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Abstract
The aim of this study was to determine the influence of different doses of L-Ergothioneine (LE), cystein and N-acetylcystein (NAC)
on post-thawing semen parameters in rams. Ejaculates collected from four Tushin Rams were evaluated and pooled at 35°C. Semen
samples were diluted with skim-milk based extender containing LE (5, 10 mM), Cystein (5, 10 mM), NAC (5, 10 mM) or not containing
any antioxidant (control) and loaded to 0.25 ml French straws. Straws were cooled to 5°C for 2 h, frozen in liquid nitrogen vapour
(aprox. -120°C) for 15 min and then being stored in liquid nitrogen until thawing process. Straws were thawed in water bath (37°C
for 1 min). The percentages of motility, viability, abnormal acrosome, total abnormalities, membrane integrity (hypoosmatic
swelling test, HOST) were statistically assessed. Also total antioxidant capacity (TAC) and total oxidatif stres (TOS) were evaluated in
samples from replications. It was seen that LE was superior to N-acetylcystein and cystein in motility, viability, defected acrosome,
total morphological abnormalities, HOST and TAC, (P<0.05) except cystein in motility. Neverthless, there was not any statistically
difference between LE and control groups (P>0.05). It was conlcluded that there was not any beneficial or detrimental effects of LE
on post thawing semen parameters in rams while it was determined that cystein and NAC may have been some detrimental effects
on post thawing semen parameters in rams. These results warrants future scientific studies on LE, NAC and cystein in ram semen
cryopreservation.
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Koç Spermasının Dondurulması Üzerine L-Ergothionin,
N-asetil sistein ve Sisteinin Etkileri
Özet
Bu çalışmanın amacı, koçlarda L-Ergothionin (LE), sistein ve N-asetil sisteinin (NAC) farklı dozlarının çözüm sonu sperma parametreleri
üzerine etkisini belirlemekti. Dört Tuj ırkı koçtan alınan ejakülatlar değerlendirildi ve 35°C’de karışım yapıldı. Sperma örnekleri, LE (5, 10
mM), Sistein (5, 10 mM), NAC (5, 10 mM) içeren veya antioksidan içermeyen (kontrol), yağsız süt temelli sulandırıcıyla sulandırılarak, 0.25
ml’lik payetlere dolduruldu. Payetler 5°C’ye 2 saat süreyle soğutuldu, sıvı azot buharında (yaklaşık -120°C) 15 dak. süre ile donduruldu
ve çözme işlemine kadar sıvı azot içinde saklandı. Payetler su banyosunda (37°C’de 1 dak.) çözüldü. Motilite, canlılık, anormal akrozom,
toplam anormalite ve membran bütünlüğü (hipoozmotik şişme testi, HOST) yüzdeleri istatistiksel olarak değerlendirildi. Ayrıca,
toplam antioksidan kapasite (TAK) ve toplam oksidatif stres (TOS), replikasyonlardan elde edilen örneklerde değerlendirildi. LE’nin
motilite (sistein hariç), canlılık, akrozom hasarı, total morfolojik anormalite, HOST ve TAK oranları bakımından, NAC ve sisteine üstünlük
sağladığı görüldü (P<0.05). Yine de, LE ve kontrol grubu arasında istatistiksel bir fark yoktu (P>0.05). Sistein ve NAC’ın koçlarda çözüm
sonu spermatolojik parametreler üzerine bazı olumsuz etkileri belirlenirken, LE’nin olumlu ya da olumsuz etkisinin olmadığı sonucuna
varıldı. Bu sonuçlar, koç spermasının dondurulmasında, LE, NAC ve sistein kullanılması üzerine yeni bilimsel çalışmaların yapılması
gerektiğini göstermektedir.

