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The objective of this study was to optimize the activation
protocol for buffalo oocytes after intracytoplasmic sperm
injection (ICSI). The release of the second polar body (PB) at
3, 6 and 9 h after ICSI of in-vitro matured oocytes activated
either with 5 pm ionomycin (Io) or with 7% ethanol (EtOH)
was preliminary examined. The highest rate of second PB
extrusion occurred at 3 h of activation, and the second PB
extrusion in EtOH group was significantly higher than that in
lo group. Oocytes that extruded the second PB were selected
and cultured either with 1.9 mm 6-dimethylaminopurine
(6-DMAP) for 3 h or with 10 pg/ml cycloheximide (CHX)
for 5 h. Significantly higher rate of oocytes formed 2 pronuclei
in EtOH combined with CHX (EtOH + CHX) (62%) group
compared to those of lo + CHX (42%) and EtOH +
6-DMAP (48%) groups (p < 0.01) whereas lo + 6-DMAP
group showed intermediaté value (58%). Significantly higher
blastocyst formation rates were obtained in Io + 6-DMAP
(29%) and EtOH + CHX (24%) groups than in Io + CHX
(6%) and EtOH + 6-DMAP (17%) groups. Our results
indicate that buffalo ICSI oocytes are effectively activated by
combination treatment of Io with 6-DMAP and EtOH with
CHX resulting in the highest cleavage and blastocyd forma-
tion rates.

Introduction

The importance of swamp buffalo (Bubalus bubalis) in
many area of the world is equal to cattle in terms of
meat and milk production, and labour, especially
because of its resistance to hot climate, stress and
diseases. Although traditional-assisted reproduction
technologies are currently utilized in this species, the
efficiency of reproduction is somewhat less than that of
cattle because of inherent reproductive problems such as
silent oestrous signs (Esposito et al. 1992; Zicarelli et al.
1997), long calving interval, delayed age of puberty and
low number of primordial follicles (Van Ty ct-al. 1994).
As an assisted reproduction technology, artificial insem-
ination using frozen spermatozoa has been established
and applied for the genetic improvement of swamp
buffalo (Muer et al. 1988; Shukla and Misra 2007).
However, frozen buffalo spermatozoa sometimes show
immobility after thawing (Muer ct al. 1988) which may
cause reduced fertility. To overcome this problem
intracytoplasmic sperm injection (ICSI), the injection
of a single spermatozoon directly into cytoplasm
bypassing the zona pellucida and oolemma is the
optimum procedure. As the egg will theoretically be
fertilized using only a single sperm. this method is
considered a standard way to produce normal diploid
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embryos; therefore, it may be the preferable way to
produce the next generation in swamp buffalo. This
technique has successfully been applied for buffaloes (Lu
ct al. 2006). Although ICSI alone seems to be sufficient
to trigger the events of oocyte activation in some species
such as hamsters, mice and humans (Perreault et al.
1988; Kimura and Yanagimachi 1995; Tesarik and
Sousa 1995; Kuretake et al. 1996), certain species such
as cattle (Rho et al. 1998) and pigs (Lee et al. 2003)
require additional activation of the oocytes after ICSI to
assure their development.

The events of oocyte activation including the release
of cortical granules, accomplishment of meiosis, second
polar body (PB) extrusion and pronucleus formation
require the inactivation of protein kinases such as
maturation promoting factor (MPF) and mitogen-acti-
vated protein kinase (MAPK) (Liu and Yang 1999; Sun
and Nagai 2003). During fertilization, the activity of
these kinases collapses by repetitive elevation (oscilla-
tions) of intracellular calcium triggered by the sperm
(Ducibella and Fissore 2008). Such effect can be imitated
artificially by certain drugs; In cattle, for instance,
treatment of oocytes with calcium ionophore alone
decreased cyclin B (a subunit of MPF) level within | h
and cyclin B level rose again 4-15 h after the treatment
(Liu and Yang 1999). Ethanol (EtOH) was reported, for
the first time, to be effective for the activation of in vitro-
matured bovine oocytes (Nagai 1987) and has been used
to activate buffalo oocytes (Parnpai and Tasripoo 2003)
by promoting the formation of inositol 1.4,5-triphos-
phate (TP3) at the plasma membrane and inducing the
extracellular calcium influx which would lead to a high
intracellular calcium concentration (Ilyin and Parker
1992). Another chemical that elevates Ca>* in oocytes is
Ionomycin (Io) that has been successfully used in buffalo
nuclear transfer, to induce repeated transient intracellu-
lar calcium rising (Saikhun et al. 2004). As full activation
of oocytes leading to pronuclear formation requires the
proper inactivation of both MPF and MAPK activities,
a combination of the calcium rise and the inhibition of
MPF and MAPK activities either by protein synthesis
inhibitors [such as cycloheximide (CHX)] or by protein
phosphorylation inhibitors [such as 6-dimethylaminop-
urine (6-DMAP)] is considered a reasonable approach to
obtain optimal activation of oocytes. )

From another perspective, activation treatment
following ICSI increases the possibility of parthenoge-
netic embryo development. Activation procedures aimed
at making buffalo oocytes suitable for ICSI differ from
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those aimed at producing parthenogenesis; haploidy is
required for the former whereas diploid is required for
the latter. Treatment with CHX or 6-DMAP following
the calcium rise reagents after ICSI would immediately
inhibit the extrusion of the second PB resulting in
triploid or parthenogenetic diploid embryos (Liu et al.
1998). Therefore, the selection of buffalo oocytes by the
presence of the second PB, together with the additional
activation treatment with CHX or 6-DMAP, may
decrease the triploidy and parthenogenesis.

With the goal of producing diploid activated oocytes
for ICSI, the objective of this study was to optimize the
activation procedurc. We compared the effects of four
combined activation treatments using EtOH, lo, CHX
and 6-DMAP on second PB extrusion, pronuclear
formation. cleavage and subsequent development of
buffalo 1CSI oocytes. Preliminarily, the efficiency of
EtOH and Io was examined by the release of second PB
following ICSI.

Materials and Methods

Except where otherwise indicated, all reagents were
purchased from Sigma Chemical Company (St. Louis,
MO, USA).

Oocyte collection and in vitro maturation

Abattoir-derived buffalo ovaries were transported to the
laboratory within 4 h and kept in physiological saline
(0.9% NaCl). Cumulus—oocyte complexes (COCs) were
collected from the follicles 2-6 mm in digmeter using a
2l-gauge needle attached to a 10-ml syringe as described
earlier (Muenthaisong et al. 2007) for buffalo ovaries.
Each of 20 COCs was washed five times with #BS
supplemented with 0.1% polyvinylpyrrolidone (PVP),
and three times with TVM medium, then cultured in
100-pl droplets of IVM medium covered with mineral oil
ina humidified atmosphere of 5% CO, in air at 37°C for
2l h.

The in vitro-matured COCs were mechanically
denuded by repeated pipetting with a fine-tip pipette in
02% hyarulonidase and washed five times in the
Emcare holding medium (ICP-Bio, Auckland, New
Zealand). Oocytes with a visible first PB were defined
to be MII and selected for the ICSI.

Sperm preparation for ICSI

Astraw of frozen buffalo semen from the same bull was
thawed at 37°C for 30 s. Thawed spermatozoa were
washed twice by centrifugation at 500 x g for 7 min in
Brackett and Oliphant medium (Brackett and Oliphant
1975) supplemented with 10 mm caffeine (caffeine-BO)
as described previously with some modification (Sute-
evun et al. 2006). The sperm pellet was resuspended in
affeine-BO at a concentration of § x 10° sperm/ml.

. ICSI procedures
Sperm injection was performed under an inverted micro-
scope (IX71: Olympus, Tokyo, Japan) with a micro-
manipulator (MO188NE: Narishige Tokyo, Japan). The

inner diameter of the sperm injection needle was 8—10 um,
and the inner diameter of the holding pipette was 20 pm.
Three droplets of solution were prepared on the lid of
60-mm culture dish and covered with paraffin oil. The first
droplet was PVP solution (ICST*, Vitrolife, Sweden) for
washing the pipette. the second droplet was the sperm
suspension with PVP solution (1 : 5)and the third droplet
was Emcare medium for the ICSI procedure. Approxi-
mately 10 MIT oocytes were placed in the droplet of
Emcare medium. A single, motile buffalo spermatozoon
was immobilized against the bottom of the second
droplet. The tail of the sperm was loaded first with a
minimum volume of the medium into the injection
pipette, and then the injection pipette was moved to the
droplet containing the oocytes. An oocyte was aspirated
by the holding pipette at the 9 o’clock position, with
the first PB being at either 12 or 6 o’clock position.
The immobilized sperm was injected into the ooplasm
at 3 o'clock position. Sham injection of oocytes was
conducted by using the same procedure as sperm injec-
tion, except that no sperm was loaded in the injection
pipette.

Activation of ICSI oocytes

Within | h of the injection, the injected oocytes (both
ICSI and Sham groups) were activated by exposure either
to 7% EtOH in Emcare medium for 5 min or to 5 pm To
in Emcare medium for 5 min, and then subsequently
cultured in TCM199 + 10% FCS to allow extrusion of
the second PB. The completion of the second meiosis was
determined by the extrusion of the second PB observed at
3.6and 9 h after activation, and the optimal starting time
for the further chemical activation treatments was
decided. Injected oocytes without activation treatment
were treated as the control group.

The injected and activated oocytes which extruded the
second PB at 3 h of activation were selected and
transferred to mSOF medium supplemented with either
1.9 mm 6-DMAP or 10 pg/ml CHX and cultured for 3
and 5 h, respectively, at 38.5°C under humidified
atmosphere of 5% COs in air. The oocytes treated with
combined activations were grouped as Io + 6-DMAP,
Io + CHX, EtOH + 6-DMAP and EtOH + CHX
groups.

Nuclear staining

The pronuclear formation status in oocytes was evalu-
ated after 18 h of TCSI. Total 193 ICSI oocytes were
mounted on glass slides, immersed in ethanol: acetic
acid (3: 1, w:v) for 24 h and stained with 1% (w/v)
aceto-orcein for observation. As all the evaluated
oocytes presented a second PB, the absence of an intact
spermatozoon or male pronucleus was considered as
ICSI failure. Male and female pronuclei were identified
by their position relative to the remaining sperm tail or
mid-piece and to the sccond PB of thec oocytes.

In vitro embryo culture

After the combined activation treatment, presumptive
zygotes were further cultured in mSOF medium (Gardner
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et al. 1994) supplemented with 3 mg/ml fatty acid—{ree
BSA at 38.5°C under a humidified atmosphere of 5% O,,
5% CO; and 90% N, for 2 days. The day of ICSI was
considered Day 0. After that, 8-cell-stage embryos were
selected and co-cultured with buffalo cumulus cells in
mSOF medium at 38.5°C under humidified atmosphere of
5% CO; in air for additional 5 days. The medium was
changed daily and the development of embryos was
recorded at the same time for medium changing.

Evaluation of blastocyst cell number

The Sham-injected and ICSI blastocysts harvested from
each treatment group at 7 days of IVC were counter-
stained to distinguish total cell numbers. The blastocysts
were fixed in 4% paraformaldehyde for 15 min, and
then washed twice in PBS at room temperature. They
were transferred to PBS containing 5 pg/ml Hoechst
33342 for 5 min. After being washed in PBS, they were
transferred on a clean glass slide and covered with a
cover slide. The total cell numbers were counted under a
fluorescent microscope (IX71; Olympus, Tokyo, Japan)
at 400 x magnification.

Experimental design

Experiment 1: The timing and frequency of second PB
extrusion were determined after stimulation by EtOH or
lo. Oocytes after ICSI or sham injection were treated
with either 7% EtOH or 5 um Io or without activation
(Control) and cultured for 9 h. The extrusion of second
PB was recorded at 3, 6 and 9 h_ after activation
treatment. .

Experiment 2: Pronuclear formation and second PB
extrusion in ICSI oocytes was assessed after coMibined
activation with lo or EtOH and CHX or 6-DMAP.
Experiment 3: In vitro embryo development and cell
numbers in blastocysts were investigated after combined
activation with Io or EtOH and CHX or 6-DMAP of
ICSI and sham-injected oocytes.

Statistical analysis

Data were analysed by ANova using the statistical
analysis systems. The differcnces between groups were
considered to be statistically significant at a probability
value of 0.05 or less.

Results =
Induction of the second PB release by EtOH or lo

As shown in Table 1. a total of 104 injected buffalo
oocytes including sham injection group without activa-
tion (control group) did not extrude the second PB after
culture. The highest second PB extrusion rate (68%) was
obtained in the EtOH group after 3 h of ICSI among all
the groups (p < 0.05). When compared within the same
treatment, most of the second PB extrusion occurred at
3 h after ICSI in both EtOH and To groups. The number
(%) of oocytes extruding the second PB at 3 h of
activation out of total number of oocytes with the
second PB within 9 h of activation was 73/87 (84) and
50/66 (76), respectively. There was no difference in the
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Table 1. The effect of exposure of intracytoplasmic sperm injection
and sham-injected oocytes to 7% EtOH or 5 pM Io on the second PB
extrusion in swamp bufTalo

Number (%) of oocytes
extruded the second PB

Number Times after activation
Chemical Sperm of oocytes
treatments  injection  cxamined 3h 6h 9h Total
S pm lo + 108 50 (46)  15(14)° 1 (1) 66 (61)°
- 102 443 66 00 5049
7% EtOH + 107 73(68)*  13(12)* 1(1) 87 (8D
- 101 54(53)" 55" 0(0) 59 (38)°
Control* + 52/ 0 (0)° 0 (0)° 0 (0)° 0 (0)
- 52 0 (0 0 (0)° 0 (0)° 0(0)°

EtOH. ethanol; lo. ionomycin: PB. polar body.

*Control means no activation.

3BeMeans within columns with different superscripts significantly differ
(p < 0.05 ANOVA).

Table 2. Pronuclear formation after intracytoplasmic sperm injection
of buffalo oocytcs followed by various activation protocols

Number (%) oocytes exhibiting

Number
Activation oocytes 2PB + 2PB + 2PB + °
treatments examined 2PN! IPN? Sperm®  2PB*
lo + 6-DMAP 45 26 (38" 16 (36)° 1) 24P
lo + CHX 50 21 42)° 21 (42)" 2(4) 6 (12)°
E1OH + 6-DMAP 48 23 (48)" 18 (38)* 1(2) 6 (13)"
EtOH + CHX 50 31 (62)* 15 (30)* 1(2) 36

EtOH. cthanol: lo, ionomycin; 6-DMAP, 6-dimethylaminopurine; CHX,
cycloheximide; PB, polar body; PN, pronucleus/pronuclei.

*PMeans within columns with different superscripts differ (p < 0.05 aNova).
!Oocytes extruded a second PB and had 2 pronuclei.

*Qocytes extruded a second PB and had | pronucleus.

*Oocytes extruded a second PB and had an intact sperm head.

YOocytes extruded a second PB and had no pronucleus.

second PB extrusion rates between EtOH and To groups
in sham-injected oocytes and in both groups the most of
the second PB extrusion occurred at 3 h of injection as
well. These results show that, based on the percentage of
second PB extrusion, EtOH was more effective for the
activation of buffalo oocytes following ICSI than Io.

Pronuclear formation in ICSI oocytes

As shown in Table 2, a significantly higher proportion
of TICSI oocytes extruded a second PB and had 2
pronuclei (2PB + 2PN) in EtOH + CHX group (62%)
than those in lo + CHX (42%) and EtOH + 6-DMAP
(48%) groups; however, there was no difference from
the Io + 6-DMAP group (58%). The proportion of
activated oocytes having a single pronucleus showed no
difference among oocytes of the four activation treat-
ments.

Effect of combined activation treatment after ICSI on
embryonic development in vitro

As shown in Table 3, the cleavage rates of ICSI oocytes
in lo + 6-DMAP, EtOH + 6-DMAP and EtOH +
CHX groups (76%, 69% and 78%. respectively) werc
significantly higher than those in To + CHX group
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Table 3. Jn vitro development of buffalo embryos derived from intracytoplasmic sperm injection followed by different activation treatments

No. () of oocytes

No. (%) ol embryos developed to

Sperm Extruded second
Activation Lreatments injection Injected polar body Cultured No. (%) cleavage 8-cell stage Morulae Blastocysts
lo + 6-DMAP + 187 84 (45)° 84 64 (76) 47 (56)° 28 (33)* 24 (29)*
- 102 44 (43)° 44 27 (61)* 19 (@™ 8 (18)¢ 6 (14)°
lo + CHX - 170 84 (49)° 84 44 (52)° 19 (23)¢ 11 (13)" 5(6)°
- 102 46 (45)° 46 23 (50)° 10 (22)¢ 24 2 (4
EtOH + 6-DMAP + 132 RS (64)° 85 59 (69)*° 35 (41)™ 21 (25)° 14 (17)°
- 101 54 (33)° 54 28 (52)° 18 (33)°¢ 8 (154 4N
EtOH + CHX + 125 83 (66)° 83 65 (78)° 40 (48)*° 27 (33)*° 20 (24)*
- 97 49 (51)® 49 29 (59) 19 (39)* 8 (16)° 6(12)°

ELOH, ethanol: lo, ionomycin: 6-DMAP, 6-dimethylaminopurine; CHX, cycloheximide.

*P<4Means within columns with different superscripts differ (p < 0.05 ANOVA).

(52%) and sham-injected control group in all activation
treatments. Significantly higher blastocyst formation
rates were obtained in lo + 6-DMAP and
EtOH + CHX groups (29% and 24% respectively)
than those in lo + CHX and EtOH + 6-DMAP
groups (6% and 17%, respectively) and sham-injected
groups. The To + CHX group showed the lowest
blastocyst formation rate among all the groups. There
was no difference in cleavage and blastocyst formation
rates between ICSI and sham-injected oocytes in
Io + CHX oocytes. Within the sham-injected group,
the cleavage rate of these four treatments was not
different; however, the blastocysts formation rate in the
To + CHX group (4%) was significantly lower than
that in Jo + 6-DMAP (14%) and EtOH + CHX
(12%) groups. There was no difference in blastocyst
rates among sham-injected oocytes in Io + 6-DMAP,
EtOH + 6-DMAP and EtOH + CHX groups.

4

Cell numbers in day 7 blastocysts derived from injected
oocytes

As shown in Table 4, the cell number of blastocysts
obtained from ICSI oocytes in EtOH + CHX group
(88.9 + 23.0) was significantly higher than that in
fo + CHX (53.8 £ 14.9); however, it did not differ
from those in Io + 6-DMAP (79.3 + 21.7) and
EtOH + 6-DMAP (74.1 + 13.9) groups. Within each
treatment group, the cell number of blastocysts in ICSI
and sham-injected oocytes was not different.

Table 4. Cell numbers of blastocysts derived from injected oocytes

followed by various activation treatments -
Activation Sperm No. of embryos Cell numbers
Ireatments injection examined (Mean £ SD)
lo + 6-DMAP + 9 793 & 21.7°®
- 6 64.3 & 22.7™
lo + CHX + 4 538 = 149
— 2 38.5 + 9.2¢
EtOH + 6-DMAP + 7 740+ 13.9°"
- 4 708 + 9.9"
EIOH + CHX + 10 88.9 + 23.0"
- 6 720 + 146"

EIOH. ethanol: To. ionomycin: 6-DMAP. 6-dimethylaminopurine; CHX,
cycloheximide.
***Means within columns with different superscripts differ (p < 0.05 Anova).

Discussion

In this study, we investigated the second PB extrusion,
pronuclear formation, cleavage and development to the
blastocyst stage of buffalo ICSI oocytes to determine the
optimal activation protocol. To our knowledge, this is
the first study to report high percentages of buffalo 1CSI
oocytes developing to the blastocyst stage by the
combination of chemical activation treatments such as
Io + 6-DMAP or EtOH + CHX. These two combina-
tions supported the highest second PB extrusion and
resulted in the highest blastocyst rates and cell numbers
per embryo. The activation protocol combining Io with
6-DMAP has also been proven to get the best results in
sheep (Shirazi et al. 2008), goats (Ongeri et al. 2001) and
cattle (Rho et al. 1998). Combining EtOH with CHX
treatment was also reported to achieve high activation
rates for both young and ageing bovine oocytes (Pres-
icce and Yang 1994a,b).

In this study, without additional chemical activations.
none of the oocytes extruded the second PB and
developed, indicating that mere sperm injection was
not sufficient to activate buffalo oocytes. In other words.
an additional activation treatment of buffalo oocytes
following TCSI was necessary for the oocytes to com-
plete the meiosis, subsequent pronuclear formation and
embryo development. The same necessity of additional
activation treatments for the oocytes after ICSI to
assure their development was reported for other species
such as cattle (Rho ct al. 1998) and pigs (Lee et al.
2003). In contrast, in hamsters (Uehara and Yanagi-
machi 1976), rabbits (Keefer 1989) and humans (Tesarik
ct al. 1994), the mechanical processes during ICSI,
penetration of an ICSI needle through the zona pellu-
cida and cytoplasmic suction, were reported to be
enough to activate oocytes. The reason why only
mechanical activation and the existence of spermato-
zoon in the cytoplasm could not induce extrusion of the
second PB of oocytes to complete the meiosis processes
in cattle, pigs and swamp buffalo is not clear, which
maybe related to the packaging of chromatin in sper-
matozoa that was reported to be more stable in cattle
than in other species like human, mouse and hamster
(Perreault et al. 1988).

A series of multiple intracellular calcium ion transient
increases were exhibited in fertilized mammalian oocytes
(Miyazaki et al. 1986, 1993; Fissore et al. 1992; Fissore
and Robl 1994). After sperm—oocyte fusion, these early
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calcium ion responses have important roles in the
exocytosis of cortical granules and the resumption of
meiotic arrest in mouse oocytes (Kline and Kline 1992).
The completion of oocyte meiosis was monitored by the
rate of oocytes extruding the second PB after activation
in this study, and it was found that EtOH treatment was
more effective to activate buffalo ICSI oocytes than lo
treatment (Table 1). This could be attributed to the
different ways of calcium mobilization induced by EtOH
and lo. EtOH activates oocytes by promoting the rapid
potentiation of inositol 1.4,5-trisphosphate (IP3)-medi-
ated Ca®" release through stimulation of IP3 formation
at the plasma membrane, and then it induces a single
calcium rise coming from both extracellular entry and
intracellular stores (Shilina et al. 1993). On the other
hand, Io induces a single Ca®* rise in mammalian
oocytes through the release of Ca®>* only from internal
stores (Vincent et al. 1992). The current result was
consistent with that for cattle in which EtOH was
considered to be a more effective calcium rise reagent to
induce the second PB extrusion from oocytes than Ca>*
ionophore TA23187 (Nakada and Mizuno 1998). In
cattle, EtOH can induce a greater rise of Ca®" and
longer Ca’* releasing duration than those observed at
fertilization (Nakada and Mizuno 1998).

