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Immunofluorescence detection of NT in mouse uterus and oviduct. Tissues were collected from immature mice, treated with eCG for 48 h

following hCG for 14 h. Fixation was performed in Bouin fixing solution. The samples embedded in paraffin were cut to 5 pm. The uterus (a—c), oviduct
isthmus (d—f), and ampulla (g-i) were stained. L = lumen; E = epithelium. Arrowheads indicate immunoreactivity against NT. Green = NT; red = nuclear

stain. Bars =50 pm.

the crucial triggers of oocyte maturation. MAPK activation is
induced by phosphorylation with MAPK kinase (MEK) [46].
Because both FSH- and EGF-induced oocyte maturation are
mediated by MAPK activation [44, 47], we hypothesized that
MAPK also triggers NT upregulation in cumulus cells. Thus,
we examined the effects of the MEK inhibitor U0126 on FSH-
and EGF-regulated NT mRNA upregulation (Fig. 8). U0126 is
a selective inhibitor of MEK-1 and MEK-2. U0126 non-
competitively inhibits the catalytic property of MEK and
prevents ERK phosphorylation [48]. In the present study, we
used U0126 at 1, 5, and 10 uM, and found that both FSH- and
EGF-induced upregulation of NT were inhibited, demonstrat-
ing that MAPK regulates NT secretion in cumulus cells.

Taken together, our results demonstrate for the first time that
NT is secreted from the female reproductive system and
enhances sperm capacitation and the acrosome reaction via
sperm-expressed functional receptors, NTR1 and presumably
NTR2. Moreover, NT is also released from cumulus cells and
amplifies gonadotropin stimulation via MAPK activation. This
means that NT-NTR interaction is specifically activated and
functions at the time of fertilization.
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FIG. 7. The changes in NT mRNA levels in cumulus cells primed with
eCG and hCG. Cumulus cells were collected from immature mice or from
mice superovulated with eCG plus hCG for 14 h. Note that the mRNA
level in superovulated cumulus cells was increased (A). Data were
analyzed by Student t-test (*P < 0.05; n=3). Data are shown as the mean
+ SD. The effect of reproductive hormones on NT production by cumulus
cells in vitro (B). NT concentration at 24 h culture in the presence of FSH
(0.1 1U/ml), EGF (50 ng/ml), E2 (100 nM), and P4 (100 nM) was
determined by EIA (C). E2 and P4 were dissolved in 0.1% DMSO, and
0.1% DMSO was used as a solvent control. Fifty COCs were cultured in
each experiment, and NT concentration was determined in the culture
medium. The mRNA expression level after 14 h of culture was determined
by quantitative RT-PCR. Data were analyzed by one-way ANOVA
followed by the Bonferroni-Dunn test, and bars with different letters are
significantly different (*P < 0.05; n =3). Data are shown as the mean =
SD.
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FIG. 8. Effects of MEK inhibitor on NT mRNA expression. The effect of

MEK inhibition on NT mRNA expression was determined in in vitro COCs
cultured for 14 h in the presence of FSH (0.1 1U/ml), FSH+MEK inhibitor
U0126, EGF (50 ng/ml) (A), or EGF+U0126 (B). U0126 was dissolved in
0.1% DMSO; 0.1% DMSO was used as a solvent control. NT mRNA level
was determined by quantitative RT-PCR (n = 3). Data between treatment
groups with U0126 at 0 and 1, 5, or 10 pM were analyzed using Student t-
test. Data are shown as the mean £ SD.
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Tau is one of the microtubule-associated proteins and a major component of paired helical
filaments, a hallmark of Alzheimer’s disease. Its expression has also been indicated in the testis.
However, its function and modification in the testis have not been established. Here, we analyzed
the dynamics of phosphorylation patterns during spermatogenesis. The expression of Tau protein
and its phosphorylation were shown in the mouse testis. Immunohistochemistry revealed that
the phosphorylation was strongly detected during meiosis. Correspondingly, the expression of acet-

ylated tubulin was inversely weakened during meiosis. These results suggest that phosphorylation

Keywords:
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Tau

of Tau protein contributes to spermatogenesis, especially in meiosis.
© 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

The seminiferous epithelium of the mammalian testis possesses
a variety of microtubule networks: an ordered array in Sertoli cells
[ 1], the manchette, axonemal microtubules and in mitotic and mei-
otic spindles. These abundant microtubule networks are reflected
by a diversity of microtubule-associated proteins (MAPs). There-
fore, the testis can be a rich source for studies of microtubules
and MAPs.

