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Cysteine addition on short-term cooled boar semen preservation 
and its relationship with swine �ield fertility1
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ABSTRACT.- Severo C.K., Pereira G.R., Pereira A.M., Ilha G.F., Oliveira J.F.C., Soares M., Arru-
da R.P. & Gonçalves P.B.D. 2011. Cysteine addition on short-term cooled board semen 
preservation and its relationship with swine �ield fertility. Pesquisa Veterinária Brasileira 
31(Supl.1):25-32. Laboratório de Biotecnologia e Reprodução Animal, Departamento de Clíni-
ca de Grandes Animais, Hospital Veterinário, Prédio 97, Universidade Federal de Santa Maria, 
Av. Roraima 1000, Santa Maria, RS 97105-900, Brazil. E-mail: bayard@biorep.ufsm.br

Arti�icial insemination is routinely used in the swine industry to reduce the costs of pro-
duction through to increase the ef�iciency of the refrigerated boar semen process. The objec-
tive of this study was to evaluate the effect of different levels of cysteine (CYS) added to the 
Beltsville Thawing Solution (BTS) extender semen during cooling for up to 72 hours. Ejacu-
lated from three boars were collected with the gloved-hand technique and semen aliquots 
were diluted in BTS as follow: BTS only (BTS), BTS + 0.1mM cysteine (CYS0.1), BTS + 0.5mM 
cysteine (CYS0.5), BTS + 1.0mM cysteine (CYS1.0), BTS + 2.5mM cysteine (CYS2.5), BTS + 
5.0mM cysteine (CYS5.0), BTS + 10.0mM cysteine (CYS10.0), and BTS + 20.0mM cysteine 
(CYS20.0). Evaluation of sperm integrity were analyzed using 0.5mg/ml propidium iodide 
(plasma membrane), 100μg/ml isothiocynate-conjugated Pisum sativun agglutinin (acroso-
mal membrane) and 153μM 5,5’,6,6’-tetrachloro-1,1’,3,3’-tetraethylbenzimidazolyl carbocya-
nine iodide (mitochondria potential) after semen dilution at speci�ic times (0, 24, 48 and 72 
hours). Additionally, we also evaluated the effects of 5.0 mM CYS addition in the BTS extender 
on the maintenance of sperm quality and their infl uence on fertility in the swine production. Af-
ter artifi cial insemination, animals were evaluated based on the estrous return and the number of 
piglet’s born. Cysteine at concentrations of 10.0 and 20.0mM resulted in more pronounced 
reductions even at the time zero. Semen viability decreased to levels below 10% at these high 
levels of CYS in the �irst 24 hour of storage at 17°C. At the end of the storage time, less than 
65% of sperm cells had intact plasma membrane in all groups. The sperm viability decreased 
signifi cantly when the semen was added at high concentrations of CYS (time “0”; CYS10.0 and 
CYS20.0; p<0.05), when compared to the other CYS concentrations. The BTS (10.20±0.39) trea-
ted group showed a lower rate of estrus return when compared to other (BTSCYS; 86.05±039), and 
it showed also the highest total number of piglets borne per treatment (12.71±3.38 vs. 9.00±3.38, 
respectively). In conclusion, the addition of CYS in the BTS semen extender did not maintain 
spermatic viability of boar cooled spermatozoa and it results in a higher percentage of return to 
estrus and lower number of piglets borne.

INDEX TERMS: Cysteine, swine spermatozoa, beltsville thawing solution, functional membrane in-
tegrity, swine industry.