Oocytes exposed to a single chemical (e.g., calcium
ionophore; EtOH) or electrical stimulus would induce a
transient rise in intracellular calcium; however, this is
inadequate for full activation of oocytes, resulting in the
incomplete cortical granule formation (CG exocytosis)
(Wang et al. 1998) and failures of pronuclear formation,
mRNA recruitment and DNA synthesjs (Susko-Parrish
et al. 1994; Schultz and Kopf 1995; Soloy et al. 1997).
Studies have demonstrated that the activation protocols
with the best results were those that combined C# " rise
treatment and inhibition of MPF activity on ICSI and
somatic cell nuclear transfer in bovine embryos (Rho
et al. 1998; Bhak et al. 2006). Thus, combination of a
stimulation for Ca®>" rise and an inhibition of either
protein synthesis with CHX or protein phosphorylation
with 6-DMAP can be a reasonable approach for the
establishment of the optimal activation method for
buffalo oocytes. Inhibition of protein synthesis can
enhance oocyte activation by inducing temporal changes
in MPF and MAPK. Cycloheximide not only inhibits the
cyclin B synthesis and maintains low activity of MPF, but
also inhibits the phosphorylation of MAPK after pronu-
cleus formation in oocytes (Liu and Yang 1999). Also,
dephosphorylation of MAPK can be induced by
6-DMAP leading to earlier pronuclear development
(Susko-Parrish et al. 1994; Soloy et al. 1997; Leal and
Liu 1998). Recently, Abdalla et al. (2009) demonstrated
that combined activation treatment of bovine [CSI
oocytes with Io and EtOH yield higher blastocyst rate
than Io combined with CHX or 6-DMAP.

After receiving the first intracellular calcium rise, the
MII oocytes continue to resume meiosis until the
extrusion of the sccond PB. In this study, most of
the second PB extrusions from the buffalo oocytes were
detected after 3 h of calcium rise treatment. The reason
why others did not extrude the second PB in these
circumstances at that time is not clear. However, it
might be attributed to disintegration of their meiotic

© 2010 Blackwecll Verlag GmbH

spindle. When those showing delayed extrusion of the
second PB after 6 and 9 h of EtOH or lo treatment were
cultured in IVC medium with 6-DMAP or CHX, they
had a significantly lower ability to develop to the
blastocyst stage (Liang YY, Parnpai R, unpublished
data) compared with those of oocytes which extruded
the second PB after 3 h of treatment. It is possible that
the delayed extrusion of the second PB might be relevant
to the ability of oocytes to resume meiosis. The oocytes
that needed a longer time to finish meiosis might have
started the cell cycle later than those which finished
meiosis within 3 h of the treatment. This might be the
one of the reasons why the oocytes with delayed
extrusion of the second PB had lower development
ability compared to those which extruded the second PB
within 3 h of the treatment. In cattle it was reported that
93% of oocytes extruded the second PB within 3 h of Io
treatment following TCSI (Fulka et al. 1991; Susko-
Parrish et al. 1994; Rho et al. 1998). The results in this
study indicated that 3 h is the optimal time for the
selection of oocytes which extruded the second PB after
EtOH or Io treatment following ICSI in buffalo.

In this study, the cleavage and blastocyst formation
rates for ICSI oocytes were significantly higher than
those for sham-injected oocytes in EtOH + CHX and
lo + 6-DMAP groups, suggesting that the spermato-
zoon could enhance oocyte activation and subsequent
development in those groups. It has been reported that
the sperm cell is a natural activator of oocytes (Bootman
and Berridge 1995). In mice (Vitullo and Ozil 1992:
Jones and Whittingham 1996; Lawrence et al. 1998),
pigs (Sun et al. 1992) and cattle (Nakada and Mizuno
1998; Tosti et al. 2002), sperm penetration induces
periodical and transient increases in the free intracellular
calcium concentration for several hours. It also has been
suggested that after fusion of sperm and oocyte, a sperm
CSF is released into the oocyte, which generates the
cytoplasmic calcium increase (Fissore et al. 1998:;
Kimura et al. 1998). However, our study has demon-
strated that a mere sperm injection or sham injection
into ITVM buffalo oocytes without any additional
activation procedures resulted in no activation and that
in EtOH + CHX and Io + 6-DMAP groups sperm
injection combined with activation treatment resulted in
higher activation and development than activation
treatment alone. This suggests that the synergetic effect
on oocyte activation of sperm and activation treatment
is necessary to guarantee high rates of embryo develop-
ment by ICSI in buffaloes. It is of interest that oocytes
activated by the sham injection extruded the second PB
and developed into blastocysts, however, with a lower
rates and embryonic cell numbers compared to ICSI
oocytes. Embryos generated from sham-injected oocytes
are considered haploid, and the developmental potential
of haploid embryos was reported to be much lower than
that of diploids in mice (Tarkowski and Rossant 1976).
In this study, only the ICSI oocytes had the possibility
to develop as diploids. The reduced cecll number of
blastocysts and lower rate of in vitro embryo develop-
ment in sham-injected oocytes suggest that such haploid
embryos might have insufficient DNA to support
themselves to develop into early stage embryos com-
pared with diploids.
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In conclusion, our study demonstrated that activation
of the ICST swamp buffalo oocytes with EtOH gave the
highest 2 pronuclei formation, and that combination
treatments with Io+6-DMAP and EtOH + CHX gave
the highest cleavage and blastocyst formation rates.
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Abstract. This study investigated the effect of donor cell types on the developmental potential and quality of cloned
swamp buffalo embryos in comparison with cloned cattle embryos. Fetal fibroblasts (FFs), ear fibroblasts (EFs),
granulosa cells (GCs) and cumulus cells (CCs) were used as the donor cells in both buffalo and cattle. The cloned cattle
or buffalo embryos were produced by fusion of the individual donor cells with enucleated cattle or buffalo oocytes,
respectively. The reconstructed (cloned) embryos and in vitro matured oocytes without enucleation were
parthenogenetically activated (PA) and cultured for 7 days. Their developmental ability to the blastocyst stage was
.evaluated. The total number of trophectoderm (TE) and inner cell mass (ICM) cells and the ICM ratio in each blastocyst
was determined by differential staining as an indicator of embryo quality. The fusion rate of CCs with enucleated
oocytes was significantly lower than for those of other donor cell types both in cattle and buffalo. The rates of cleavage
and development to the 8-cell, morula and blastocyst stages of cloned embryos derived from all donor cell types did not
significantly differ within the same species. However, the cleavage rate of cloned cattle embryos derived from FFs was
significantly higher than those of cattle PA and cloned buffalo embryos. The blastocyst rates of cloned cattle embryos,
except for the ones derived from CCs, were significantly higher than those of cloned buffalo embryos. In buffalo, only
cloned embryos derived from CCs showed a significantly higher blastocyst rate than that of PA embryos. In contrast,
all the cloned cattle embryos showed significantly higher blastocyst rates than that of PA embryos. There was no
difference in ICM ratio among any of the blastocysts derived from any of the donor cell types and PA embryos in both
species. FFs, EFs, GCs and CCs had similar potentials to support development of cloned cattle and buffalo embryos to
the blastocyst stage with the same quality.
Key words: Cattle, Differential staining, Embryo development, Nuclear transfer, Swamp buffalo
(J. Reprod. Dev. 56: 49-54, 2010)

attle (Bos taurus and Bos indicus) and swamp buffalo

(Bubalus bubalis) are important domestic animals, providing
high quality milk, meat and work power. However, buffalo popu-
lations in many countries have been decreasing due to their low
fertility and less demand from humans. In the near future, the buf-
falo will become an endangered species. Somatic cell nuclear
transfer (SCNT) is one of the strategies for propagation of exotic
buffalos. The first successful buffalo SCNT was reported in 1999
[1]. Thereafter, Saikhun et al. [2] transferred cloned swamp buf-
falo embryos derived from fetal fibroblasts to recipients, and
pregnancy was maintained for more than 90 days. However, none
of the embryos supported development to term. Simon et al. [3]
transferred 16 cloned water buffalo embryos derived from fetal
fibroblasts to recipients, but no pregnancy was reported. Shi et al.
[4] transferred 42 cloned buffalo blastocysts derived from fetal
fibroblasts and granulosa cells to 21 recipients, and four recipients
became pregnant (19%). Three of these recipients developed to
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term, but two of the newborns died after birth, and only one cloned
buffalo derived from fetal fibroblasts survived. The success rate of
producing cloned buffalo offspring is still low, and there are multi-
ple factors influencing the viability of clones. One of the key
factors is the donor cell type, which has a significant effect on the
efficiency of SCNT and the development of cloned rabbit embryos
[5]. There are many kinds of somatic cells, such as mammary epi-
thelial cells, ovarian cumulus cells, fibroblasts from skin and
internal organs, oviduct epithelial cells, granulosa ¢ells, muscle
cells, uterine epithelial cells, Sertoli cells, macrophages, blood leu-
kocytes, lymphocytes, natural killer T cells, mature B and T cells,
olfactory cells, neural stem cells and myoblasts, that can be used as
donor cells for SCNT (reviewed by Campbell et al. [6]). Embry-
onic and fetal cells have been reported to be more successful
candidates for SCNT when compared with adult cells or terminally
differentiated cells in cattle [7, 8]. This might be related to the fact
that embryonic and fetal cells have rapid growth and potential for
many cell divisions prior to senescence in culture [9-11]. On the
other hand, among adult cell types for SCNT, cumulus cells appear
to be the best choice according to their cloning efficiency and the
smallest proportion of abnormalities in resultant cloned animals
[12]. Also, highly efficient production of cloned calves using
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cumulus cells as donor cells has been reported [13—15]. However,
cumulus cells have variously been reported as better [16] or worse
[17] nuclear donor cells as compared to fibroblasts in rabbits.
Comparison of the reported cloning efficiency for each donor cell
type is difficult due to variations in the nuclear-transfer procedures,
source and quality of recipient oocytes, age and genotype of the
donor cells and embryo culture systems used in the studies [18].
Furthermore, there have been few reports about the effect of donor
cell types on the developmental potential of cloned buffalo
embryos [4, 19]. Thus, in the present study, we investigated the
effect of donor cell types, fetal fibroblasts, ear fibroblasts, granu-
losa cells and cumulus cells, on the developmental potential and
blastocyst quality of cloned swamp buffalo embryos in comparison
with cloned cattle embryos under the same SCNT system.

Materials and Methods

Chemicals and media
All reagents were purchased from Sigma-Aldrich Chemical (St.
Louis, MO, USA) unles§ 01he{Wisc specified.

Donor cell preparation

Ear fibroblasts (EFs): EFs were prepared according to the
method of Suteevun et al. [20]. In brief, ear skin tissues were biop-
sied from a heifer cattle or a female buffalo and then transported to
the laboratory at 4 C in modified Dulbecco’s phosphate buffered
saline (mDPBS). Skin tissues were removed from cartilage and cut
into small pieces (about ! mm?) before being placed in a 60-mm
culture dish (Nunc, Roskilde, Denmark) and covered with a glass
slide. Five milliliters of aMEM supplemented with 10% fetal
bovine serum (FBS) were added in the dish and then cultured under
a humidified atmosphere of 5% CO; in air at 37 C for 8-10 days.
At subconfluence, outgrowths of the EFs were harvested using
0.25% trypsi/EDTA in Ca?*- and Mg?*-free PBS and seeded in 5
ml aMEM supplemented with 10% FBS in a 25-cm? culture flask
(Nunc). EFs were frozen at the third passage of cell culture in
oMEM supplemented with 20% FBS and 10% dimethyl sulfoxide
(DMSO) and kept in liquid nitrogen.

Fetal fibroblasts (FFs): The skin tissues of female cattle and buf-
falo fetuses at 80—90 days of gestation were enzymatically digested
with 0.25% trypsin/EDTA and agitated for 20 min at room temper-
ature. The disaggregated cells were washed in cMEM
supplemented with 10% FBS by centrifugation at 600 x g for 5 min
and then cultured in 25-cm? culture flasks under a humidified atmo-
sphere of 5% CO; in air at 37 C. At subconfluence, the FFs were
harvested, cultured and frozen as EFs.

Granulosa cells (GCs): The GCs were isolated from follicles 2—
8 mm in diameter of cattle and buffalo ovaries. GCs were disaggre-
gated with 0.25% trypin/EDTA for 3 min and then washed in
oMEM supplemented with 10% FBS by centrifugation at 600 x g
for S min. GCs were cultured in 25-cm? culture flasks under a
humidified atmosphere of 5% CO; in air at 37 C. At'subconflu-
ence, the GCs were harvested, cultured and frozen as EFs.

Frozen-thawed donor cells were cultured in 35-mm culture
dishes (Nunc) for 2-3 days before use as donor cells and were used

for up to eight passages. A few minuies before injection, the prolif-
erating donor cells were harvested by standard trypsinization and
resuspended in TCM199-Hepes.

Cumulus cells (CCs): Fresh CCs were mechanically removed -
from in vitro maturated cattle and buffalo oocytes by repeated
pipetting using a fine-tip pipette in mDPBS supplemented with
0.2% hyalurodinase and immediately used as donor cells.

Oocyte preparation

Collection and in vitro maturation (IVM) of cattle and buffalo
follicular oocytes were performed according to the methods of
Pampai et al. [1]. Cattle and buffalo ovaries were collected at a
local abattoir and transported to the laboratory in 0.9% NaCl at
room temperature. Cumulus-oocyte complexes (COCs) were col-
lected by aspiration of follicles 2-8 mm in diameter using a 21-
gauge needle attached to a 10-ml syringe. COCs were washed 5
times with mDPBS supplemented with 0.1% polyvinyl pyrolidone
(PVP) and then washed 3 times in IVM medium. Twenty COCs
were cultured in 100 ul droplets of IVM medium overlaid with
mineral oil under a humidified atmosphere of 5% CO in air at 38.5
C for 22 h. After IVM, the cumulus cells were mechanically
removed from the oocytes by repeated pipetting using a fine-tip
pipette in mDPBS supplemented with 0.2% hyaluronidase and sub- .
sequently washed 5 times in TCM199-Hepes before enucleation.

Somatic cell nuclear transfer

IVM cattle and buffalo oocytes were placed in TCM199-Hepes
supplemented with 5 ug/ml cytochalasin B for 15 min. *The zona
pellucida above the first polar body was cut with a glass needle. A
small volume (about 5-10%) of the cytoplasm bereath the first
polar body was squeezed out. Complete enucleation was con-
firmed by staining the squeezed out cytoplasm with 5 ug/ml
Hoechst 33342 and visualizing the stained nucleus in the cytoplasm
under a fluorescence microscope (IX71, Olympus, Tokyo, Japan).
An individual donor cell (14-16 4m in diameter) was inserted into
the perivitelline space of cach enucleated oocyte. The donor cell-
cytoplast couplet was sandwiched between a pair of electrodes in
Zimmermann fusion medium [21], and two direct current pulses
(24 V, 15 usec for cattle and 26 V, 17 usec for buffalo) were gener-
ated by a fusion machine (SUT F-1, Suranaree University of
Technology) for cell-cytoplast fusion. The reconstructed couplets
(embryos) were activated by 7% ethanol in TCM199-Hepes for 5
min at room temperature and cultured in a modified oviduct syn-
thetic fluid with amino acids (mSOFaa) medium [22] supplemented
with 1.25 ug/ml cytochalasin D (CD) and 10 ug/ml cycloheximide
(CHX) at 38.5 C under a humidified atmosphere of 5% CO in air
for 5 h [23]. Each donor cell and oocyte type was treated with the
same procedures.

Parthenogenetic activation (PA)

At 26 h after IVM, matured cattle and buffalo oocytes were acti-
vated in 7% ethanol in TCM199-Hepes for 5 min at room
temperature and then cultured in mSOFaa medium supplemented
with 1.25 ug/ml CD and 10 ug/ml CHX at 38.5 C under a humidi-
fied atmosphere of 5% CO; in air for 5 h.
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Table 1. Effect of donor cell type on developmental potential of cloned cattle and buffalo embryos*

No. (%) embryos developed to

Species Donor cell No. of couplets No. of embryos No. of embryos
. type fused (%) cultured cleaved (%) 8-cell Morula Blastocyst
Cattle FF 113/132 (85.6)° 110 108 (98.2) 88 (80.0)* 60 (54.5) 45 (40.9)*
EF 111/121 (91.7) 111 100 (90.1)® 78 (70.3)¢ 60 (54.1) 43 (38.7)°
GC 111/124 (89.5)® 111 101 (91.0)® 76 (68.5)™ 51 (45.9)® 46 (41.4)°
CcC 118/145 (81.4)° 108 100 (92.6)* 65 (60.2)** 46 (42.6)* 40 (37.0)®
PA - 105 86 (81.9)™ 48 (45.7)¢ 43 (41.0)® 27 (25.7)¢
- Buffalo FF 120/136 (88.2)* 119 100 (84.0)* 76 (63.9) 38 (31.9)° 26 (21.8)4
EF 112/130 (86.2)° 112 96 (85.7) 71 (63.4)* 37 (33.0° 30 (26.8)¢
GC 108/122 (88.5)® 102 88 (86.3)™ 69 (67.6)® 35 (34.3)0 25 (24.5)¢
CcC 117/143 (81.8)° 104 86 (82.7) 63 (60.6)* 35(33.70 * 29 (27.9)
PA - 104 82 (78.8)° 58 (55.8)> 36 (34.6)° 20 (19.2)*

*Five replicates were performed. Different superscripts within a column indicate significant differences (P<0.05). FF=fetal fibroblasts, EF=ear fibroblasts,

GC=granulosa cells, CC=cumulus cells, PA=parthenogenetic activation.

In vitro culture (IVC) of embryos

The cloned and“‘PA embryos were cultured in a mSOFaa
medium (20 embryos/ 100 ) at 38.5 C under a humidified atmo-
sphere of 5% CO,, 5% O, and 90% N for 2 days. Embryos at the
8-cell stage were selected and co-cultured with cattle oviductal epi-
thelial cells in a mSOFaa medium (10 embryos/ 100 1) at 38.5 C
under a humidified atmosphere of 5% CO; in air for an additional 5
days (7 days in total). A half volume of the IVC medium was
replaced daily, and the development of the embryos was recorded

(1.

Differential staining of blastocysts

The cloned and PA blastocysts at day 7 of culture were counter-
stained to distinguish cells of the inner cell mass (ICM) and
trophectoderm (TE) according to the method of a previous report
[20] with some modifications. Briefly, the zonae pellucidae of the
blastocysts were removed by exposure to 0.5% protease in mDPBS
supplemented with 0.1% Polyvinyl pyrolidone, and then the zona-
free blastocysts were washed in the medium. The zona-free cattle
or buffalo blastocysts were incubated for 45 min in 10% rabbit anti-
cattle spleenocyte antibodies for cattle embryos or 10% rabbit anti-
buffalo spleenocyte antibodies for buffalo embryos, respectively.
Both antibodies were generated in our laboratory according to
Iwasaki et al. [24]. After incubation, the blastocysts were trans-
ferred into a mixture of 10% guinea pig complement, 10 ug/ml
propidium iodide and 10 ug/ml Hoechst 33258 and further incu-
bated for 30 min. The blastocysts were mounted with glycerol on
glass slides and covered with cover slips. The ICM cells (blue) and
TE cells (red) were counted under an ultraviolet light fluorescence

- microscope.

Experimental design

The effect of donor cell type on the developmental potential of
cattle and buffalo cloned embryos was investigated. Four donor
cell types were compared. Cattle and buffalo FFs, EFs, GCs and
CCs were fused with enucleated oocytes of each species. The rates
of fusion, cleavage, development to the 8-cell, morula and blasto-
cyst stages as well as the ICM and TE cell numbers of cloned and

PA embryos were compared.

Statistical analysis

Statistical analysis of data was evaluated by completely random-
ized design (CRD) with Statistical Analysis System (SAS Institute,
Cary, NC, USA). Analysis of Variance (ANOVA) and comparison
of means by Duncan’s Multiple Range Test (DMRT) were
performed. ’

Results

Fuston rates of reconstructed cattle and buffalo oocytes

As shown in Table 1, the fusion rate of EFs (91.7%) with enucle-
ated oocytes in cattle was significantly higher than that of FFs
(85.6%) but no different from that of GCs (89.5%), and the CCs
(81.4%) showed the lowest fusion rate among all donor cell types
(P<0.05). In buffalo, no significant difference was found among
the fusion rates for FFs (88.2%), EFs (86.2%) and GCs (88.5%).
However, the CCs (81.8%) showed the lowest fusion rate among
all donor cell types (P<0.05). When the fusion rates of each donor
cell type were compared between cattle and buffalo, the fusion
rates of FFs, GCs and CCs were not significantly different between
them. However, the fusion rate for cattle EFs with cattle oocytes
was significantly higher than that for buffalo EFs with buffalo
oocytes.

Effect of donor cell types on the development of cattle and
buffalo cloned embryos :
Among cattle and buffalo, the rates of cleavage and develop-
ment to the 8-cell, morula and blastocyst stages of cloned embryos
derived from all donor cell types were not significantly different
(Table 1). However, in cattle, the cloned embryos derived from
FFs (98.2%) showed a significantly higher cleavage rate than that
for PA embryos (81.9%), while the embryos derived from FFs
(80.0%) and GCs (68.5%) showed significantly higher develop-
mental rates to the 8-cell stage than that of the PA embryos
(45.7%); the embryos derived from all the donor cell types showed
significantly higher blastocyst formation rates (37.0-41.4%) than
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that of the PA embryos (25.7%). In buffalo, only the blastocyst for-
mation rate of cloned embryos derived from CCs (27.9%) was
significantly higher than that of the PA embryos (19.2%), and other
developmental parameters did not differ among the donor cell types
and PA embryos.

When the development of embryos derived from each donor cell
type and PA embryos was compared between cattle and buffalo,

2cell

Recell

Morula

Blsstocy st

Fig.1. Cattle (a—d) and buffalo (e-h) SCNT embryos at various stages

after in vitro culture.

the cleavage rate of cloned cattle embryos derived from FFs was
significantly higher than those of cloned buffalo and cattle PA
embryos. The developmental rate to the 8-cell stage of cloned
embryos was the same among the cattle and buffalo embryos. In
contrast, the developmental rates to the morula stage of cloned cat-
tle embryos derived from FFs (54.5%) and EFs (54.1%) were
significantly higher than those of buffalo cloned and PA embryos
(31.9-34.6%). The blastocyst formation rates of cloned cattle
embryos derived from FFs, EFs and GCs were significantly higher
than those of cloned buffalo and PA embryos. No significant dif-
ference was observed in the percentages of blastocysts derived .
from CCs in between cloned cattle and buffalo embryos.