The tau (tubulin-associated unit) protein was identified in 1975
as a protein with the ability to induce microtubule formation [2,3].
Normally, tau is associated with microtubules and promotes their
polymerization [ 3| and stabilization [4,5| depending on its phos-
phorylation status. For example, highly phosphorylated tau, which
is observed in the brains of subjects with Alzheimer’s disease (AD),
composes paired helical filaments (PHFs) and barely promotes
microtubule polymerization [G]. In the central nervous system,
alternative splicing of the tau primary transcript generates six

* Corresponding author. Fax: +81 22 717 8686.

E-mail address: kentaro@m.toholku.ac jp (K. Tanemura).

htep://dx.doi.org/10.1016/].febslet.2014.04.021

isoforms of 352-441 amino acids with an apparent molecular
weight of 48-67 kDa |/-Y|. Among the 85 putative phosphoryla-
tion sites on tau, 45 are serines, 35 are threonines and only 5 are
tyrosines | 10-12]. Tau is subdivided into four regions: an acidic
region in the N-terminal part, a proline-rich region, a region
responsible for binding with microtubules (microtubule-binding
domains), and a C-terminal region. Serine phosphorylation at KXGS
motifs, belonging to the microtubule-binding domain, decreases
tau affinity for microtubules and consequently prevents binding
to them |[13-15]. Because more phosphorylated tau protein at
Thr181, Ser199 and Thr231, belonging to the proline-rich region,
is contained in the cerebrospinal fluid of brains from people with
AD than in normal brains, it is useful as a biomarker of AD | 16-18].

Although tau expression in the testis has been indicated [9,19],
its expression and post-translational modification patterns includ-
ing phosphorylation are barely known for this organ. In rat testis,
tau was detected as two major bands with molecular masses of
34 and 37 kDa, and it has been suggested that tau is highly phos-
phorylated [9]|. Phosphorylation, as mentioned above, is one of
the most important post-translational modifications. To help eluci-
date the mechanisms of its function, we analyzed the dynamics of

0014-5793/© 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.
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tau protein expression and post-translational modification, espe-
cially phosphorylation, during mouse spermatogenesis.

2. Materials and methods
2.1. Animals

Male C57BL/6 mice at 12 weeks of age were used. All mice were
anesthetized with 2, 2, 2-tribromoethanol and perfused with a
physiological salt solution before being used for tissue collection.
Care and use of the mice conformed to the Regulations for Animal
Experiments and Related Activities at Tohoku University.

2.2. Antibodies

Several well-characterized antibodies to phosphorylated tau
were used to investigate the level and phosphorylation states of
tau protein in the testis. These antibody targets included mouse
monoclonal antibody Ms X tau-1 [20]| (#MAB3420, Lot:
LV 1478875, Chemicon), rabbit polyclonal antibody anti-phosphor-
ylated tau®'9952%% (p-tau®'9929%) |21 (#54963, Lot: HB131, Ana-
Spec) and mouse monoclonal antibodies, AT8 [22] (#MN1020,
Lot: NG173165, Thermo Fisher Scientific), AT100 |2 3| (#MN1060,
Lot: NE172687, Thermo Fisher Scientific), AT180 |24 (#MN1040,
Lot: NJ176312, Thermo Fisher Scientific) and AT270
(#MN1050, Lot: ND169027, Thermo Fisher Scientific). Anti-tau 1
recognizes the non-phosphorylated form of tau at Ser199 and
Ser202. Anti-AT8 recognizes tau phosphorylation at Ser202 and
Thr205. Therefore a mixture of anti-tau 1 and anti-AT8 is used
for detection of total-tau. Anti-AT100 recognizes tau phosphoryla-
tion at Ser212 and Thr214. Anti-AT180 recognizes tau phosphory-
lation at Thr231. AT270 recognizes tau phosphorylation at Thr181.
Anti-AT8, -AT100, -AT180 and -AT270 recognize PHF-tau. In addi-
tion, an anti-acetylated tubulin mouse monoclonal antibody |26]
(#sc-23950, Lot: BO711, Santa Cruz), which indicates tubulin sta-
bilization, was used. In Western blot analysis, a horseradish perox-
idase conjugated second antibody (Promega; diluted 1:2000) was
used. In immunohistochemistry, Alexa Flour 488-labeled anti-
mouse secondary antibodies (Invitrogen; diluted 1:1000) were
used against Taul, AT8, AT100 and AT270. Alexa Fluor 488-labeled
anti-rabbit secondary antibodies (Invitrogen; diluted 1:1000) were
used against anti-p-tau®'?92%? antibodies. Alexa Fluor 568-labeled
anti-mouse secondary antibodies (Invitrogen; diluted 1:1000)
were used against anti-acetylated tubulin antibodies.