RESUMO.- [Adição de cisteína na preservação de sê-
men suíno refrigerado e sua relação com a fertilidade 
suína.] A inseminação artifi cial é usada rotineiramente na in-
dústria suinícula para reduzir os custos de produção além de 
obter maior efi ciência reprodutiva durante o processo de res-
friamento do sêmen. O objetivo deste trabalho foi avaliar o 
efeito da adição de diferentes concentrações de cisteína (CIS) 
ao diluidor de sêmen Beltsville Thawing Solution (BTS) res-
friado sobre a qualidade espermática por até 72 horas. Foram 
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coletados ejaculados de três cachaços e as amostras de sêmen 
foram diluídas em BTS, conforme os seguintes tratamentos: 
BTS (grupo controle); CIS0,1 (BTS + 0,1mM de cisteína); 
CIS0,5 (BTS + 0,5mM de cisteína); CIS1,0 (BTS + 1,0mM 
de cisteína); CIS2,5 (BTS + 2,5mM de cisteína); CIS5,0 (BTS 
+ 5,0mM de cisteína); CIS10,0 (BTS + 10,0mM de cisteína) e 
CIS20,0 (BTS + 20,0mM de cisteína). A avaliação da integri-
dade espermática foi determinada através de sondas fl uores-
centes em uma combinação de 100μg/mL FICT-PSA (isotio-
cinato de lecitina), 0.5mg/ml PI (iodeto de propidio), e 153μM 
JC-1 (5,5’,6,6’-tetracloro-1,1’,3,3’-tetraetillbenzimidazolil 
iodeto de carbocianina). As avaliações dos tratamentos fo-
ram realizadas 0, 24, 48 e 72 horas após a diluição do sêmen. 
Adicionalmente, foi avaliado o efeito da adição de 5,0 mM de 
cisteína ao diluidor BTS na manutenção da qualidade espermá-
tica e no efeito na fertilidade em suínos. Após a inseminação 
artifi cial, as fêmeas foram avaliadas quanto a taxa de retorno 
e o tamanho da leitegada. Durante todos os períodos analiza-
dos, os grupos CIS10,0 e CIS20,0 apresentaram menor número 
de espermatozóides viáveis em relação aos demais grupos. A 
viabilidade espermática diminuiu a níveis abaixo de 10% nos 
tratamentos CIS10,0 e CIS20,0 nas primeiras 24 horas de ar-
mazenamento a 17ºC. Ao fi nal do período de armazenamento 
todos os grupos apresentavam média inferior a 65% de esper-
matozóides com a membrana plasmática intacta. A viabilidade 
espermática diminuiu signifi cativamente quando altas concen-
trações de CIS (hora “0”; CIS10,0 e CIS20,0; p<0.05) foram 
adicionadas ao sêmen comparadas com as demais concentra-
ções. O grupo BTS (10,20±0,39) apresentou menor taxa de re-
torno ao estro comparado com BTSCIS (86,05±0,39), além de 
apresentar maior número de leitões nascidos (12,71±3,38 vs. 
9,00±3,38, respectivamente). Portanto, podemos concluir que 
a adição de CIS ao diluidor BTS não mantém a qualidade es-
permática e resulta em maior taxa de retorno ao estro e menor 
número de leitões nascidos.

TERMOS DE INDEXAÇÃO: Cisteína, centrifugação, sêmen resfriado, 
Beltsville Thawing Solution, suínos.

INTRODUCTION
Arti�icial insemination is a widespread technique used in 
the swine industry to reduce production costs and to achie-
ve a better use of the male gametes into swine production. 
Semen extended in a liquid state is considered an ef�icient 
method to preserve spermatozoa viability and is commonly 
used to transport semen over long distances (Gadea 2003). 
This technology is used by the swine industry to produce 
an adequate environment for short-term storage; however, 
sperm cells lipid composition of the plasma membrane are 
sensitive to cold chock that leads to irreversible damage to 
the spermatozoa membrane and consequently decreases 
its fertilization potential (Johnson et al. 2000). The tem-
perature of storage (<15°C) in�luences the maintenance 
of boar semen preservation that results in the transition 
from a �luid to a gel phase that signi�icantly decreases the 
spermatozoa viability (De Leeuw et al. 1990, Johnson et al. 
2000). 