Embryonic cell number

As shown in Table 2, in both cattle and buffalo, similar numbers
of cells were found in the TE and ICM with both cloned and PA
blastocysts (Table 2). The cattle and buffalo blastocysts derived
from cloned and PA embryos showed no significant difference in
the ICM ratio irrespective of donor cell type (2.98-3.09).

Discussion

Our results demonstrate the developmental potential to the blas-
tocyst stage of cloned cattle and swamp buffalo embryos derived
from four different cell types, FFs, EFs, GCs and CCs. To our
knowledge, this is the first comparison study about the effects of
FFs, EFs, GCs and CCs on developmental potential in cattle and
buffalo cloned embryos using the same system. Our results suggest
that FFs, EFs, GCs and CCs can be reprogrammed via SCNT and
result in the same potential, within the same species, to support
development of the resultant embryos to the blastocyst stage in
both cattle and buffalo. However, the blastocyst formation rates for
cloned cattle embryos derived from all the donor cell types, except
for CCs, were higher than those for cloned buffalo embryos
obtained by the same SCNT system. This may have been caused
by the embryo culture system because the system used in this study
was established for in vitro production of cattle embryos [1]. Fur-
thermore, buffalo embryos may have lower developmental
potential to the blastocyst stage than cattle embryos. Nevertheless,

Table 2. Number of trophectoderm (TE) and inner cell mass (ICM) cells in cattle and buffalo blastocysts

Species Donor cell types No. blastocysts Mean ( £ S.E.M.) number of cells in blastocyst*
examined TE ICM ICM ratio (%)
Cattle FF 5 104.4 £ 0.83 33.6+0.42 245+0.21
EF 5 91.6 £ 0.77 29.8+0.43 246+0.14
GC 5 100.2 + 1.01 33.0 £ 0.57 249+0.22
cc 5 105.6 £ 1.01 348+0.57 24.8+0.15
PA 5 102.2+£0.79 3341046 246+0.17
Buffalo FE 5 944 £1.16 31.4 £0.65 252+0.23
= EF 5 98.0 £ 0.88 31.8+0.49 24.6+0.21
GC 5 103.8+0.59 34.6+0.25 25.1+£0.21
CC S 115.4 £ 0.65 38.6 £0.35 25.1+0.13
PA 5 91.2+0.87 30.4+£0.47 25.1+0.16

*No statistical differcncec was obtained (P>0.05). FF=fctal fibroblasts, EF=car fibroblasts, GC=granulosa cclis, CC=cumulus

cells, PA=parthenogenetic activation.
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the ICM ratio in the cloned and PA blastocysts was not signifi-
cantly different between the cattle and buffalo. Thus, the quality of
cloned embryos seems to be similar irrespective of the donor cell
types and species. Although many studies have examined cloned
buffalo, the success rates for production of offspring have remained
low [2, 3]. Only one cloned swamp buffalo has survived after birth,
in 2007 [4], and that study reported that FFs and GCs have the same
potential to support development to the blastocyst stage of cloned
buffalo embryos and that no significant difference was found in the
pregnancy rates after transfer to recipient animals. However, two
of the newborn calves derived from FFs and GCs died after birth,
while another calf from the FFs grew up and is still alive today [4].
Although cloned embryos derived from FFs, EFs, GCs and CCs
showed the same developmental rates to the blastocyst stage in buf-
falo, only the cloned buffalo embryos derived from CCs showed a
significantly higher blastocyst formation rate than that of the buf-

- falo PA embryos in this study. Considering that the PA embryos
were treated in the same manner, except for enucleation of oocytes
and somatic cell fusion, as cloned embryos, it is possible that CCs
could enhance the developmental ability of in vitro matured buffalo
oocytes after SCNT. To iﬁvestigate whether CCs can support pro-
duction of cloned buffalos (full-term development), further
experiments on transfer of clone embryos derived from CCs into
recipients are needed in the future.

When the effect of each donor cell type on the rate of fusion with
recipient oocytes was investigated in each species, all of the donor
cell types showed higher fusion rates, even compared with the rates
previously reported [13, 14, 23, 25-29]. The fusion rate of EFs
with cattle oocytes was significantly higher than that of buffalo
oocytes with EFs, but the reason for this difference in fusion rate is
not clear. On the other hand, CCs showed the lowest fusion rate
among all the donor cell types reconstructed with either cattle or
buffalo oocytes. The reason for the low fusion rate for CCs is not
clear, but it may be due to the fact that the size of CCs is smaller
than those of other fibroblasts; normal fibroblasts are two-times the

_size of CCs.

When compared within the same species, there was no signifi-
cant difference among FFs, EFs, GCs and CCs in ability to support
cleavage and embryo development to the 8-cell, morula and blasto-
cyst stages. Our results are similar to previous reports in which
cloned cattle embryos derived from fetal and adult fibroblasts
showed no difference in blastocyst formation rates [30, 31]. More-
over, Shi et al. [4] reported that buffalo embryos derived from
either FFs or GCs have the same ability to develop to the blastocyst
stage and that there is no significant difference in pregnancy rate
after transfer to recipients between them. In other species, Ogura et
al. [32] found no significant difference among CCs, fibroblasts and
Sertoli cells in ability to support full-term development of cloned
mice. Yang et al. [5] found that CCs and FFs have the same poten-
tial to support development of cloned rabbit embryos to the
blastocyst stage. In contrast, many reports on cattle have suggested
that CCs appear to be the best choice because of the highest cloning
efficiency among the cells examined [12, 15, 18, 25, 33-35]. Also,
in buffalos, Shah et al. [19] produced cloned embryos by a hand-
made cloning (HMC) technique and found that the blastocyst

" formation rate of embryos derived from CCs was better than those

of embryos derived from FFs or adult fibroblasts. Similarly,
Wakayama et al. [36] reported that the live birth rate of embryos
derived from CCs was higher than those of embryos derived from
neuronal and Sertoli cells in mice. However, Saikhun et al. [37]
showed that cloned buffalo embryos derived from FFs have a
higher blastocyst formation rate than those of embryos derived
from CCs and oviduct cells. Thus, it can be suggested that there are
no clear relationships in the blastocyst formation rates among
embryos derived from fetal and adult fibroblasts or somatic cell
types. These conflicting results may be due to the different cell cul-
ture systems, cloning protocols, embryo culture systems used and
skills of lab personnel.

In conclusion, the donor cell types, FFs, EFs, GCs and CCs, had
the same ability to support cloned embryos to develop to the blasto-
cyst stage within the same species. The quality of cloned embryos
derived from all four donor cells was similar in both cattle and buf-
falo. However, the pregnancy rate and development to term of
cloned embryos derived from the different donor cell types need
further investigation.

Acknowledgments

The authors thank N Sripunya, K Keawmungkun and W Phew-
soi (Embryo Technology and Stem Cell Research Center) for their
technical assistance. This work was supported by the Thailand
Research Fund, Suranaree University of Technology and the Japan
Society for the Promotion of Science - National Research Council
of Thailand (JSPS- NRCT) scientific cooperation program.

References

1. Pampai R, Tasripoo K, K M. Develop of cloned swamp buffalo
embryos derived from fetal fibroblast: Comparison in vitro cultured with cr without
buffalo and cattle epithelial cells. Bujfalo | 1999; 15: 371-384.

2. SaikhunJ, Srit domchai H, P hip
in swamp buffalo (Bubalus bubalis) oocytes and embryos derived from in vitro fertiliza-
tion, somatic cell nuclear
2004; 39: 162-167.

3. SimonlL,V dian C, Balasub

P

isit K, Kitiyanant Y. Telomerase activity

tic activation. Reprod Domest Anim

and parth

anian S, Sub jian A.S
transfer in buffalos: effect of the fusion and activation protocals and embryo culture
system on preimplantation embryo development. Reprod Fertil Dev 2006; 18: 439-445.

4. ShiD,LuF, WeiY, CuiK, Yang S, Wei J, Liu Q. Buffalos (Bubalus bubalus) cloned by
nuclear transfer of somatic cells. Biol Reprod 2007; 77: 285-291.

5. Yang F, Hao R, Kessler B, Brem G, Wolf E, Zakhartchenko V. Rabbit somatic cell
cloning: effects of donor cell type, histone acetylation status and chimeric embryo
complementation. Reproduction 2007; 133: 219-230.

6. Campbell KH, Fisher P, Chen WC, Choi I, Kelly RD, Lee JH, Xhu J. Somatic cell
nuclear transfer: Past, present and future perspectives. Theriogenology 2007; 68 (Suppl
1): 5214-5231.

7. Chavatte-Palmer P, Heyman Y, Richard C, Monget P, LeBourhis D, Kann G, Chil-
liard Y, Vignon X, Renard JP. Clinical, hormonal, and hematologic characteristics of
bovine calves derived from nuclei from somatic cells. Biol Reprod 2002; 66: 1596-1603.

8. Heyman Y, Chavatte-Palmer P, LeBourhis D, Camous S, Vignon X, Renard JP. Fre-

ic cell nuclear

quency and occurrence of late-gestation losses from cattle cloned embryos. Biol Reprod
2002; 66: 6-13.

9. Cibelli JB, Stice SL, Golueke PJ, Kane JJ, Jerry ], Blackwell C, Ponce de Leén FA,
Robl JM. Cloned transgenic calves produced from nonquiescent fetal fibroblasts. Sci-
ence 1998; 280: 1256-1258.

10. Baguisi A, Behboodi E, Melican DT, Pollock ]S, Destrempes MM, Cammuso C, Wil-
liams JL, Nims SD, Porter CA, Midura P, Palacios MJ, Ayres SL, Denniston RS,
Hayes ML, Ziomek CA, Meade HM, Godke RA, Gavin WG, Overstrom EW, Ech-
elard Y. Production of goats by somatic cell nuclear transfer. Nat Biotechnol 1999; 17:
456-461.




11

12.

13;

14.

15.

16.

20.

21;

22.

23

24.

25.

26.

54 SRIRATTANA et al.

Kéhholzer B, Prather RS. Advances in livestock nuclear transfer. Proc Soc Exp Biol
Med 2000; 224: 240-245.

Tian XC, Kubota C, Enright B, Yang X. Cloning animals by somatic cell nuclear trans-
fer—biological factors. Reprod Biol Endocrinol 2003; 1: 98-104.

Kato Y, Tani T, Sotomaru Y, Kurokawa K, Kato J, Doguchi H, Yasue H, Tsunoda Y.
Eight calves cloned from somatic cells of a single adult. Science 1998; 282: 2095-2098.
Wells DN, Misica PM, Tervit HR. Production of cloned calves following nuclear
transfer with cultured adult mural granulosa cells. Biol Reprod 1999; 60: 996-1005.
Kato Y, Tani T, Tsunoda Y. Cloning of calves from various somatic cell types of male
and female adult, newborn and fetal cows. | Reprod Fertil 2000; 120: 231-237.

Cervera RP, Garcia-Ximénez F. Oocyte age and nuclear donor cell type affect the tech-
nical efficiency of somatic cloning in rabbits. Zygote 2003; 11: 151-158.

Liu CT, Yu KC, Ju JC. Cell cycle stage analysis of rabbit foetal fibroblasts and cumulus
cells. Reprod Domest Anim 2004; 39: 385-390.

Batchelder CA, Hoffert KA, Bertolini M, Moyer AL, Mason ]B, Petkov SG, Famula
TR, Anderson GB. Effect of the nuclear-donor cell lineage, type, and cell donor on
development of somatic cell nuclear transfer embryos in cattle. Cloning Stem Cells
2005; 7: 238-254.

Shah RA, George A, Singh MK, Kumar D, Anand T, Chauhan MS, Manik RS, Palta
P, Singla SK. Pregnancies blish de cloned blastocysts recon-
structed using skin fibroblasts in buffalo (Bubalus bubalis). Theriogenology 2009; 71:
1215-1219.

Suteevun T, Smith SL, Muenthaisong S, Yang X, Parnpai R, Tian XC. Anomalous
mRNA levels of chromatin remodeling genes in swamp buffalo (Bubalus bubalis)
cloned embryos. Theriogenology 2006; 65: 1704-1715.

Zimmermann U, Vienken J. Electric field-induced cell to-cell fusion. ] Membr Biol
1982; 67: 165-182.

Gardner DK, Lane M, Spitzer A, Batt PA. Enhanced rates of cleavage and develop-
ment for sheep zygotes cultured to the blastocyst stage in vitro in the absence of serum
and somatic cells: Amino acids, vitamins, and culturing embryos in groups stimulate
development. Biol Reprod 1994; 50: 390-400.

M haisong S, L th C, Ketudat-Cairms M, Parnpai R, Hochi S. Qual-
ity analysis of buffalo blastocysts derived from oocytes vitrified before or after enucle-
ation and reconstructed with somatic cell nuclei. Theriogenology 2007; 67: 893-900.
Iwasaki S, Yoshiba N, Ushijima H, W. be S, Nakahara T. Morphology and pro-
portion of inner cell mass of bovine blastocysts fertilized in vitro and in vivo. Reproduc-
tion 1990; 90: 279-284.

Cho JK, Lee BC, Park JI, Lim JM, Shin S}, Kim KY, Lee BD, Hwang WS. Develop-
ment of bovine oocytes reconstructed with different donor somatic cells with or with-
out serum starvation. Theriogenology 2002; 57: 1819-1828.

Fuj, GuanP,Zhao L, Li H, Huang S, Zeng F, Zeng Y. Effects of donor cells on in vitro

Kaad

d from

27

28.

29.

30.

31

32.

33;

34.

35.

36.

37.

development of cloned bovine embryos. | Genet Genomics 2008; 35: 273-278.

Akagi S, Takahashi S, Adachi N, Hasegawa K, Sugawara T, Tozuka Y, Yamamoto E,
Shimizu M, Izaike Y. In vitro and in vivo developmental potential of nuclear transfer
embryos using bovine cumulus cells prepared in four different conditions. Cloning
Stem Cells 2003; 5: 101-108. .

Huang B, Cui K, Li T, Wang X, Lu F, Liu Q, Da Silva FM, Shi D. Generation of buf-
falo (Bubalus bubalis) transgenic chimeric and nuclear transfer embryos using embry-
onic germ-like cells expressing enhanced green fluorescent protein Reprod Dom Anim
2008; doi: 10.1111/j.1439-0531.2008.01262.x

Kitiyanant Y, Saikhun J, Chaisalee B, White KL, Pavasuthipaisit K. Somatic cell
cloning in buffalo (Bubalus bubalis): effects of interspecies cytoplasmic recipients and
activation procedures. Cloning Stem Cells 2001; 3: 97-104.

Hill JR, Winger QA, Long CR, Looney CR, Thomson JA, Westhusin ME. Develop-
ment rates of male bovine nuclear transfer embryos derived from adult and fetal cells.
Biol Reprod 2000; 62: 1135-1140.

Jang G, Park ES, Cho JK, Bhulyan MM, Lee BC, Kang SK, Hwang WS. Preimplanta-
tional embryo development and incidence of blastomere apoptosis in bovine somatic
cell nuclear transfer embryos reconstructed with long-term cultured donor cells. The-
riogenology 2004; 62: 512-521.

Ogura A, Inoue K, Ogonuki N, Noguchi A, Takano K, Nagano R, Suzuki O, Lee J,
Ishino F, Matsuda J. Production of male cloned mice from fresh, cultured, and cryo-
preserved immature Sertoli cells. Biol Reprod 2000; 62: 1579-1584.

Forsberg EJ, Strelchenko NS, Aug ML, Betth JM, Childs LA, Eilertsen
KJ, Enos JM, Forsythe TM, Golueke PJ, Koppang RW, Lange G, Lesmeister TL, Mal- .
lon KS, Mell GD, Misica PM, Pace MM, Pfister-Genskow M, Voelker GR, Watt SR,
Bishop MD. Production of cloned cattle from in vitro systems. Biol Reprod 2002; 67:
327-333.

Xue F, Tian XC, Du F, Kubota C, Taneja M, Dinnyes A, Dai Y, Levine H, Pereira LV,
Yang X. Aberrant patterns of X chromosome inactivation in bovine clones. Nat Genet
2002; 31: 216-220. .

Amarnath D, Kato Y, Tsunoda Y. Effect of the timing of first cleavage on in vitro

develop 1 potential of nuclear-transferred bovine oocytes receiving cumulus and
fibroblast cells. | Reprod Dev 2007; 53: 491-497.

Wakayama T, Perry AC, Zuccotti M, Johnson KR, Yanagimachi R. Full-term devel-
opment of mice from enucleated oocytes injected with cumulus cell nuclei. Nature
1998; 394: 369-374.

Saikhun J, Pavasuthipaisit K, Jaruansuwan M, Kitiyanant Y. Xenonuclear transplan-
tation of buffalo (Bubalus bubalis) fetal and adult somatic cell nuclei into bovine (Bos
indicus) oocyte cytoplasm and their subsequent development. Theriogenology 2002; 57:
1829-1837.



wnaStUUUnINgaY 3



Page 1 of 2

Slart Page Mail Calendar Documents Sites more v

Compose Mail

inbox {16)
Sent Mail
Drafts (7)

Follow up
Misc
Priority

5 morewv

Contacts

Chat

«Back to InboX  Archive Reportspam Delete ~ Moveto | Labels

Search. add, or invite

Rangsun Parnpai
Set status here
Montarop Yamabhai
Jittanan Tikul
Nopawan Trisansri
kanokwan srirattana
Kei Imai
liangyuanyuan
p.noisa@sut.ac.th
prang@sut.ac.th
Takashi (Taku) Nagai

Options Add contact

Search Mail Search the Web

Yahoo! News: Entertainment News - Actor hurt in B'way 'Spider-Man' is leaving rehab (AP) - 4 hours a

. More actions

Your Submission THERIO-D-10-00537R1  Inbox X

Fulvio Gandolfi Ms. Ref No.: THERIO-D-10-00537R1 Title: IN VITRO DEVELOPMENT OF’
Rangsun Parnpai Yuanyuan CC: Drs. Taku, Tamas and Tatsanee Happy New Year 2011 Cc
liangyuanyuan Dear AJ RP: Thank you very to inform the good news to me. | am very happy
YILT7A XA  Dear Dr Rangsun, Good news! Congratulations! Happy New Year! Tamas S(

from Rangsun Parnpai <rangsun@g.sut.ac.th> hide details 9:
to  Fulvio Gandolfi <therio.europe@unimi.it>
cc Rangsun Parnpai <rangsun@g.sut.ac.th>
date Sun, Jan 2, 2011 at 9:40 AM
subject Re: Your Submission THERIO-D-10-00537R1
mailed-by g.sut.ac.th

Dear Dr. Fulvio Gandolfi
Co-Editor-in-Chief
Theriogenology

Thank you very much for sending an acceptance notice of our manuscript to be published
in Theriogenology.

I hope to see you at IETS 2011 meeting in Orlando during 8-12 January, 2011.
Wishing you and familay have all the best in the year 2011.

Best regards,
Rangsun Parnpai, Ph.D.

Corresponding author
- Hide quoted text -

On Fri, Dec 31, 2010 at 8:35 PM, Fulvio Gandolfi <therio.europe@unimi.it> wrote:
Ms. Ref. No.;, THERIO-D-10-00537R1 Title: IN VITRO DEVELOPMENT OF.VITRIFIED
BUFFALO OOCYTES FOLLOWING PARTHENOGENETIC ACTIVATION AND
INTRACYTOPLASMIC SPERM INJECTION
Theriogenology

Dear Dr. Parnpai,

| am pleased to confirm that your manuscript, "IN VITRO DEVELOPMENT OF VITRIFIED BUFFAL
OOCYTES FOLLOWING PARTHENOGENETIC ACTIVATION AND INTRACYTOPLASMIC SPEF

tps://mail.google.com/a/g.sut.ac.th/?ui=2&view=bsp&ver=ohhl4rw8mbn4 2/1/2554



Page 2 of 2
INJECTION, has been accepted for publication in Theriogenology.

The files have been forwarded to the publisher and you will be contacted in due course regarding
galley proofs.

Thank you for submitting your work to this journal.
Sincerely,

Fulvio Gandolfi, DVM, PhD

Co-Editor-in-Chief

Theriogenology

Reviewers' comments:

Reply Reply to all Forward

«BacktoInbox Archive Reportspam = Delete  Move to | Labels = Moreactions

Send messages from your other email addresses using your Suranaree

You are currently using 1405 MB (18¢

Last account activity: 24 minutes ago at this IP
Suranaree University of Technology Mail view: standard |

©2010 Google - Terms of Service - PLvégy Policy - P
Powered by Ct)ugl(

tps://mail.google.com/a/g.sut.ac.th/?ui=2&view=bsp&ver=ohhl4rw8mbn4 2/1/2554



10

11

12

13

14

15

16

17

18

19

20

21

R

IN VITRO DEVELOPMENT OF VITRIFIED BUFFALO OOCYTES FOLLOWING
PARTHENOGENETIC ACTIVATION AND INTRACYTOPLASMIC
SPERM INJECTION
Yuanyuan LIANG', Tatsanee PHERMTHAL, Takashi NAGAI®, Tamas SOMFAD’,

Rangsun PARNPAI'*

1Embryo Technology and Stem Cell Research Center and School of Biotechnology, Suranaree
University of Technology, Nakhon Ratchasima, 30000, Thailand

2Departmetnt of Obstetrics and Gynecology, Faculty of Medicine Siriraj Hospital, Mahidol
University, Bangkok 10700, Thailand

?National Institute of Livestock and Grassland Science, Ikénodai 2, Tsukuba, Ibaraki 305-0901,

Japan

Running title: Development of vitrified buffalo M-II oocytes after [CSI

*Corresponding author: Rangsun Parnpai

Tel: 0-4422-3104; Fax: 0-4422-3164

E-mail: rangsun/a’e.sut.ac.th




24

25

26

27

28

29

30

33

32

33

34

35

36

37

38

39

40

41

42

43

44

Abstract

The objective of this study was to investigate the potential of swamp buffalo oocytes
vitrified-warmed at the metaphase of the second meiotic cell division (M-II) stage to develop to the
blastocyst stage after parthenogenetic activation (PA) or intracytoplasmic sperm injection (ICSI). In
Experiment 1, we examined the effects of exposure time of oocytes to cryoprotectants (CPA) on
their in vitro development after PA. In vitro matured (IVM) oocytes were placed in 10%
dimethylsulfoxide (DMSO) + 10% ethylene glycol (EG) for 1 min and then exposed to 20% DMSO
+ 20% EG + 0.5 M sucrose for 30 s, 45 s or 60 s (Imin+30s, 1min+45s and 1mint+60s groups,
respectivel;). The oocytes were then exposed to warming solution (TCM199 HEPES + 20% FBS
and 0.5M sucrose) for 5 min and then washed in TCM199 HEPES + 20% FBS for 5 min. IVM
oocytes without CPA treatments served as a control gfoup. The viability assessed by fluorescein
diacétate (FDA) staining was 100% in all groups. The developmental rates after PA to the blastocyst‘
étage between 1min+30s (16%) and control (26%) groups did not differ significantly, but they were
significantly higher than those in 1min+45s (10%) and 1min+60s (2%) groups. In Experimént 2, we
examined the effect of two CPA exposure times, 1min+30s and Imin+45s on the in vitro
development after PA of oocytes vitrified by the microdrop method. The viabilities in vitrified
1min+30s, 1min+45s and the control (without CPA treatments) groups were not different (97%,
95% and 100%, respectively). The development of surviving oocytes to the blastocyst stage in the
vitrified 1min+30s group (8%) was significantly higher than that in the vitrified 1min+45s group
£4%) and significantly lower than those in control group (26%). In Experiment 3, we examined the
effect of two CPA exposure times, 1min+30s and 1min+45s on in vitro development after ICSI of
vitrified oocytes. Viabilities in vitrified oocytes among 1min+30s, Imin+45s and control groups

were not different (96%, 91% and 100%, respectively). After ICSI, vitrified-warmed oocytes were
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activated and oocytes with the second polar body were cultured for 7 days. The development of
ICSI oocytes to the blastocyst stage in the vitrified 1min+30s group (11%) was significantly higher
than that in the vitrified 1min+45s (7%) group and significantly lower than those in control group
(23%). In conclusion, our study demonstrated that the Imin+30s CPA treatment regimen could yield

the highest blastocyst formation rates after PA and ICSI for oocytes vitrified by the microdrop

method.