Anahtar sözcükler: Koç sperması, Dondurma, L-Ergotiyonin, Sistein, N-asetilsistein, Tuj
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INTRODUCTION
Artificial insemination with frozen semen does not yet
give satisfactory results in sheep. Therefore, for increasing
fertility rates are needed in the development of new
semen extenders or new compositions. In semen, cooling,
freezing, thawing and premature activation in genital tract
cause deterioration in membrane integrity and decreases
the success of artificial insemination [ 1,2].
It is well known that ram semen is susceptible to
freezing and thawing processes. So, in recent years, various
antioxidants have been used in the freezing of ram semen.
In ram semen, despite the positive effects of antioxidants
on the motility and membrane integrity, previous results
are not satisfactory to achieve in artificial insemination.
Hence, the many studies have been continuing on this
subject. Although there are many studies on effect of
antioxidants, the avaliable information on the antioxidant
capacity and lipid peroxidation in frozen ram semen is
limited [1-3]. The investigations on the selection of the best
diluent, antioxidant and dose have been continued by
researchers [4-8]. Some literatures documented have shown
that antioxidants supplemented to semen extenders have
a positive effect on the success in cryopreservation [9-11].
Even synthetic antioxidants on sperm have been
investigated [2]. Not only investigation and detection
of ram semen characteristics, also the measuring the
activity of antioxidant enzymes in ram semen has recently
gained importance in researches. The measurement of
antioxidant activity for better understanding of the effects
of antioxidants gives important clues in terms of the
success of freezing [9,10].
Recently, a thiol compound, LE, has been used to
determine the antioxidant activity in in the storage of
semen and shown to have positive effects on storage
of ram semen [1]. However, the studies regarding use
of antioxidants in the storage of semen is very limited.
Nevertheless, it has been reported that N-acetylcysteine
reduce reactive oxygen species and DNA damage in
human sperm [11,12]. Also, It has been shown that L-Cystein
hidrochloide, reducing oxidative stress in semen, is one of
major thiol compounds which is involved in glutathione
structure and decreases chromatin damage and also
enhances the sperm viability [13].
The oxidative damage during freezing and thawing is
induced by the reactive oxygen species (ROS) produced
by cellular metabolism and sperm components. Hence,
ROS is one of the main causes of decrease of motility and
potential fertility in spermatozoa and comprises primary
factor comprising oxidative stress. For these reasons,
addition of antioxidant compounds to the culture media
have become widespread in recent times [14,15].
However, according to current literature knowledged,
it is seen that LE which has been much more important

than the other antioxidants upto now and superior features
of LE have not been effectively used in culture medium of
oocytes and embryos. It has been known that LE is a fungal
metabolite with antioxidant function in mammalian cells [16].
The preventing of oxidative stress induced by hydrogen
peroxide in the presence of catalase and glutathione (GSH)
consumption stability regulated by N-ethylmaleimide is
realized by intracellular LE [17]. It had been investigated
the effectiveness of LE on prevention of DNA damage and
revention of cell deaths caused by hydrogen peroxyde. In
this study, researches had concluded that LE could act as
an in vivo non-toxic thiol buffer antioxidant and provide
the oxidative stability in pharmaceutical preparations [18].
LE is known as an unique and single antioxidant amongst
antioxidants which chelates heavy metals and protects
of the cells (primarily erythrocytes) from ROS damage.
Further, LE is shown as a single and powerful antioxidant
which induces lipid peroxidation alike thiol antioksidants
in the presence of ferric acid antioxidants and neutralizes
the hydroxyl radicals, peroxynitrite hypochloroik acid and
peroxynitrite [19-21].
In reproductive studies, the significant protective
effects of LE has been demonstrated especially on semen.
LE is the predominant sulphidryl in human, equine and
porcine semen. It has been reported that LE explicitly
protects the semen from oxidatif stress. As a result of
the antioxidant properties of LE, while it increases sperm
viability during storage, eliminates the harmful effects of
hydrogen peroxide on viability of spermatozoa and vital
impact [1,22]. The aim of in this study was to investigate the
effects of LE, NAC and Cystein on the frozen ram semen.