The susceptibility of boar spermatozoa to oxidative 
damage is attributed to the high concentration of polyun-
saturated fatty acids (PUFA) in membrane phospholipids 

and to the limited antioxidant capacity of spermatozoa 
to generate reactive oxygen species (ROS) (Cerolini et al. 
2000, Henkel 2005). The high content of PUFA promotes 
lipid peroxidation of the sperm plasma membrane, which 
is crucial to decrease sperm metabolism, motility and fer-
tilization potential (Storey 1997). Kumaresan et al. (2009) 
observed a decrease on sperm function and on membrane 
integrity associated with high levels of lipid peroxidation, 
which occurs during the semen storage period. Efforts to 
improve the preservation of cooled boar semen have focus 
on the addition of speci�ic antioxidants to extended semen 
with the purpose to maintain cell membrane integrity, pre-
vent oxidative stress and preserve spermatozoa motility 
(Maxwell et al. 1996, Dube et al. 2004). 

Spermatozoa are capable of generating ROS that may 
have physiologic functions in signaling events to control 
sperm capacitation, acrosome reaction, hyperactivation 
and sperm-oocyte fusion (Aitken 1995, Aitken et al. 1997, 
Ball et al. 2001). The use of antioxidants is of fundamental 
importance to maintain ejaculated-sperm viability (Henkel 
2005). In this manner, thiols are part of a large class of an-
tioxidants essential for protein function, including cysteine 
(CYS), N-acetylcysteine (NAC) and glutathione (GSH) (Bi-
lodeau et al. 2001, Goodrowe et al. 2001). Both, the CYS 
and NAC, are precursors of the biosynthesis of intracellular 
GSH, and they represent an important molecule at lower 
levels in spermatozoa. The CYS and NAC act as a cell mem-
brane protector through the maintenance of sulphydric 
(-SH) groups and they are also known to interact with free 
radical to decrease the oxygen reactions responsible for the 
lipid peroxidation and consequently to decrease its sper-
matozoa function. Apparently, both thiols can reduce the 
toxic effect of the ROS during the sperm cryopreservation 
process ( Bilodeau et al. 2001, Thuwanut et al. 2008, Awda 
et al. 2009). Therefore, antioxidants are crucial to rescue 
the excessive production of free radicals that are responsi-
ble to lipid peroxidation on the damage of the plasma mem-
brane spermatozoa (Baumber et al. 2000).

The Beltsville Thawing Solution (BTS) is a world widely 
extender used in the swine industry that contains glucose 
as the main source of semen energy and helps to maintain 
the viability of semen over time for up to 72 hours at tem-
perature ranging from 15 to 20°C (Pursel & Johnson 1975, 
Huo et al. 2002). The BTS extender is considered to have 
a short action and is commonly used when low levels of 
potassium is present in semen to achieve its intracellular 
concentration at the physiological levels during storage 
(Gaczarzewicz et al. 2003). Despite considerable progress 
in knowledge, there still a little academic research being 
conducted to establish appropriate protocols in order to 
bene�its the commercial swine industry. 

In humans, the administration of NAC to man diagnosed 
with idiopathic infertility signi�icantly improved semen vo-
lume, motility and viscosity based on the reduction of ROS 
in the serum (Ciftci et al. 2009). Therefore, this reduction 
of ROS by the addition of antioxidants might be a useful 
approach in treating male factor infertility. The CYS con-
centration observed in the ejaculate and spermatozoa of 
subfertile men was also higher compared with men in the 
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idiopathic subfertile group (Ebisch et al. 2006). Funahashi  
Sano (2005) concluded that the addition of 5.0mM of CYS 
in boar ejaculated semen supplemented with Modena ex-
tender, which contain 20% of seminal plasma, maintained 
viability, integrity and penetration of spermatozoa obser-
ved in vitro. 

A wide array of antioxidant has been used to prevent 
oxidative stress in semen from variety of species such as 
in ruminants (Maxwell & Stojanov 1996, Nair et al. 2006) 
and in horses (Ball et al. 2001); however, few reports have 
addresses their implication in preservation of boar semen 
in swine. Therefore, the aim of the present study is to eva-
luate the effects of CYS addition in the BTS extender on the 
maintenance of sperm quality and their in�luence on swine 
fertility.