Keywords: buffalo oocytes; microdrop; vitrification; ICSI.

L4

1. Introduction:

Nowadays, the buffalo is the major milk and meat producing farm animal in many
developing countries. Buffalo oocytes obtained from slaughterhouse ovaries and matured in vitro
are useful sources for reproductive procedures such as IVF and intracytoplasmic sperm injection
(ICSI), in which mainly cryopreserved spermatozoa are used. Cryopreservation of oocytes is also
very important in preserving female gametes for future use. Efficient oocyte cryopreservation
protocols will widen and improve the strategic implementation of reproductive technologies in the
buffalo species.

Cryopreservation of mammalian oocytes has become more successful using vitrification as
an alternative to cryopreservation compared with slow cooling methods, in recent years [1,2].The
vitrification process induces a glass-like solidification of living cells at low temperatures. The
unique advantage of the vitrification process is the elimination of ice crystal formation, the most

severe cause of cryoinjury. Insufficient cooling rates of oocytes were considered one of the principal
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obstacles in vitrification technology [3]. Since the first report on buffalo oocyte vitrification by
ﬁsing French straw [4], some reports have been published regarding the cryopreservation of buffalo
oocytes [5-11]. In 2004, the first successful production of a buffalo blastocyst derived frorﬂ in vitro
maturation (IVM) and in vitro fertilization (IVF) of vitrified-warmed oocytes was reported [5]. In
order to overcome the problem of insufficient cooling rates several methods have been proposed
using very small amounts of solution. Some improved vitrification methods have been successfully
used for oocyte cryopreservation, including cryotop [12], cryoloop [13], open pulled straw (OPS)
[14], glass micropipette [15], microdrop [16], electron microscope grids [17] and solid surface
;/itriﬁcati(:n [18].

Among the various methods of vitrification, the microdrop method is considered easy and
inexpensive, as it excludes the use of any 'specialized devices to introduce oocytes into liquid
nitrogen. The microdrop method is the simplest way of vitrification by dropping oocyte - containing
solutions directly into liquid nitrogen. This method was first proposed for mouse embryos [19], and
then successfully applied to bovine embryos, zygotes and oocytes [20,21,22,8]. After
cryopreservation or treatment with cryoprotectant (CPA), structural changes in the zona pellucida
(ZP) haye been shown to reduce fertilization rates [23,24]. Although the mechanism of ZP
hardening of the cryopreserved oocytes is unclear, it seems to be caused by the premature release of
cortical granules that induce the zona reaction [24] resulting in lower incidences of sperm
penetration into oocytes. This consequence of ZP hardening could be overcome by
micromanipulation techniques such as intracytoplasmic sperm injection (ICSI) [23, 25-28].

Permeation of a certain amount of CPA into the oocytes is essential for cryosurvival of

oocytes. The amount of CPAs within the cell increase with the duration of exposure [29]; however,

the toxicity of the CPA must be considered, with an optimum exposure time being favorable for this
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purpose. Nevertheless the optimal CPA treatment regimen for the vitrification of IVM buffalo
oocytes has not been determined. The aim of this study was to investigate the effect of exposure
time in vitrification solution on the post-thaw viability and the developmental competence of IVM
vitrified-warmed swamp buffalo oocytes after parthenogenetic activation (PA) or ICSI. Differential
cell staining was applied to assess the qualitative aspects of blastocysts that were derived from fresh

or vitrified-warmed oocytes.

2. Materials and methods:

[

2.1 Experimental design

Experiment 1 was performed to test the toxicity of vitrification solution. After treatment
with the equilibration solution for 1 min, in vitro matured (IVM) oocytes at the metaphase of the
second meiotic cell division stage (M-II) were exposed to vitrification solution for 30, 45 or 60 s
(Imin+30s, 1min+45s and 1min+60s groups, respectively) and then transferred to warming solution.
Surviving oocytes selected by the fluorescein diacetate (FDA) test were then subjected to PA and then
in vitro cultured. The development of oocytes exposed to the vitrification solution was compared
with CPA-untreated but FDA stained oocytes (FDA-exposed). To test the possible side effects of
FDA staining, the oocytes without CPA and FDA treatments were also activated and cultured
(control).

Experiment 2 was performed to assess the developmental ability of vitrified-thawed oocytes
induced by parthenogenetic activation (PA). On the basis of the results from Experiment 1, only the

1 min+30 s and 1 min+45 s CPA treatment regimens were used to vitrify M-Il oocytes (1min+30s
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and 1min+45s groups, respectively). Vitrified oocytes were stored in liquid nitrogen containers for 7
to 14 days. After warming, all surviving (FDA positive) oocytes were subjected to PA and their in
vitro developments were compared to those of activated FDA-exposed and control oocytes.

Experiment 3 was performed to assess the development of intracytoplasmic sperm injection
(ICSI) embryos generated from vitrified-thawed M-II oocytes. Oocytes vitrified by the 1 min+30 s
and 1 min+45 s treatment regimens (1min+30s and 1min+45s groups, respectively) were warmed
and all of the surviving (FDA positive) oocytes were subjected to ICSI. Their in vitro developments
were compared to those of FDA-exposed and control oocytes.

4

2.2 Chemicals and media

All reagents were purchased from Sigma Chemical Company (St. Louié, MO, USA) unless
otherwise stated. The medium used for IVM was TCM199 supplemented with 10% fetal bovine
serum (FBS; Gibco BRL, Grand Island, NY, USA), 0.02 AU/mL FSH (Antrin, Denka
Pharmaceutical, Tokyo, Japan), 50 iw/mL hCG (Chorulon, Intervet, Boxmeer, Netherlands) and 1
ug/mL estradiol-17B. The Emcare holding medium (EHM, ICP Bio, Auckland, New Zealand) was
used as the basal medium throughout the process of ICSI and PA. The medium for embryo culture
was modified synthetic oviduct fluid supplemented with amino acids and 0.3% fatty acid-free BSA

(mSOF) [30].

2.3 Qocyte collection and in vitro maturation

Buffalo ovaries were obtained from slaughterhouses and kept in 0.9% NaCl during transport

6
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to the laboratory within 4 h at room temperature. Cumulus-oocyte complexes (COCs) were
collected from follicles 2 to 8 mm in diameter using a 21-gauge needle attached to a 10 mL syringe.
Each of 20 COCs was cultured in 100 pL droplets of IVM medium covered with mineral oil in a
humidified atmosphere of 5% CO, in air at 38.5 °C for 21 h. After IVM culture, cumulus cells were
removed from oocytes by gentle pipetting with a fine glass pipette in EHM supplemented with 0.1%
flyarulonidase, and the oocytes were subsequently washed 3 times in EHM. Oocytes with a visible

first polar body (PB) were defined to be M-II oocytes and selected for the subsequent experiments.
‘
2.4 Vitrification and warming

The M-II oocytes were vitrified-warmed by using the microdrop method. Groups of five
oocytes were washed in TCM199-Hepes + 20% FBS before being placed ih TCM199-Hepes + 20%
i? BS containing 10% dimethylsulfoxide (DMSO) and 10% ethylene glycol (EG) for 1 min, and then
exposed in TCM199-Hepes + 20% FBS containing 20% DMSO, 20% EG and 0.5 M sucrose for 30,
45 or 60 s (1min+30s, Imin+45s or 60 s 1min+60s groups, respectively) at 22 to 24 °C. The oocytes
were then directly dropped with about 2 pL vitrification solution into liquid nitrogen. For storage,
vitrified microdrops were placed in a pre-cooled cryovial filled with liquid nitrogen using a
pre-cooled forceps and kept for one to two weeks. The vitrified microdrops were warmed by
immersing directly into 3 mL of 0.5 M sucrose in TCM199-Hepes + 20% FBS at 38.5 °C for 5 min,
transferred to TCM199-Hepes + 20% FBS for 5 min, and then kept in the TCM 199-Hepe_s + 20%
FBS under a humidified atmosphere of 5% CO; in air at 38.5 °C for 1 h. Some oocytes were treated

with CPA and washing solution without the cooling and warming process (“CPA-exposed” group).
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2.5 Evaluation of oocyte viability

Oocyte viability was evaluated by FDA staining according to the method previously
described by Mohr and Trounson [31]. Briefly, oocytes were treated with 2.5 pg/mL FDA in PBS
supplemented with 5 mg/mL BSA at 38.5 °C for 2 min in a dark room and then they were washed
three times in PBS supplemented with 5 mg/mL BSA and evaluated under a fluorescent microscope
(IX71, Olympus, Tokyo, Japan) with UV irradiation using a U-MWIB3 filter with an excitation
wavelength of 460 to 495 nm and emission at 510 nm. Oocytes expressing a bright green

‘
fluorescence were regarded as living ones and were used subsequently.

2.6 PA of oocytes

The M-II oocytes were subjected to the PA treatment as previously described [32]. Brieﬂy,
the oocytes were first treated with 7% ethanol in the EHM for 5 min at room temperature, and then
incubated with 10 pg/mL cycloheximide (CHX) and 1.25 pg/mL cytochalasin D (CD) in mSOF

medium + 10 % FBS under a humidified atmosphere of 5% CO, in air at 38.5 °C for 5 h.

2.7 ICSI and oocytes activation

Frozen spermatozoa were thawed at 37°C, and semen was placed in the bottom of snap —cap
centrifuge tube containing 1 mL Brackett and Oliphant (BO) medium [33] supplemented with 10
mM caffeine (caffeine-BO) for sperm swim up for 30 min. The top of 700 pL of medium was then

collected and placed in a conical centrifuge tube. ICSI was performed according to the method of
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Liang et al. [34]. Briefly, 1 pL sperm suspension was transferred into oil-covered 5 pL 10%
i)olyvinylpyrrolidone (PVP) solution and a single, motile buffalo spermatozoon was immobilized
against the bottom of the dish, loaded tail first with a minimum volume of medium 'into the
injection pipette and then injected into the cytoplasm of a buffalo oocyte. Within 1 h of the injection,
the injected oocytes were activated by exposure to 7% ethanol in EHM for 5 min, and then
subsequently cultured in TCM199 + 10% FBS for 3 h to allow extrusion of the second PB. Injected
and activated oocytes which extruded the second PB were selected and transferred to mSOF

medium supplemented with 10 pg/mL CHX and cultured for 5 h at 38.5 °C under humidified

L
atmosphere of' 5% CO; in air.

2.8 Invitro culture

The PA and ICSI oocytes were further cultured in mSOF medium (20 embryos/100puL)
under a humidified atmosphere of 5% CO,, 5% O, and 90% N, at 38.5 °C for 2 days. Thereafter,
émbryos at the 8-cell stage were selected and co-cultured with bovine oviductal epithelium cells in
mSOF medium under a humidified atmosphere of 5% CO; in air at 38.5 °C for 5 days, as
previously reported [35]. Half of the medium was replaced with fresh medium every day and the
embryo development was recorded at the same time as medium changing. The cleavage rates were
recorded on Day 2 (the day of PA or ICSI was considered as Day 0), and the development of
embryos to blastocyst stage was recorded on Day 7. In ICSI experiment, the rates of cleavage and

blastocyst formation were calculated out of fertilized oocytes that extruded the second PB after

ICSL.
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2.9 Differential cell staining

The blastocysts harvested on Day 7 were stained to distinguish cells of the inner cell mass
(ICM) and trophectoderm (TE), as previously reported [36]. Briefly, the zona pellucida was
removed from each blastocyst by exposure to 0.5% protease. After washing with mDPBS
supplemented with 0.1% PVP, the zona-free blastocysts were incubated in 100 pL of 10% rabbit
anti-buffalo spleenocyte antibodies for 45 min, and then transferred into a 100 pL mixture of 10%
guinea pig complement, 10 pg/mL propidium iodide and 10 pg/mL Hoechst 33258 for 45 min. The
blatocystg were mounted on glass slides with glycerol and covered with a cover slide. The ICM
¢(blue) and TE cells (red) were counted under a fluorescent microscope at 330 to 380 nm, allowing

determination of the total number of cells for blastocysts and the percentage of ICM cells based on

the total number of cells.

2.10 Statistical analysis

The experiments were replicated at least three times in each treatment group. The data for
blastocysts cell numbers were expressed as meantSD. As regards the comparison of oocytes
survival rate and embryo development among control groups and vitrified groups, one-way ANOVA
and CRD using the Statistical Analysis Systems software (SAS Inst. INC.,Cary, N.C.,USA) were
analyzed in order to determine whether difference between these test groups existed at a statistically

significant level. The differences between groups were considered to be statistically significant at a

probability value of 0.05 or less.
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3. Results
3.1 Experiment 1. Parthenogenetic development of CPA-treated oocytes.

Survival and in vitro development of buffalo M-II oocytes following CPA-exposure and PA
treatment are shown in Table 1. The viability of oocytes determined by the FDA test in all g.roups of
CPA treatment and the control were 100%. The cleavage rate and embryo development in the 1
min+30 s and 1min+45 s groups were significantly higher than in the 1 min+60 s group, but lower
than in th;: FDA-exposed and control groups. The blastocyst formation rate did not significantly
differ among the 1 min+30 s (16%), FDA-exposed (22%) and control groups (26%), but they were
significantly higher than those of the 1 min+45 s (10%) and 1 min+60 s (2%) groups. The numbeif
of total and ICM cells were similar among the 1 min+30 s, 1 min+45 s, FDA-exposed and control

groups and were higher than those in the 1 min+60 s group.
3.2 Experiment 2. Parthenogenetic development of vitrified oocytes.

In vitro development of oocytes following vitrification and PA treatment is shown in Table 2.
The oocyte viability rates among the vitrified 1 min+30 s (97%), 1 min+45 s (95%) and the controi
groups (100%) did not differ. The cleavage and blastocyst rates were influenced when the oocytes
were subjected to vitrification. ,The development of PA oocytes to the blastocyst stage in the
vitrified 1 min+30 s group (8%) was significantly higher than that in the vitrified 1 min+45 s group
(4%) but significantly lower than those in the FDA-exposed (24%) and control groups (26%). The

total cell numbers of blastocysts in the 1 min+30 s (71.6+18.3) and 1 min+45 s (69.9+19.6) groups

11
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were not significantly different from that in the FDA-exposed (78.5+24.6) and control (80.0+£23.1)

groups. There was no difference in the ICM cell numbers among the four groups.

3.3 Experiment 3. In vitro development following vitrification and ICSI.

In vitro development of buffalo M-II oocytes following vitrification and ICSI treatment is
shown in Table 3. The oocytes viability rates among the vitrified 1 min+30 s (96%), 1 min+45 s
(91%) and control (100%) groups did not differ. After activation of ICSI oocytes by ethanol, the
second I;B extrusion rate in the 1 min+30 s (43%) group was significantly higher than that in the 1
min+45 s group (35%) but significantly lower than those in the FDA-exposed (56%) and control
groups (59%). The cleavage and blastocyst formation rates in the 1 min+30 s group (67 and 11%,
respectively) were also significantly higher than -those in the vitrified 1 min+45 s group (50 and 7%,
fespectively) and significantly lower than those in the FDA-exposed (86% and 21%, respectively)
and the control groups (86% and 23%, respectively). There was no significant difference in total
cell numbers among the four groups. However, the TE cell numbers of both control groups were

significantly higher than those of vitrified groups.

4. Discussion

The major finding of' this study is that buffalo M-II oocytes could be successfully
cryopreserved by vitrification with microdrop method which was verified by their development to
the blastocyst stage after PA and ICSI. Vitrification is a simple, rapid and cost-effective method of

cryopreserving mammalian cells. Using this method, cryopreserved cells are less likely to
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experience solution effects and intracellular ice formation [37]. However, a negative consequence of
this method is believed to be the increased probability of different kinds of stresses other lthan ice
crystal formation such as osmotic injury, toxic effect of cryoprotectants, concentrated intracellular
electrolytes or zona hardening [38]. To achieve vitrification of solutions, radical increases of
cooling rates are required.

The microdrop method involves dropping the oocyte-containing solution directly into liquid
nitrogen. The success of this method is due to elimination of the insulation effect of the container
wall. Warming of the oocytes is equally rapid when vitrified samples are directly dropped into a
warm soltutio\n [16]. In the present study more than 90% of the vitrified-warmed oocytes following

microdrop method had a normal esterase enzyme activity as determined by FDA staining, proving

‘that microdrop method was effective for buffalo M-II oocytes cryopreservation. One essential factor

in cryosurvival is the permeation of a certéin amount of CPA into the oocyte, increasing with the
duration of exposure. However, the toxicity of the CPA must be considered, with an optimum
exposure time being favorable for this purpose.

In the present study, we investigated the effects of different exposure .time to
equilibration/vitrification solutions. The survival and developmental rates in the 1min+30 s group
were higher than those in 1 min+45 s or 1 min+60 s groups. Toxicity testing of different exposure
time to equilibration/vitrification solutions showed that the embryo developmental rate decreased
with increasing exposure time. Parthenogenetic development of buffalo M-II oocytes after CPA
treatment in the 1 min+30 s group did not differ significantly from control groups, suggesting that
exposure of oocytes to equilibration solution for 1 min and vitrification solution for 30 s without
cooling and warming processes did not affect the embryo development. However, increasing the

exposure time to vitrification solution to 60 s resulted in a reduction in the embryo developmental
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rate, probably due to excessive permeation of the CPA into the oocyte causing a higher toxicity
level in the 1min+60s treatment. In mouse, bovine and rabbit oocytes, exposure to CPA can result in
microtubule disorganization [39-41]. The very short exposure time to a high concentration of EG
before cooling may reduce its toxic effects.

This study has demonstrated that vitrification applied on buffalo oocytes decreased second
PB formation, cleavage and blastocyst rates when compared with fresh oocytes. For successful ICSI
in bovine and buffalo species, applying activation to oocytes is considered to be a key factor [42].
The second PB formation is often taken to indicate the ability of oocytes to accomplish meiosis.
Our stud): revealed that the vitrification and warming procedure could reduce the ability of oocytes
to accomplish the second meiosis division, which might be caused by the altered spindle formation.
A possible reason may be damage to the meiotic spindle, as has been frequently observed in
cryopreserved oocytes [43]. Freezing. injury would lead to spindle disorganization, microtubules
loss or clumping and premature cortical granules which can cause zona hardening [23, 44]. The
ICSI into frozen-thawed bovine oocytes enhanced the pronucleus formation, cleavage and
blastocyst development compared with IVF [45], suggesting that the release of cortical granules
from vitrified oocytes led to zona-hardening and low fertilization rates [46]. In our study, cleavage
and blastocyst rates in the ICSI control groups were significantly higher than those of vitrified
groups. The rate of development to the blastocyst stage in the 1min+30s group was significantly
higher than that in the 1min+45s group and significantly lower than those in control groups, but did
not differ between the FDA-exposed and control groups. Similar observations were made for the
total cell numbers of Day 7 blastocysts. This indicated that the vitrification procedure resulted in
retarded embryonic development and that 30 s exposure to the vitrification solution was the most

effective regimen for buffalo M-Il oocyte vitrification. For bovine oocytes, 25-35 s for the final
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equilibration seem to be a general agreement about the rather optimal protocol [14,16-17] which
probably derived from some early experiements [47]. Our research is also similar to recent studies
of buffalo oocytes vitrification on 30 s of final equilibration for the same cryoprotectants and OPS
vitrification method [48].

In our study, oocyte viability was determined by FDA which selectively stains cells with
normal esterase enzyme activity and oolemma integrity. We compared the control and
FDA-exposed oocytes treated with FDA to determine the toxicity of the FDA staining procedure.
Our results showed no difference in the second PB extrusion rates, embryo development and
blastocy;t céll numbers between FDA treated and untreated control oocytes. This indicates that
If' DA staining does not have any negative effects upon embryo development in vitro and thus can bé
safely used for viability testing of oocytes.

