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Abstract

The aim of the present study was to investigate the effect of N-acetylcysteine (NAC) on freezability of Tushin ram semen. Ejaculates
from four Tushin rams were collected with artificial vagina and then pooled. Pooled semen was divided into four aliquots to be diluted
with skim milk-based-egg yolk-glycerol (SEG) extender supplemented with various concentrations of NAC (0, 0.25, 0.5 and 0.75 mM).
The semen was loaded into 0.25 mL straws, equilibrated (at 4°C for 2 h), frozen in liquid nitrogen (LN) vapour (at -120°C for 15 min) and
stored in LN (-196°C). After thawing (at 37°C for 1 min), sperm motility, dead-live ratio, morphology, abnormal acrosome and membrane
integrity (HOST) were evaluated. Results showed that 0.75 mM NAC has detrimental effects on motility, compared to the other three
NAC doses evaluated (P<0.05). Membrane integrity was higher in 0.25 and 0.5 mM NACs. There was significant differences in semen
viability among NAC doses (P<0.05). In conclusion, higher doses of NAC, especially used with SEG extender, may have some detrimental
effects on freezability of ram semen. Moreover, although modest doses of NAC slightly improved freezability of Tushin ram semen.
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N-Asetilsistein (NAC)’'in Dondurulmus-Cozdiiriilmiis Tuj Kocu
Spermasinin Kalitesi Uzerine Etkisi

Ozet

Galismanin amaci, Tuj ko¢ spermasinin dondurulabilirligi Gzerine N-asetil sistein (NAC)'in etkisini arastirmakti. Dort tuj kogundan suni
vajen ile alinan sperma birlestirildi. Karisim sperma doért esit hacme béliindii ve 0 mM, 0.25 mM, 0.5 mM ve 0.75 mM NAC iceren yagsiz
stit yumurta sarisi ve gliserolli sulandirici ile sulandirildi. Sperma 0.25 mLlik payetlere cekildi, ekilibre edidi (4°C'de 2 saat), sivi azot
buharinda donduruldu (-120°C'de 15 dak.) ve sivi azot (-196°C) icinde saklandi. C6ziim (37°C'de 1 dak.) sonrasi, sperm motilitesi, 6lU-
canli orani, morfolojisi, anormal akrozom ve membrane butinligi (HOST) degerlendirildi. Sonuclar, 0.75 Mm NAC'in, diger NAC dozlar
ile karsilastinldiginda, motilite tzerine olumsuz etkilere sahip oldugunu gosterdi (P<0.05). Membran butinliga 0.25 ve 0.5 mM NAC
derisimlerinde en yiiksekti (P<0.05). Ayrica, NAC dozlari arasinda, sperma canlihdi agisindan énemli farklar da belirlendi (P<0.05). NAC'In
yiiksek dozlarinin, diisiik dozlari dondurulabilirligi bir miktar iyilestirse de, 6zellikle siitli sulandiricilarla kullanildiginda, kog spermasinin
dondurulabilirligi tizerine bazi olumsuz etkileri olabilecedi sonucuna varildi.

Anahtar sozciikler: Tuj kogu, Sperma, Dondurma, N-asetilsistein, Coziim sonu sperma kalitesi

INTRODUCTION

Tushin sheep breed of the mutton-wool-milk type was
bred in Georgia in the 13™-14™ centuries under conditions
of year-long range husbandry. The breed derives its name
from the Tushins, the people of Tushetia, the mountain
district where they were developed. According to the

breed regionalization plan, the Tushin breed is raised
mainly in the Georgian and partly in Azerbaijan, in today’s
Armenia and in some districts of North East of Turkey (Kars
province). Tushin sheep have accommodated to this region
hard climate’s condition. Its number is estimated as 200.000
and approximately 0.65% of total sheep presence in
Turkey ™. Therefore, this breed can be considered at risk of
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extinction. Cryopreservation of semen has been considered
most important assisted reproductive technique used for
protecting extinction breeds. There have been limited
number studies carried on cryopreservation and freezability
of Tushin ram semen. The reactive oxygen species (ROS:
H,0,, O,, OH, ROOH) and antioxidant defences have been
shown to play an important role in fertility and infertility 3.
Direct and indirect evidence indicated that some steps
of cryopreservation of semen involve the production of
toxic ROS "3, Also Griveau and Le Lannou ® reported that
ROS in the ejaculate are produced by the sperm and by
leucocytes that infiltrate semen. One of the various ROS,
the hydrogen peroxide (H,0,) decreased sperm motility in
many species and it is known that thiols may prevent H,0,
mediated loss of spermatozoa motility in cryopreserved
bull semen 7“I'and also in chilled equine semen "%, Thiols
are a large class of antioxidants that includes cysteine,
N-acetylcysteine (NAC), and glutatione (GSH). NAC is
precursors of intracellular GSH biosynthesis " There is not
any study on Tushin ram semen cryopreservation and also
NAC supplemented to milk based extenders in ram semen.
Therefore, the aim of the present study was to evaluate the
quality of Tushin ram semen after it had been extended
and cryopreserved with milk based extender containing
different amount of NAC.

