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ABSTRACT

Somatic cells such as oviduct epithelial cell, uterine epithelial cell, cumulus-granulosa cell and buffalo rat river cell
has been used to establish an effective culture system for bovine embryos produced in in vitro. But nitric oxide (NO)
metabolites secreted from somatic cells were largely arrested the development of bovine in vitro matured/ in vitro
fertilized (IVM/IVF) embryos, suggesting that NO was induced the embryonic toxic substance into culture medium.
The objective of this study was to investigate whether BOEC co-culture system can ameliorate the NO-mediated oxida-
tive stress in the culture of bovine IVM/IVF embryos. Therefore, we evaluated the developmental rate of bovine IVM/
IVF embryos under BOEC co-culture system in the presence or absence of sodium nitroprusside (SNP), as a NO donor,
and also detected the expression of growth factor (I'GF- 8, EGF and IGFBP) and apoptosis (Caspase-3, Bax and Bcl-2)
genes. The supplement of SNP over 5 uM was strongly inhibited blastocyst development of bovine IVM/IVF embryos
than in control and 1 uM SNP group (Table 2). The developmental rates beyond morulae stages of bovine IVM/IVF
embryos co-cultured with BOEC regardless of SNP supplement (40.4% in 5 uM SNP+ BOEC group and 65.1% in BOEC
group) were significantly increased than those of control (35.0%) and SNP single treatment group (23.3%, p<0.05: Table
3). The transcripts of Bax and Caspase-3 genes were detected in all experiment groups (1:Isolated fresh cell (IFC),
2:Primary culture cell (PCC), 3:PCC after using the embryo culture, 4: PCC containing 5 uM SNP and 5: PCC contain-
ing 5 UM SNP after using the embryo culture), but Bcl-2 gene was not detected in IFC and PCC (Fig. 1). In the ex-
pression of growth factor genes, TGF- G gene was found in all experimental groups, and EGF and IGFBP genes were
not found in IFC and PCC (Fig, 2). These results indicate that BOEC co-culture system can increase the development
beyond morula stages of bovine IVM/IVF embryos, possibly suggesting the alleviation of embryonic toxic substance
like nitric oxide.
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INTRODUCTION embryos produced by in vitro. Growth factors, cytoki-

nes and other proteins are representative embryotro-
phic factors secreted by feeder cells. The major em-

Co-culture system that used for culturing the em-
bryo in in vitro is a potentially simple model system
mimicking the in vivo environment to overcome the in
vitro cell block events and to obtain a large number of
good qualities embryos derived from IVM/IVF oocytes.
Co-culture system may exert a positive influence on
early development by the secretion of embryotrophic
factors into culture medium or by reduction of the ne-
gative effects of toxic components of the culture envi-
ronment. It seems likely that embryo co-culture is eff-
ective by both of these routes(Winger et al., 1997). The
feeder cells are produced the some kinds of growth
factors and other specific proteins to safely develop the

bryotoxic factors in in vitro culture system may be the
reactive oxygen species {ROS) and deleterious heavy me-
tal ions into the culture medium. ROS is the greatest
factor of damaging and/or retarding the embryo deve-
lopment in vitro (Ashok et al, 2003; de Lamirande and
Gagnon, 1992). At physiological concentrations, hydro-
gen peroxide (HxO»), superoxide anion (O;), hydroxyl
radical (OH) and nitric oxide (NO) are considered the
major ROS that participate in redox reactions in diver-
se biological processes (Hancok et al., 2001).

