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ABSTRACT

L-Carnitine is an antioxidant for the transport of fatty acids in mitochondria and breakdown of lipids for metabolic
energy. Some studies have suggested that carnitine improves sperm motility in mammals. The objective of this study
was to investigate the effect of L-carnitine on the characteristics in fresh semen of miniature pigs. The collected fresh
semen was stored in modena B medium with L-carnitine (0, 1.0, 2.0, and 4.0 mg/ml) for 10 days at 18°C. The semen
quality of viability, acrosome reaction and mitochondria integrity was analyzed on 0, 3, 7, and 10 day of semen
storage. The percentages of live and dying sperm were not different among treatment groups with different concen-
trations of L-carnitine during the storage period. In acrosome reaction analysis, when the sperm stored for 7 day, the
percentages of live sperm with acrosome reaction were significantly (p<0.05) lower in 1 (9.0£0.9%), 2 (7.6+0.2%) or 4
mg/ml (7.9+0.8%) L-carnitine-treated groups than the control group (0 mg/ml L-carnitine) (11.12+0.2%). However, there
were no difference in percentages of live sperm with acrosome reaction for 3 and 10 days of storage with each
concentrations of L-carnitine. When sperm was stored for 3 and 10 days, the percentages of live sperm with
mitochondria integrity were significantly higher in 2 mg/ml of L-carnitine-treated group than control group (p<0.05).
In conclusion, the L-carnitine has a positive effect on acrosome reaction and mitochondria integrity in liquid state of
fresh semen in miniature pigs.
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INTRODUCTION semen quality. Actually, a using of fresh semen at fa-
rm is a convenient and popular way, and the semen

can store for 5 day, the viability and motility of sperm

Artificial insemination (Al) requires for maintain po-
pulation and improve breeding in pig. In South Korea,
Al is progress and bigger, and Al centers reported that
a use of pig semen (freezing and fresh semen) has
increased (Kim et al., 2011; Colenbrander et al., 1992).
Cryopreservation has advantages for preserving long
term of semen, easy transport and quality proven of
semen (Guimaraes et al., 2013). However, freezing se-
men has many problems and damages, such as viabi-
lity, acrosome, short live time, cold shock, and mem-
brane damage (Roca ef al., 2006; Anzar et al., 2002; Ro-
ca et al., 2004). Especially, boar semen is weaker than
other domestic animal in the durability (Casas et al.,
2009). Thus, fresh semen has used to Al for protecting

is decreased during this term (Waberski et al., 1994).
Therefore, the diluted semen solution is very important
for protecting the viability and motility of sperm.

L-carnitine is an antioxidant as stereoisomers of car-
nitine that is known vitamin Br, and was originally fo-
und as a growth factor for mealworms (Bremer, 1983).
The function of L-carnitine is the transport of fatty
acids in mitochondria and breakdown of lipids for
metabolic energy. Thus, this function is helped metabo-
lism of mitochondria and increased mitochondrial func-
tions (Siliprandi et al., 1989).

L-carnitine has been studied in oocyte (Wu et al.,
2011), sperm (Khademi et al., 2012), embryo (You et al.,
2012), disease (Malaguarnera et al., 2011), and metabo-
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lism (Koeth et al., 2013). Especially, some study repor-
ted that carnitine improves sperm motility (Morgante et
al., 2010). Also, carnitine helps to the acquisition of sp-
erm motility (Casillas, 1973) and modulates metabolic
function (Jeulin and Lewin, 1996) of sperm included to
B-oxidation and coenzyme A (Stradaioli et al, 2004).
Thus, the study of L-carnitine in sperm has been re-
ported in human (Khademi et al., 2012), rabbit (Sarioz-
kan et al., 2014), rat (Dehghani ef al.,, 2013) and mouse
(Moawad et al., 2013). However, the diluted solution
with L-carnitine for semen storage is not studying in
pig. Therefore, the objective of this study was to inves-
tigate the effect of L-carnitine on the characteristics in
fresh semen storage of miniature pig.