MATERIAL and METHODS

The experiment was carried out according to guidelines
for animal research from the National Instutites of Health
and all procedures on animals were approved by the
Kafkas University Ethic Committee on Animal Research
in current study (Approval date/Number: KAU-HADYEK
2009/02). All chemicals in current study were provided
from Sigma-Aldrich if not stated.

Animals

Four healthy and sexually mature (2 years old) Tushin
rams were used in this study. Rams were housed at
Education Research and Practice Farm, Faculty of Veterinary
Medicine, University of Kafkas Turkey at 40°34'33"N,
43°02'35"E at an altitude of 1751 m. Rams were trained for
artificial vagina and were used routinely as semen donors
twice a week before the study. They were fed 0.91 kg of
concentrate daily, and good quality hay and water were
supplied ad libitum.

Semen Collection

The four rams were trained to mount a ewe in estrus
and serve the artificial vagina. Ejaculates were obtained
from each ram by artificial vagina according to the
technique previously described by Salamon and Maxwell "2,
Ejaculates were collected twice a week during this
experiment. The volume and mass activity were recorded
before the tube was placed in a water bath at 37°C. Each
ejaculate with 3+ mass activities was analysed to determine

its semen concentration, total number of spermatozoa per
ml and semen motility, so that adequate semen quality was
secured before ejaculates of the two rams were pooled.
Only ejaculates with motility >75%, sperm concentration
of >2 x 10° spermatozoa/mL and semen volume of >0.5
mL were included in this study. Sperm concentration
was determined using hemocytometric method, after
diluting semen with Hayem solution (Dilution rate 1/500).
The percentage of motile spermatozoa was estimated
by subjective microscopic examination using a phase
contrast microscope supplied with heated stage at 37°C
and magnification 400x after dilution with extender
(Dilution rate 1:10).

Semen Cryopreservation and Experimental Groups

The skim milk based extender was all prepared within 1
week period and kept at 5°C. The composition of skim milk
based solution was 10 g skim milk powder, 0.9 g glucose,
formulated on the basis of 100 mL. 10% (v/v) egg yolk and
5% (v/v) glycerol were added to skim milk based solution.
NAC (0 mM, 0.25 mM, 0.5 mM and 0.75 mM) were added to
skim milk-egg yolk-glycerol (SEG) extender containing 500
IU of penicillin and 500 pg of streptomycin sulphate per
mL. Immediately after collection and evaluation, semen
was extended with SEG supplemented with 0 mM, 0.25
mM, 0.5 mM or 0.75 mM NAC. Diluted semen was loaded
into 0.25 ml French straws constituting doses of 100 X
10° spermatozoa per straw. Plastic straws were sealed
with polyvinyl alcohol powder. The straws were placed in
refrigerator at 5°C. The semen was allowed to equilibrate
for 2 h before freezing. After equilibration, the straws were
frozen horizontally on a rack about 4 cm above liquid
nitrogen (LN,) held in an insulated container. The nitrogen
vapour reduced the temperature within the straws to
-120°C in approximately 15 min. Then the straws were
transferred rapidly to LN, containers at -196°C. The straws
were stored in LN, until evaluation time.