MATERIALS AND METHODS
Unless otherwise stated, all media components were purchased 
from Sigma (Sigma-Aldrich, São Paulo, SP, Brazil). All animal expe-
riments followed a protocol approved by the Committee of Ethics 
and Animal Welfare in Federal University of Santa Maria and were 
controlled by the Guidelines for Animal Experiments of the Com-
mittee (Protocol #23081.006881). 

Three experiments were conducted to elucidate the potential 
role of the CYS used as an antioxidant in combination with BTS 
extender. In the Experiment 1, we evaluated the effect of different 
concentrations of CYS added to the BTS extender semen during 
cooling for up to 72 hours. The Experiment 2 was design to eva-
luate the addition of 5.0mM of CYS in combination with BTS ex-
tender on sperm integrity. Then, the Experiment 3 was conducted 
in a Producing Unit of Piglets (UPL) at The Cooperative Languiru 
located in Teutonia, RS, Brazil, to evaluate the potential effect of 
CYS treatments on the reproductive performance of sows.

The effect of different concentrations of CYS added to the BTS 
extender (Experiment 1) 

Three boars at the age of 24 months were housed individually 
and submitted to two semen collections during this study. Fresh 
clean water was provided ad libitum with automated watering de-
vices throughout the entire trial period. Semen collections were 
performed using a gloved-hand technique described by Hancock 
and Hovel (Hancock & Hovel 1959). The �irst ejaculatory portion 
was discharged and the semen was �iltered through four 130-mm2 
gauze at the time of collection. Only the rich fraction was used in 
this study. 

Semen was divided in eight sperm fractions and raw semen 
motility >80.0% was observed subjectively in all fractions. The 
BTS extender used in this study consisted of 206.0mM Glucose, 
20.4mM Na

3
citrate, 14.9mM NaHCO

3
, 3.4mM Na

2
EDTA, 10.0mM 

KCl, penicillin-G 0.6g/L, dihydroestreptomicin 1.0g/L (Minitub, 
Tiefenbach, Germany) and it was diluted in warmed tridestilated 
water at 34°C at proportion of 50.0g/L. To evaluate sperm concen-
tration, 10μl of each ejaculated was diluted (1:100) in formalde-
hyde-citrate buffered solution and the number of spermatozoa/
ml was assessed using a NeuBauer haemocytometer chamber 
(Boeco, Hamburg, Germany). The �inal concentration of extended 
semen was adjusted to 3x109 spermatozoa for each 80 ml. After, 
semen aliquots were submitted to different treatments groups 
as follow: control group, semen diluted in BTS without cysteine 
(BTS), semen diluted in BTS containing 0.1mM (CYS0.1), 0.5mM 
(CYS0.5), 1.0mM (CYS1.0), 2.5mM (CYS2.5), 5.0mM (CYS5.0), 
10.0mM (CYS10.0) and 20.0mM (CYS20.0) of cysteine. Then, sam-

ples were cooled, kept into a refrigerated chamber at 17°C, and 
evaluated at 0, 24, 48 and 72 hours of storage.