MATERIAL and METHODS
The experiment was performed in accordance with
guidelines for animal research from the National Instutites
of Health and all procedures on animals were approved by
the Kafkas University Ethics Committee on Animal Research
in current study (approval date/number: 2009/02).
Chemicals
All chemicals were provided from Sigma-Aldrich®
(Germany) if not stated.
Animals
The animals were housed at the Kafkas University,
Faculty Of Veterinary Medicine, Education Research and
Practice Farm and kept under uniform feeding, housing
and lighting conditions.
Semen Extension, Freezing and Thawing
Semen samples were obtained from four Tushin rams
(2 and 4 years of age) and all of ejaculates were collected
from the rams with artificial vagina twice a week during
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the breeding season. The ewes in oestrus were used as
phantom. Ejaculates were evaluated. Only ejaculates with
in volume, spermatozoa with >80% progressive motility
and concentration higher than 2×109 spermatozoa/ml
were pooled, balancing the sperm output of each male
to compansate individual differences [23-25]. Each pooled
ejaculate was splitted into seven equal aliquots and
diluted at 37°C with skimmed milk extender (prepared
from 10% milk powder w/v, 0.9% glucose w/v; and added
10% egg yolk v/v, 5% glycerol v/v; pH adjusted to 6.8 with
1N NaOH) supplemented with LE (5 and 10 mM), Cystein
(5 and 10 mM), N-acetylcystein (5 and 10 mM) and noantioxidant (control), respectively, and a total of seven
experimental groups were established. After dilution, final
concentration was adjusted to of approximately 4×108
spermatozoa/ml. Diluted semen samples were aspirated
into 0.25 ml French straws, sealed with polyvinyl alcohol
powder and equilibrated at 5°C for 2 h. After equilibration,
the straws were frozen in liquid nitrogen vapor, 4 cm above
the liquid nitrogen (-120°C), for 15 min. Thereafter, the
straws were plunged into the liquid nitrogen for storage.
The frozen semen in straws were thawed at 37°C for 1 min
in a water bath for post-thawing evaluation immediately
after thawing.
Analysis of Standard Semen Parameters
Semen Volume: The volume of ejaculates was measured
in a conical tube graduated at 0.1 ml intervals.
Motility: Progressive spermozoa motility was estimated
using phase-contrast microscopy (400×; Nikon Eclipes
e400, Japan), with a warm stage kept at 37°C. For motility
assessment, one drop of semen placed directly on a
microscope slide and covered by a cover slip. Spermmotility estimations were performed in three different
microscopic fields for each semen sample. The mean (SEM ±)
of the three successive estimations was recorded as final
motility percentage (%).
The Percentage of Live and Dead Sperm: The percentage
of live sperm in the sample was assessed by means of a
nigrosin–eosin staining method [26]. In examination, the 2%
solution of eosin stain powder prepared with 3% Sodium
Citrate were used for staining. The stain fixation of sperm
were prepared by mixing a drop of semen with two
drops of the stain on a warm slide and spreading the
stain immediately with a second slide. The viable sperm
rate was assessed by counting 200 cells under bright
field microscope (400× magnification; Olympus CX21,
Japan). Spermatozoa showing partial or complete purple
colorization was considered non-viable or dead and
only sperm showing strict exclusion of the stain were
considered to be alive.
The Percentage of Sperm Abnormalities: For the
assessment of sperm abnormalities, one drop of each
sample were added to Eppendorf tubes containing 0.5 ml

of Hancock solution (62.5 ml of 37%, formalin 150 ml
sodium saline solution, 150 ml buffer solution and 500 ml
double-distilled water) [27]. The mixing samples were stored
at refrigerator (+4oC). After providing fixation of samples,
one drop of this mixture was put on a slide and covered
with a cover slip. The percentage total sperm abnormalities
were determined by counting a total of 400 spermatozoa
under phase-contrast microscopy (magnification 1000×/oil
immersion object). Further, sperm abnormalities were
classified as acrosome, head, midpiece and tail (AHMT),
and each category were recorded seperately.
Sperm Concentration: The sperm concentration was
measured by using a haemocytometer [28]. The obtained
results were recorded as 109/ml.
The Hypo-osmotic Swelling Test (HOST): The hypoosmotic swelling test (HOST) was used to evaluate the
functional integrity of the sperm membrane, basedon
curled and swollen tails. This procedure was carried out
by incubating 30 µl of semen with 300 µl of a 100 mOsm
hypo-osmotic solution (9.0 g fructose + 4.9 g sodium
citrate in 1.000 ml of distilled water) at 37°C for 60 min.
After incubation, 0.2 ml of the mixture was spreaded
with a cover slip on a warm slide. Four hundred sperms
were evaluated (magnification 400×) with bright-field
microscopy (Olympus CX21, Japan). Sperm with coiled
tails were recorded as membrane intact [29,30].
Biochemical Assays
Biochemical assays were performed on the sperm
samples immediately after thawing and without washing
by using spesific kits. Total antioxidant capacity (TAC)
in samples was assayed by following the procedures as
described in recent years [31]. After semen samples were
centrifuged in rapid of 3.000 rpm/5 min, seminal plasma
were obtained. TAC and TOC levels were measured by using
kit (Rel Assay Diagnostic, Turkey). The test named as bluegreen ABTS radical cation which is based on the principle
of color loss. In this method, 2,2‘-azino-di (3-sulfonate
to etlylbenzthiozol=ABTS) reacts with peroxidase and
hydrogen peroxide. At the end of this reaction, radical
cation ABTS positive (+) is formed and a blue-green color is
obtained spectrophotometrically. This color was measured
by spectrophotometry at 600 nm [32].
Statistical Analysis
The study was replicated seven times. The means of
results obtained from seven different experimental groups
were analyzed. Results were expressed as the mean±S.E.M
mean were analyzed using a one-way analysis of variance
(ANOVA), followed by the Tukey’s post hoc test to
determine significant differences in all the parameters
between groups using the SPSS/PC computer program
(version 14.0, SPSS, Chicago, IL). Differences with values of
P<0.01 were considered to be statistically significant [33].
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RESULTS
The mean±S.E.M average of motility, viability, total
sperm abnormalities, acrosomal anormalities and the
values of HOST, TAC and TOS values in frozen ram semen
dilueted skimmed milk powder with supplemented of
different antioxidants in different doses are shown in Table 1.
The results of spermatological parameters, the values of
TAC and TOS in all experimental groups were not superior
with the addition of the anti-oxidants, when compared
to the control. However, LE supplemented groups were
superior to the other antioxidant supplemented groups
(P<0.01) (Table 1).