Nitric oxide (NO) plays an important role in the re-
gulation of various metabolic pathways and reproduc-
tive phenomenon in mammals (Brune ef al, 1995). NO

) Corresponding author : Phone: +82-33-250-8623, E-mail: bkyang@kangwon.ac.kr



168 Jang et al.

is a gaseous, free-radical molecule that act as an intra-
cellular messenger and regulates various reproductive
process, such as steroidogenesis, pregnancy, folliculoge-
nesis, and tissue remodeling. NO is produced in hu-
man placenta, decidua and the endometrium during pre-
gnancy (Norman and Cameron, 1996) and regulate the
preimplantation embryo development through regula-
tion of mitotic division (Tranguch et al, 2003). NO is
not only required for normal preimplantion embryo
development but must be produced within a limited
range of concentrations. Excess NO halts embryo deve-
lopment, possibly through the production of free radi-
cals and lead to development arrest and/or apoptosis
of embryos (Chen et al,, 2001). Thus NO prevents em-
bryos from developing beyond the two cell stage in
mouse (Nathan and Xie, 1994). Early embryonic loss is
associated with local production of NO by the de-
cidual cell in the mouse uterus (Gouge ef al., 1998).

Therefore, the objectives of the present studies were
to examine the protective effects of the BOEC co-cul-
ture system against nitric oxide in in vitro culture con-
dition of bovine IVM/IVF embryos, and to detect the
temporal expression patterns of growth factor genes
(TGF- B, EGF and IGFBP) and apoptosis genes (Bax,
Caspase-3 and Bel-2) in BOEC used or not used in in
vitro culture of bovine IVM/IVF embryos.

MATERIAL AND METHODS

In Vitro Production of Bovine IVM/IVF Embryos

The cumulus-oocyte complexes (COCs) aspirated fr-
om the ovaries obtained from an abattoir were matu-
red in TCM 199 (Gibco, USA) that were supplemented
with 10% fetal bovine serum (FBS, Gibco), 1 ug/ml es-
tradiol-17 B, 5ug/ml luteinizing hormone, 0.5 ug/ml fo-
llicle stimulating hormone at 385C in a humidified
5% CO, in air. Following the maturation, 10~15 ma-
tured oocytes were transferred to 50 ul of fertilization
drops (BO medium; Brackett and Oliphant, 1975). Fro-
zen/thawed Hanwoo semen were washed in BO me-
dium containing 10 mM caffeine and 50 ul sperm sus-
pension was introduced into each fertilization drops.
Presumptive zygotes produced at 6~8 hr after inse-
mination were cultured for 34~36 hr in CRlaa me-
dium and 2- and 8-cell embryos were randomly allo-
cated into each experimental groups. The development
effects of the NO donor were examined by determi-
ning the appearance and developmental stages on day
7~8 of culture in the following concentration groups :
0, 1, 5, 10 and 25 uM SNP. The total cell numbers of
blastocysts were evaluated by Hoechst 33342 staining.
All chemicals used in this study were purchased from
Sigma-Aldrich (USA) unless otherwise stated.

Isolation and Primary Culture of Bovine Oviduct Epit-
helial Cell (BOEC)

Bovine oviducts were transported on ice from the
slaughterhouse to the laboratory within 1~2 hrs. The
oviducts were carefully trimmed on an ice and rinsed
with phosphate- buffered saline containing 1% antibio-
tics and antimycotic solution (Gibco). The epithelial
cells were dispersed by forcing medium through an 18-
gauge needle attached to a 10 ml syringe and then the
samples were transferred into 50 ml conical tubes con-
taining 25 ml of Dulbecco's modified eagle medium
(DMEM-low-glucose, Gibco) with 10% FBS and wash-
ed twice by centrifugation (200 xg) at 4°C. Cell was ad-
justed at 3x10° cell/ml with DMEM with 10% FBS. The
cell pellet was then equally dispensed as 1 ml volu-
mes into 4-well tissue culture dish (Nunc, Denmark)
and cultured at 385C in 5% CO, in humidified air.
The medium of the culture was changed by fresh me-
dium in every two days. Confluent monolayers with
some ciliary activity formed within 2~3 days were
affirmed and cultured with or without embryos for 6
~7 days, and the other one were used for gene de-
tection.