MATERIALS AND METHODS

All animal experiments followed protocols, scientific
and ethical regulations proposed by the European Ani-
mal Experiment Handling License Textbook (Baumans
et al., 1997) and board approval (No: KIACUC-09-0139)
was attained from the Animal Experiment Ethics Co-
mmittee in Kangwon National University, Republic of
Korea.

Semen Collection

For all experiments, semen of total 3 miniature pigs
at the Kangwon National University farm (South Ko-
rea) was collected using a gloved-hand method and tr-
ansported. The Modena B medium used for semen col-
lection and semen was diluted to 1x10° spermatozoa/
ml. Modena B used for semen conservative solution
was separated into 0, 1.0, 2.0, and 4.0 mg/ml of L-car-
nitine concentration. The diluted semen was stored at
18C refrigerator until use. Semen analysis was repea-
ted 3 times.

Sperm Characteristics

Sperm quality was determined by viability, acrosome
integrity and mitochondria integrity in spermatozoa.
The viability, acrosome and mitochondria integrity we-
re analyzed by flow cytometry. And, flow cytometry
methods and assessment of semen were processed us-
ing the Lee method (Lee et al., 2014).

Sperm Viability

The viability of spermatozoa was analyzed by fluo-
rescent staining using the LIVE/DEAD sperm Viability
Kit (Molecular Probes, Eugen, OR, USA). After each se-
men was diluted with 1x10° spermatozoa/ml in Mode-
na B of 1 ml, 1 ul of SYBR-14 (40 nM) labeled live

sperm was used at diluted semen for 5 min at 37T
and 1 nl of propidium iodide (PI, 2 puM) labeled mem-
brane-compromised sperm was added to each diluted
semen included SYBR-14 for 10 min at 37C. Then, st-
ained sperm was centrifuged at 1,500 rpm for 5 min.
The pellets were resuspended in 500 pl of PBS, and
stained sperm was analyzed by flow cytometry.

Acrosome Integrity

The acrosome integrity of spermatozoa was analyzed
by fluorescent staining using the isothiocyanate-conju-
gated peanut agglutinin (FITC-PNA, Sigma, Saint Louis,
Missouri, USA) and PI. After each semen was diluted
with 1x10® spermatozoa/ml in Modena B of 1 ml, 1 nl
of FITC-PNA labeled at damaged acrosome was used
at diluted semen for 5 min at 37C and 1 pl of PI (2
uM) was added to each diluted semen included
FITC-PNA for 10 min at 37C. Then, stained sperm
was centrifuged at 1,500 rpm for 5 min and the pellets
were resuspended in 500 ul of PBS. Stained sperm
was analyzed by flow cytometry.

Mitochondria Integrity

The mitochondria integrity of spermatozoa was ana-
lyzed by fluorescent staining using the Rhodamine 123
(Sigma, steinheim, Germany) and PI. After each semen
was diluted with 1x10° spermatozoa/ml in Modena B
of 1 ml, 1 pl of rhodamine 123 (530 mM) labeled at
mitochondria was used at diluted semen for 5 min at
37C and 1 ul of PI 2 uM) was added to each dilu-
ted semen included rhodamine 123 for 10 min at 37°C.
And, the stained sperms were centrifuged at 1,500 rpm
for 5 min. Then, after the pellets were re-suspended in
500 ul of PBS, stained sperm was analyzed by flow cy-
tometry.

Flow Cytometry Analysis

Flow cytometry analyses were performed using a
FACS canto 1I flow cytometer (BD FACSCanto™ II). A
total of 10,000 gated events were collected per treat-
ment groups. Fluorescence values of SYBR-14, FITC-
PNA and Rhodamine 123 were measured by Forward
scatter (FSC), side scatter (SSC), green fluorescence (FL1),
and fed fluorescence (FL2).