Spermatozoa viability based on spermatozoa staining and 
�luorescence assessment was evaluated by the plasma membra-
ne integrity (PI), acrossomal membrane integrity (AI), and mito-
chondrial potential (MP), using �luorescent probes. One aliquot 
of semen was diluted into Modi�ied Tyrode’s Medium (TALP) in 
order to obtain 25x106 spermatozoa/ml. Then, a 150μl aliquot 
was combined with 3μl of propidium iodide diluted in 5 mg/l of 
Dulbecco´s phosphate-buffered saline solution (DPBS), 50μl of 
�luorescein isothiocynate-conjugated Pisum sativun agglutinin 
(FITC-PSA) in 5mg/l of DPBS, and 3μl of 5,5’,6,6’-tetrachloro-
-1,1’,3,3’-tetraethylbenzimidazolyl carbocyanine iodide (JC-1) 
in 153μM of dimethyl sulphoxide (DMSO) and mixed within the 
aliquot. Samples were maintained in a dark chamber at room 
temperature for 8 minutes. After, one aliquot of 7μl was evaluated 
under epi�luorescence microscope (Carl Zeiss) using a triple �ilter 
(D/F/R, C58420) set with UV-2E/C (340-380 nm excitation and 
435-485 nm emission), B-2E/C (465-495 nm excitation and 515-
555 nm emission), and G-2E/C (excitation 540-525 and emission 
605-655). Samples were evaluated at x1000 magni�ication and a 
total of 200 cells were counted for each treatment group. Sper-
matozoa were classi�ied according to De Andrade et al.  (2007) as 
viable (intact plasma membrane, intact acrosomal membrane and 
high mitochondrial function, IPIAH) and not viable (intact plasma 
membrane, intact acrosomal membrane and low mitochondrial 
function, IPIAL; intact plasma membrane, damaged acrosomal 
membrane and enhanced mitochondrial function, IPDAH; intact 
plasma membrane, damaged acrosomal membrane and decrea-
sed mitochondrial function, IPDAL; damaged plasma membrane, 
intact acrosomal membrane and high mitochondrial function, 
DPIAH; damaged plasma membrane, intact acrosomal membrane 
and decreased mitochondrial function, DPIAL; damaged plasma 
membrane, damaged acrosomal membrane and enhanced mito-
chondrial function, DPDAH; damaged plasma membrane, dama-
ged acrosomal membrane and decreased mitochondrial function, 
DPDAL).

The addition of 5.0mM of CYS on sperm integrity (Experi-
ment 2)

Three boars at the age of 36 months were allocated in indivi-
dual cages and collected �ive times during this experiment. Ani-
mals were maintained at good corporal condition and fresh clean 
water was available ad libitum throughout the entire trial period. 
Semen collection was performed using the same technique as 
described in Experiment 1. Semen was divided in two fractions 
and aliquots were submitted to different treatments groups as 
follow: 1) semen diluted in BTS (BTS); and 2) semen diluted in 
BTS containing 5.0 mM cysteine (BTSCYS). After, samples were 
stored into a refrigerated chamber at 17°C and evaluated at 0, 24, 
48 and 72 hours. Spermatozoa �luorescence assessment was eva-
luated by the PI, AI, and MP evaluation using �luorescent probes 
and classi�ied according to describe by Andrade et al. (2007).

The potential effect of CYS treatments on the reproductive 
performance of sows (Experiment 3)

Five hybrid males aged over 24 months, four Agroceres and 
one Geneticpork genetics, maintained at good corporal condition 
were used throughout the entire trial period. Animals were allo-
cated in the Insemination Center within the UPL Cooperative Lan-
guiru. After collection, semen was divided between treatments, 
BTS and BTSCYS. The BTS extender was prepared in advance and 
kept at 34°C before semen dilution. Then, semen was divided in 
two aliquots and diluted to obtain 3.5x109 sperm for each 90ml. 



Pesq. Vet. Bras. 31(Supl.1):25-32, dezembro 2011

28 Carolina K. Severo et al.

One aliquot was used to inseminate the sows and the other was 
sent to the laboratory at UFSM to evaluate sperm integrity using 
�luorescents probes as describe earlier.

A total of 91 females were previously selected on the basis of 
genetics (Debrecht 90 and Cambrough 25), the order of parturition 
(between three and six) and the weaning estrus interval (between 
three and �ive days). Then, females were subdivided into two inse-
mination treatments as follow: semen diluted in BTS (control, n=49) 
and semen diluted in BTS added 5.0mM of CYS (BTSCYS, n=42). 
Three cervical inseminations per animal were performed from each 
treatment group after detection of estrus. Semen used for insemina-
tion was stored from 0 to 24 hours at 17°C. After the inseminations 
all females were assessed for estrus return and females that returned 
were not inseminated again. Therefore, females do not return estrus 
was assessed for the total number of piglets born.