RNA Isolation of BOEC

Total RNA was extracted from isolated of BOEC or
BOEC monolayer used or not used the embryo culture
by guanidinium isothiocyanate method (Chomczynski
and Sacchi, 1987). Oviductal cells were placed into ex-
traction solution (0.025 M sodium citrate, 0.5% sarcos-
yl, 4 M guanidiumthiocyanate, pH 7.0) and were vor-
texed with phenol, chloroform : isoamyl alcohol (24:1)
and 2M NaOAC, centrifuged with 20,000 xg at 4C for
20 min and transferred the supernatant to the new
tube. After adding isopropanol, the tube was shaked
gently and then precipitated with isopropanol at —20
C for overnight. The samples were then centrifuged,
washed with 70% ethanol, recentrifuged and air-dried
before being dissolved in diethylprocarbonate (DEPC)
treated distilled water. The yield of extracted total
RNA for each sample was determined by UV spectro-
photometer at 260 nm.

Reverse-transcription Polymerase Chain Reaction (RT-
PCR) Analysis

The mRNA collected from the total RNA sample
was analyzed to detect the genes by the RT-PCR. Re-
verse-transcriptase generation of cDNA was performed
on 2 ug of total RNA, a final volume of 2 ul, the re-
verse transcription reagents (RT mixture), RT buffer,
0.5 mM of each dNTP, 0.5 ug oligo(dT), 10IU RNase-
inhibitor (Gibco) and 500IU reverse transcriptase (Am-
bion) carried out at 42°C for 60min followed by dena-
turation for 10min at 98°C and the remaining of RT
products were storage at 4C. Subsequent PCR analy-
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Table 1. Oligonucleotide primer sequence for growth factors and apoptosis genes
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ARNA Type of pi . Annealing Prgduct Genebénk
: vimer sequence (5' 3} temperature size accession
primer (TCy (bp} number
TGF-5 Forward GCGAGCGCAGCGAGGAATACT 66 687 L08375
Reverse GGCACGCCCCGGCACAGAAG
EGF Forward GCACCCATGGCAGAAGGAGA 55 718 X81380
Reverse TTTTTGCAGGAACATITACACG
IGFBP Forward CCGAGGAGGACCGCAGTGTAG 58 455 AF(85482
Reverse ATCGIGTCCTTGGCAGTCTTTTGT
Bax Forward GCCCCTGTCGTCCTTTGTCC 63 678 AF098067
Reverse TGGCGAGGAGCTGGTGCTGG
Bcl-2 Forward CGACTTTGCAGAGATGTCCA 63 274 L14680
Reverse TAGTTCCACAAAGGCATCCC
Caspase-3 Forward GAAGCAAATCAATGGACTCTGGA 63 509 AB029345
Reverse GTCTGCCTCAACTGGTATITICTG
B-actin Forward ATCACCATCTTCCAGGAGCG 58 280 AF261085
Reverse GATGGCATGGACTGTGGTCA

sis was performed on 2 ul of the cDNA in final volu-
me of 20 ul, the PCR mixtures consisted of PCR bu-
ffer, 0.2 mM dNTP, 10 uM primer and 2 IU Taq po-
lymerase. PCR was then carried out for 3 min at 95
T, 50 sec at 60°C, 1 min at 72°C. Primer sequences
used in this study are indicated in Table 1. For each
sample, PCR amplification products was analyzed on
2.0% agarose gel stained with 0.5ug/ml ethidium
bromide, visualized under UV light and photographed.
Standard DNA markers(lkb DNA ladder) were also
used to determine the size of amplified products.

Statistical Analysis

The SAS mixed linear model program was used to
analyze the data. Percentage of developmental stages
and cell numbers of blastocyst in each treatment were
compared for differences through use of Duncan's mo-
dified multiple range tests. Values at 5% level or less
(p<0.05) were considered statistically significant.