DISCUSSION
The evaluation of the data obtained from control,
N-acetyl cystein, cystein and LE groups pointed out that
motility rates of LE groups were statistically superior to
the other experimental groups except control in current
study. Viability rate in control and LE groups was found
as numerically superior to other groups. Acrosome and
total morphological defects rates in the control group was
statistically significant lower than other groups, except
LE group. On the other hand, the acrosomal defects in LE
group were lower than the other groups, this lowerness
was found as statically signficant compared to NAC5
and NAC10 groups, except control. From these results,
acrosome defect rate and total morphological defect rates
were understood to be parallel with each other.
In present study, the best membrane integrity (HOS
Test) results were obtained from groups of LE5 and
LE10, similar to rates in other groups. These findings
demonstrated that there was consistency among sperm
parameters evaluated in current study. In the examinig of
TAC, although the LE group was relatively more successful,
there were no any differences between groups in TOS

values. Considering all the assessments mentioned above,
it might be suggested that LE tried for the first time, Cystein
and N-acetylcystein in the freezing of semen did not give
succesful results compared to control. Unlike, regarding
with spermatological parameters (motility, viability, total
morphological abnormalities, intact acrosome and HOST)
LE group have been successfully compared to other antioxidant groups. According to the literatures documented,
as it has not been found any literature except for two studies
(Çoyan et al.[34] and Ari et al.[35]) regarding with LE and the
other antioxidants investigated in the present study, the
main theme of the experiment could not be done subjectspecific discussion in detail. However, in different number
of mammalian species, analyzing the results of different
or similar antioxidants with some studies [36,37] especially,
motility results obtained in the present study is lower and
in those of some others is similar [38,39]. In the same study, in
the group added 2 mM LE subjective, CASA and progressive
motility values were 81.3%, 57.9% and 31.0%, while in the
group added 4 mM, these scores were 80.6%, 65.2% and
32.4% respectively. It was observed that the percentage of
motility in LE group was significantly higher cystein group
and the more addition dose was increased the success
of study increased in LE group. The motility percentages
were significantly lower than those of the results in the
study of Çoyan et al.[34] similarly, in the present study, LE
group was higher than cystein group. Moreover, Ari et
al.[35] determined that 10 mM LE improved motility and
membrane integrity in replication with poor freezability
compared with 0, 1, 2, 5 mM LE. However, they could not
determine any beneficial effects of LE in replication with
good freezabillity.
In the present study, the viability percentages in the
groups added LE and cystein were similar to the results
obtained from some studies carried out in various animal
species [39,40], while the results of the group supplemented
with N-acetylcystein were lower than the results of some
investigators [40,41]. On the other hand, the percentages

Table 1. The mean±S.E.M average of motility, viability, total sperm abnormalities, acrosomal anormalities and the values of HOST, TAC and TOS values in
frozen ram semen dilueted skimmed milk powder with supplemented of different antioxidants
Tablo 1. Farklı antioksidanlar içeren yağsız süt tozu sulandırıcısında dondurulmuş koç spermasında ortalama motilite, canlılık, toplam anormalite,
akrozom bozuklukları, HOST, TAK ve TOS değerleri
Parameters

Control

LE5

LE10

NAC5

Motility (%)

26.28±3.16a

24.71±2.85a

26.14±4.13a

Viability (%)

32.28±4.10

28.71±3.12

Total Morphological
Abnormalities (%)

46.14±3.48a

Acrosome anormalities (%)