Statistical analysis 
In the Experiment 1 and 2, data was statistically analyzed 

using a repeated measurement analysis approach to determine 
the effect of each treatment on each dependent variable, using 
PROC MIXED of SAS software (SAS Institute, Cary, NC, USA). In the 
Experiment 3, the effect of treatment on each dependent varia-
ble was analyzed using a model of analysis for unbalanced data 
(PROC GLM - SAS software) to determine the effects of treatment 
and genetics. The means for the effect of different treatments and 
genetics in relation to the order of birth, rate of return and num-
ber of piglets were compared using the Tukey test. Differences 
were considered to be signi�icant when p<0.05 and results were 
expressed as mean ± standard error of means (SEM).

RESULTS
Spermatozoa �luorescent analyses are shown in Figure 1. 
Treated-semen groups showed a signi�icant decrease on 
viable sperm over time (Fig.2). The sperm viability decre-
ased signi�icantly when the semen was added at high con-
centrations of CYS immediately after dilution (CYS10.0 and 
CYS20.0; p<0.05), when compared to the other CYS concen-
trations. After 72 hours of storage, the sperm viability was 
below 60% when the cysteine concentrations were from 0 
to 5.0mM and below 10% at 10.0 and 20.0mM. The percen-
tage of sperm with plasma membrane integrity decreased 
over time and was signi�icant lower in CYS20.0 at 24 and 
48 hours and in CYS10.0 and CYS20.0 at 72 hour (p<0.05) 
(Fig.3A). The acrosome membrane integrity was also lower 
in CYS20.0 from 0 to 48 hours (p<0.05). The integrity of the 
acrossomal membrane rate was also lower in CYS10.0 at 
0 hour (p<0.05). The groups BTS, CYS0.1, CYS0.5, CYS1.0, 
CYS2.5, CYS5.0 and CYS10.0 yielded higher than 60% 
of damage in the integrity of acrossomal membrane af-
ter 72 hours of storage at 17°C (Fig.3B). The number of 
sperm with mitochondrial potential was lower in CYS10.0 
and CYS20.0 from 0 to 72 hours when compared to other 
groups (p<0.05) (Fig.3C). In Experiment 2, all treatments 
showed a reduction in the percentage of sperm with in-
tact membranes and mitochondrial potential during the 
period of storage at 17°C; however no differences was ob-
served among treatments (Fig.4A-C). In Experiment 3, the 

mean semen viability after 24 hours were 17.61% BTS and 
10.86% BTSCYS. The genetic did not in�luence the rate of 
estrus return neither the number of piglets’ borne. The or-
der of parturition and the interval of estrus return did not 
differ between treatments. The BTS (10.20±0.39) treated 
group showed a lower rate of estrus return when compa-
red to BTSCYS (86.05±0.39), and it showed also the highest 
total number of piglets borne per treatment (12.71±3.38 
vs. 9.00±3.38, respectively) (Table 1).