Statistical Analysis

Statistical analysis was performed with analysis of va-
riance (ANOVA) using SAS version 9.1 (SAS Institute
Inc.,, Cary, NC, USA). Data are presented as mean+stan-
dard error of the mean (S.E.M) and Duncan’s multiple
range tests.
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RESULTS

Table 1 shows effect of L-carnitine in viable and dy-
ing sperm during different storage periods in fresh se-
men of miniature pigs. The percentages of live and dy-
ing sperm were not different among the various con-
centrations of L-carnitine during storage with periods
prolonged.

As shown in Table 2, the effect of L-carnitine on ac-
rosome reaction was examined in semen of miniature
pigs. When the sperm were stored for 7 day, the per-
centages of live sperm with acrosome reaction sig-
nificantly were (p<0.05) higher in 0 mg/ml (11.12+0.2%)
than in 1 (9.0:0.9%), 2 (7.6£0.2%) and 4 mg/ml (7.9+0.8
%) treatment groups of L-carnitine. However, there we-
re not different at 3 and 10 days of storage with differ-
ent concentrations of L-carnitine. There were also strik-
ing differences in the rates of all sperm with acrosome
reaction among the various concentrations of L-carni-
tine during the storage of fresh semen in miniature
pigs.

In Table 3, when sperm was stored for 3 day, the per-
centages of live sperm with mitochondria significantly
were higher in 2 mg/ml of L-carnitine than in control
group (p<0.05). There were higher in groups added with
L-carnitine during the storage for 10 day, significantly
(p<0.05). On the other hand, when sperm was storage
for 3 and 10 days, the percentages of all sperms with
mitochondria were higher in 2 mg/ml of L-carnitine than

in other groups, significantly (p<0.05).

DISCUSSION

Flow cytometry (FACs) was used to measure in cell
(Aghaeepour et al., 2012; Walter et al.,, 2011) and sperm
(Hossain et al., 2011; Escoffier et al.,, 2012) by principle
that is reading by laser to suspending cells in a stream
of fluid labeled fluorescent (Martinez-Pastor et al., 2010).
Also, if FACs is using in experiments, the cells can
be analyzed counting, cell sorting, biomarker detection,
and protein engineering. Especially, in sperm analysis,
FACs is essential and popularity methods for deter-
mine ability of sperm such as viability (Paynter et al.,
2014), acrosome reaction (Escoffier et al., 2012), mito-
chondria integrity (Wu et al., 2014), and antioxidant abi-
lity (Yeste et al, 2014) as well as dyeing (Balao da
Silva et al., 2011) conforming to study objection. In this
study, sperm was stained by SYBR-14 for viability, FI-
TC-PNA for acrosome reaction and Rhodamine 123 for
mitochondria integrity with PI for check to membra-
ne-compromised.

L-carnitine used in this study is effect to transport of
lipid acid for produce energy in mitochondria. The dis-
assembly of lipid acid by L-carnitine made long-chain
acyl groups and this long-chain acyl groups entered in
mitochondrial matrix. This phenomenon catalyzed me-
tabolism to produce energy in mitochondria. Moreover,

Table 1. Effects of L-carnitine on viability and dying sperm rates (%) during the semen storage in miniature pigs

Concentration of

Storage periods (days)

Sg:;n L-carnitine
(mg/mL) 7 10
Fresh 90.8+0.3" 90.8+0.3 90.8+0.3"
0 87.7+1.3° 84.5+2.0° 79.12.8°
Live 1 89.240.4°" 87.3+1.8" 81.323.6™
2 90.240.7°° 88.0+2.4° 83.7+4.7%
4 89.1+0.5% 87.6+1.8" 80.8+2.7°
Fresh 5.1£0.4° 5.1£0.4° 5.1+0.4°
0 8.9+1.3 9.3+0.7° 13.442.4°
Dying 1 6.9+1.0° 7.1+1.3" 11.9¢4.0°
2 5.7+0.9° 744307 8.843.2°
4 6.0£0.8" 8.042.6° 11.642.2°