To the best of our knowledge, the present study is the first report of ICSI-derived blastocysts
from buffalo oocytes vitrified at the M-II stage by microdrop method. In conclusion, microdrop, a
simple, economical and rapid procedure, allowed M-II buffalo oocytes to be vitrified, fertilized by
ICSI and to develop to the blastocysts stage. The results of this study demonstrated that buffalo
oocytes vitrified by the microdrop method with the 1 min+30 s regimen could yield reasonable
blastocyst formation rates after ICSI. Furthermore, the FDA staining for viability checking had no

detrimental effect on the embryo development in vitro.
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ABSTRACT

In the present study, effects of two types of vitrification solution, and of two types of
vitriﬁcation technique on the survival rate of vitrified-warmed buffalo MII oocytes were
examined. Furthermore, the developmental capacity of vitrified-warmed buffalo MII oocytes
following intracytoplasmic sperm injection (ICSI) was investigated. In vitro matured (IVM)
oocytes were randomly separated into 6 groups and cryopreserved by using 1) Cryotop
method combined with VA solution (10% DMSO+10% EG for 1 min and then 20%
DMSO+20%EG+0.5M sucrose for 30 sec), (Cryotop+VA) 2) Cryotop method combined with
VB soluti(;n (21% EG for 12-15 min and then 35% EG+5% polyvinylpyrrolidone and 0.4 M
trehalose for 30 sec), (Cryotop+VB) 3) Microdrop method combined with VA solution,
(MicrodroprA) 4) Microdrop method combined with VB solutidn, (Microdrop+VB) 5)
Control oocytes st‘ained with fluorescein diacetate (FDA), 6) Fresh control oocytes without
staining by FDA. The survival rate of oocytes was examined by FDA staining and surviving
oocytes were subjected to ICSI. The recovery rates were similar among groups. The oocytes
viability of VA solution (Microdrop+VA: 93% and Cryotop+VA: 97%) were significantly
higher than in VB solution (Microdrop+VB: 79%, Cryotop+VB: 81%), but significantly
lower than control groups (100%). The second polar body extrusion rate and the capacity of
embryo development to the blastocyst stage in control group and fresh control groups were
significantly higher than vitrified groups, but no difference among vitrified groups. There was
no difference between control and fresh control group in second polar body extrusion and
embryo development. In conclusion, VA solution could yield higher survival rate of vitrified
oocytes, Cryotop and Microdrop are equally suitable techniques for buffalo oocytes

vitrification.
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INTRODUCTION

According to the buffalo is the major milk and meat producing farm animal in many
developing countries, the in vitro embryo production of buffalo become popular nowadays.
Cryopreservation of oocytes has great importance in buffalo for the efficient oocytes
cryopreservation protocols will widen and improve the strategic implementation of
reproductive technologies in the buffalo species.

Oocytes cryopreservation is still an open challenge in most mammalian species, due to
the extreme s¢nsitivity of gametes to chilling injuries. Vitrification is the process that induces
a glass-like solidification of living cells during freezing. There are many species succes§ﬁ111y
cryopreserved by vitrification, such as bovine (Vieira et al., 2002), mouse (Wood et al., 1993),
equine (Maclellan et al., 2002) and human oocytes (Katayama et al., 2003).The unique
advantage of the vitrification process is elimination of ice crystal formation, the most
dangerous cause of cryoinjury. Many factors affected the efficacy of vitrification, such as
cryoprotectant concentration, exposure time, container and temperature. There are some
improved vitrification methods succeed in mammalian oocytes cryopreservation such as
Cryotop (Kuwayama and Kato, 2000), Cryoloop (Oberstein et al., 2001), OPS (open pulled
straw) (Vajta et al., 1998), GMP (glass micropipette) (Kong et al., 2000), Microdrop (Papis et
al., 2000), and EMG (electron microscope grids) (Martino et al., 1996). Among the various
methods of vitrification, Microdrop vitrification was easy and convenient, as it excluded the
use of any specialized device us'ing minimum volumes of vitrification to introduce oocytes

into liquid nitrogen. One of the most successful ultra-rapid vitrification technique is the

Cryotop vitrification that has resulted in excellent survival and developmental rates with
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human and bovine MII oocytes (Kuwayama et al., 2005) when cryopreserved oocytes were
fertilized in vitro. Cryoprotectants influence the ability of buffalo oocytes to survive
cryopreservation (Wani et al., 2004). Several studies demonstrated that EG would be the ideal
cryoprotectant (Shaw et al. 1997; Cetin and Bastan 2006), because it penetrates membranes
faster than glycerol (Cha et al. 2000) and is less toxic than other permeable cryoprotectants
(Martino et al. 1996; Cha et al. 2000; Dinnyes et al. 2000). Moreover, cryoprotectant mixtures
may have some advantages over solutions containing only one permeable cryoprotectant
(Vajta et alc. 1998; Chian et al. 2004).

In ad(iition, change in the zona pellucida (ZP) has shown to induce lower fertility
rates (Carroll et al., 1990; Vincent et al., 1990). These structural changes causing lower
fertility could be overcome by micromanipulation technique such as ICSI (Carroll et al., 1990;
Kazem et al., 1995; Karlsson et al., 1996; Porcu et al., 1997).

The aims of this study were to investigate the effects of two types of vitrification
technique Microdrop and Cryotop and two types of cryoprotectant solution on the post-warm

viability, embryos developmental competence of vitrified buffalo MII oocytes subjected to

ICSIL
METERIALS AND METHODS
Unless stated otherwise, all reagents were purchased from Sigma Chemical Company

(St. Louis, MO, USA)

Oocyte collection and in vitro maturation
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90 Buffalo ovaries were obtained from a slaughterhouse and transported to the
91 laboratory within 4 h in physiological saline (0.9% NaCl). Cumulus-oocyte complexes (COCs)
92 were collected from the follicles 2—8 mm in diameter and were matured in vitro for 22 h. The
93  medium for IVM was TCM 199 supplemented with 10% fetal bovine serum, 0.02 AU/mL
94  FSH(Antrin, Denka Pharmaceutical, Tokyo, Japan), 50 iu/mL hCG(Chorulon, Intcjervet,
95  Boxmeer, Netherlands) and 1pg/mL estradiol-17B. After maturation, cumulus cells were
96  gently removed by pipetting, and the oocytes with a visible first polar body were selected for
97  the followjng ¢xperiments. The Emcare holding medium (EHM, ICP Bio, Auckland, New
98  Zealand) was used as the basal medium throughout the process of ICSI. The medium for
99  embryo culture was modified synthetic oviduct fluid supplemented with amino acids and

- 100 = 0.3% fatty acid-free BSA (mSOFaa) (Gardner et al., 1994).

© 101

102 Vitrification and warming

103 The M-II oocytes were vitrified-warmed by either the Cryotop minimum volume
104 cooling procedure, originally reported by Kuwayama and Kato (Kuwayama and Kato, 2000)
105 or Microdrop vitrification method (Papis et al., 2000).

106 Two different cryoptotectant solutions were used to vitrify buffalo MII oocytes.
107 . Oocytes vitrified by VA method was described as following. In vitro matured oocytes were
108  placed in TCM199-Hepes + 20% FBS (basic medium; BM) + 10% dimethylsulfoxide (DMSO)
109  + 10% ethylene glycol (EG) for 1 'min and then exposed in BM + 20% DMSO + 20% EG +
110 0.5 M sucrose for 30 sec. Finally, a group of 5 oocytes were directly dropped with about 2 uL

111 vitrification solution into liquid nitrogen or placed on a sheet of each Cryotop in a small
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112 volume of the vitrification solution (<1puL). For storage, vitrified oocytes were kept in liquid
113 nitrogen for 1-2 weeks. The vitrified Microdrops or Cryotops were warmed by directly
114  immersing into 3 ml of 0.5 M sucrose in BM for 5 min, and then transferred to the BM for 5
115  min. Then they were kept in the BM under a humidified atmosphere of 5% CO, in air at
116 38.5°Cforlh.

17 § VB method was originally described by Dinnyes (Dinnyés et al., 2000). Briefly, the
118  oocytes were treated with an equilibration medium which consisted of 4% (v/v) EG in BM for
119 124615 n}in at 38.5 °C followed by 35% (v/v) EG, 50 mg/ml polyvinyl pyrrolidone (PVP)
120 and 04 M Ltrehalose for 30 s. Vitrified oocytes were warmed by transferring
121 Microdrops/Cryotops into a warming solution (0‘.3 M trehalose in BM) at 38.5°C. One to 2
122 min later, the oocytes were consecutively transferred for 1-min into each 500-pl droplets of
- 123 BM supplemented with 0.15 M, 0.075 M and 0.0375 M trehalose, respectively. And then they
124 were cultured under a humidified atmosphere of 5% CO, in air at 38.5 °C for 1 h.

125

126  Evaluation of oocyte viability

127 Oocyte viability was evaluated by fluorescein diacetate (FDA) staining according to

128  the method previously described by Mohr and Trounson (Mohr and Trounson, 1980). Briefly,

129  oocytes were treated with 2.5 ng/mL FDA in PBS supplemented with 5 mg/mL BSA at 38.5

130 °C for 2 min in a dark room and then they were washed three times in PBS supplemented

131 with 5 mg/mL BSA and evaluate(i under a fluorescent microscope (IX71, Olympus, Tokyo,

132 Japan) with UV irradiation using a U-MWIB3 filter with excitation wavelength of
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133 460-495 nm and emission at 510 nm. Oocytes expressing a bright green fluorescence were
134 regarded as living ones and were used subsequently.
135
136  ICSI
137 Straw of frozen spermatozoa were thawed at 37°C for 30 sec. Thawed spermatozoa
138 were gently placed to the bottom of the 1mL Brackett and Oliphant (BO) medium (Brackett
139 and Oliphant, 1975), supplemented with 10 mM caffeine (caffeine-BO) in a centrifuge tube
140  for sperm §mm up for 30 min and then the supernatant was collected and centrifuged at
141 500xg for 5 min. The sperm pellet was washed twice with 1mL of caffeine-BO by
142 centrifugation at 500xg for 5 min. The sperm pellet was resuspended in the caffeine-BO at
143 concentration of 8 x 10° sperm/mL. ICSI was performed as previously described by Liang et
144 al [Liang et al., 2010]. Briefly, three droplets of media covered with mineral oil were
145 prepared on the lid of 60 mm culture dish for the ICSI procedure; the first droplet was
146 . polyvinylpyrolidone (PVP) solution (ICSI®, Vitrolife, Gothenburg, Sweden) for washing the
147 pipette, the second droplet was the sperm suspension diluted with PVP solution (1:5), and the
148 third droplet was EHM for the ICSI procedure. Approximately 10 MII oocytes were placed in
149 the droplet of EHM. A single, motile buffalo spermatozoon was immobilized against the
150  bottom of the PVP droplet, loaded tail first with a minimum volume of medium into the
151 injection pipette and then injected into the cytoplasm of a buffalo oocyte. Within 1 h of the
152 injection, the injected oocytes we;e activated by exposure to 7% ethanol in EHM for 5 min,
153 - and then subsequently cultured in TCM199 + 10% FBS for 3 h to allow extrusion of the

154 second PB. With the purpose of producing haploid activated oocytes for ICSI, the injected
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155  and activated oocytes which extruded the second PB were selected and transferred to mSOF

156 medipm supplemented with 10 pg/mL CHX and cultured for 5 h at 38.5 °C under humidified

157  atmosphere of 5% CO; in air.

158

159  In vitro culture

160 The presumptive zygotes were cultured in the mSOFaa medium under a humidified

161  atmosphere of 5% CO,, 5% O,, 90% N, at 38.5 °C for 2 days. Thereafter, embryos at the

162 8-cell stage were selected and co-cultured with bovine oviductal epithelium cells (BOEC)

163 - under a humidified atmosphere of 5% CO, in air at 38.5 °C for 5 days (Parnpai et al., 1999).

164  Half of the medium was replaced withAfresh medium every day and the embryo develo;;ment

165  was recorded at the same time of medium changing. The cleavage rates were recorded on Day

166 2 (the day of ICSI was considered as Day 0), the development of embryos to blastocyst stage

167  was recorded on Day 7.

168

169  Differential cell staining

170 The blastocysts harvested on Day 7 were stained to distinguish cells of the inner cell

171 mass (ICM) and trophectoderm (TE), as previously reported (Suteevun et al., 2006). Briefly,

172 the zona pellucidae of blastocysts were removed by exposure to 0.5% protease. After washing

173 with mDPBS supplemented with 0.1% PVP, the zona-free blastocysts were incubated in 100

174 pL of 10% rabbit anti-buffalo spleenocyte antibodies for 45 min, and then transferred into a
175 100 pL mixture of 10% guinea pig complement, 10 pg/mL propidium iodide and 10 pg/mL

176  Hoechst 33258 for 45 min. The blatocysts were mounted on glass slides with glycerol and
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covered with cover slide. The ICM (blue) and TE cells (red) were counted under a fluorescent
microscope at 330—380 nm, allowing determination of the total number of cells for blastocysts

and the percentage of ICM cells based on the total number of blastocysts.

Statistical analysis
Experiments were replicated at least three times in each treatment group. Data were
analyzed by ANOVA using the statistical analysis systems. The differences between groups

were considered to be statistically significant when P < 0.05.

RESULTS

Effect of vitrification techniques on recovery and viability of oocytes

Oocytes were vitrified either by Microdrop or Cryotop with VA or VB solution (Fig.1).
After warming, the recovery rate between Microdrop and Cryotop in VA solution (96 and
100%, respectively) was no difference, which was also found in VB solution for Microdrop
and Cryotop (98 and 100%, respectively). Among the groups, there was no difference in the
oocytes recovery rate when compared with control groups.

The viability of oocytes examined by FDA staining was illustrated in Table 2. The
proportion of live oocytes vitriﬁed- with VA solution was significantly higher than VB
solution but lower than fresh control group (93-97%, 79-81% and 100% respectively). And

the results of oocytes survival rate were nearly indentical for both Microdrop and Cryotop in
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same vitrification solution.

Effect of vitrification methods on ICSI results

After ICSI, there was no difference in the 2" polar body formation rate between
fresh control (+) FDA (56%) and (-) FDA (57-59%) but they were significantly higher than
those of Microdrop (39% in VA, 37% in VB, repectively) and Cryotop (43% in VA; 40% in
VB, respectively). The 2™ polar body formation between Microdrop and Cryotop were no
signiﬁcant,,diﬂference in VA or VB. The cleavage rate of fresh control (+) FDA (79-82%) and
(-) FDA (81-83%) was no significant difference, but they were significantly higher than those
of Microdrop (65% in VA, 66% in VB, respectively) and Cryotop (67% in VA, 72% in VB,
respectively). The blastocyst rate of fresh control (+) FDA (21%) and (-) FDA (19-22%) was
no significant difference, but they were significantly higher than those of Microdrop (8% in
VA, 5% in VB, respectively) and Cryotop (10% in VA, 11% in VB, respectively). The
blastocyst formation rate of Microdrop (8%) and Cryotop (10%) was no significant difference

in VA, and VB (5%, 11%, respectively).

Cell number in day 7 ICSI-derived blastocyst from vitrified oocytes

The cell number of ICSI-derived blastocyst from vitrified oocytes was showed in Table
2. According to the blastocyst quality, there was no significantly difference among the
vitrified groups and control groul;s, except that of Microdrop method in VB solution, which
was significantly lower than that of control groups in the total cell number and ICM cell

number.
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221

222 DISCUSSION

223 The major finding of this study is that buffalo MII oocytes could be cryopresered by
224 vitrification with Microdrop and Cryotop methods and the oocytes were suitable for ICSI
225  produce.

22 The recovery rate is the number of remaining oocytes after expulsion of solution from
227  the container during warming. Its analysis is important because cells must tolerate a seqlience
228 of volumet{ic contractions and expansions because of different concentrations of solutions,
229  and they can be lost or rupture during this process. Moreover, the recovery rate can be
230  influenced by the contai_ner and vitrification solution as the oocytes might be lost during the
231 last step of vitrification by sticking on the transfer pipette. After vitrification and warming of
-. 232 buffalo MII oocytes, 96-100% recovery rate was taken from both VA and VB solution, which
233 demonstrated that this two vitrification solution and two containers did not affect the oocytes
234  recovery rate. The viability of vitrified oocytes after warming in VA solution was
235  significantly higher than in VB -solution, but the same vitrification solution Microdrop and
236 Cryotop arrive the indentical survival rate. Our study revealed that VA method has the higher
237  cryopreservation efficacy than VB system.

238 Cryotop is a minimum volume procedures where the carrier tool, a thin film attached to
239  aplastic holder is equipped with a protective plastic tube (Kuwayama et al., 2005). Oocytes
240  are loaded on the film, the solutior; is almost entirely removed by aspiration, and the sample
241 is immersed into liquid nitrogen. Subsequently, for safe storage, the plastic tube is pulled over

242 the film. The method is easy to learn and perform, the cooling and warming rates are higher
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243 than those achievable with OPS, and the simple manipulation decreases the risk of
244 incoqsistency.

245 Microdrop method involves dropping an oocytes-containing solution directly into
246  liquid nitrogen, the success of this method is due to elimination of the insulation effect of the
247  container wall. Warming of the oocytes is equally rapid when vitrified sample are directly
248  dropped into a warm solution (Paris et al., 2000). One essential factor in cryosurvival is
249 - permeation of a certain amount of cryoprotectant into the oocyte, which increase with the
250  duration of exposure. However, the toxicity of the cryoprotectant must be avoided, with an
251  optimum exposure time being favorable for this purpose.

252 In the present study, we investigated the effect of VA, VB methods and Microdrop,
- 253 Cryotop technique on the oocyte viability after vitrified-warmed and embryo development
254 following ICSI. This study has demonstrated that ICSI into frozen-thawed oocytes decreased
255  the rates of 2" polar body formation, cleavage and blastocyst development when compared
256~ with the fresh oocytes. The 2" polar body formation was judged as the ability of oocytes
257  accomplishing meiosis. Our study revealed that frozen-thawed procedure could reduce the
258  oocytes ability to accomplish the second meiosis.

259 Regarding the effect of vitrification technique, the recovery rates, viability of oocytes,
260  embryo development rates and blastocyst quality that derived from Cryotop were higher than
261  Microdrop method.

262 Cryotop method that containing the most less vitrification solution, which can greatly
263 increase the cooling speed had been applied to pronuclear-stage rabbit zygotes (Hochi et al.,

264  2004), pre-hatching stage porcine embryos (Esaki et al., 2004), germinal vesicle-stage v.vhale
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COCs (Iwayama et al., 2004), denuded M-II bovine oocytes (Chian et al., 2004),
SCNTderived bovine and swamp buffalo blastocysts (Laowtammathron et al., 2005) and
denuded M-II oocytes and IVF-derived blastocysts in humans (Kuwayama et al., 2000;
Katayama et al., 2003), was successfully extended to both denuded M-II and enucleated
swamp buffalo oocytes in the present study. On the other way, the success of Microdrop
method is due to elimination of the insulation effect of the container wall. Warming of the
oocytes is equally rapid when vitrified samples are directly dropped into a warm solution
(Papis et ak, 2900). Our results supported the view that Cryotop was regarded to be the
effective tool for oocytes or embryos vitrification (Kuwayama et al., 2000) according to the
embryo development.

The higher survival rate were obtained from VA solution which using the CPA
combination of EG+DMSO. Albarracyn et al., (2005) reported that oocytes exposed only to
20% EG and 20% DMSO showed a similar appearance to the control. The comparison of two
vitrification medium (VA, VB) with similar results showed flexibily of oocytes to tolerate
cryopreservation. DMSO was used in combination with EG in VA, whereas EG was alone
used for equilibration and in comination with PVP for vitrification in VB. In bovine, oocytes
have higher permeability to DMSO than to EG (Agca et al., 1998), this may account for VA
working better than VB according to the oocyte viability. The reduction of the survival and
embryo development could be resulting from possible multifactorial causes, including toxic
effects of the CPA, ultrastructural damage to the oocytes, and deleterious effects on the
chromosomes and other cytoplasmic structure (Johnson and Pickering 1987)

In conclusion, our study indicated that Cryotop method could yield high survival rate
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287  of in vitro matured swamp buffalo oocytes which could develop to blastocyst stage after ICSI.
288  The yitriﬁcation method of VA could yield high survival rate of frozen-thawed in vitro
289  matured buffalo oocytes. But the development competence of frozen-thawed in vitro matured
290  buffalo oocytes was significantly lower than fresh control oocytes.
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406  Figure 2. Survival rates of vitrified-warmed buffalo MII oocytes stained by FDA
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410 *™* Means within columns with different superscripts differ (P<0.01 ANOVA).
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Developmental Rates of Vitrified Buffalo
Oocytes Following Parthenogenetic Activation
and Intracytoplasmic Sperm Injection

ABSTRACT :
The objective of this study was to investigate the potential of swamp buffalo oocytes vitrified-warmed at the MII stage °
to develop to the blastocyst stage after parthenogenetic activation (PA) and intracytoplasmic sperm injection (ICSI). In
the first experiment, we examined the toxic effects of cryoprotectants on in vitro development. In vitro matured oocytes
were placed in 10% dimethylsulfoxide (DMS0) + 10% ethylene glycol (EG) for 1 min and then exposed to 20% DMSO +
20% EG + 0.5 M sucrose for 30 sec (1+30), 45 sec (1+45) or 60 sec (1+60). The oocytes were exposed to warming
solution (0.5M sucrose) for 5 min and then washed in TCM199 HEPES + 20%FBS for 5 min. Oocyte viability was assessed
by fluorescein diacetate (FDA) staining. Surviving oocytes were parthenogenetically activated and cultured for 7 days.
The wviability in all groups of CPA treatment and the control were 100%. The development rates to the blastocyst stage
among CPA exposed 1+30 (17%), control (23%) and fresh control (control without FDA assay) (27%) did not differ
significantly, but they were significantly higher than those in CPA exposed 1+45 (9%) and 1+60 (1%) groups. In the
second experiment, we examined the effect of two CPA exposure times, 1430 and 1+45 on the in.vitro development for 7
days after PA of oocytes vitrified by the microdrop method. The viability in vitrified 1+30, 1+45 and the control groups
was not different (97%, 95% and 100%, respectively). The development of surviving oocytes to blastocyst stage in the
vitrified 1+30 group (8%) was significantly higher than that in the vitrified 1+45 group (4%) and significantly lower
than those in control and fresh control groups (24% and 26%, respectively). In the third experiment, we examined the
effect of two CPA exposure times, 1+30 and 1+45 on in vitro development after ICSI of vitrified oocytes. The FDA viability
in vitrified 1430, 1+45 and control groups (100%) was not different (96%, 91% and 100%, respectively). After ICSI "
vitrified-warmed oocytes were activated and oocytes with the 2™ polar body were cultured for 7 days. The development
of ICSI oocytes to the blastocyst stage in the vitrified 1430 group (11%) was significantly higher than that in vitrified
1+45 (7%) and significantly lower than those in the control and fresh control (21% and 23%, respectively). In conclu-
sion, our study demonstrated that the 1+30 CPA treatment regimen could yield the highest blastocyst rates for oocytes
vitrified by the microdrop method and that the FDA viability test had no effect on the embryo development.