2.3. Molecular cloning of testis tau

Total RNA extraction from the testis was performed using an
ISOGEN (Nippon Gene, Tokyo, Japan) and total RNA was stored at
—80 °C until use. Poly (A) RNA was isolated using Poly (A) isolation
Kit from Total RNA (Nippon Gene, Tokyo, Japan). Specific primers
were designed on the basis of the sequences of Tau (forward: cag-
gtcgaagattggctctact, reverse: ctggactctgtccttgaagtcc). The samples
were reverse transcribed and cDNA synthesized using Rever Tra
Ace (Nacalai Tesque). We acquired 286 bp partial sequence using
taq DNA polymerase and following consensus primers obtained
from mouse genes to initiate molecular cloning. For 3'RACE, PCR
was performed using the gene specific primer 5'-gcc agg agg tgg
cca ggt gga ag-3' and specific adaptor primer (3’-Full RACE core
Set, Takara, Kyoto Japan). For 5'RACE, PCR was performed using
the gene specific primer, 5’-gct cag gtc cac cgg ctt gta gac-3’' and
specific adaptor primer SMARTer RACE c¢cDNA Amplification Kit
(Takara, Kyoto, Japan). DNA sequencing was carried out with using
the BigDye 3.1 reagent (Applied Biosystems, Tokyo, Japan) and
3130 genetic analyzer (Applied Biosystems, Tokyo, Japan).

2.4. Western blot analysis

Mouse testes (n=3) were removed surgically and stored at
80 °C until use. Tris-Buffered Saline, protease inhibitor and phos-
phatase inhibitor were added to tissues then homogenized. Sample
Buffer Solution with 2-mercaptoethanol (2 x) for sodium dodecyl
sulfate polyacrylamide gel electrophoresis (Nacalai Tesque, Kyoto,
Japan) was added to the homogenized sample then sonicated. After
boiling, samples were electrophoresed on polyacrylamide gels and
transferred onto Immobilon-P transfer membranes (Millipore).
These were incubated with Blocking One (Nacalai Tesque) then
incubated with primary antibodies at 4 °C. Bound antibodies were
detected by a horseradish peroxidase conjugated second antibody
(Promega; diluted 1:2000) using an enhanced Chemi-Lumi One
(Nacalai Tesque). Images were obtained with a Fujifilm LAS3000-
mini image analysis system (Fujifilm Life Science, Tokyo, Japan)
and analyzed with built-in software.

2.5. Immunohistochemistry

Mouse testes were removed surgically, fixed with methacarn
(methanol:chloroform:acetic acid = 6:3:1) fixative, embedded in
paraffin wax and sectioned. Cross-sections (10 pm) were deparaff-
inized then incubated with HistoVT One (Nacalai Tesque) at 90 °C
for 30 min. After washing, sections were incubated with Blocking
One (Nacalai Tesque) at 4 °C for 1 h then incubated with primary
antibodies at 4 °C overnight. Immunoreactive elements were visu-
alized with Alexa Fluor 488-labeled anti-rabbit secondary antibod-
ies and Alexa Fluor 568-labeled anti-mouse secondary antibodies
(Invitrogen; diluted 1:1000) by treating at 4 °C for 3 h. Nuclei were
counterstained with Hoechst 33342 (Molecular Probes; diluted
1:5000). Stained images were obtained with an LSM-700 confocal
laser microscope (Carl Zeiss, Oberkochen, Germany) and analyzed
with ZEN-2010 software attached to the LSM-700.