** Values in the same column with different superscripts are significantly different (p<0.05). Fresh: sperm analyzed in day 0. *All

treatment groups were analyzed with 10,000 sperms, n=3.
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Table 2. Effects of L-carnitine on acrosome reaction rates (%) during the semen storage in miniature pigs

Concentration of

Storage periods (days)

Sperm

state L-carnitine
(mg/mL) 3 7 10

Fresh 3.4+1.6° 3.4+1.6° 3.4+1.6°

Live with 0 54405 11.12+0.2 16.3¢0.6
acrosome 1 5.240.3" 9.040.9% 15.8+0.6"
reaction 2 3.8:0.8° 7.6:0.2° 14.5+0.7°
4 4.6£0.5" 7.9+0.8° 18.443.0°

Fresh 6.6£1.7° 6.6£1.7° 6.6£1.7°

All with 0 11.8+1.2 18.9+0.4 28.4+1.7
acrosome 1 11.2+1.1° 17.9+1.8° 30.1+2.6°
reaction 2 7.9+0.8° 17.4+1.2° 26.141.2°
4 9.741.9% 16.2¢3.4° 31.745.1°

** Values in the same column with different superscripts are significantly different (p<0.05). Fresh: sperm analyzed in day 0. *All

treatment groups were analyzed with 10,000 sperms, n=3.

Table 3. Effects of L-carnitine on mitochondria integrity rates (%) during the semen storage in miniature pigs

Concentration of

Storage periods (days)

SS[?,;? L-carnitine
(mg/mL) 7 10

Fresh 95.3+0.1° 95.3+0.1° 95.3+0.1°

0 81.5+0.8° 83.1+2.8° 76.1+0.2°

m]i“t‘(‘)’fhg‘r’:gr‘ia 1 86.0+1.4% 87.0+4.3% 79.2+0.6°
2 88.6:2.6° 90.124.7°" 80.840.2°

4 86.1+1.5™ 91.022.9® 79.8+0.6°

Fresh 92.9+0.3" 92.9+0.3" 92.9+0.3"

0 70.742.2° 735+1.6° 67.142.2°

mﬁ)llh‘g’;fgria 1 76.5+2.3% 84.8+5.4% 71.3+£2.4b°
2 79.243.1° 82.5:6.3" 73.3£1.2°

4 72.942.4% 80.245.3" 70.8+0.6b°

¢ Values in the same column with different superscripts are significantly different (p<0.05). Fresh: sperm analyzed in day 0. *All

treatment groups were analyzed with 10,000 sperms, n=3.

L-carnitine catalyzed motility in sperm (Lenzi et al., 2004).

In this study, we determined the effects of L- carni-
tine during the semen storage of miniature pigs. The
concentrations of 0, 1.0, 2.0, and 4.0 mg/ml of L-carni-
tine were examined for improving sperm ability and
analyzing fresh semen stored liquid state on 3, 7 and
10 days. The viability and dying sperm were tended to
a positive effect in 2.0 mg/ml of L-carnitine treatment.
We suggest that L-carnitine influences on sperm mem-
brane and viability in miniature pig. The effects of an
tioxidants increased on sperm viability and membrane
integrity during liquid storage (Donoghue and Dono-

ghue, 1997), and influenced in motility, acrosome re-
action (Ball et al., 2001; Baumber et al., 2000; Cerolini et
al., 2000). Also, the above results suggest that a decrea-
se of acrosome reaction in treatment of L-carnitine-
treated semen solution can decrease the acrosome re-
action of sperm.

The analyzed ability of mitochondrial integrity on 10
days of semen storage was increased by L-carnitine, su-
ggesting L-carnitine-treated medium protects mitochon-
dria (Arrigoni-Martelli and Caso, 2000) and helps mi-
tochondria mechanism (Lysiak et al., 1988).

