA levels and SOD, CAT, GSH and GSH-PX
activities in Karayaka ram semen frozen in sodium citrate with different myo-inositol doses

Tablo 4. Farkliinositol dozlari ile sodyum sitrat sulandiricisinda dondurulmus ko¢ spermasinda ortalama
motilite, viabilite, HOST ve MDA diizeyleri ile SOD, CAT, GSH ve GSH-PX aktivitesi

Parameter NaC Na-5I Na-10I P
Motility (%) 37.00+3.74 36.00+2.45 36.25+3.15 -
Viability (%) 47.00%3.57 46.20+2.55 48.60+4.64 -
HOST (%) 31.80+2.96 33.00£2.55 32.25%£2.25 -
MDA (nmol/ml) 1.72+0.18 1.38+0.18 1.57+0.15 -
GSH (nmol/mg protein) 4.74+0.34 4.43+0.40 3.05+0.28 -
GSH-PX (U/g protein) 92.36%6.75 85.10+8.87 84.19+4.70 -
SOD (U/mg protein) 67.30+5.78 52.99+3.15 43.20+2.49 -
CAT (k/g protein) 2.85+1.06 1.60+0.98 2.57+0.46 -

- P>0.05
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Table 5. Mean (+S.E.) percentages of motility, viability, HOST, MDA levels and SOD, CAT, GSH and GSH-PX
activities in Karayaka ram semen frozen in different extenders without myo-inositol

Tablo 5. inositol icermeyen farkli sulandincilarda dondurulmus kog¢ spermasinda ortalama motilite,
viabilite, HOST ve MDA diizeyleri ile SOD, CAT, GSH ve GSH-PX aktivitesi

Parameter T M NaC P
Motility (%) 50.00+2.24° 55.00+£3.42° 37.00+3.74° **
Viability (%) 52.50+4.93 53.00£1.55 47.00+3.57 **
HOST (%) 49.00+3.32° 48.17+2.97 ° 31.80+2.96° **
MDA (nmol/ml) 1.22+0.07 ° 1.88+0.27° 1.72+0.18° **
GSH (nmol/mg protein) 4.28+0.94° 1.53+£0.05° 4.74+0.34° **
GSH-PX (U/g protein) 96.90+2.22° 33.88+0.31° 92.36+6.75° **
SOD (U/mg protein) 51.43£8.11 49.0+£1.49 67.30+£5.78 -
CAT (k/g protein) 2.40+2.27 1.41+0.38 2.85+1.06 -

a,b: Different superscripts within the same line demonstrate significant differences

(*¥*P<0.01, -: P>0.05)

2-5. Extenders supplementated with myo-inositol not
significantly affect MDA levels and activities of CAT, SOD,
GSH and GSH-PX in comparison to the controls (P>0.05),
except for MDA level of T-10l. MDA was the lower in T
than those of other groups (Table 2, P<0.05). MDA was
found lower (1.22+0.07 (nmol/ml)) in T than those of the
M and NaC. In Table 5, for GSH and GSH-PX activities, T and
NaC gave the higher values (4.28+0.94 nmol/mg protein
and 4.74+0.34 nmol/mg protein for GSH; 96.90+2.22
U/g protein and 92.36+6.75 U/g protein for GSH-PX,
respectively), compared to M (1.53+0.05 nmol/mg
protein and 33.88+0.31 U/g protein) following the freeze/
thawing process (P<0.01).

DISCUSSION

Cryopreservation imposes irreversible damage to
sperm membranes, including swelling and distruption
of sperm plasma and acrosmal membranes, changes in
membrane fluidity, altered calcium influx, and changes
in enzymatic activity. The main findings emerging from
this study are the decrease in GSH and GSH-PX content
observed in ram cryopreserved with M extender, compared
to extenders of T and NaC. Bilodeau et al.’® reported
that the cryopreservation reduced sperm glutathione
reductase levels by 78%, SOD activity by 50% and lowered
the level of GPx activity. Extenders of T and M provided
more superiority, compared to NaC for sperm motility and
membrane integrity. It can be hypothesized that T and M
contained more buffer and antioxidant agents, such as citrit
acid for T and casein for M, cryoprotective influence on the
integrity of the axosoma and mitochondria, improving
post-thawed sperm motility and membrane integrity
evaluated the HOST.

A characteristic feature of biological membranes is
the asymmetrical arrangement of lipids within the
bilayer. The lipid composition of the plasma membrane
of mammalian sperm is markedly different from those

of mammalian somatic cells. Sperm cells contain a high
content of polyunsaturated fatty acids. The ratio of
unsaturated to saturated fatty acids in small ruminant
sperm membranes is also higher than in other species,
making the membranes more susceptible to cold shock
and peroxidative damages with a subsequent loss of
membrane integrity in the acrosomal region, impaired
cell function and decreased motility of the sperm 5192,

Various extenders and cryoprotective agents have
been described for cryopreservation of ram semen.
Compounds such as taurine, hypotaurine and inositol,
which act as antioxidants and present in the epididymis
at high concentrations, have been reported to increase
the motility, viability and morphological integrity of
cryopreserved spermatozoa '°2'%2, In this study, myo-
inositol did not affect post-thaw semen quality when
diluted with extenders prior to freezing. The low cryo-
protective capacity of inositol has also been reported
by Molinia et al.’® for ram spermatozoa. Additionally,
Sanchez- Partida et al.?® reported that inositol had not
significant effect in the post-thaw semen quality when
inositol (30- 120 mM) was included in T extender. However,
this result contrasts with reports by Abdelhakeam et al.”
for ram spermatozoa frozen in straws. In Tes-based diluent
containing inositol without glycerol, those researhers
found a post-thaw motility of 49.6% following freeze-
thawing process. The disagreement between current
results and data reported by Abdelhakeam et al.” could
be due to differences in extender composition, dilution
rate and freezing protocol.

Inositol has proved to be satisfactory extender
component in the freezing of boar sperm . In this
study, myo-inositol was not an effective antioxidant
for ram spermatozoa. Additionally, inositol did not
demonstrate any effectiveness in the prevention of MDA
formation. Changes in the preservation protocol and
experimental methodology, extender formula, anti-
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oxidant concentrations and animal species-breeds may
explain different behaviours of antioxidant capacities and
why additives do not prevent MDA. This finding related to
MDA, is in agreement with the results of studies performed
on ram ?* and buck * sperm in which no decrease was
observed in the level of MDA in the presence of various
antioxidants, following the freeze-thawing process.
This indicates that MDA is apparently not a major factor
influencing sperm quality after thawing. The current
results were also contradictory to other studies on rabbit %
and canine 7’ sperm, where inhibition of lipid peroxidation
was observed in case of incubation with antioxidants
during liquid storage or cryopreservation.

In conclusion, it may be stated that the addition of
antioxidant inositol did not improve sperm and bio-
chemical parameters, except for MDA in T-10l. Extenders
of T and M resulted in higher motility and HOST rates,
compared to NaC following the freeze/thawing process.
MDA was found lower in T than those of the M and NaC.
For GSH and GSH-PX activities, T and NaC gave the higher
values, compared to M, following the freeze/thawing
process (P<0.01). In order to confirm the contradictory
results, further studies are warranted to obtain more
concrete results regarding the characterization of
enzymatic and non-enzymatic antioxidant systems in
cryopreserved ram sperm.
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