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Abstract

We investigated the potential of vitrified-warmed buffalo cocytes to develop to blastocysts
after parthenogenetic activation (PA) and somatic cell nuclear transfer (SCNT). In vitro-matured
oocytes before and after enucleation (MII oocytes and enucleated oocytes, respectively) were put in
7.5% DMSO and 7.5% ethylene glycol (EG) for 4, 7 and 10 min, and then vitrified using Cryotop
device after 1-min equilibration in 15% DMSQ, 15% EG and 0.5 M sucrose. Following 4-, 7- and
10-min exposure, proportions of the post-warm oocytes with a normal vitelline membrane were
similar (66-71% in MII oocytes and 69-71% in enucleated oocytes). However, 18-20% of the
normal MII oocytes had no detectable first polar body in their perivitelline space (no potential for
subsequent enucleation). When the post-warm MII cocytes were treated .for PA by 7% ethanol, 10
mg/ml. cycloheximide and 1.25 mg/mL cytochalasin-D, parthenogenetic development into Day-7
blastocysts occurred in 10--13% of cultured ococytes, lower (P < 0.03) than fresh (control) oocytes
(24%). In the absence of the cooling and warming, blastocyst rates in the 4-min exposure group
(22%), but not in the 7-min and 10~min exposure groups {14-15%), were similar to that in the fresh
group (23%). The total cell number {group average 117-132 cells) and the ICM ratio (22-24%) of
the PA blastocysts derived from vitrified MII cocytes were comparable with fresh oocytes (127
cells and 25%). After SCNT (with ear fibroblasts and vitrified-warmed oocytes), blastocyst rates
were similar in three exposure periods for MII cocytes (8—10%) and enucleated oocytes (7-9%), but
were lower (P < 0.05) than fresh group (15%). The total cell number of the SCNT blastocysts
derived from vitrified MII and enucleated oocytes (80-90 and 8§2-101 ceils) was smaller (P < 0.05)
than from fresh oocytes (135 cells); the ICM ratio of blastocysts derived from the MII and
enucleated oocytes after vitrification in 7- or 10-min exposure groups (20-22%) was not different
(P > 0.05) fresh control oocytes (24%) or those in 4-min exposure group (MII 23%, enucleated _
24%). Thus, SCNT of swamp buffalo oocytes following vitrification before or after enucleation
resulted in blastocysts with a slightly decreased cell number.

Cryopreservation of SCNT swamp buffalos was separated into 2 experiments. The first
experiment was to examine the developmental potential of cloned swamp buffalo morulae
cryopreserved by solid surface vitrification method (SSV). The second experiment was to
investigate whether the hatching stage of swamp buffalo SCNT blastocysts affected cryosurvival

after vitrification. The first experiment, cloned buffalo at morulae stage were vitrified by



qu_iiibrated in 4% EG in TCM 199-HEPES + 20% FCS at 39 C for 12-15 min before placed in
':_.ﬁed solution consisting of 35% EG, 5% polyvinylpyrrolidone, 0.4M trehalose in TCM 199-
PES + 20% FCS. Vitrified droplet consisted of 1-2 embryos were formed by dropping 1-2 pl on
etal surface cooled down to -150°C. Thawing was performed by directed placing vitrified
:L;Iets into 0.3M trehalose in TCM 199-HEPES + 20% FCS at 39 C for 3 min and washed §
mé's in TCM 199 + 20% FCS. Fresh and frozen-thawed morulae were co-cultured with bovine
: yiductal epithelium cell in 100 ul droplets of SOFaa + 10%¥FCS at 39°Cin 5% CO, in air for 3
_ é’y# A total of 58 morulae were vitrified and 49 (84.5%) had normal morphology without lysis
- fter thawing. The hatching rate of vitrified and fresh morulae was not different (39/49; 79.6% vs

3‘5:42/50 84.0%). This experiment demonstrated that SSV method can be used to cryopreserved

lpned swamp buffalo morulae. The second experiment, hatching blastocysts were harvested at day

65, and classified into one of three categories, early-hatching stage, middle-hatching stage and late-
hatchlng stage, according to the ratio of extruding embryonic diameter from zona pellucida to
.fg'_embryomc diameter inside the zona pellucida. The blastocysts were vitrified in 20% DMSO + 20%
';EG + 0.5 M sucrose in TCM 199-HEPES + 20% FCS, using Cryotop as a cryodevice. The post-
_.s;_thaw survival of the blastocysts after in vitro embryo culture for 24 h found that late-hatching stage
_:ZSI_I(IIOO%) had high cryo-tolerant than early-hatching stage (83%) and middle-hatching stage (75%),