In conclusion, the L-carnitine has a positive effect on
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Fig. 1. Experimental of flow cytometric anaysis on sperm during liquid storage in semen extender with L-caritine (A), Viability was analysis
using SYBR14 and propidium idodie (PI) double staining (B), Acrosome reaction (C) detected using FITC-PNA and PI double staining.
Mitodhoncrial integrity (D) was detected by Rhodamine 123 and PI double staining.

acrosome reaction and mitochondria integrity at liquid Brinkman RR (2012): Early immunologic correlates
state in fresh semen of miniature pig. 2.0 mg/ml of of HIV protection can be identified from compu-
L-carnitine was improved the sperm ability during sto- tational analysis of complex multivariate T-cell flow
rage periods of fresh semen in miniature pigs. cytometry assays. Bioinformatics 28:1009-1016.

2. Anzar M, He L, Buhr MM, Kroetsch TG, Pauls KP
(2002): Sperm apoptosis in fresh and cryopreserved
REFERENCES bull semen detected by flow cytometry and its rela-
tionship with fertility. Biol Reprod 66:354-360.
3. Arrigoni-Martelli E, Caso V (2000): Carnitine protects
1. Aghaeepour N, Chattopadhyay PK, Ganesan A, O mitochondria and removes toxic acyls from xeno-
Neill K, Zare H, Jalali A, Hoos HH, Roederer M, biotics. Drugs Exp Clin Pes 27:27-49.



176

10.

11.

12.

13.

14.

15.

16.

Lee et al.

. Balao da Silva CM, MaciasGarcia B, Miro-Moran

A, Gonzalez-Fernandez L, Morillo-Rodriguez A, Or-
tega-Ferrusola C, Gallardo-Bolanos JM, Stilwell G, Ta-
pia JA, Pena FJ (2011): Melatonin reduces lipid pe-
roxidation and apoptoticlike changes in stallion sper-
matozoa. ] Pineal Res 51:172-179.

. Ball B, Medina V, Gravance C, Baumber ] (2001):

Effect of antioxidants on preservation of motility, vi-
ability and acrosomal integrity of equine spermato-
zoa during storage at 5C. Theriogenology 56:577-
589.

. Baumans V, Bernoth E-M, Bromage N, Bunyan ],

Erhardt W, Flecknell P, Gregory N, Hackbarth H,
Morton D, Warwick MC (1997): Recommendations
for euthanasia of experimental animals: Part 2. La-
boratory Animals 31:1-32.

. Baumber J, Ball BA, Gravance CG, Medina V, Da-

viesMorel MC (2000): The effect of reactive oxygen
species on equine sperm motility, viability, acroso-
mal integrity, mitochondrial membrane potential,
and membrane lipid peroxidation. J Androl 21:895-
902.

. Bremer ] (1983): Carnitine-metabolism and functions.

Physiol Rev 63:1420-1480.

. Casas I, Sancho S, Briz M, Pinart E, Bussalleu E,

Yeste M, Bonet S (2009): Freezability prediction of
boar ejaculates assessed by functional sperm para-
meters and sperm proteins. Theriogenology 72:930-
948.

Casillas ER (1973): Accumulation of carnitine by
bovine spermatozoa during maturation in the epi-
didymis. ] Biol Chem 248:8227-8232.

Cerolini S, Maldjian A, Surai P, Noble R (2000): Vi-
ability, susceptibility to peroxidation and fatty acid
composition of boar semen during liquid storage.
Anim Reprod Sci 58:99-111.

Colenbrander B, Feitsma H, Grooten H (1992): Op-
timizing semen production for artificial insemina-
tion in swine. ] Reprod Fertil Suppl 48:207-215.
Dehghani F, Hassanpour A, Poost-pasand A, Noo-
rafshan A, Karbalay-Doust S (2013): Protective eff-
ects of L-carnitine and homogenized testis tissue on
the testis and sperm parameters of busulfan-in-
duced infertile male rats. Iran ] Reprod Med 11:
693.