Fig.1. Epi�luorescence photomicrography of sperm cells stained 
with the association of �luorescent probes: PI (stain: red), 
FITC (stain: green), and JC-1 (stain: orange). (a) Intact plas-
ma membrane, intact acrosomal membrane and high mito-
chondrial function (IPIAH). (b) Intact plasma membrane, 
intact acrosomal membrane and low mitochondrial function 
(IPIAL). (c) Damaged plasma membrane, damaged acroso-
mal membrane and low mitochondrial function (DPDAL). (d) 
Damaged plasma membrane, damaged acrosomal membrane 
and high mitochondrial function (DPDAH). (e) Intact plasma 
membrane, damaged acrosomal membrane and high mito-
chondrial function (IPDAH). (f) Intact plasma membrane, da-
maged acrosomal membrane and low mitochondrial function 
(IPDAL). (g) Damaged plasma membrane, intact acrosomal 
membrane and low mitochondrial function (DPIAL). (h) Da-
maged plasma membrane, intact acrosomal membrane and 
high mitochondrial function (DPIAH). Bars represent 10 nm.
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DISCUSSION
In the present study, the effect of different concentrations 
of CYS on the viability was investigated in sperm cells after 
cooling boar semen for up to 72 hours. We demonstrated 
that CYS has a deleterious effect in a dose dependent man-
ner on swine sperm cells maintained at 17°C for a short 
period of storage. We also observed that all semen parame-
ters evaluated in the present study were affected by high 
concentrations of CYS (10.0 and 20.0mM). In contrast, the 
CYS added to BTS in low concentrations, from 0.1 to 1.0 
mM, did not have any effect on sperm viability when boar 
semen was storage for 72 hours at 17°C. The temperature 
of 17°C used in this study is considered adequate for boar 
semen storage for up to three days using the BTS extender 
(Dube et al. 2004, Johnson et al. 2000). Liquid boar semen 
is commonly stored at temperatures between 15 and 20°C 
for using in arti�icial insemination at the swine industry; 
however, temperatures below 15°C may impair sperm cell 
viability during storage (Althouse et al. 1998).

Funahashi & Sano (2005) concluded that antioxidants 
reduce the percentage of defects in acrosome; however, 
their study used seminal plasma in addition to treated se-
men which in know to contain active antioxidants enzymes 
and may obscure the results of CYS. In bovine, the concen-
tration of 0.5mM of CYS was suf�icient to maintain sperm 
motility in the absence of hydrogen peroxide (H

2
O

2
) in se-

men diluted in TRIS buffer containing egg yolk (Bilodeau et 
al. 2001). In contrast, we observed that the addition of 5.0 
mM CYS to the BTS extender did not in�luence the acros-
somal membrane integrity. Moreover, in horses (Baumber, 
et al. 2000) and in rams (Sarlos et al. 2002) there was no 
effect of CYS on the acrossomal membrane integrity. In 
man, semen showing with higher concentration of thiols 
is considered subfertile (Ebisch et al. 2006). Furthermo-
re, investigations of the physiological role of CYS during 
capacitation and acrosome reaction as well as proteins 
phosphorylation is needed to improve the understanding 
of boar sperm function.

Fig.2. The effect of different concentration of cysteine added to 
Beltsville Thawing Solution extender on spermatozoa viabil-
ity of swine semen storage at 17°C for 72 hours. * Indicates 
difference between treatments (p<0.05). (CYS: Cysteine; BTS: 
Beltsville Thawing Solution)

Fig.3. (A) The effect of different concentration of cysteine added 
to Beltsville Thawing Solution extender on plasma membra-
ne integrity, (B) acrosome membrane integrity, and (C) mi-
tochondria potential of swine semen storage at 17°C for 72 
hours. * Indicates difference between treatments (p<0.05). 
(CYS: Cysteine; BTS: Beltsville Thawing Solution)

A variety of newer approaches for the assessment of 
sperm viability by �luorescent technique in combination 
with sperm motility parameters are becoming increasingly 
available to predict fertilization ability and non-return rate 
after arti�icial insemination in swine (Juonala et al. 1999, 
Sutkeviciene et al. 2005, Turba et al. 2007). Beside several 
organelles in the spermatozoa organization, mitochondria 
is known to promote oxidative phosphorylation and also to 
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dria membrane viability can be an important indicator of 
functional integrity (Cummins et al. 1994). Functional inte-
grity of sperm membranes has been used in horses (Arruda 
et al. 2007), bovine (Celeghini et al. 2007), swine (Andra-
de et al. 2007), and humans (Ozaki et al. 2002), to identify 
“live” and “dead” sperm.