';:_'respectively.
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Abstract

The objective was to determine whether the hatching stage of cattle and swamp buffalo somatic
cell nuclear-transferred (SCNT) blastocysts affected cryosurvival after vitrification, and whether
addition of linoleic acid-albumin (L.AA) to the IVC medium and Ficoll to the vitrification sclution
improves cryosurvival, Fused couplets were activated with ethanol and cycloheximide-cytochalasin
D (day 0), and were allowed to develop in the presence of 0.3% BSA or 0.1% LAA +0.2% BSA.
Hatching blastocysts were harvested at day 7.0 {eattle) or day 6.5 (buffalo), and classifi=d into one of
three categories, according to the ratio of extruding embryonic diameter from zona to embryonic
diameter inside the zona The blastocysts were vitdfied in 209% DMSO +20% ethylene gly-
col + 0.5 M sucrose, with or without 10% Feoll in TCM199 +20% FBS, using Cryotop as a
cryadevice. The post-thaw survival of the blastocysts was assessed by In vitro culture for 24 h. In
cattle, when the LA A-supplemented TVC medium and the Ficoli-fres vitrification solution were used,
cryosurvival of the carly-hatching blastocysts (77%) was not different from those of middle- and late-
hatching blastocysts (74 and 80%, respectively). Inclusion of Ficoll in the vitrification solution did

* Corresponding authars. Tel.: +66 44224244 (R. Parnpai)/+81 268215350 (5. Hochi);
fax: +66 44224150 (R. Pampai)/B1 268215830 (3. Hochi)
E-mail addresses: shochi@shinshu-wacjp (5. Hochi), rangsun @ces.sutac.th {R. Pampai).

0093-691X/$ — see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/.theriogenology.2005.02.001
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‘pot improve the cryosnrvival of SCNT blastocysts {34 to 68%). Early-harching SCNT blastocysts
‘produced in the absence of LAA were sensitive to the vitrification procedure (cryosurvival 56%;
‘P < 0.05 versus 80% in the late-hatching blastocysts). The full-term developmental potential of
‘SCNT blastocysts was proven only in the non-vitrified control group. In buffalo, the mean
‘cryosurvival of hatching SCNT blastocysts produced with LAA (89%) was not different from that
- of those produced withoot LAA (87%). In conclusion, bovine SCNT blastocysts, regardless of their
' hatching stage, were relatively resistant to vitdfication by the ultra-rapid cooling procedure when the
blastocysts were produced in the presence of LAA. Fusthermore, swamp buffalo SCNT blastocysts
.were more tolerant of vitrification than bovine SCNT blastocysts.

' 2005 Elsevier Inc. All rights reserved.

Eeywords: Cryatop; Ficoll; Hatching; LAA; Nuclear transfer

1. Introduction

Recent advances in embryo cryopreservation in bovine species include high survival rates
 after vitrification by ultra-rapid cooling procedures. With IVE-derived bovine embryos, ultra-
rapidcooling in cryodevices such as open-pulled straws (OPS) [1] and gel-loading tips [2] has
made it possible to cryopreserve embryos at various developmental stages ranging from 1-cell
zygotes to expanded blastocysts. Embryos produced by muclear transplantation have
mechanical slits in their zonae pellucidae, and therefore initiate hatching earlier than non-
manipulated embryos. Nguyen et al, [3] were the first to achieve high in vitro survival of

bovine somatic cell nuclear-transferred (SCNT) biastocysts cryopreserved by 2 combination

- of partial dehydration and vitrification. They used conventional 0.25-ml. French stzaws as

" embryo containers and a vitrification solution consisting of 40% ethylene glycol (EG) + 18%
Ficoll + 0.3 M sucrose (EFS40), originally reported by Kasai et al. [4]. Gong et al. [5] used the
same EFS40 solution for vitrification of SCNT embryos and successfully produced a cloned
calf following transfer of nine vitrified-warmed embryos. Another cloned calf has been
delivered from a SCNT blastocyst vitrified in a solution consisting of 20% EG +20%
DMSO + 0.6 M sucrose, using the OPS systemn [6].

Removal of serum from the IVC medium for culturing presumptive zygotes improved
the resistance of blastocysts to cryopreservation {7-9]. Abe et al. [9] reported that
cytoplasmic lipid droplets were highly accumulated in the bovine morulac and blastocysts
when the IVE zygotes were cultured in IVC medium that contained serum.
Supplementation with the unsaturated fatty acid-conjugated BSA (linoleic acid—albumin,
LAA), to the IVM and IVF media {10] and IVC medium {11-13] produced bovine zygotes
and embryos resistant to the conventional two-step freezing procedure.