Post-thawing Semen Analyses

After 2 months storage, two straws from each treatment
groups (0 mM, 0.25 mM, 0.5 mM, 0.75 mM NAC) were
thawed in a warm bath (37°C). After 1 min, the contents
of the straw were examined microscopically as described
at below. Totally 6 replications were carried out to determine
effect of NAC on cryopreservation of ram semen. After
thawing of straws, a 3 pL aliquot of each sample was
placed on a warmed (37°C) slide and covered with a cover
slip before examination under a phase-contrast microscope
(Nikon Eclipse E400, Nikon Corp., Japan) at 400x magnifi-
cation. After observing four or five different fields, the
percentage of motile sperm cells was recorded for
each sample. Throughout the experiment, two technicians
evaluated all the samples without knowing experimental
groups and their mean values were recorded as a
percentage. For evaluation of acrosomal and morphological
abnormalities, one drop sample from groups was diluted in
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1 mL Hancock’s solution (prepared with 62.5 mL formalin,
150 mL sodium saline solution, 150 mL buffer solution,
and 500 mL distilled water ¥, placed under a coverslip and
evaluated by phase-contrast microscopy (Nikon Eclipse
E400, Nikon Corp., Japan) under immersion. The morpholo-
gical alternations were classified as described by Ax et
al.'. To evaluate membrane integrity, 50 uL of semen
sample was diluted with 450 pL of 100 mM hypotonic
solution (composed of 9 g fructose plus 4.9 g sodium
citrate per liter of distilled water). After 1 h, smear was
prepared and evaluated considering sperm tail curling (%)
using bright-field microscopy (Olympus CX21, Olympus
Optical Co. Ltd., Japan) (Hypo-osmotic swelling Test/HOST),
spermatozoa with curved tail were considered as membrane
intact 1% Percentage of viability in NAC doses after
thawing was evaluated with eosin staining (Eosin-Y 1.67
g and sodium citrate 2.9 g dissolved in 100 mL distilled
water) as described by Ax et al'. 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 the aid of a second slide. The viability was assessed
by counting 200 sperm cells with bright-field microscopy
(400x) (Olympus CX21, Olympus Optical Co. Ltd., Japan).
Sperm showing partial or complete colorization were
considered non-viable or dead. Only sperm showing strict
exclusion of the stain were considered to be alive .

Statistical Analysis

The mean post-thaw semen parameters of motility,
dead spermatozoa, abnormal spermatozoa and hypo-
osmotic swelling test (curling tail spermatozoa) for the
6 trials carried out during this study were subjected to
analysis of variance (One way ANOVA), and differences
among means were tested for significance by the
Fisher’s PLSD. The SPSS 10.0 software was used for all
statistical analyses. Differences with values of P<0.05 were
considered to be statistically significant.

RESULTS

Results were summarized in Table 1. All experimental
doses of NAC had similar progressive motility when the
results according to six replications were considered to
evaluate different doses of NAC, except 0.75 mM NAC
(19.1%) (P<0.05). 0.25 mM dose of NAC provided lowest

percentage of abnormal acrosome (35.2%). Whilst 0.5
mM NAC had highest membrane integrity and viability
percentage (43.7 and 34.7% respectively), 0.75 mM NAC
had lowest membrane integrity and viability percentages
(37.3 and 28.7 respectively), compared with the other doses
of NAC (P<0.05). Moreover, 0.75 mM NAC had highest dead
spermatozoa (lowest viability), abnormal spermatozoa
and abnormal acrosome percentages, compared with
other groups (P<0.05). Briefly, NAC supplementation just
improved post-thaw membrane integrity compared with
control (P<0.05).

DISCUSSION

In current study, high dose of NAC (0.75mM) especially
suppressed the post-thawing motility, while lower doses
of NAC there were not any beneficial or detrimental effect
on post-thawing sperm parameters, compared with control
group. The production of toxic reactive oxygen species,
damaging sperm motility and viability 2'® has been pointed
out to be involved in some steps of cryopreservation .
Antioxidants such as superoxide dismutase, catalase, cyto-
chrome C and glutathione peroxidase in liquid presentation
solutions improved the motility and acrosome integrity of
ram spermatozoa, and there was improvement in survival
of spermatozoa with increasing dose of antioxidants "7,

Glutathione taking part in Thiols including NAC is one
of the most effective protective agents against oxidative
damage of bull spermatozoa "® and also thiols including
NAC were demonstrated to prevent hydrogen peroxidase
mediated loss of sperm motility in frozen thawed bull
semen .,

The skim milk and the egg yolk contains proteins and
lipoproteins shown to have antioxidant properties .
However, skim milk and egg yolk contains very few
enzymatic antioxidants, especially a-tocopherol, carotenoids,
casein and milk proteins 2% If these non-enzymatic
antioxidants are mainly oxidized and not regenerated,
this could partly explain why skim milk and egg yolk is
not very efficient against oxidative stress and why addition
of NAC may have been beneficial to frozen-thawed sperm
motility and other parameters in skim milk based egg
yolk extender.