850 Proceedings 9 World Buffalo Congress
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NTRODUCTION
(f

iwadays, buffalo is the major milk and meat producing farm animal in many developing countries. Buffalo oocytes
tained from slaughterhouse ‘ovaries and matured in vitro are useful sources for reproductive procedures such as in vitro
F{émlizaﬁon (IVF) and ICSI, in which cryopreserved spermatozoa are used. Cryopreservation of oocytes also has great
1mportance to preserve female gamete for future use. Efficient oocyte cryopreservation protocols will widen and improve
the strategic implementation of reproductive technologies in the buffalo species.
(_ryopreservatlon of mammalian oocytes has become more successful using vitrification as an alternahve to cryopreserva-
_Etxon compared with slow cooling methods in recent years (Chian et al., 2004; Vajta and Nagy, 2006). Vitrification is the
i process that induces a glass-like solidification of living cells at low temperatures. The unique advantage of the vitrifica-
“tion process is the elimination of ice crystal formation, the most dangerous cause of cryoinjury. Insuffident cooling rate
"of oocytes was considered as one of the obstacles in vitrification technology (Vajta, 1997). In order to overcome this
_problem, several methods have been proposed that use very small amounts of solution. There are some improved vitrifi-
. cation methods which has been successfully used for oocyte cryopreservation such as cryotop (Kuwayama and Kato,
+2000), cryoloop (Lane et al., 1999), open pulled straw (OPS; Vajta et al., 1998), glass micropipette (GMP; Hochi et al.,
'1994), microdrop (Papis et al., 2000), electron microscope grids (EMG; Martino et al., 1996) and solid surface vitrifica-
“tion (SSV, Dinnyés et al., 2000).
:Since the first report on buffalo oocytes vitrification by using French Straw (Dhali et al., 1999), there are some reports
_regarding the cryopreservation of buffalo oocytes (Wani et al., 2004; Gasparrini et al., 2007; Muenthaisong et al., 2007;
Boonkusol et al., 2007; Sharma and Loganathasamy, 2007; Gautam et al., 2008; Mahmoud et al., 2008). The first
ESl;ccessful produc‘tion‘of buffalo blastocyst derived from in vitro maturation (IVM) and in vitro fertilization (IVF) of
vitrified-warmed oocytes (Wani et al., 2004). ;
'Among the various methods of vitrification, the microdrop method is considered easy and cheap, as it excludes the use
of any spedialized device to introduce oocytes into liquid nitrogen. The microdrop method is a simplest way of vitrifica-
“tHon by dropping ococyte containing solutions directly into liquid nitrogen. This method was first proposed for mouse
“embryos (Landa and Tepla, 1990), and then successfully applied for in bovine embryos, zygotes and oocytes (Riha et
al.,,1991; Yang and Leibo,1999; Papis et al., 2000). During cryopreservation or treatment with cryoprotectants structural
changes in the zona pellucida (ZP) has been shown to reduce fertilization rates (Carroll et al., 1990; Vincent et al,,
*1990). Although the mechanism of ZP hardening of the cryopreserved oocytes is unclear, it seems to be caused by the
premature release of cortical granules (Vincent et al., 1990) resulting in lower incidences of sperm entry into oocytes.
" This consequence of zona hardening could be overcome by micromanipulation techniques such as ICSI (Carroll et al.,
1990; Kazem et al., 1995; Karlsson et al., 1996; Porcu et al., 1997).
" One essential factor in cryosurvival is permeation of a centain amount of cryoptotectant into the oocytes, which increase
with the duration of exposure; however, the toxicity of the cryoprotectant must be avoided, with an optimum exposure
time being favorable for this purpose. The aim of this study was to investigate the exposure time in vitrification solution
on the post-thaw viability and the developmental competence of vitrified-warmed swamp buffalo oocytes after partheno-
genetic activation (PA) or ICSI. Differential cell staining was applied to assess the qualitative aspects of blastocysts that
were derived from fresh or vitrified-warmed oocytes.

MATERIALS AND METHODS

Chemicals and media :

- All reagents were purchased from Sigma Chemical Company (St. Louis, MO, USA) unless otherwise stated. The medium used
_ for IVM was TCM199 supplemented with 25 mM HEPES, 10% fetal bovine serum (FBS; Gibco BRL, Grand Island, NY, USA),
0.02 AU/mL FSH (Antrin, Denka Pharmaceutical, Tokyo, Japan), 50 iu/mL hCG (Chorulon, Intervet, Boxmeer, Netherlands)
and 1 pg/mL estradiol-178. The Emcare holding medium (ICP Bio, Auckland, New Zealand) was used as the basal medium
throughout the process of ICSI and parthenogenetic activation. The medium for embryo culture (IVC medium) was
modified synthetic oviduct fluid supplemented with amino acids (mSOFaa) (Gardner et al., 1994) and 0.3% fatty acid-
free BSA.
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Buffalo ovaries were obtained from a slaughterhouse and transported to the laboratory within 4 h at room temperatur
The ovaries were placed in 0.9% NaCL during transport to laboratory. Cumulus-oocyte complexes (COCs) were collecte
from the 2-8 mm follicles using a 21-gauge needle and were in vitro cultured in IVM medium for 22 h. After maturation
cumulus cells were removed by gentle pipetting with a fine glass pipette, and the oocytes were subsequently washed :
times in Emcare medium. Oocytes with a visible first polar body were selected for the following experiments.

Vitrification and warming

The M-II oocytes were vitrified-warmed by the Microdrop method originally reported by Papis et al. (2000). Groups of 5
oocytes were washed in TCM199-Hepes + 20% FBS before placed in TCM199-Hepes + 20% FBS + 10% DMSO + 10%
ethylene glycol (EG) for 1 min, and then exposed in TCM199-Hepes + 20% FBS + 20% DMSO +20% EG + 0.5 M sucrose for
30 (1+30), 45 (1+45) or 60 sec (1+60) at 22-24 °C. The oocytes were then directly dropped with about 2 pL vitrification
solution into liquid nitrogen. For storage, vitrified microdrops were placed in a pre-cooled cryovial filled with liquid
nitrogen usingvat pre-cooled forceps and kept for 1-2 weeks. The vitrified microdrops were warmed by directly immersing
into 3 mL of 0.5 M sucrose in TCM199-Hepes + 20% FBS at 38.5 °C for 5 min, and then transferred to the TCM199-Hepes+
20% FBS for 5 min. Then oocytes were kept in the TCM199-Hepes + 20% FBS under a humidified atmosphere of 5% CO, in
air at 38.5 °C for 1 h. Some oocytes were treated with cryoprotectants and warming solution without the cooling and
warming process (“CPA-exposed” group). ' '

Evaluation of oocyte viability

Oocyte viability was evaluated by FDA ‘staining according to the method previously described by Mohr and Trounson
(1980). Briefly, oocytes were treated with 2.5 pg/mL FDA in PBS supplemented with 5 mg/mL BSA at 38.5 °C for 2 min in
a dark room and then washed three times in PBS supplemented with 5 mg/mL BSA and evaluated under an epifluorescence
microscope with UV irradiation using a U-MWIB3 filter with excitation wavelength of 460-495 nm and emission at 510
nm. Oocytes expressing a bright green fluorescence were regarded as living ones and were used subsequently.

Parthenogenetic activation (PA)

The MII oocytes were subjected to the PA treatment as described previously (Laowtammathron et al., 2005). Briefly, the
oocytes were first treated with 7% ethanol in the Emcare holding medium for 5 min, and then incubated with 10 pg/mL
cycloheximide (CHX) and 1.25 pg/mL cytochalasin D (CD) in mSOF medium + 10 % FBS for 5 h at 38.5 °C under humidified
atmosphere of 5% (O, in air.

ICSI

Straws of frozen spermatozoa were thawed in a 37°C water bath for 30 sec. Thawed spermatozoa were gently placed to the
bottom of the 1mL BO medium supplemented with 1 mM caffeine for sperm swim up for 30 min and then the supernatant
was collected and centrifuged at 500xg for 5 min. The sperm pellet was washed twice with 1mL of BO-medium by
centrifugation at 500xg for 5 min. The sperm pellet was resuspended in the BO-medium and diluted approximately 1:5
with polyvinyl pyrrolidone (PVP). Sperm injection was performed with inverted microscope (IX71, Olympus). The inner
diameter of the sperm injection needle was 8-10 pm, and the inner diameter of the holding pipette was 20 pm. Three
droplets of media covered with mineral oil were prepared on 60 mm petri dish cover for the ICSI procedure; the first
droplet was 10% PVP medium for washing pipette, the second droplet was the sperm suspension diluted with 10% pPVP
medium (1:5), and the third droplet was Emcare holding medium for the ICSI procedure. A single, motile buffalo sperma-
tozoon was immobilized against the bottom of the PVP droplet, loaded tail first with a minimum volume of medium into
the injection pipette and then injected into the cytoplasm of a buffalo oocyte. Within 1 h of the injection, the injected
oocytes were activated by exposure to 7% EtOH in Emcare medium for 5 min, and then subsequently cultured in TCM199
+ 10% FCS for 3 h to allow extrusion of the second polar body. With the purpose of producing haploid activated oocytes
for ICSI, the injected and activated oocytes which extruded the second polar body were selected and transferred to mSOF
medium supplemented with 10 pg/mL CHX and cultured for 5 h at 38.5 °C under humidified atmosphere of 5% CO, in air.
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i*u'wtra culture and differential cell staining

e PA and ICSI oocytes were cultured in 100 pL microdrops (20 oocytes per microdrop) of the IVC medium covered by

raffin oil under a humidified atmosphere of 5% C0,, 5% 0,, 90% N, at 38.5 °C for 2 days. Thereafter, embryos at the 8-

|l'stage were selected and co-cultured with bovine oviductal epithelium cells (BOEC) under a humidified atmosphere of

,-C0, in air at 38.5 °C for 5 days, as reported previously (Parnpai et al., 1999). Half of the medium was removed every

i y from each drop and replaced with fresh medium. The cleavage rates were recorded on Day 2, the development of

;'v embryos to the blastocyst stage was recorded on Day 7 (the day of PA or ICSI was considered Day 0).

& rhe blastocysts harvested on Day 7 were stained to distinguish cells of the inner cell mass-(ICM) and trophectoderm (TE),

: as ‘reported previously (Suteevun et al., 2006). Briefly, zona pellucidae of blastocysts on Day 7 were removed by 0.5%

"eﬁ‘r’otease After washing with mSOFaa medium, the zona-free blastocysts were incubated in 100 pL of 10% rabbit anti-

: buffalo spleenocyte antibodies for 45 min, and then transferred into a 100 pL mixture of 10% guinea pig complement,

% 75 mg/mL propidium iodide (PI) and 100 pg/mL Hoechst 33258 for 45 min. The ICM (blue) and trophectoderm cells

([ed) were counted under a fluorescent microscope at 330-380 nm, allowing determination of the total number of cells

. for blastocysts and the percentage of ICM cells based on the total number of blastocyst cells.

"i &"_

";E_'iqieﬁmental design

: S(pen'ment 1 was performed to test the toxicity of Vitrification solution. After treatment with the equilibration solution
for 1 min oocytes were exposed to vitrification solution for 30 (1+30), 45 (1+45) or 60 sec (1+60) and then to warming

~solution. Surviving oocytes selected by the FDA test were then subjected to PA and then in vitro cultured. The develop-

" ment of oocytes exposed to the vitrification solution for were compared with that of untreated oocytes (Control). To test
the possible effects of FDA staining some oocytes without CPA and FDA treatment were also activated and cultured (Fresh

' wontrol).

" Experiment 2 was performed to assess the developmental ability of vitrified-thawed oocytes induced by PA. On the basis

- of the results from Experiment 1, only the 1+30 and 1+45 CPA treatment regimens were used to vitrify M-II oocytes.
Vitrified oocytes were stored in liquid nitrogen containers for several days or weeks. After warming all surviving (FDA
positive) oocytes were subjected to PA and their in vitro development was compared to those of activated Control and
fresh control oocytes.

- Experiment 3 was performed to assess the development of ICSI embryos generated from vitrified-thawed oocytes. Oocytes
vitrified by the 1+30 and 1+45 CPA treatment regimens were warmed and all of the surviving (FDA positive) oocytes were

: subjected to ICSI. Their in vitro development was compared to those of Control and Fresh control oocytes following ICSI.

Statistical analysis
The experiments were replicated at least three times in each treatment group. Data were analyzed by one-way ANOVA using

the statistical analysis systems (SAS). The differences between groups were considered to be statistically significant
When P < 0.05.

RESULTS

Experiment 1. Parthenogenetic development of CPA-treated oocytes.

Survival and in vitro development of buffalo: MII oocytes following CPA-exposed and PA treatment is summarized in Table
1. The viability of oocytes determined by the FDA test in all groups of CPA treatment and the Control were 100%. The
cledvage rate and embryo development in the 1430 and 1+45 groups were significantly higher than in the 1+60 group,
but lower than in the Control and Fresh control groups. The development of oocytes after PA to the blastocyst stage did
not differ significantly among the 1+30 (17%), Control (23%) and Fresh control groups (27%) but were significantly
higher than those in 1+45 (9%) and 1+60 (1%) groups. The number of total cells and ICM cells were similar among the
1430, 1445, Control and Fresh control groups and were higher than those in 1+60 group (Table 1).
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Experiment 2. Parthenogenetic development of vitrified oocytes.

In vitro development of oocytes following vitrification and PA treatment is summarized in Table 2. The rates of |;
oocytes among the vitrified 1+30 (97%), 1+45 (95%) and the Control groups (100%) were not different. The cleavac
and blastocyst rates were influenced when the oocytes were subjected to vitrification. The development of PA Oocytes]
the blastocyst stage in the vitrified 1+30 group (8%) was significantly higher than that in the vitrified 1445 group (4%
and significantly lower than those in the Control (24%) and Fresh control (26%). The total cell numbers of blastocysts ;
the 1+30 (71.6+18.3) and 1+45 (69.9+19.6) groups were lower than that in the Control (78.5+24.6) and Fresh contr
(80.0+23.1) groups. There was no difference in the ICM cell numbers among the four groups.

Experiment 3. In vitro development following vitrification and ICSI.

In vitro development of buffalo MII oocytes following vitrification and ICSI treatment is summarized in Table 3. The rate
of live oocytes among the vitrified 1+30 (96%), 1+45 (91%) and Control (100%) groups were not different. Afte
activation of ICST oocytes by ethanol the 2™ polar body extrusion rate in the 1+30 (43%) group was significantly highe
than that in the 1+45 group (35%) and significantly lower than those in the Control (56%) and Fresh control group:
(59%).The cleavage and blastocyst rates in the 1+30 group (67%, 11%) were also significantly higher than that in the
vitrified 1+45 group (50%, 7%) and significantly lower than those in the Control and the Fresh control groups (86%,
21% and 86%, 23%, respectively). There was no significant difference in total cell numbers among the four groups.
However, the ICM number of Fresh control embryos was higher than those of the other three groups (Table 3).

DISCUSSION

The major finding of this study is that buffalo MII oocytes could be cryopreserved by vitrification with microdrop
method and the oocytes were suitable for ICSI produce. Vitrification is a simple, rapid and cost-effective method of
cryopreservation mammalian cells. Using this method cryopreserved cells are less likely to experience solution effects and
intracellular ice formation (Fahy et al., 1984). However, a negative consequence of this strategy is the increased proba-
bility of nearly all forms of injury except for those caused by ice crystal formation. To achieve vitrification of solutions,
a radical increase of both the cooling rates and the concentration of cryoprotectants are required. '

Microdrop method involves dropping an oocyte-containing solution directly into liquid nitrogen, the success of this
method is due to elimination of the insulation effect of the container wall. Warming of the oocytes is equally rapid when
vitrified samples are directly dropped into a warm solution (Papis et al., 2000). One essential factor in cryosurvival is the
permeation of a certain amount of cryoprotectant into the oocyte, which increases with the duration of exposure.

However, the toxicity of the cryoprotectant must be avoided, with an optimum exposure time being favorable for this
purpose.

In the present study, we investigated the effect of different vitrification solution exposure time. The 1+30 group showed
higher survival rate and embryos developmental rate than 1+45 or 1+60. A toxicity test of the different vitrification
solution exposure time showed that the embryo development rate decreased with the exposure time extended. The very
short exposure to a high concentration of EG before cooling and after thawing reduced its toxic effects; moreover, the
toxic effects during thawing were minimized by the direct dilution method. We attempted to handle oocytes in solutions
at or close to body temperature of buffalo, followed by quick cooling.

This study has demonstrated that ICSI into vitrified-warmed oocytes decreased the rates of 2™ polar body formation,
cleavage and blastocyst development when compared with the fresh oocytes. The 2™ polar body formation was judged as
the ability of oocytes accomplishing meiosis. Our study revealed that the vitrification and warming procedure could

reduce the oocytes ability to accomplish the second meiosis. A possible reason may be the damage of meiotic spindle
which has been frequently observed in cryopreserved oocytes (Chen et al., 2003).
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xmve[opmental rate into blastocyst in the 1+30 group was significantly higher than that of the 1+45 group and signif-
_jantly lower than control groups, but did not differ between the Control and Fresh control groups. Similar observation
;;;e made in total cell number of day 7 blastocysts. This indicated that the vitrification procedure resulted in retarded
,Ebryomc development and that 30 sec exposure to the vitrification solution was the most effective regimen for buffalo

','oocyte vitrification.

Iin_ollf study, oocyte viability was determined by FDA staining which in stained cells indicates normal esterase enzyme
actmty and oolemma integrity. We compared the Fresh control and Control cocytes treated with FDA to determine the
1 nmaty of FDA staining procedure. Our results showed no difference in the the 2™ polar body extrusion rate, the embryo

;development and the blastocyst cell number between Fresh control and Control oocytes. This indicates that FDA staining

Lea,

{does not exert any negative effect upon embryo development and thus it can be safely used for viability testing of
oocytes )

In conclusion, our study demonstrated that buffalo oocytes vitrified by the microdrop method with the 1+30 CPA
reglmen could yield high blastocyst rates after ICSI and that the FDA viability checking had no effect on embryo
: development

pe
Table 1. In vitro development of CPA-exposed buffalo MII oocytes and quality of blastocysts
following parthenogenetic activation.
- No. FDA Cleavage No. (%) of oocytes developed to  Mean (£S.D.) blastocyst cell No.
Treatment  oocytes viability (%) (%) 8-C 16-C  Mor BL Totalcell TEcell ICM cell
1430 111 111(100)  97(87)° 64(58)™ 36(32)° 25(23)° 18(16)™ 68.2+21.4™ 48.1+63" 19.6+8.4 "
1+45 111 111(100)  92(83)° 59(53)° 31(28)° 20(18)° 11(10)™ 70.7£17.5" 49.5+7.1" 19.1£7.3 "
1+60 111 111(100)  76(68)° 42(38)° 17(15)° 8(7)° 2(2)° 62.049.0° 48.5+7.5 13.5+1.5"
Control 44 44(100)  40(91)™ 30(68)™ 22(50)" 16(36)" 10(23)" 76.6+19.5* 55.245.1 20.1+7.5"
. Fresh control
[() FDA] 44 - 42(95)" 31(70)* 23(52)" 17(39)" 12(27)" 77.1%17.8" 56.0+6.4" 20.9+6.7"

% Means within columns with different superscripts differ (P<0.01 ANOVA).
Treatment groups: 1+30 = 1 min equilibration -followed by 30 sec of exposure to vitrification solution;
1445 = 1 min equilibration followed by 45 sec of exposure to vitrification solution;
. 1460 = 1 min equilibration followed by 60 sec of exposure to vitrification solution.
‘ Abbreviations: 8-C = 8-cell stage; 16-C = 16-cell stage; Mor = morula; BL = blastocyst; TE = trophectoderm; ICM = inner
cell mass.
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Table 2. In vitro development of buffalo MII odcytes and quality of blastocysts following vitrification
and parthenogenetic activation.

No. FDA  Cleavage

oocytes  viability (%) No. (%) of oocytes developed to Mean (S.D.) blastocyst cell No,

Treatment (%) 8-C 16-C Mor BL  Totalcell TEcell ICM ce]

1430 130 126(97) 84(67)° 42(33)° 24(19)° 15(12)° 10(8)° 71.6+183™ 49.144.7% 214495

1445 132 126(95)° 58(46)° 23(18)° 10(8)° 7(6)° S(4)° 69.9+19.6" 48.2+4.3% 202453

Control 118 118(100)* 105(89)* 81(69)* 53(45)* 41(35)" 28(24)" 78.5424.6" 59.046.1° 227442
Fresh control

[(-) FDA] 117 - 110(94)" 82(70)" 56(48)" 43(37)" 31(26)° 80.0+23.1*° 59.2453% 238460

1be Means withip columns with different superscripts differ (P<0.01 ANOVA).

Treatment groups: 1430 = 1 min equilibration followed by 30 sec of exposure to vitrification solution;
1+45 = 1 min equilibration followed by 45 sec of exposure to vitrification solution;

1460 = 1 min equilibration followed by 60 sec of exposure to vitrification solution.

Abbreviations: 8-C = 8-cell stage; 16-C = 16-cell stage; Mor = morula; BL = blastocyst; TE = trophectoderm; ICM = inner
cell mass.

Table 3. In h’tro dévelopment of buffalo MII oocytes and quality of blastocysts following vitrification and ICSI.

Cleavag
No. FDA ICSI 2™ PB c No. (%) of oocytes developed to Mean (£5.D.) blastocyst cell No.
viability  success
Treatment  oocytes (%) (%) (%) (%) 8-C 16-C___ Mor BL Totalcell  TE cell ICM cell
1+30 147 141(96)™ 141(100) 61(43)° 41(67)° 24(39)° 17(28)° 9(15)° 7(11)® 99.1*112" 61.0+9.1° 31.246.7"
1+45 146 133(91)°  132(99) 46(35)° 23(50)° 14(30)® 8(17)° S(I1®  3(7)° 94.8414.7" 60.2+5.8° 30.5+9.6"
Control 126 126(100)* 126(100) 70(56)* 60(86)" 47(67)" 31(44)" 23(33)" 15(21)" 101.7#123" 70.0£6.8° 32.244.5%
Fresh control [(- - '

) FDA] 130 130(100) 77(59)" 66(86)" 50(65)" 34(44)" 24(31)° 18(23)" 104.2+10.6" 69.2+8.6°  35.5+3.1°

*b¢ Means within columns with different superscripts differ (P<0.01 ANOVA).

Treatment groups: 1+30 = 1 min equilibration followed by 30 sec of exposure to vitrification solution;
1+45 = 1 min equilibration followed by 45 sec of exposure to vitrification solution;

1+60 = 1 min equilibration followed by 60 sec of exposure to vitrification solution.