3. Results
3.1. Determination of testis tau cDNA sequences

Analysis of tau cDNA sequence expressed in testis revealed that
the sequence was confirmed with tau isoform-D (uniprot
P10637-5)

3.2. Analysis of expression and phosphorylation pattern in the testis

In the testis, the anti-tau 1 antibody, which recognizes non-
phosphorylation at Ser199 and Ser202, detected one major band
with apparent molecular mass of 37 kDa and one minor band of
55 kDa in mice at 12 weeks of age (I'ig. 1A). Anti-AT8, which recog-
nizes phosphorylation at Ser202 and Thr205, detected several clo-
sely spaced bands with molecular masses between 50 and 60 kDa
and two bands with apparent molecular mass of 40 and 37 kDa
(Fig. 1B). Because detection of the antigen using tau 1 and AT8 anti-
body are almost complementary, immunohistochemistry using
anti-tau 1 antibody and anti-AT8 antibody showed that total-tau
protein was detected throughout spermatogenesis (Fig. 1C-E).

3.3. Dynamic changes in phosphorylation status

Immunohistochemistry using anti-AT8, -AT100 and -AT270
antibodies detected phosphorylated tau protein during spermato-
genesis. Interestingly, spermatocytes during meiosis intensely
stained with AT8, AT100 and AT270 (Fig. 2). AT8 and AT100 were
localized all over spermatocytes except around the nucleus (aster-
iskin Fig. 2A and B). AT270 was detected in whole spermatocytes
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Fig. 1. Western blot analysis of testes from 12-week-old mice (n = 3). Tau protein was detected by antibodies against tau 1 (diluted 1:500) (A) and tau 5 (diluted 1:500) (B).
Tau 1 detected one major band with molecular mass of 37 kDa and one minor band with molecular mass of 55 kDa (A). AT8 detected several closely spaced bands with
molecular masses between 50 and 60 kDa, one major band with apparent molecular mass of 40 kDa and one minor band with apparent molecular mass of 37 kDa (B).

Immunohistochemistry of the adult mouse testis. This section and the section in |

} are serial sections each other. Blue signals represent nuclear DNA counterstained with

Hoechst 33342 (diluted 1:5000) (C). Green signals represent total-tau immunostained with anti-tau 1 (diluted 1:20) and anti-AT8 (diluted 1:20) (D). And merged image (E).

Scale bar = 100 pm.

AT100

A B
& *
— —
ATS8

AT270

Fig. 2. Immunohistochemistry of the adult mouse testis. Images of seminiferous epithelia at stage XII. Zygotene spermatocytes, spermatocytes during meiotic division
(indicated by asterisks) and step 12 elongating spermatids are present. Blue signals represent nuclear DNA counterstained with Hoechst 33342 (diluted 1:5000). Green
signals represent immunostaining with anti-AT8 (diluted 1:50) (A), -AT100 (diluted 1:50) (B) and -AT270 (diluted 1:500) (C) antibodies. Scale bars = 20 pm.

and, in contrast to other antibodies, it was detected intensely at the
nucleus (asterisk in Fig. 2C). P-tau™>! was not detected by anti-
AT180 (data not shown).

In order to investigate the effect of tau phosphorylation on tubu-
lin modification, we performed double staining with the anti-p-
tau®19952%2 antibody and anti-acetylated tubulin antibody on serial
sections. P-tau®'992%2 antibody detected phosphorylated tau pro-
tein during spermatogenesis. P-tau®'?9°2%? was also intensely
stained in spermatocytes during meiosis (Fig. 3). Acetylated tubulin
was almost not detected in spermatocytes during meiosis (Fig. 3).In
order to investigate localization patterns of p-tau®'992°2 during
spermatogenesis, we classified sections of seminiferous tubules
under five stages, stage I, V, VIII, X and XII. Stage classification
was based on Staging for Laboratory Mouse [27]. P-tau>'995202
was detected from spermatogonia to step 8 round spermatids
(Fig. 4). Spermatocytes during meiosis were intensely stained for
p-taus199°292 (arrows in Fig. 4U-X). Conversely, staining with
the anti-acetylated tubulin antibody showed that acetylated
tubulin was expressed in spermatogenic cells from diplotene