Table 1. Post thaw parameters of Tushin ram semen extended with milk based extender supplemented with different doses of NAC (Mean + Standard Error)

Tablo 1. Farkli dozlarda NAC eklenmis siit bazli sulandirici ile sulandiriimis Tuj kogu spermasinin ¢6ziim sonu parametreleri (Ortalama + Standart Hata)

Concentration of NAC Motility (%) Viability (%) Abnormality (%) Abnormal Acrosome (%) | Membrane Integrity (%)
0.25 mM (n=6) 26.6+2.4° 34.4+3.9° 39.1£1.8° 35.2+2.0° 42.6+3.9°
0.5 mM (n=6) 28.3+4.4° 34.7+4.0° 43.9+2.7%0 38.5+2.0% 43.7+2.6°
0.75 mM (n=6) 19.2+4,6° 28.7+4,5° 49.7+4.8° 44.7+4.5° 37.3%5.1°
0 mM(Control/n=6) 28.3+5.2° 32.3+5.6° 43.7+4.6° 37.9+3.4%® 37.5+4.5°

ab< Means with different letters differ significantly within the same column (P<0.05); n: Number of replication for cryopreservation; NAC: N-acetylcystein
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NAC was added to Tris-glucose-egg yolk extender with
high and low doses (0.5 or 1.5 mM) ©'%31 When different
doses of NAC were supplemented to Tris egg yolk based
extender 22 or milk based extender "%, beneficial effects
on sperm motility were determined. Although Michael et
al.??22 determined that supplementation of 1.5 mM NAC
to Tris based extender improved sperm motility of frozen-
thawed and chilled canine semen, we qualified that higher
doses of NAC (i.e. T mM and higher) supplemented to
skim milk based extender had some directly toxic effects
on ram semen, compared low doses of NAC (0.75 mM
and lower doses) in our preliminary study 24, Moreover,
in current study, 0.75 mM NAC detrimentally affected
motility, viability, morphology and membrane integrity
of frozen-thawed ram semen, compared lower doses of
NAC groups (0.25 and 0.5 mM) and control (0 mM NAQ).
The reason of detrimental effect of higher NAC doses may
have been originated from acidity of NAC and changing
of extender pH. Acidity may cause augmentation and
precipitation of milk components especially casein. Also
we observed with naked eye that 1 mM and higher doses
of NAC supplemented to skim milk based extender
caused precipitation and directly toxic effect on ram
semen extended with NAC supplemented extender in our
preliminary study. Yildiz et al.*? determined that 5 and 10
mM NAC doses may have toxic effect on ram semen during
cryopreservation process. They found that higher NAC
doses detrimentally affect sperm motility.

Although there has been limited study 2% about NAC
supplementation to skim milk based extender in ram
semen, Pagl et al" supplemented 0.2 mM NAC to defined
milk protein fraction extender in storage of equine semen
at 5°C. They evaluated sperm motility with determined
times, they determined that 0.2 mM NAC did not have
any detrimental or beneficial effects on sperm motility,
compared control group. However, in our current study,
it was determined that moderate doses of NAC (0.25 and
0.5 mM) slightly improved sperm viability, morphology,
acrosome and membrane integrity. Furthermore, moderate
doses of NAC did not show any detrimental or beneficial
effect on sperm motility.

Micheal et al.»¥ supplemented different NAC doses
(0, 0.5, 1, 2.5 or 5mM) in canine semen extenders and
determined that NAC supplementation of semen extenders
is beneficial to semen motility of canine spermatozoa
during chilling with the 0.5mM concentration being the
most effective, although no significant ROS inhibition
was observed at 72 h. It may be said that moderately
doses of NAC could improve sperm motility, viability and
membrane integrity not only via antioxidant effects but
also via other unknown ways.

In conclusion, moderate doses of NAC (i.e. 0.5 mM and
lower) supplemented in skim milk based extenders can
be used to protect ram sperm cells from oxidative stress
without detrimental effect on freeze-ability of ram semen.

Furthermore, higher doses of NAC (i.e. 0.75mM and higher),
especially used with milk based extender, may have some
detrimental effects on freeze-ability of ram semen. It
warrants further evaluation in fertility trials.
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