Centrifugation is a process that removes seminal plas-
ma from ejaculated semen with the aim to decrease the 
deleterious effects of ROS compounds on the spermatozoa 
(Carvajal et al. 2004). However, the removal of seminal 
plasma, the mechanical damage and the formation of ROS 
appear to have negative effect on spermatozoa viability (Al-
varez et al. 1993, Katkov & Mazur 1998). Some species are 
more sensitive to the process of centrifugation, such as rats 
(Cardullo & Cone 1986), human (Ng et al. 1990) and mice 
(Katkov & Mazur 1998), whereas cattle (Pickett et al. 1975) 
and horses (Crockett et al. 2001) are more resistant. This 
indicates that there is speci�icity between species accor-
ding to the centrifugation steps used to separate spermato-
zoa from seminal plasma. Moreover, the antioxidants have 
an important function of scavenging the reactive oxygen 
species that are found on spermatozoa and leukocyte in bo-
vine and boar semen (Ng et al. 1990, Crockett et al. 2001). 
By the other hand, high concentration of cysteine seems to 
have a detrimental effect on boar sperm cells maintained at 
low temperature. In our study, this deleterious effect was 
not caused by changes in osmolality or pH. The osmolali-
ty was around 348 mOsm and pH between 7.2 and 7.4 in 
all treatment groups (data not shown). According to Gadea 
(2003) the pH of boar semen is similar to body �luids and 
can tolerate a fairly wide range of osmotic pressures (240-
380 mOsm). 

In this study, we evaluated the effect of CYS added to 
BTS extender on rate of estrus return and the total num-
ber of piglets’ borned in a herd. These reproductive para-
meters were also used to assess the in�luence of different 
diluents such as BTS, Merk III and coconut water on swine 
productivity (Kotzias-Bandeira 1999). The current study 
demonstrates that CYS added to cooled semen for arti�icial 
insemination showed a negative effect on the rate return 
estrous and on the total number of piglet’s borned. Beside, 
Funahashi & Sano (2005) reported no difference on the pe-
netration of sperm in oocytes between diluted semen using 
modi�ied Modena extender in the presence or absence of 
CYS up to eight days of storage at 10°C. However, the same 
study showed that until 29 days of semen storage diluted 
in modi�ied Modena extender and added 5 mM CYS showed 
the highest rates of sperm penetration. The number of pi-
glets born was higher in BTS compared to BTSCYS, indica-
ting that the absence of CYS may be important to maintain 

Fig.4. (A) The effect of 5.0 mM of cysteine added to Beltsville 
Thawing Solution extender on plasma membrane integrity, 
(B) acrosome membrane integrity, and (C) mitochondria po-
tential of swine semen storage at 17°C for 72 hours. * Indi-
cates difference between treatments (p<0.05). (CYS: Cysteine; 
BTS: Beltsville Thawing Solution)

produce energy from adenosine tri-phosphate (ATP) that 
is critical for cell motility (Oura & Toshimori 1990, Frey & 
Mannella 2000). In the current study, the presence of mi-
tochondrial potential showed similar parameters observed 
on studies in bovine semen (Celeghini et al. 2008). Accor-
ding Peña et al. (2003), the maintenance of mitochondria 
function of boar spermatozoa depends of the protector 
effect of the antioxidants. Of this, the potential of mitochon-

Table 1. The effect of cysteine addition into the Beltsville 
Thawing Solution extender on the rate of estrous return and 

on the number of piglets’ born

Treatments Inseminated 
sows (n)

Estrous return 
n (mean±SEM)

Piglet’s born
n (mean±SEM)

BTS 49 5 (10.20 ± 0.39)a 12.7 ± 3.38a

BTSCYS 42 36 (86.05 ± 0.39)b 9.00 ± 3.38b

SEM = Standard error mean, CYS = Cysteine, BTS = Beltsville Thawing Solution.
Different letters between treatments (p<0.01).
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the number of piglets’ borned. Although this negative effect 
of CYS on the number of piglets were not expected, when 
the rate of return was superior over 10% we pass to con-
sider it. In conclusion, the current study demonstrates that 
CYS affect the sperm viability resulting in a higher percen-
tage of return to estrus and lower number of piglet’s born.
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