Donoghue A, Donoghue D (1997): Effects of water-
and lipid-soluble antioxidants on turkey sperm vi-
ability, membrane integrity, and motility during li-
quid storage. Poult Sci 76:1440-1445.

Escoffier J, Krapf D, Navarrete F, Darszon A, Vis-
conti PE (2012): Flow cytometry analysis reveals a
decrease in intracellular sodium during sperm ca-
pacitation. J Cell Sci 125:473-485.

Guimaraes DB, Barros TB, Cantanhede LF, Dias

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

AV, Araujo LRS, de Freitas EN, de Sousa LP, Feu-
gang JMN, Toniolli R (2013): Sperm quality dur-
ing the cooling curve and use of ACP-103® dilu-
ent on cryopreservation of boar semen. Pro-rei-
toria de pos-graduacao e pesquisa faculdade de
veterinaria programa de pos-graduacao em cien-
cias veterinarias 60:48.

Hossain MS, Johannisson A, Wallgren M, Nagy S,
Siqueira AP, Rodriguez-Martinez H (2011): Flow cy-
tometry for the assessment of animal sperm inte-
grity and functionality: state of the art. Asian ]
Androl 13:406.

Jeulin C, Lewin LM (1996): Role of free L-carni-
tine and acetyl-L-carnitine in post-gonadal matura-
tion of mammalian spermatozoa. Hum Reprod Up-
date 2:87-102.

Khademi A, Safdarian L, Alleyassin A, Agha-Ho-
sseini M, Hamed EA, Saeidabadi HS, Pooyan O
(2012): The effect of L-carnitine on sperm parame-
ters in patients candidated for Intracytoplasmic sp-
erm injection. Iran ] Reprod Med 2:65-69.

Kim IC, Sa §J, Kang K, Kim SH, Bae SJ, Kim DS,
Kim §J, Min CS, Son, JH, Chung KH (2011): Cu-
rrent status of swine artificial insemenation (Al) in
Korea. Reprod Dev Biol 35:227-232.

Koeth RA, Wang Z, Levison BS, Buffa JA, Sheehy
BT, Britt EB, Fu X, Wu Y, Li L, Smith JD (2013):
Intestinal microbiota metabolism of L-carnitine, a
nutrient in red meat, promotes atherosclerosis. Nat
Med 19:576-585.

Lee SH, Lee K], Woo JS, Lee SH, Cheong HT, Yang
BK, Park CK (2014): Characteristic changes in Korean
native cattle spermatozoa frozen-thawed with l-cy-
steine and/or catalase. ] Emb Trans 29(2):163-169
Lenzi A, Sgro P, Salacone P, Paoli D, Gilio B, Lom-
bardo F, Santulli M, Agarwal A, Gandini L (2004):
A placebo-controlled double-blind randomized tri-
al of the use of combined L-carnitine and l-ace-
tyL-carnitine treatment in men with asthenozoo-
spermia. Fertil Steril 81:1578-1584.

Lysiak W, Lilly K, DiLisa F, Toth P, Bieber L (1988):
Quantitation of the effect of L-carnitine on the
levels of acid-soluble short-chain acyl-CoA and
CoASH in rat heart and liver mitochondria. J Biol
Chem 263:1151-1156.

Malaguarnera M, Bella R, Vacante M, Giordano
M, Malaguarnera G, Gargante MP, Motta M, Mi-
stretta A, Rampello L, Pennisi G (2011): Acetyl-L-
carnitine reduces depression and improves quality
of life in patients with minimal hepatic encepha-
lopathy. Scand ] Gastroenterol 46:750-759.
Martinez-Pastor F, Mata-Campuzano M, Alvarez-
Rodriguez M, Alvarez M, Anel L, De Paz P (2010):
Probes and techniques for sperm evaluation by



27.

28.

29.

30.

3L

32.

33.

34.