spermatocytes (arrowheads in Fig. 4Q-T) to step 8 round sperma-
tids (asterisks in Fig. 4E-H), but was not detected in spermatocytes
during meiosis (arrows in Fig. 4U-X). Double staining with the anti-
p-tau®'995292  antibody and anti-acetylated tubulin antibody
revealed that the expression of acetylated tubulin decreased as p-
tau®1992% increased. The latter was expressed all over spermato-
cytes except around the nucleus.

4. Discussion

Tau promotes tubulin assembly in vitro [3| and stabilizes
microtubules against depolymerization in vivo [4,5]. An increase
in tau phosphorylation reduces its affinity for microtubules, which
results in neuronal cytoskeleton destabilization [28]. Conversely,
the function of tau protein and its phosphorylation in the testis
have not been characterized although its presence has been sug-
gested [9,19].

Western blot analysis showed tau 1 and AT8 detect some bands
with apparent molecular masses between 37 and 40 kDa in the
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Fig. 3. Immunohistochemistry of adult mouse testis. Blue signals represent DNA counterstaining with Hoechst 33342 (diluted 1:5000). Green signals represent

immunostaining for P-tau®'?95202

indicated. Scale bar = 100 pm.

mouse testis (1o 1A and B). To date, it has also been reported in
the bull and rat |9, 19]. In the adult rat brain, alternative splicing
of the primary transcript of tau generates six isoforms with an
apparent molecular weight between 48 and 67 kDa. However, Gu
et al show tau protein was detected in two major bands in the tes-
tis with an apparent molecular mass of 34 and 37 kDa after
alkaline phosphatase treatment. They suggest this different
expression pattern indicates the presence of a testis-specific iso-
form |[9]. In mouse, tau isoform-D (identifier: P10637-5) (uniprot)
which molecular weight is about 39 kDa has been discovered [29].
Our sequencing of tau cDNA in the testes ensured that testis tau is
corresponding with tau isoform-D. Our Western blot results also
demonstrated that the presence of total tau protein with apparent
molecular masses of 37 kDa in adult mice (Fig. 1A and B),
consistent with previous reports. Furthermore, immunohisto-
chemistry was performed to investigate the localization of phos-
phorylated tau.

PHFs are composed of highly phosphorylated tau and accumu-
late in the brain of subjects with AD |30,31]. To elucidate the local-
ization of site-specific phosphorylation status, several antibodies
against p-tau were used. The anti-AT8, -AT100 and -AT270 anti-
bodies recognize PHF-tau. Immunohistochemical studies indicated
not only tau expression but also its phosphorylation patterns in the
testis. Although total-tau expression, detected by anti-tau 1 and
anti-AT8 and non-phosphorylated tau at S199, S202, detected by

(diluted 1:1000). Red signals represent immunostaining for acetylated tubulin (diluted 1:500). Stages of seminiferous tubules were

anti-tau 1, were constantly observed from spermatogonia to round
spermatids (I'io. 1C=E, 51), p-tau®'9952°2 AT8 AT100 and AT270
were especially localized in spermatocytes during meiosis
(Fig. 2-4). These results suggested that tau expression was not spe-
cific during meiosis but the phosphorylation is specific. In addition,
because these antibodies specifically detected the phosphorylation
in meiosis, we suggest that Tau might be phosphorylated at AD-
specific sites in meiosis. Interestingly, the period of tubulin deacet-
ylation was coincident with that of tau phosphorylation at the time
of meiosis (Fig. 4A-D, U-X). The relationship between tau phos-
phorylation and tubulin acetylation is unidentified. However,
North and Verdin reported that activity of the microtubule deace-
tylase, SIRT2, was elevated during mitotic division, suggesting its
involvement in destabilization of the spindle microtubule for chro-
mosome movements [32]|. On the other hand, tau acts as HDAC6
inhibitor and PHFs exert the stronger inhibiting actions than tau
[33]. During spermatogenesis, the expression level of HDAC6 was
high in spermatogonia and low from pachytene spermatocytes to
elongating spermatids |34|. Therefore, these site-specific phos-
phorylation localizations suggest involvement of spindle microtu-
bule destabilization during meiotic division. Further studies are
necessary to clarify the relation between tau and microtubule
deacetylases.