RESULTS

The effects of sodium nitroprusside (SNP), a nitric
oxide donor, on the development of bovine IVM/IVF
embryos were summarized in Table 2.

No effects of SNP were observed on development
to the morula stage. Treatment of 5 uM SNP group or

more (5 uM, 19.4% 10 uM, 13.9%; 25 uM. 0%) in the
developmental rates of blastocyst were significantly dro-
pped when compare to control(36.1%) and 1 uM SNP
groups (33.3%, p<0.05). Out of 36 zygotes, there was
not developed to the blastocyst in 25 uM SNP group.
The total cell numbers of blastocysts were decreased
according to the increasing the dose of SNP.

The protective effects of BOEC co-culture system aga-
inst SNP on development of bovine embryos was sh-
own in Table 3.

Protective effects of BOEC co-culture system against
SNP on formation of blastocyst was significantly high-
er in treatment of 5 uM SNP with BOEC monolayer
groups (19.4%) than in control (10.0%) and in 5 uM
SNP single groups (3.3%, p<0.05). But, 5 uM SNP with
BOEC monolayer groups (40.4%) on the developmental
rates beyond morula stage was not differ to control
groups (35.0%). In the cell numbers of blastocyst, BO-
EC co-culture groups irrespective of SNP supplemen-
tion (854+4.8 in BOEC co-culture group and 83.8+4.3
in BOEC plus 5 uM SNP group) was slightly larger
than those of BOEC-free groups (80.743.1 in control
and 75.845.5 in 5 uM group).

To establish an mRNA phenotypic map for the ex-
pression of various growth factors and apoptosis ge-
nes, BOEC in the presence or absence of SNP used or
not used for embryo culture were analyzed to detect the
genes by RT-PCR.

Fig. 1 displayed the expression patterns for apop-
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Table 2. Effects of SNP on in vitro development of bovine IVM/IVF embryos

NP I \I;Ifm(\)/fF No. of embryos developed to (%, Mean+SD) Cell o, of
(HM) embryos Pre-morulae Morulae Blastocysts blastocysts
0 36 13(36.112.0% 10(27.8£2.9% 13(36.129.6%) 84.4+4.6"
1 36 15(41.7:8.3™) 9(25.00.0% 12(33.328.3% 82.8+38%
5 36 19(52.8:6.1%) 10(27.8+12.74 7(19.419.7 78.4£5.9™
10 36 22(61.142.7) 9(25.049.1% 5(13.9:8.3%) 74.148.0°
25 36 29(80.6+11.0% 7(19.4+11.0% 0(0+0.0% 0.0:0.0°
*~4 Values with different superscripts within columns are significantly differ, p<0.05.
Table 3. Effects of SNP and BOEC co-culture system on the development of bovine IVM/IVF embryos
NP No. of No. of embryos developed to (%, MeanzSD} Cell ro. of
(M) BOEC VM/IVE blastocysts
embryos Pre-morulae Morulae Blastocysts
0 - 60 39(65.01.8") 15(25.046.3% 6(10.0:4.5 80.743.1°
0 + 63 22(35.046.2%) 23(36.5:8,3%) 18(28.6+3.4%) 85.744.8°
5 - 60 47(78.3+6.9% 11(18.319.19 2(3.3:2.79 75.845.5°
5 + 62 37(59.742.4% 13(21.0+7.2%) 12(19.4+4 8% 83.8:43%
Overall mean
BOEC - 120 86(71.548.5%) 26(22.047.8%) 8(6.5:5.0%
+ 125 59(47.3£14.2%) 36(28.8£11.1%) 30(23.926.2%)
SNP 0 123 61(19.917.0% 38(31.0£9.1%) 24(19.2+10.8%)
5 122 84(68.9+11.1%) 24(19.9+7 4% 14(11.329.5%)

abcAB

Fig. 1. mRNA expression of apoptosis genes on BOEC with or
without SNP used or not used for in vitro culture of bovine em-
bryos. 1: IFC, 2: PCC, 3: PCC after using the embryo culture, 4
PCC containing 5 uM SNP, 5: PCC containing 5 uM SNP after us-
ing the embryo culture.

tosis genes in BOEC treated with or without SNP us-
ed or not used for embryo culture. Expression of Bcl-2

Value with different superscripts within columns are significantly differ, p<0.05.