Effects of L-carnitine during the Storage of Fresh Semen in Miniature Pigs 177

flow cytometry. Reprod Domest Anim 45:67-78.
Moawad AR, Tan SL, Xu B, Chen HY, Taketo T
(2013): L-carnitine supplementation during vitrifi-
cation of mouse oocytes at the germinal vesicle
stage improves preimplantation development fo-
llowing maturation and fertilization in vitro. Biol
Reprod 88:104.

Morgante G, Scolaro V, Tosti C, Di Sabatino A,
Piomboni P, De Leo V (2010): Treatment with car-
nitine, acetyl carnitine, L-arginine and ginseng im-
proves sperm motility and sexual health in men
with asthenopermia. Minerva Urol Nefrol 62:213-
218.

Paynter E, BaerImhoof B, Linden M, LeePullen T,
Heel K, Rigby P, Baer B (2014): Flow cytometry as
a rapid and reliable method to quantify sperm vi-
ability in the honeybee Apis mellifera. Cytometry Part
A 85:463-472.

Roca ], Gil MA, Hernandez M, Parrilla I, Vazquez
JM, Martinez EA (2004): Survival and fertility of
boar spermatozoa after freeze-thawing in extender
supplemented with butylated hydroxytoluene. ] An-
drol 25:397-405.

Roca ], Hernandez M, Carvajal G, Vazquez ], Mar-
tinez E (2006): Factors influencing boar sperm cr-
yosurvival. ] Anim Sci 84:2692-2699.

SariOzkan S, Ozdamar S, Tirk G, Cantiirk F, Yay
A (2014): In vitro effects of L-carnitine and gluta-
mine on motility, acrosomal abnormality, and pl-
asma membrane integrity of rabbit sperm during
liquid-storage. Cryobiology 68:349-353.

Siliprandi N, Sartorelli L, Ciman M, Lisa FD (1989):
Carnitine: metabolism and clinical chemistry. Clin
Chim Acta 183:3-11.

Stradaioli G, Sylla L, Zelli R, Chiodi P, Monaci M
(2004): Effect of L-carnitine administration on the

35.

36.

37.

38.

39.

40.

seminal characteristics of oligoasthenospermic sta-
llions. Theriogenology 62:761-777.

Waberski D, Weitze K, Gleumes T, Schwarz M, Wi-
llmen T, Petzoldt R (1994): Effect of time of inse-
mination relative to ovulation on fertility with li-
quid and frozen boar semen. Theriogenology 42:
831-840.

Walter RB, Gooley TA, Wood BL, Milano F, Fang
M, Sorror ML, Estey EH, Salter Al, Lansverk E,
Chien JW (2011): Impact of pretransplantation mi-
nimal residual disease, as detected by multipara-
metric flow cytometry, on outcome of myeloabla-
tive hematopoietic cell transplantation for acute
myeloid leukemia. J Clin Oncol: JCO. 2010.2031.
8121.

Wu GQ, Jia BY, Li J], Fu XW, Zhou GB, Hou YP,
Zhu SE (2011): L-carnitine enhances oocyte matu-
ration and development of parthenogenetic em-
bryos in pigs. Theriogenology 76:785-793.

Wu Z, Wu Y, Qin Y, Li X (2014): Influences of
sorting and cryopreservation on the mitochondrial
membrane potential (MMP) and phosphatidylseri-
ne (PS) externalization in bovine sperm. Livest Sci
168:177-182.

Yeste M, Estrada E, Pinart E, Bonet S, Miro J, Ro-
driguez-Gil JE (2014): The improving effect of re-
duced glutathione on boar sperm cryotolerance is
related with the intrinsic ejaculate freezability. Cr-
yobiology 68:251-261.

You ], Lee J, Hyun SH, Lee E (2012): L-carnitine
treatment during oocyte maturation improves in
vitro development of cloned pig embryos by in-
fluencing intracellular glutathione synthesis and
embryonic gene expression. Theriogenology 78:235-
243.

(Received: December 9 2014/ Accepted: December 15 2014)