Chromosomal segregation in both mitotic and meiotic division
is controlled by spindle microtubule elongation and retraction.
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Fig. 4. Immunohistochemistry of adult mouse testis. (A, E, [, M, Q U) Blue signals represent DNA counterstaining with Hoechst 33342 (diluted 1:5000). (B, F, ], N, R, V) Green
signals represent immunostaining for P-tau®'9%2%? (diluted 1:1000). (C, G, K, O, S, W) Red signals represent immunostaining for acetylated tubulin (diluted 1:500). (D, H, L, P,
T, X) Merged Images. (A-D) Images of seminiferous tubules at stage XII. (E-X) Images of seminiferous epithelia. (E-H) Seminiferous epithelia at stages I-IIl. Early pachytene
spermatocytes, step 1 round spermatids (asterisks) and step 13 elongated spermatids are present. (I-L) Seminiferous epithelium at stage V. Intermediate spermatogonia,
pachytene spermatocytes, step 5 round spermatids and step 15 elongated spermatids are present. (M-P) Seminiferous epithelium at stage VIII. Preleptotene spermatocytes,
pachytene spermatocytes, step 7 round spermatids and step 16 elongated spermatids are present. (Q-T) Seminiferous epithelium at stage X. Leptotene spermatocytes, late
pachytene spermatocytes (indicated by arrowheads) and step 10 elongating spermatids are present. (U-X) Seminiferous epithelium at stage XII. Zygotene spermatocytes,
spermatocytes during meiotic division (arrows) and step 12 elongating spermatids are present. (A-D) Scale bars in A-D = 50 um; scale bars in E-X =10 pm.

Segregation errors during meiotic division cause chromosomal
aberrations, which if transferred to offspring cause malformation
and miscarriage. Spindles, mainly composed of microtubules, are
controlled by MAPs. It is known that spindle microtubules repeat-
edly extend and retract to catch the kinetochores of chromosomes
during metaphase of mitotic and meiotic divisions [35,36]|. There-
fore, phosphorylation of the protein might contribute to this exten-
sion and retraction of microtubules during meiotic division.
Futhermore, the relationship between tau and DNA/chromo-
somes has recently reported. Tau has been reported to protect
DNA from Oxidation and heat stresses [37,38]. In this study, P-
tau292T2% and P-tau®?'?™' are localized all over spermatocytes
except around the nucleus (Fig. 2A and B). This result agrees with
the previous report [38]. In addition, P-tau™®" is localized at the

nucleus (Fig. 2C). These results suggest that tau may interact with
DNA/chromosomes also in the testis.

In conclusion, we have revealed that site-specific tau phosphor-
ylation is localized specifically during spermatogenesis.
Furthermore, there appears to be an interaction between tau phos-
phorylation and microtubule deacetylation, suggesting the possi-
bility of involvement of both processes during meiosis.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at htip
021.
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Contents
We analysed the effect of three antioxidants that have different

functional mechanisms on the in virro maturation (IVM) of

porcine oocytes. Single oocyte monoculture using the hanging
drop (HD) system has some advantages such as improving
analysis efficiency brought by the smaller number of samples
than the number of oocytes cultured in one drop. Direct effects
of ligands on single oocytes could also be detected without
considering the effects of paracrine factors from other oocytes.
After 22 h of pre-culture. denuded oocytes were cultured for
22 h with 0.01 and 0.1 pg/ml of L-carnitine (LC). lactoferrin
(LF) or sulforaphane (SF) in the presence non-presence of
oxidant stress induced by H->O, supplementation to evaluate
the reducing effects against oxidative stress on nuclear matu-
ration. As a result. compared with LC and SF. LF showed
effective reduction in oxidative stress at a lower concentration
(0.01 ug ml). suggesting that LF is a more effective antioxidant
in porcine oocyte IVM. Additionally. LF also increased
maturation rate even in culture without H-O>. Our results
clearly suggest that the HD monoculture system is useful for
screening the substances that aftfect porcine oocyte culture.