Fig. 2. mRNA expression of growth factor genes on BOEC with
or without SNP used or not used for i vitro culture of bovine
embryos. 1: IFC, 2: PCC, 3: PCC after using the embryo culture,
4: PCC containing 5 uM SNP, 5: PCC containing 5 uM SNP aft-
er using the embryo culture.

was detected in I[FC and PCC groups, the other side,
Bax and Caspase-3 gene were expressed in all treatment
groups.

Fig. 2 was shown the expression patterns for gr-
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owth factor genes in BOEC treated with or without SNP
used or not used for embryo culture. Transcripts for
EGF and IGFBP were expressed in IFC and PCC gr-
oups. And, TGF- gene was detected in all treatment

groups.

DISCUSSION

Recently, developmental rates to blastocysts in sim-
ple culture media in in vitro remain low and range bet-
ween 20~30 percent in bovine embryo culture (Caro-
lan ef al., 1996; Krisher et al., 1999). Various factors in-
cluding the oocyte itself, protein source, somatic cells,
culture media, oxygen tension and energy substrates may
affect preimplantation embryo development in wvitro
(Bavister, 1995). ROS have been implicated as major
cause of embryonic arrest and cell death (Ashok ef al,
2003). ROS are highly reactive with complex cellular
molecules such as proteins, lipids and DNA, and cau-
se serious dysfunction such as enzyme inactivation,
mitochondrial abnormality or DNA fragmentation (Gue-
rin et al, 2001). ROS are derived from the metabolism
of molecular oxygen and included superoxide anion
radical, singlet oxygen, hydrogen peroxide, hydroxyl
radical and nitric oxide radical. The super oxide ani-
on, hydrogen peroxide and nitric oxide are considered
the major reactive species that participate in redox
reactions in diverse biological processes (Hancok et al.,
2001). In diverse cell types, the intracellular redox sta-
te is important in regulation of enzymes presumably
involved in single transduction mechanism (Hancok et
al., 2001).

NO is a free radical molecule that has been demon-
strated to be an intracellular messenger and regulates
smooth muscle cell tone, platelet aggregation and ad-
hesion, cell growth, apoptosis, neurotransmission and
injury as well as infection-induced immune reactions
(Rosselli et al., 1998). NO acts through the cGMP pa-
thway. NO mediates c<GMP signal transduction system
and also mediates its effects through stimulation of cy-
clooxygenase enzymes in order to ensure the normal
preimplantation embryo development and pregnancy.
The wide distribution of NOS in diverse cells of the
female and male reproductive organs (Rosselli, 1997) su-
ggests a major role for NO in the physiological re-
gulation of reproduction. The critical concentration of
NO and cGMP is required for normal embryo deve-
lopment and enhance the developmental rates through
regulation of mitotic division in these embryos. How-
ever, excess NO halts or retards embryo development
and/or apoptosis of the mouse embryo (Tranguch et al,
2003), possibly through the production of free radicals.

Our study were evaluated the effects of SNP on de-
velopments of Hanwoo IVM/IVF embryos. In different

conceniration of SNP (1~25 uM), a nitric oxide donor,
treatment of 5 uM SNP group were significantly dro-
pped when compare to control and 1 uM SNP groups
in the developmental rates of blastocyst (p<0.05). The
development rate to blastocysts in SNP groups supp-
lemented more than 5 uM were significantly decrea-
sed in control and 1 uM SNP groups (p<0.05), and cell
numbers of blastocyst was similar trend to the blas-
tocyst development results. This results is in agree-
ments with Lim and Hansel (1998), and Orsi (2006)
suggesting that preimplantation in vitro embryo deve-
lopments were inhibited by NO supplementation (mo-
re than 10 uM SNP). This finding of an inhibitory ro-
le of NO in early development is confirmed by our re-
sults showing that the presence of a NO donor (SNP)
in the culture system greatly inhibits embryo develop-
ment beyond morula stage.