Abbreviations: 8-C = 8-cell stage; 16-C = 16-cell stage; Mor = morula; BL = blastocyst; TE = trophectoderm; ICM = inner
cell mass.
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P < 0.05. In Experiment 1, the effects of IGF-I and EGF in DMM (TCM-199 supplemented with FSH, LH, 17B-estradiol, Na pyruvate, gentamycin
sulfate, and polyvinyl alcohol) were evaluated in 4 treatment groups (DMM as a control, DMM + EGF, DMM + IGF-I, and DMM + EGF + IGF-I).
Cleavage, morula, and blastocyst production rates were higher in the DMM + EGF + IGF-I (83.140.5, 47.7£0.5, and 30.8 + 1.2) than in the
DMM (72.9+1.3,37.0+ 1.1,and 20.2 + 1.2), DMM 4 EGF (77.2 £ 1.0,43.2 4 2.1, and 26.1 % 1.8), or DMM + IGF-I (79.9 £ 0.6,43.3 £ 1.2, and
25.7+ 1.3) groups (P < 0.05). In Experiment 2, the effects of Cys in DMM were evaluated. The addition of Cys to DMM + EGF + IGF-I resulted
in a mean blastocyst rate of 35.0 + 0.9% compared with 31.5 £ 1.3% in DMM + EGF + IGF-I alone (P < 0.05); however, mean cleavage rates
(84.54 1.3 v. 82.8 % 1.0) did not differ (P =0.32). In Experiment 3, the effects of DMM + EGF + IGF-I 4 Cys, SDMM (TCM-199 supplemented
with FSH, LH, 17B-estradiol, Na pyruvate, gentamycin sulfate, and BSA) + EGF + IGF-I + Cys, and UDMM (TCM-199 supplemented with FSH,
LH, 17B-estradiol Na pyruvate, gentamycin sulfate, and FBS) + EGF + IGF-I + Cys on cleavage and embryo developmental were compared. The
UDMM supplemented with EGE, IGF-I, and Cys resulted in higher proportions of cleavage, morula yields, and blastocyst yields (P < 0.05) than
the DMM or SDMM supplemented with EGF 4 IGF-I + Cys. There was no significant difference between DMM and SDMM in the proportions of
oocytes reaching the morula and blastocyst stages. In conclusion, an efficient system for in vifro production of sheep blastocysts was developed by
using a defined oocyte maturation system combined with growth factors, hormones, and an antioxidant, but the UUMM resulted in higher cleavage,
morula yields, and blastocyst yields than the DMM or SDMM.

210 CLEAVAGE ASSESSMENT AT DAY 2 TO PREDICT BLASTOCYST DEVELOPMENTAL POTENTIAL
IN PORCINE IN VITRO-FERTILIZED EMBRYOS

Y. J Kim, Y. P Jeon, and S. H. Hyun
‘ College of Veterinary Medicine, Chungbuk National University, Cheongju, Chungbuk, Republic of Korea

Porcine embryos could be a valuable tool to study preimplantation development, implantation, and pregnancy, but to do this it is necessary to
establish an efficient in vitro embryo production system. Because the cause of high mortality in embryos during preimplantation development is
not clear, a noninvasive method of determining the developmental potential of cleavage-stage embryos is needed. The objective was to evaluate
the developmental potential of Day 2 embryos in a porcine in vitro fertilization (IVF) system. Specifically, this study was conducted to examine
the relationship between embryo morphology 48 h after IVF on rates of blastocyst formation 5 days later. To prepare in vitro maturation (IVM)
of porcine oocytes, cumulus—oocyte complexes were obtained from slaughterhouse-derived ovaries and matured in M-199 medium supplemented
with 10% pig follicular fluid and 0.57 mm cysteine for 44 h and then freed from cumulus cells. After VM, cumulus-free oocytes were coincubated
with frozen-thawed sperm (2 x 10° cells mL~') and 2 mM caffeine for 6 h. Inseminated embryos were cultured in NCSU-23 medium that was
supplemented with 0.5 mm pyruvate and 0.5 mm lactate. Data were analyzed by ANOVA and Duncan’s test (P < 0.05). Morphology data on a total
of 919 embryos were analyzed retrospectively. Forty-eight hours after insemination, embryos were classified into the following 5 groups based on
the cleavage state: 1 cell, 2 cells, 4 cells, 5 to 8 cells, and fragmentation. These groups were cultured another 120 h and then evaluated for blastocyst
formation. Blastocyst formation rates were significantly higher in the 4-cell (38.07%) and 5- to 8-cell (40.65%) cleaving groups than in the other
groups (P < 0.05). In contrast, the 2-cell and fragmentation groups produced 7.5 and 2.9% blastocysts, respectively. Data suggest that embryos
reaching 4 cells and 5 to 8 cells by 48 h after insemination have high developmental competence, and this parameter may be useful to predict the
development of preimplantation embryos and their ability to establish pregnancy.

This work was supported by a grant (No. 20070301034040) from the BioGreen 21 program, Rural Development Administration, Republic of Korea.

211 INVITRO PRODUCTION OF SWAMP BUFFALO EMBRYOS BY INTRACYTOPLASMIC SPERM
INJECTION: EFFECT OF CHEMICAL ACTIVATION TREATMENTS

Y Y. Liang®, D. N. Ye*, C. Laowtammathron®, T. Phermthai®, and R. Parnpai®

AEmbryo Technology and Stem Cell Research Center, Suranaree University of Technology, Nakhon Ratchasima, Thailand;
Binfertility Clinic, Faculty of Medicine, Siriraj Hospital, Mahidol University, Bangkok, Thailand

Intracytoplasmic spern injection (ICSI) in the buffalo has not yet been well examined. Several factors involved affect the success rates of this technique,
particularly the postinjection activation procedure. The objective of this study was to evaluate the effects of chemical activation treatments on in vitro
development of oocytes after ICSI. A single spermatozoa was injected into the cytoplasm of an in vitro-matured oocyte using a micromanipulator
under an inverted microscope. The ICSI oocytes were assigned to the following chemical activation treatments: (1) exposed to 5 uM ionomycin
(To) in Emcare medium for 5 min and placed in Emcare medium for 3 h, or (2) exposed to 7% ethanol (EtOH) in Emcare medium for 5 min and
placed in Emcare medium for 3 h. The treated oocytes that extruded a second polar body were then selected and cultured either in (A) 1.9 mM
6-dimethylaminopurine (6-DMAP) in mSOF medium for 3 h, or (B) 10 jugmL~" of cychloheximide (CHX) for 5 h. The treated oocytes were further
cultured in mSOF medium supplemented with 3mgmL~" of fatty acid-free BSA at 38.5°C under a humidified atmosphere of 5% O3, 5% COz,
and 90% N, for 2 d. Thereafter, 8-cell-stage embryos were selected and co-cultured with buffalo cumulus cells in mSOF medium at 38.5°C under a
humidified atmosphere of 5% CO in air for another 5 d. The medium was changed daily and the development of embryos was recorded at the same
time the medium was changed. The sham-injected oacytes were treated and cultured along with ICSI oocytes. With 8 replications for each activation
treatment, 336 oocytes were used for ICSI. With 6 replications for each activation treatment, 211 oocytes were used for sham injection. The cleavage of
ICSI oocytes treated with fo + 6-DMAP, EtOH + 6-DMAP, and EtOH + CHX was 76.2, 69.4, and 78.3%, respectively, which was significant higher
(P < 0.01) than ICST oocytes treated with To + CHX (52.4%) and also significant higher (P < 0.01) than sham-injected oocytes in all treatments. The
highest blastocyst rate was observed in ICSI oocytes treated with To + 6-DMAP (28.6%), which was not significantly different from ICSI oocytes
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" treated with EtOH + CHX (24.4%). The blastocyst rates of ICSI oocytes treated with Io + 6-DMAP and EtOH + CHX were significantly higher
than ICSI oocytes treated with To + CHX (5.9%) and EtOH + 6-DMAP (16.5%) and also were significantly higher than sham-injected oocytes in
all treatments. In conclusion, our study demonstrated that activated ICSI of swamp buffalo oocytes with To + 6-DMAP or EtOH + CHX gave the
highest cleavage and blastocyst rates. }

This work was supported by the Thailand Research Fund and Suranaree University of Technology.

212 EFFECTS OF VASCULAR ENDOTHELIAL GROWTH FACTOR ON THE EARLY DEVELOPMENT
AND POLYSPERMY RATE OF OVINE EMBRYOS PRODUCED IN VITRO

H. Luo®, X. Cao™3B, Y Zhao®, P Zhou®, and G. Shi€

AChina Agriculture University, Beijing, China;
BGansu Agriculture University, Lanzhou, China;
CXinjiang Academy of Agriculture and Reclamation Science, Shihezi, China

To investigate the effect of vascular endothelial growth factor (VEGF) on the early development and polyspermy rate of ovine embryos in vitro,
2 experiments were conducted with human recombinant VEGF |5 supplemented to the media during maturation, fertilization, and culture in vitro,
respectively. Ovaries wgre collected from ewes at a local slaughterhouse. All oocytes surrounded by a multilayer of cumulus cells were collected and
rinsed 3 times in maturation medium (control medium and treatment medium, respectively). A total of 100 oocytes in each group were cultured in
4-well plates (Nunc) containing 800 pL of maturation medium at 38.5°C in an atmosphere of 5% CO; with saturated humidity. Four replicates of
. each experiment were conducted. Statistical analyses were conducted by ANOVA with SPSS 12.0 software (SPSS Inc., Chicago, IL, USA). Data are
expressed as means, and P < 0.05 was considered significant. In Experiment 1, to investigate the effect of VEGF on the early development of ovine
embryos in vitro, VEGF was used at 5 ngmL~! (treatment group A) and 10 ngmL ™" (treatment group B) in maturation medium (TCM-199 + BSA),
HSOF fertilization medium, and SOF culture medium. The results showed that the maturation rate was increased significantly (P < 0.01), from
75.76% in the control treatment to 83.98 and 80.23% in treatment group A and treatment group B, respectively. The cleavage rate was increased from
75.85% in the control group to 79.39% in treatment group A (P > 0.05). The development rates of morulae (45.03%) and blastocysts (23.54%) in
treatment group A were significantly higher (P < 0.01) than those in the control group (38.94 and 18.09%, respectively). In addition, the development
rates of blastocysts in treatment group B (21.05%) were lower than those in treatment group A (P > 0.05) and higher than those in the control group
(P > 0.05). In Experiment 2, to investigate the effect of VEGF on the polyspermy rate of ovine embryos in vitro, 5ngmL~! of VEGF was used in
TCM-199 + BSA maturation medium in this experiment. The results showed that the fertilization rate after 18 h of IVF was increased significantly
(P < 0.01), from 75.75% in the control group to 83.86% in the treatment group, and that the polyspermy rate was decreased significantly (P < 0.01),
from 12.64% in the control group to 7.68% in the treatment group. These results indicate that VEGF significantly improved the maturation and
fertilization rates of ovine oocytes and, consequently, the rate of embryo development in vitro, especially when the medium was supplemented

with SngmL~! of VEGF. The VEGF obviously decreased the polyspermy rate and bated the phenomenon of polyspermy in the process of ovine
oocyte IVF.

The present study was supported by the National Natural Science Foundation of China (No. 30371035).

213 POLARIZED LIGHT MICROSCOPY REVEALS AN ASSOCIATION BETWEEN ZONA BIREFRINGENCE
INTENSITY AND EMBRYONIC DEVELOPMENT IN BOVINE OOCYTES AND ZYGOTES

A. Mohammadi-Sangcheshmeh™, M. Koester®, T. Schimming®, D. Tesfaye®, M. Montag®,
K. Schellander®, and M. Hoelker®

Mlnstitute of Animal Science, Animal Breeding and Husbandry Group, Bonn, Germany;
BDepartment of Gynecological Endocrinology and Reproductive Medicine, University of Bonn, Bonn, Germany;
COctax Microscience GmbH, Altdorf, Germany

To increase the efficiency of human IVP, noninvasive parameters to predict the developmental competence of oocytes and zygotes would be useful for
selecting the right embryo to transfer. However, human oocytes and zygotes for experimental studies are rare. Therefore, using a bovine model with a
precisely large sample size was the aim of the present study to investigate whether zona birefringence intensity (ZBI), measured by polarization light
microscopy of metaphase IT (MII) oocytes and zygote-stage embryos, was associated with subsequent development. In this study, ZBI was measured
through 2 different parameters, the birefringence peak (PV, average signal strength of polarized light) and the birefringence peak combined with the
surface of the signal (CV, average signal strength of polarized light multiplied by the surface of the signal), by using polarized light microscopy and
OCTAX polarAIDE-software. Statistical analysis was done by the Tukey-Kramer test using SAS version 9.1. Cumulus—oocyte complexes (COC)
were recovered from slaughterhouse ovaries by aspiration. After in vitro maturation, M1l oocytes were denuded and activated parthenogenetically
(4-min exposure to 5 juM Tonomycin, followed by 3.5 h of incubation in 2 mm 6-DMAP) or fertilized in vitro before denudation. Subsequently, ZBI
of MIT oocytes (directiy after activation) and zygotes (24 h after the beginning of IVF) were measured. To allow tracking of subsequent development,
embryos were cultured individually in a well-of-well (WoW) culture system until Day 7 in CR1aa medium (5% CO3, 38.7°C, humidified air).
When parthenogenetically activated embryos were cultured (n = 365), 287 (78.6%) cleaved and 115 (31.5%) reached hlastocyst stage. The ZBI of
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Somatic cell nuclear transfer in swamp buffalo

Kanokwan Srirattana!, Mariena Ketudat-Cairns', Tatsanee Phermthai?,

Kumiko Takeda®, Takashi Nagai’ and Rangsun Parnpai’

'Embryo Technology and Stem Cell Research Center and School of Biotechhology,
Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand.
’Department of Obstetrics and Gynecology, Faculty of Medicine Siriraj Hospital,
Mahido! University, Bangkok 10700, Thailand.

*National I;zstitute of Livestock and Grassland Science, Ikenodai 2, Tsukuba, Ibaraki

305-0901, Japan.

Swamp buffaloes are an important livestock species that provides milk, meat
and draft power, and thus significantly contributes to the economy in Southeast Asia.
The population of_ swamp buffalo in Thailand has been dramatically decreased due to
their low fertility and less demands from people. Several assisted reproductive
techniques such as artificial insemination, embryo transfer, in vitro fertilization (IVF),
genome resource banking (semen, oocyte, embryo, somatic cell banks) and somatic
cell nuclear transfer (SCNT) have been implemented in buffalo production. Although
the SCNT buffaloes were successfully produced, the success rate is still extremely
low. Most recently, our studies have revealed that donor cells from fetal, ear skin,
granulosa and cumulus cells had the similar potential to support the development of
SCNT buffalo embryos. However, the blastocyst formation rate of SCNT buffalo
embryos was lower than that of bovine SCNT embryos using the same source of

somatic cells from cattle.
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Survival rates of matured buffalo oocytes after vitrification by Microdrop and Cryotop

and subsequent embryos development after intracytoplasmic sperm injection (ICSI)

MEIUNEIU LUAE LAY SNATIA WIan1e’

Yuanyuan Liang1 and Rangsun Parnpai"
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ABSTRACT

This study compared Microdrop and Cryotop vitrification techniques, with two protocols: VA
(10% EG + 10% DMSO for 1 min, followed by 20% EG + 20% DMSQO + 0.5M sucrose for 30 s) versus
VB (4% EG for 12-15 min, followed by 35% EG + 5% PVP + 0.4M trehalose for 30 s). The frozen-thawed
’oocytes viability was evaluated by fluorescein diacetate (FDA) staining. The surviving oocytes were
performed ICSI then were chemically activated. The viability of oocytes in fresh control (100%) was
higher than that of Microdrop (93%, VA; 79%, VB) and Cryotop (97%, VA; 81%, VB) vitrified oocytes. VA
sho.ved higher oocytes survival rate than VB. The Cryotop technique showed higher blastocysts than
Microdrop technique. The results indicated that vitrified-thawed buffalo oocytes by Microdrop and

Cryotop techniques could develop to blastocyst stage after ICSI.
Nowadays, buffalo is the major milk and meat prodqcing farm animal in many developing

countries. Cryopreservation of oocytes has great importance in buffalo. Efficient oocytes

Key Words: swamp buffalo, Mliloocyte.vilrification, cryotop, microdrop

- Yuanyuan Liang : xiaiyuanizholmail.com
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INTRODUCTION

cryopreservation protocols will widen and improve the strategic implementation of
reproductive technologies in the buffalo species.

Vitrification is the process that induces a glass-like solidification of living cells during freezing.
The unique advantage of the vitrification process is elimination of ice crystal formation, the most
dangerous cause of cryoinjury. There are some improved vitrification methods succeed in mammalian
oocytes cryopreservation such as Cryotop (Kuwayama and Kato, 2000), Cryoloob (Oberstein et al.,
2001), OPS (open pulled straw) (Vajta et al., 1998), GMP (giass micropipette) (Kong et al., 2000),
Microdrop (Papis et al., 2000), and EMG (electron microscope grids) (Martino et al., 1996). Among the
various methods of vitrification, Microdrop vitriﬁcation was easy and convenient, as it excluded the use
of any specialized device to introduce oocytes into liquid nitrogen. One of the most successful ultra-
rapid vitrif'gcation technique is the Cryotop vitrification that has resulted in excellent survival and

" developmental rates with human and bovine MIl oocytes (Kuwayama et al., 2005) when cryopreserved -
oocytes were fertilized in vitro. In addition, change in the zona pellucida (ZP) has shown to induce lower
fertility rates (Carroll et al., 1990; Vincent et al., 1990). These structural changes causing lower fertility
could be overcome by micromanipulation @echnique such as ICSI (Carroll et al., 1990; Kazem et al.,
1995; Karlsson et al., 1996; Porcu et al., 1997). _

The aim of this study was to investigate the effects of two vitrification procedures Microdrop
and Cryolop and two cryoprotectant procedures on the post-thaw morphology, embryos developmental
competence of vitrified buffalo MIl oocytes subjected to ICSI.

METERIALS AND METHODS

Unless stated otherwise, all reagents were purchased from Sigma Chemical Company (St.

Louis, MO, USA)
Oocyte collection and in vitro maturation

Buffalo ovaries were obtained from a slaughterhouse and transported to the laboratory within
- 4 h in physiological saline (0.9% NaCL). Cumulus-oocyte complexes (COCs) were collected from the
follicles 2-8 mm in diameter and were matured in vitro for 22 h. The medium for IVM was TCM 199
supplemented with 25 mM HEPES, 10% fetal bovine serum, 0.02 AU/mL FSH, 50 iu/mL hCG and
1pg/mL estradiol-17R8. After maturation, cumulus cells were gently removed by pipetting, and the

oocytes with a visible first polar body were selected for the following experiments.

Vitrification and warming

The M-Il oocytes were vitrified-warmed by either the Cryotop minimum volume cooling

procedure, originally reported by Kuwayama and Kato (Kuwayama and Kato, 2000) or Microdrop

vitrification method (Papis et al., 2000).

QR
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Two differeni cryoptotectant systems were used to vitrify buffalo MIl oocytes. Oocytes vitrified
by VA method was described as following. /n vitro matured oocytes were placed in TCM199-Hepes +
20% FBS (basic medium; BM) + 10% dimethylsulfoxide (DMSO) + 10% ethylene glycol (EG) for 1 min
and then exposed in BM + 20% DMSO + 20% EG + 0.5 M sucrose for 30 sec. Finally, a group of 5
oocytes were directly dropped with about 2 pl vitrification solution into liquid nitrogen or placed on a
sheet of each Cryotop in a small volume of the vitrification solution (<1pL). For storage, vitrified oocytes
were kept in liquid nitrogen for 1-2 weeks. The vitrified Microdrops or Cryotops were warmed by directly
immersing into 3 ml of 0.5 M sucrose in BM for 5 min, and then transferred to the BM for 5 min. Then
they were kept in the BM under a humidified atmosphere of 5% CO, in air at 38.5 °C for 1 h.

VB method was originally described by Dinnyes (Dinnyés et al., 2000). Briefly, the oocytes
were treated with an ec;uilibration medium which consisted of 4% (v/v) EG in BM for 12 to 15 min at 38.5
°C followed by 35% (v/v) EG, 50 mg/ml polyvinyl pyrrolidone (PVP) and 0.4 M trehalose for 30 s. Vitrified
oocytes were warmed by transferring Microdrops/Cryotops into a warming solution (0.3 M trehalose in
BM) at-38.5°C. One to 2 min later, the oocytes were consecutively transferred for 1-m:n into each 500-pl
droplets of BM supplemented with 0.15 M, 0.075 M and 0.0375 M trehalose, respectively. And then they

were cultured under a humidified atmosphere of 5% CO, in air at 38.5 “C for 1 h.

-

Evaluation of oocyte viability

Oocyte viability was evaluated by fluorescein diacetate (FDA) staining according to the
method previously described by Mohr and Trounson (Mohr and Trounson, 1980). Oocytes expressing a
bright green fluorescence were regarded as living ones and were used subsequently.

ICSI “

Straws of frozen spermatozoa wetre thawed in.a 37°C water bath for 30 sec. After 30 min
swimming up, the supernatant medium was centrifuged at 500xg for 5 min. Sperm pellet was washed
twice with BO-medium by centrifugation at 500xg for 5 min. Sperm suspensions were diluted
approximately 1:5 with PVP. A single, motile buffalo sperﬁwaloioon was immobilized agaihsi tne bottom
of the PVP droplet, loaded tail first with a minimum volurme of medium into the injection pipette and then
injected into the cytoplasm of a buffalo oocyte. The fresh Ml oocytes with or without FbA staining
conducted by ICSI were treated as contrbl gro(:ps.

Activation and in vitro culture

The injected oocytes were activated in 7% EIOH in Emcare medium for 5 min, and then
subsequently cultured in TCM199 + 10% FCS for 3 h to allow extrusion of the second polar body. The
oocyles extruded the second polar body were selected and transferred to mSOF medium
éupplemented with 10pg/mL CHX for 5 h. The zygotes were cultured in the mSOF medium under a

humidified atmosphere of 5% CO,, 5% .02. 90% N, at 38.5 °C for 2 days. Thereafter, embryos at the 8-
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cell stage were selected and co-cultured with bovine oviductal epithelium cells (BOEC) under a
humidified atmosphere of 5% CO, in air at 38.5 “C for 5 days (Pampai et a!., 1999).
 Statistical analysis .

Experiments were replicated at least three times in each treatment group. Data were
analyzed by ANOVA using the statistical analysis systems (SAS). The differences between groups were
considered to be statistically significant when P < 0.05.

RESULTS
Effect of vitrification methods on viability of oocytes

The viability of oocytes was examined by FDA staining. The viability of oocytes vitrified by
‘Cryotop (97%) was higher than Microdrop (93%) but lower than fresh control (1G0%) ifi VA medium. The
viability of oocytes by Cryotop (81%) and by Microdrop (79%) was no significant difference, which lower
than the f{esh control oocytes (100%) in VB method.