NAC10

C5

C10

4.00±2.69b

2.85±2.42b

15.14±3.28c

16.00±4.38c

26.85±4.21

17.57±3.56

14.00±3.92

ab

24.71±2.40

25.00±3.40ab

49.42±2.56ab

51.71±3.80ab

78.42±2.92c

82.57±3.24c

57.00±3.47b

59.28±3.65b

42.00±3.92a

45.85±2.74ab

49.00±3.60ab

73.14±3.45c

77.57±4.08c

53.71±4.50b

55.42±3.62b

HOST (%)

30.28±3.25a

29.57±2.62a

28.57±2.66a

15.50±3.80b

14.80±4.31b

24.14±3.13a

23.00±3.75a

TAC (mM/lt)

155.14±2.72

173.89±5.09

250.00±28.0

328.01±17.2

357.08±17.8

356.69±23.5

359.82±19.2b

TOS (mM/lt)

66.61±18.5

61.93±12.7

61.83±20.5

45.57±23.6

49.91±21.4

73.12±10.9

70.00±11.9

a

a

a

a

ab

ab

bc

b

d

b

b

Different letters within the same column are significantly different (P<0.01)
LE5: 5 mM L-Ergothionin supplementation, LE10: 10 mM L-Ergothionin supplementation, NAC5: 5 mM N-Acetyl Cystein supplementation, NAC10: 10 mM
-Acetyl Cystein supplementation, C5: 5 mM Cystein supplementation, C10: 10 mM Cystein supplementation
a, b, c
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of viability in a study which has been added 6 mM
N-acetylcystein to dog semen [37] had been higher than
those of the present study’s results.
The percentages of acrosomal defects in the present
study were lower than some studies’s results [24] while were
higher than those of some studies [37,38,40,41]. However, the
percentages of acrosomal defects in a study [38] which was
subjected to addition of cystein in bull semen were highly
lower than those of the present study. It also suggests that
bull semen is more resistance than ram semen to thawing
procedure. On the other hand, the acrosomal defects rates
of the groups supplemented with N-acetyl cystein and
cystein in the present study were higher than those of the
other experimental groups (LE and control groups) and
some other studies [24,40,41].
In present study, it was seen that total morphological
abnormalities showed similar pattern with the percentage
of acrosome disorders, so in the same way, these rations
has shown similar differences with other studies [24,37,38,40,41].
Compared with Çoyan et al.[34] study in ram semen,
the findings obtained from control and LE groups of
the present study were higher and similar to those of
N-acetylcysteine and cysteine added.
Our findings about LE doses was similar with findings
from Ari et al.[35] when all replications considered. However,
Ari et al.[35] pointed out that higher doses of LE (i.e. 10 mM)
improved post-thaw motility and membrane integrity in
poor freezability replications, while lower doses of LE (1, 2,
5 mM) did not show any beneficial effects on post thawing
sperm parameters neither in poor nor in good freezability
replications.
Ari et al.[42] determined that higher doses of NAC (i.e.
0.75 mM) had some detrimental effect on post-thawing
motility and other semen parameters on ram semen
diluted with milk based extender. Similarly, we found that
5 mM and 10 mM doses of NAC detrimentally affected post
thawing parameters in ram semen.
Compared HOST results obtained from present study
in all groups with other studies [35-37,39] are seen to below.
TAC and TOS relevant results, obtained from the
present study, have not been able to discuss in detail with
the results from other studies because limited literatures
found. However, Çoyan et al.[34] reported that LE and cystein
did not affect significantly the superoxide dismutase (SOD)
and gluthation peroxidase (GPx) activity. In TOS terms,
similar situation was observed in the present study. On
the other hand, in the same study, it was shown that the
motility rates were positively affected in the groups of the
addition of LE compared with control.
Differences between results in our study and the
other studies might have been orginated from different

methods and sheep breeds or species. Because it has
been pointed out that the different methods and breeds
or species used may cause variations in sensitivity to
oxidative stres in sperm [39]. In addition, it is also known that
individual characteristics of rams, season, native quality of
semen, extenders/diluents, cryoprotectants, procedure of
cryopreservation and also thawing procedure can directly
affect results of post-thawing semen quality in rams [40].
In conclusion, in this study, while the 5 and 10 mM
doses of LE were superior to the 5 and 10 mM doses of
NAC in the view of the percentages of motility, viability,
acrosomal defects, total morphological abnormalities,
membrane integrity (HOST) and TAC values, except motilty
rates in the 5 and 10 mM doses of cystein. However, 5 mM
dose of LE were more succesful than all doses of NAC and
cystein, considered TAC values. Neverthless there were
not statistically significant differences between LE and
control groups. The results of current study and limited
literature knowledge about LE, described as unique and
strong antioxidant, warrants future studies on ram semen
cryopreservation.
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