Introduction
During in vitro production (IVP) of porcine embryos,
the immature ovum obtained from the ovary is matured
in vitro. The likelihood that a blastocyst develops from a
fertilised egg following in vitro fertilisation (IVF) is
approximately 30-40% (Yoshioka et al. 2003; Suzuki
et al. 2005), and the development of offspring by
subsequent transplantation of IVP embryos is also
low. It has been suggested that one factor contributing
to low success rates is the accumulation of oxidative
stress by reactive oxygen species (ROS) that arise from
mitochondria in the oocytes. ROS are generated from
oxygen molecules by some reductive reactions, broadly
classified into two groups: radicals and non-radicals. To
date, the hydroxyl radical (OH), peroxy radical (LOO)
and hydroperoxy radical (HOO) have been classed in
the radical group and hydrogen peroxide (H-O») and
lipid hydroperoxide (LOOH) in the non-radical group
(Tatemoto et al. 2000; Guerin et al. 2001; Kitagawa
et al. 2004; Kang et al. 2009). H-O, generates OH and
has high toxicity (Agarwal 2004). Furthermore, H,O»
generates lipid peroxide (LPO) that causes serious
oxidative stress by targeting the lipid (Gutteridge 1994;
Takahashi et al. 2003).

The huge amount of lipid in a porcine oocyte,
compared with oocytes from other mammalian species,
is mostly made up of triglycerides (TGs) (McEvoy

et al. 2000; Sturmey and Leese 2003; Sturmey et al.
2009). TG plays an important role in energy metabo-
lism by providing adenosine triphosphate (ATP) for
protein synthesis, meiosis and cytoplasmic maturation
(Sturmey and Leese 2003). In addition, it is recognised
that TG is oxidised to LPO by H-O, (Gutteridge 1994;
Takahashi et al. 2003). In other words, it is thought to
be susceptible to oxidative stress because porcine
oocytes contain plenty of TG and is a target of LPO.
Therefore, it is possible that one approach for improv-
ing the quality of oocytes matured in vitro is the
addition of antioxidants to IVM medium. this actually
has been performed in many species, and the selection
of an effective antioxidant is important.

Here, we employved single oocyte monoculture using
the hanging drop (HD) system. and it has been proven
in the culture of other cells (Tung et al. 2010). The
application of this culture method in IVM has some
merits. One is the high-throughput efficiency of the
experiment compared with conventional methods such
as the culture drop (CD) method (Tung et al. 2010). The
HD system is performed using a single oocyte per drop:
hence, a number of conditions affecting individual
oocytes can be evaluated at once.

Using the HD system, we selected three antioxidants
to study: LC, LF and SF. Wu et al. (2011) reported that
LC improves the nuclear maturation of porcine oocytes
by reducing H->O, levels in the oocytes. However, the
effect of LF and SF on IVM of porcine oocytes has not
been reported.

L-carnitine has a strong antioxidant power and
scavenges H-O, (Wu et al. 2011). Furthermore, it
plays an important role in carrying free fatty acids

essential for B-oxidation in mitochondria to the inner
membrane (Hashimoto 2009). LF removes excessive
free iron ions in vivo and inhibits the production of OH
by chelate reactions (Gutteridge et al. 1981). More-
over, LF is thought to act on lipid metabolism by
reducing the gene expression of perilipin that hinders
the effect of lipase when TG is decomposed into fatty
acid by lipase (Ono et al. 2011). SF is thought to act
on deoxidisation of H->O- and reduction in oxidative
damage because it induces the production of phase 2
antioxidant enzymes (i.e. GST), and phase 2 antioxi-
dant enzymes induce the production of glutathione
(Fahey and Talalay 1999).

Here, the aim was to assess the effects of these
antioxidants, which have different mechanisms on the
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