Effect of ;/itriﬁcation methods on ICSI results

After ICSI, the 2"_‘1 polar body formation of fresh control (+) FDA (56%) and ¢-) FDA (57-59%)
was no significant difference, but they were significantly higher than those of -Microdron (39%, VA; 37%,
VB) and Cryotop (43%, VA; 40%, VB). The 2™ polar body formation between Microdrop and Cryotop
were no significant difference in VA or VB. The cleavage rate of fresh control {+) FDA (79-82%) and (-)
FDA (81-83%) was no significant difference, but they were significantly higher than those of Microdrop
(65%, VA; 66;6, VB) and Cryotop (67%, VA; 72%, VB). The blasltocyst raie of fresh control (+) FDA
(21%) and (-) FDA (19-22%) was no significant difference, but they were significantly higher than those
of Microdrop (8%, VA; 5%, VB) and Cryotop (10%, VA; 11%, VB). The blastocyst formation rate of
Microdrop (8%) and Cryotop (10%) was no significant difference in VA, but Cryotop (11%) was higher
than Microdrop (5%) in VB.

DISCUSSION

The major finding of this study is that buffalo MIl oocytes could be cryopresered by vitrification
with Microdrop and Cryblop methods and the oocytes were suitable for ICSI produce.

Cryotop is the minimum volume procedures where the carrier tool, a thin film attached to a
plastic holder is equipped with a protective plastic tube (Kuwayama et al., 2005). Oocytes are loaded
on the film, the solution is almest entirely removed by aspiration, and the sample is immersed into liquid
nitrogen. Subsequently, for safe storage, the plastic tube is pulled over the film. The method is easy o
learn and perform, the cooling and warming rates are higher than those achievable with OPS, and the
simple manipulation decreases the risk of inconsistency.

Microdrop method involves dropping an oocytes-containing solution directly into liquid nitrogen,
the success of this method is due to elimination of the insulation effect of the container wall. Warming of

the oocytes is equally rapid when vitrified sample are directly dropped into a warm solution (Paris et al.,

no
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2900). One essential factor in cryosurvival is permeation of a certain amount of cryoprotectant into the
oocyte, which increase with the duration of exposure. However, the toxicity of the cryoprotectant must
be avo.ided. with an optimum exposure time being favorable for this purpose.

In the present study, we inveétigated the effect of VA, VB methods and Microdrop, Cryotop
technique on the oocyte viability after vitrified-warmed and embryo development foltowing ICSI. This
study has demonstrated that ICSI into frozen-thawed oocytes decreased the rates of 9% polar body
formation, cleavage and blastocyst development when compared with the fresh oocytes. The 2™ polar
body formation was judged as the ability of oocytes accomplishing meiosis. Our study revealed that
frozen-thawed procedure could reduce the oocytes ability to accomplish the second r-::ziosis.

Régarding the effect of vitrification technique, the recovery rates, viability oi Hocytes, embryo
development rates and blastocyst quality that derived from Cryotop were higher than k.:crodrop method.
Maybe because c;f the volume of vitrification medium contained with Cryotop was mu::* : more less than
Microdrop method, which can greatly increase the cooling speed. Cryotop vitrificatio::. which had been
applied to pronuclear-stage rabbit zygotes (Hochi et al., 2004), pre-hatching stage orcine embryos
(Esaki et al., 2004), germinal vesicle-stage whale COCs (lwayama et al., 2004), de: “ed M-Il bovine
oocytes (Chian et al., 2004), SCNTdegrived bbvine and swamp buffalo blastocysts (L: +tammathron et
aI:, 2005) and denuded M-Il oocytes and IVF-derived blastocysts in humans (Kuwa .na et al., 2000;
Katayama et al., 2003), was successfully extended to both denuded M-Il and er:icleated swamp
buffalo oocytes in the present study. Our results supported the view that Cryotop w. regarded to be
the effective tool for oocytes or embryos vitrification (Kuwayama et al., 2000).

The compariso_n of two vitrification medium (VA, VB) with similar results showed flexibily of
oocytes to tolerate cryopreservation. DMSO was used in combination with EG in VA, whereas EG was
alone used for equilibration and in comination with PVP for vitrification in VB. In bovine, oécytes have
higher permeability to DMSO than to EG (Agca et al., 1998), this may account for \VA working better
than VB according to lhe oocyte viability. | |

In conclusion, our sludy indicated that Cryolop method could yield high recovery and survival
rate of in vitro matured swamp buffalo oocyles which could develop to blastocyst stage after ICSI. The
vitrification method of VA could yield high survival rate of frozen-thawed in vitro matured buffalo oocytes.
But the development competence of frozen-thawed in vitro matured buffalo oocytes was significantly
lower than fresh control oocytes.
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Effects of various growth factors on in vitro development of swamp buffalo early antral follicles: A preliminary study
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This study was carried out to examine the effect of growth factors on swamp buffalo early antral follicle growth. The
follicles were divided into 3 groups, depended on their diameters, group I; 200-399 pum, group II; 400-599 pm and group III; 600-
9 pm. These foiili-clcs were embedded in collagen gel and cultured in in vitro growth (IVG) medium supplemented with growth
tors by 4 treatments: Treatment 1, no supplementation of growth factors as a control; Treatment 2, 50 ng/ml basic fibroblast
growth factor (bFGF); Treatment 3, 100 ng/ml insulin-like growth factor-I (IGF-) and Treatment 4, 50 ng/ml epidermal growth
tor (EGF) growth factor (EGF). The follicles were cultured in 4-well dish for 14 days. The diameter of follicle was measured at
day 7 and 14. The results showed that the diameter of follicle at day 0-7 in group I and group II that had been cultured in IVG

Medium+bFGF were able to increased follicle diameter but no significantly difference (P>0.05), whereas at day 7-14 follicles in

group | and 2 were significant increased follicle diameter (P<0.05). On the other hand, follicles in group I that had been cultured
1 [VG medium+bFGF and control group had higher increase follicle diameter (P<0.05) than [VG medium+EGF and IVG

mgdiumﬂGF-I. However, at day 7-14, follicl:e that had been cultured in IVG medium+bFGF and control group were able to

-

eased follicle diameter but no significant difference (P>0.05).
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HATBINS ITAISIANNSEAUNTULNAABMSNAILIVRIAIBBUNTETBNIAUAINISICSI
Effect of chemical activation treatments on the development of swamp buffalo
(Bubalus bubalis) follicular oocytes following intracytoplasmic sperm injection

VIEIIU MBI INRES BUTT UANNE quis Bugunsin Sunfidn Keneswilad
NUN23TOL AFSAUY YaaTung Ayt Judand foafes 1ityga winaean
T5 IMANBTINGT ATUWD 1 WU INEYIR-Aiud uas Faassd wianne
Yuan yuan Liang Anawat Sangmalee Sumeth Imsoonthorruksa Chanchao Lorthongpanich
Kanokwan Srirattana Nucharin Sripunya Wanwisa Phewsoi Kwanrudee Keawmungkun
Chuti Laowtammathron Danna Ye Mariena Ketudat-Cairns and Rangsun Parnpai
unAnsa

lunmasesis linsAnmndsrnnasilu uaznareamsldansnszdunisutiaia sensimmn
paslinsziianmendanis ICSI uamiﬁnmwudﬁﬁmmmiLLU'aﬁqmmﬁofjfau'lunziuﬁ‘lﬁ?uminsxﬁuﬁm
EtOH+CHX HAGINIINGN 10+6-DMAP UagINIINGH EtOH+6-DMAP uax lo+CHX atineiiitdndty
Sannainiingsrozuaalada gefigalungs 10+6-DMAP (30%) waznga EtOH+CHX (25%) Hailen
@INIINGH lo+CHX (6%) uazngu EtOH+6-DMAP (18%) stiniviudAty agldn nnsnseauliiianig
uivsreslinszileniaudans ICSI dat lo+6-DMAP viie EtOH+CHX Miuaifign waludauressns
nsuiiesn waznisaseydingsruzuanaladas

' ABSTRACT

Intracytoplasmic spern injection (ICSl) in buffalo has not yet well examined. This study
assessed the necessity for activation and the effects of chemical activation treatments on in vitro
development of oocytes after ICSI. The single spermatozoa was injected into the cytoplasm of an in
vitro matured oocyte using micromanipulator under inverted microscope. The ICSI oocytes were
assigned to chemical activation treatments: 1) exposed to 5 uM ionomycin (lo) in Emcare medium for
5 min and placed in Emcare medium for 3 h 2) exposed to 7% ethanol (EtOH) in Emcare medium for
5 min and placed in Emcare medium for 3 h. Then the oocytes which treated with lo and EtOH that
extruded 2nd polar body were selected and cultured either in A) 1.9 mM 6-dimethylaminopurine (6-
DMAP) in mSOF medium for 3 h or B) 10 pg/mL cychloheximide (CHX) for 5 h. The cleavage of ICSI
oocytes treated with EtOH+CHX was higher than that treated with lo+6-DMAP and was significantly
higher than EtOH+6-DMAP and lo+CHX groups. The highest blastocyst rate was observed in ICSI
oocytes treated with 10+6-DMAP (30%) which did not significant different with ICSI oocytes treated
with EtOH+CHX (25%). The blastocyst rates of ICSI oocytes treated with lo+6-DMAP and EtOH+CHX

showed significantly higher than that treated with lo+CHX (6%) and EtOH+6-DMAP (18%) and also
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significant higher than sham injected oocytes in all treatments. In conclusion, our study demonstrated
that activation of the ICSI swamp buffalo oocytes with lo+6-DMAP or EtOH+CHX gave the highe st

cleavage and blastocyst rates.

Key Words: ICSI, chemical activation, embryos development, swam buffalo

Yuan yuan Liang: xiaiyuan@hotmail.com

INTRODUCTION

The importance of swamp buffaloes (Bubalus bubalis) in many parts of the world is equal to
cattle for its meat, milk and labor, especially its resistance to climate, stress and diseases. However,
inherent reproductive problems like silent oestrous signs, long calving interval, delayed age of
puberty, low number of primordial folliéles limit the productivity of buffalo. Assisted reproductive
technologies applied on buffalo embryos in vitro production have received increasing interest in the
recent tim(;.

In naturéal fertilization, whether the oocytes can further develop depends on the activation of
oocytes by sperm, which undergoes the acrosome reaction and penetrates the zonal pellucid and
fuse with the oolemma. Intracytoplasmic sperm injection (ICSl) is a kind of assistant reproduction
technologies, which sends the sperm directly intov cytoplasm by passing the zona pellucida and
oolemma., and fertilizes the egg just need a single sperm in theory. Since the first ICSI applied in
mammals was reported on hamster (Uehara and Yanagimachi, 1976), several kinds of animal species
such as mice (Kimura and Yanagimachi, 1995), sheep (Catt et al., 1996), rabbits (Hosoi et al., 1998),
horses (Cochran et al., 1998),' cattle (Hamano et al., 1999), domestic cats (Gomez et al., 2000), and
pigs (Martin, 2000; Kolbe and Holtz, 2000; Lai et al., 2001) have been produced by the application of
this technique. However, up to now there is still no report on the ICSI applied in buffalo.

The activation of oocytes is necessary for the success of fertilization and further development
of oocytes to embryos whether it is natural fertilization or in vitro fertilization. Some species like
hamsters, mice and human (Perreault et al., 1988; Kimura and Yanagimachi, 1995; Tesarik and
Sousa, 1995; Kuretake et al., 1996) only ICSI alone seem to be sufficient to trigger the events of
oocyte activation. In contrast, other species such as cattle (Rho et al., 1998) and pig (Martin, 2000)
required additional activation of the oocyte after sperm injection. Up until recently, no information has
been done on buffalo oocyte activation following ICSI treatment. In previous research, we found that
ICSI alone is insufficient to activate the buffalo oocytes.

The mechanism of artificial stimuli activating oocytes is inducing the increase of intracellular
Ca’’ level which is similar to what is done by sperm. Ethanol (EtOH) has been used to activate buffalo
oocytes (Parnpai and Tasripoo, 2003) by promoting the formation of inositol 1,4,5-triphosphate (IP3)

at plasma membrane and induce the extracellular calcium influx which would form a large
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intracellular calcium concentration (llyin and Parker, 1992). In buffalo nuclear transfer, lonomycin (Io)
was used to induce repeated transient intracellular calcium rising (Saikun et al., 2004). Exposure to
single chemical cannot induce late events of mMRNA recruitment, pronuclear formation, DNA synthesis
and cleavage (Susko-Parrish et al., 1994; Schultz et al., 1995; Soloy et al., 1997). Thus, combination
of a Ca’" rise and an inhibition of either protein synthesis with cycloheximide (CHX) or protein
phosphorylation with 6-dimethyl amino purine (6-DMAP) can be an approach for activation of oocytes.

The objective of the present study was to evaluate the effects of combined activation

treatments of buffalo oocytes following ICSI on in vitro embryo development.

MATERIALS AND METHODS

Oocyte collection and in vitro maturation

Buffalo ovaries were obtained from a slaughterhouse and transported to the laboratory within 4
h. The ovarjes were placed in physiological saline (0.9% NaCl) in thermal containers. Cumulus-oocyte
complexes (C(SCs) were collected from the follicles 2-8 mm in diameter using a 21-gauge needle
and were matured in vitro for 22 h. After maturation, cumulus cells were gently removed by pipetting,
and the oocytes were subsequently washed 3 times in Emcare medium (ICP-Bio, Auckland, New

Zealand). Oocytes with a visible first polar body were selected for the ICSI.

Spe;'m preparation for ICSI

Straws of frozen spermatozoa were thawed in a 37°C water bath for 30 sec. Thawed
spermatozoa were gently injected to the bottom of the BO-medium supplemented with 1 mM caffeine
for sperm swimming up, after 30 min and then the supernatant medium were centrifuged at 500xg for
5 min. Deposit was washed twice with BO-medium by centrifugation at 500xg for 5 min. The sperm
pellet was resuspended in the BO-medium. Sperm suspensions were diluted approximately 1:5 with
10% polyvinylpyrrolidone (PVP).
ICSI procedures

Sperm injection was performed using an Olympus inverted microscope with a Narishige
micromanipulator. The inner diameter of the sperm injection needle was 8-10 ym, and the inner
diameter of the holding pipette was 20 pm. The first droplet was 10% PVP medium for washing
pipette, the second droplet was the sperm suspension with 10% PVP medium (1:5), and the third
droplet was Emcare medium for the ICSI procedure. These droplets were covered with mineral oil. A
single, motile buffalo spermatozoon was immobilized against the bottom of the PVP droplet, loaded
tail first with @ minimum volume of medium into the injection pipette and then injected into the
cytoplasm of a buffalo oocyte. Sham-injected buffalo oocytes were manipulated similarly without

injection of the sperm cell.
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Chemical activation treatment

Injected oocytes were exposed to 5 uM lo in Emcare medium for 5 min and placed in TCM1 99
medium for 3 h or exposed to 7% EtOH in Emcare medium for 5 min and placed in TCM199 medium
for 3 h to permit extrusion of their second polar body. The oocytes with a visible second polar body

were transferred to a drop of 1.9 mM 6-DMAP in TCM199 for 3 h or 10 ug/ml CHX in TCM199 for 5 h .

In vitro culture

After activation treatment, survival 6ocytes were co-cultured with granulosa cell monolayer in
TCM199 supplemented with 10% fetal bovine serum (FBS; Gibco BRL, Grand Island, NY, USA), as
described previously with some modification (Lu et al., 2007)). Embryos were cultured under a
humidified atmosphere of 5% CO2 in air at 38.5°C for 7 d. Half of the medium was changed every 48
h, and recorded development of embryos from Day 2 to Day 7.
Statistical analysis

Déta were analyzed by ANOVA using the statistical analysis systems (SAS). The differences

between groups were considered to be statistically significant when P < 0.05.

RESULTS

In vitro embryo development of buffalo oocytes following ICSI and activation treatment is
showed in Table1. Total of 104 Metaphase-Il buffalo oocytes were injected with and without sperm
cell,in control treatment (no activation treatment), no oocyte extruded the second polar body and
develop to 2-cell stage. The cleavageé of ICSI oocytes treated with lo + 6-DMAP, EtOH + 6-DMAP
and EtOH + CHX were 75%, 68% and 76% respéctively, which were significantly higher (p<0.01) than
that oocytes treated with lo + CHX (51%) and also significantly higher (p<0.01) than sham injected
oocytes in all treatments. The high cleavage and blastocyst rates were obtained after the activation
treatment of the injected oocytes with lo + 6-DMAP and EtOH + CHX. The lowest cleavage and
blastocyst -rates were..obtained from the  activation treatment of lo + CHX. The cleavage and
blastocyst rates of EtOH+ 6-DMAP treatment were significantly higher (p<0.01) than that of lo + CHX
treatment but significantly lower than that of lo + 6-DMAP and EtOH + CHX treatment.

In the sham-injected group, the cleavage of oocytes within these four treatments has no
significantly difference. The blastocyst rates of oocytes with treatment lo + 6-DMAP, EtOH + 6-DMAP
and EtOH + CHX were 13%, 9%, and 11% respectively, which were significantly higher (p<0.01) than
that treated with 1o + CHX (2%). There was no significant difference among lo + 6-DMAP and EtOH +
6-DMAP or EtOH + CHX treatments on the blastocyst rate.

81



~ g a a o £ a4
FINFANIIUNANDAIRNT msﬂs:'qumn-mmwawmmmamnvmmam AN 47

Table 1. In vitro development of buffalo oocytes after ICSI .

Activation ~ Sperm  No. of oocytes Cleaved No (%) of embryos developed to

treatment  Injection (%) 8-C 16-C Mor BL

lo+6-DMAP + 64 48(75)° 36(56)°  30(47)°  23(36)° 19(30)°

lo+6-DMAP - 55 32(58)° 24(44)°  18(33)  11(20)°  7(13)*
lo + CHX + 70 36(51)° 1521 10014 10(14)™  4(6)™
forsikis g 49 24(49)° 13EN° 818 4@° 12 3
EtOH+6-DMAP + 68 46(68)° 26(38)°  18(26)° 16(24)°  12(18)°

EtOH+6-DMAP - 54 31(57)° 27(50°  21(39)°  10(19)°  5(9)

EtOH+CHX + 72 55(76)° 33(46)  26(36)°  24(32)° 18(25)° ;
EIOH+CHX - 53 31(59)" 23(43)°  19(36)° 10(19)°  6(11)°
Control E 52 0° o 0° o° 0°
Control - 52 0° 0° 0° o’ 0 1

2bede Means within columns with different superscripts differ (P<0.01)

* Control means no activation treatment after sperm injection or sham-injection

a8 DISCUSSION
The result of this study showed that the additional activation treatment of buffalo oocytes
following ICSI was very necessary for embryo development. This finding had been confirmed by a
result of control experiment, which there was no oocyte can reach two-cell stage. Higher percentage
of embryo development were obtain with ICSI plus chemical stimulation. Unlike in the hamster

(Uehara and Yanagimachi, 1976), rabbit (Keefer, 1989) and human (Tesarik et al., 1994), which

mechanical processes during performing ICSI penetration of an ICSI needle through zona pellucida

and cytoplasmic suction were strongly enough to activate oocytes, but only mechanical activation
could not activate the buffalo oocytes.

Oocytes are naturally activated by sperm. Oocyte activation and parthenogenesis can be
induced by artificial, Ca’ oscillation and inactivation of both MPF and MAPK be used to evaluate the
artificial activation. Oocytes exposed to a single chemical (e.g., calcium ionophore; EtOH) or

electrical stimulus would induce a transient rise in intracellular calcium, but it is inadequate to full term

activation as the incomplete CG exocytosis, failure of pronuclear formation, mRNA recruitment and
DNA synthesis (Soloy et al.,1997). Thus, combination of a Ca”" rise and an inhibition of either protein 3
synthesis with CHX or protein phosphorylation with 6-DMAP can be an approach for avtivation of
oocytes (Susko-Parrish et al., 1994). Inhibition of protein synthesis can enhance oocyte activation by
induces temporal change in MPF and MAPK. CHX not only inhibit the cyclin B synthesis and maintain
low activity of MPF, but also inhibit the phosphorylation of MAPK after oocytes form pronuclear (Soloy
etal., 1997).

In the current study, the cleavage and blastocyst rates in sham-injected groups weré

significantly lower than sperm-injected groups in all activation treatments. These results indicated that
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the injected spermatozoa contributed to the activation process. Previous studies (Kimura et al., 1998)
suggest that spermatozoa carry a sperm-bome oocytes-activating factor (SOAF) into oocytes.

In this study, the comparison of 4 kinds of activation treatment combination has been done to
find the effective way for the buffalo oocyte activation following ICSI. The result demonstrated that the
high cleavage and blastocyst rates were obtained after the ICSI produced buffalo embryos were
activated with lo + 6-DMAP and EtOH + CHX. There was no significant difference between this two
treatments (P>0.05) on the cleavage and blastocyst rate.

Artificial activation of oocytes aims to mimic the action of sperm calls during fertilization
(Nakada and Mizuno, 1998). The cell-signaling process may be helpful in understanding this. M1lI
oocytes are characterized by high leves of MPF and MAPK activity (Alberts et al., 2004)
corresponding to high levels of cyclin B. The fertilization triggers a transient increase intracellular
calcium, which would inactivate the CSF and MPF by degrade the cyclin B or dephosphorylate cdc2
kinase. The events of oocytes activation include the release of cortical granules, accomplishment of
miosis, second polar body extrusion and pronucleus formation. In buffalo oocytes, lo is an popular
activating agent currently used in buffalo nuclear transfer protocol (Saikhun et al.,2004) which induce
induces repetitive transient rises of Ca2+ lasting for several hours. EtOH has been used to activate
buffalo oocytes (Parnpai et al., 2003) by promoting the formation of inositol 1,4,5-triphosphate (IP3) at
plasma membrane and induce the extracellular calcium influx which would form a large intracellular
calcium concentration (llyin and Parker, 1992). A single stimulus followed by 6-DMAP, an inhibitor of
phosphorylation, or CHX, an inhibitor of protein synthesis, can prevent the rise in histone kinase and
permit pronuclear formation. Different from CHX or IVF induced activation, 6-DMAP induced
dephosphorylation of MAPK, and therefore earlier pronuclear development. Combined treatments of
these agents were more effective in inducing activation and development of young bovine ooocytes
than any single treatment alone (Liu et al., 1998).

Higher cleavage and blastocyst rates in lo + 6-DMAP and EtOH + CHX and similar embryo
development to 2-cell, morula and blastocyst suggest that both treatments may have followed similar
signaling events.

In summary, the present data indicated that effective way for activation of the buffalo oocytes
following ICSl is lo + 6-DMAP or EtOH + CHX. Further studies, particularly the oocyte activation, need
to focus on the increase of normal diploid that will regularly result in chromosomally normal embryos,

fetus, and calf.
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