Many researcher has been endeavored to develope
the culture methods to remove and/or ameliorate the
embryotoxic factor such as a free radical. Antioxida-
tive enzymes play a role in protecting cell from oxi-
dative stress-induced cell death (Chandra et al, 2000).
Co-culture system using somatic cell can improved the
development of bovine IVM/IVF embryos, possibly th-
rough the releasing of the embryotropic factors and
the removing or alleviating of the embryotoxic subst-
ance into culture medium (Liu et al, 1998). NO pro-
duced from somatic cell has an inhibitory role in pre-
implantation development of IVF-derived embryos. It
is necessary to develop an effective method for remo-
val of embryotoxic NO during embryo culture. We hy-
pothesized that BOEC co-culture system can improve
the developments of bovine embryos during in vitro
culture, indicating the removing and/ or ameliorating
of the embryotoxic factors.

Our study were examined the protective effects of
BOEC co-culture system against nitric oxide on the de-
velopment of bovine IVM/IVE embryos. The protective
effects of BOEC co-culture system against nitric oxide
on development of embryos was significantly higher
in treatment of 5 uM SNP with BOEC monolayer gr-
oups than in control and in 5 uM SNP single groups
(p<0.05). This study agrees with the finding of some
researchers (Joo et al, 1999, Lim and Hansel, 1998)
that SNP was inhibited the development of bovine or
mouse embryos in vitro. This study agreed with the
findings of Gandolfi et al. (1989) reported that the be-
neficial effects of blastocyst development are thought
to be due to embryotrophic factors provided by the epi-
thelial cells. The results of this study suggest that co-
culture system most likely affects embryo development
by scavenging NO, but specific mechanism is still un-
clear.

Our efforts have focused on defining possible em-
bryotrophic and/or detoxifying role of oviduct by cha-
racterizing the expression of mRNAs encoding growth
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factors transcripts and apoptosis-related genes in pri-
mary bovine oviductal cultures.

In co-culture system, somatic cells derived from fe-
male reproductive organ may secrete embryotrophic fac-
tors, which may include growth factors such as IGF,
TGF and EGF (Watson et al., 1994), and antioxidant en-
zymes (Harvey et al, 1995) and apoptosis-related sub-
stances. But extensive biochemical and morphological
studies have revealed several different mechanisms
involved in the induction of embryonic developmental
factors, the key events underlying the development of
embryos remain largely unknown.

Thus, we examined whether growth factor and apo-
ptosis-related genes were expressed in BOEC treated
with or without SNP, which was used or not used in
in vitro culture of bovine IVM/IVF embryos. In the
expression of growth factors, TGF- 3 gene was detec-
ted in all experimental groups. Also, transcripts for
EGF and IGFBP were expressed in IFC and PCC gr-
oups. This results of our study agreed with results of
Watson et al. (1994) and Winger et al. (1997) reported
that primary bovine oviductal epithelial cells express
the EGF, TGF-B and IGFBP. Qur study was detected
different patterns of mRNA expression for apoptosis
genes in BOEC in the presence or absence of SNP,
which was used or not used for embryo cultures. Ap-
optosis gene such as Bax and Caspase-3 were observed
in all experimental groups. On the other hand, tran-
scription for Bcl-2 was detected in IFC and PCC gr-
oups.

In conclusion the present study demonstrates that
the co-culture system of bovine oviduct epithelial cell
can improve the developmental rates of bovine IVM/
IVF embryos, indicating that the alleviation of embryo-
toxic factor such as nitric oxide.
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