In contrast to the highly reproducible SCNT procedure in cattle, efficiency in producing
SCNT buffalo embryos is not satisfactory [14,15), despite an increased demand for cloned
buffaloes. We have previously reported that efficiency in producing SCNT blastocysts in
swamp buffalo (19-22%) was approximately half of that in cattle (39-41%) [15]. On the
other hand, both bovine- and buffalo-enucleated oocytes receiving buffalo fibroblasts
equaily developed into blastocysts (33 and 39%, respectively) [16]. There have been only a
few reports on the cryopreservation of buffalo embryos [17-21], including the birth of
calves after transfer of vitrified-warmed water buffalo IVE-derived embryos [21].
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The present study was undeitaken to determine whether the hatching stage of bovine
SCNT blastocysts affects cryosurvival after vitrification by the minimum volume cooling
(MVC) procedure, and whether addition of LAA to the IVC medium and of Ficoll to an
EG + DMSO-based vitrification solution improves cryosurvival (experiment 1). Ao

. additional vitrification study was conducted for swamp buffalo SCNT hatching blastocysts
produced by IVC, with or without LAA (experiment 2). '

2. Materials and methods
2.1. Chemicals and media

All chemicals were purchased from the Sigma Chemical Company (St. Louis, MO,
USA) unless stated otherwise. For culturing donor cells, alpha minimal essential
mediom (a-MEM) supplemented with 10% fetal bovine serum (FBS; Gibco BRL,
Grand Island, NY, USA), defined hereafter as o-MEM/FBS, was used. For
cryopreserving the cultured donor cells, 10% DMSO was added to the tissue culnire
medium 199 (TCM199) supplemented with 25 mM HEPES and 20% FBS, defined
hereafter as HEPES-buffered M199/FBS. The IVM medium for oocyte maturation
was TCMI199 supplemented with 10% FBS, 50 IU/mL hCG (Chorulom; Intervet,
Boxmeer, Netherlands), 0.02 AU/mL FSH (Antrin; Denka Phamaceuticals, Tokyo,
Japan) and 1 pg/ml. estradicl 178, The Emcare holding medium-(ICP Bio, Auckland,
New Zealand) was used as the basal medium throughout the process of enucleation
to erthano!l activation, except during electrofusion, when the Zimmermann medium
[22] was used. The IVC medium for culturing SCNT embryos was modified syn-
thetic oviduct fluid with amino acids (mSOFaa) {23] supplemented with 0.3% fatty
acid-free BSA (Sigma, A6003) or 0.1% LAA (Sigma, L8384) +0.2% fatry acid-free
BSA.

2.2. Production of SCNT blastocysts

2.2.1. Preparation of donor cells

The ear skin of adult Holstein cow and swamp buffalo (n = 1 each) was biopsied and
transported to the laboratory. Skin tissues were removed from cartilags and cut into small
pieces before being placed in 60-mm culture dishes (Nune, Roskilde, Denmark) and
covered with a sterile glass slide. An amount of 5 mL of a-MEM/FBS was added into the
dishes and the tissue was cultured for 8~10 days in a humidified atmosphere of 5% CO5 in
air at 37 °C. The fibroblasts outgrowing from ear skin tissues were harvested using 0.25%
Trypsin-EDTA. and seeded in 5 mL of a-MEM/FBS ir a 25-cm? culture flask (Nunc). At
sub-confluence, fibroblasts were harvested by standard trypsinization and subjected to
passages. The fibroblasts were frozen at the third cell culture passage and stored in liguid
nitregen (L.N,). The post-thaw fibroblasts were cultured in o-MEM/FBS and used for
nuclear transfer between passages 3 and 8 of culture. A few minutes before donor cell
injection, a single cell suspension of the fibroblasts was prepared in an Emcare holding
meaium.
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2.2.2. Preparation of recipient cytoplasms

Abattoir-derived bovine (Holstein) and buffalo ovades were transported to the
laboratory within 4 h of slaughter. Camulus-oocyte complexes (COCs) were obtained by
aspiration from follicles 3-6 mm in diameter using an 18-gauge needle attached to 2 10 mL
syringe, and washed four times with PBS supplemented with 0.1% potyvinyl pyrrolidone
(PVP). Bach of 20 COCs was cultured in 100 wL droplets of TVM medium covered with
mineral oil in a humidified atmosphere of 5% CO; in air at 38.5 °C for 21 h.

At 21 h of IVM culture, the cumulus cells were mechanically removed by repeated
pipetting using 2 fine-tip pipette in 0.2% hyarulonidase and washed five times in the
Emcare holding medium. Oocytes with an extruding first polar body were placed in 3 gl
mL cytochalasin B for 15 min, and enucleated by 2 micromanipulator under an inverted
microscope (200x magnification). Briefly, the zona pellucida close to the first polar body
was dissected with a glass needle and a small volume (~10%) of cytoplasm lying beneath
the first polar body was squeezed out of the opening of zonz pellucida. The enucleated
pocytes were washed five times in the Emcare holding medium and kept in the same
medium until donor cell injection. The successful enucleation of zach oocyte was
confirmed by Hoechst 33342 finorescent staining of the corresponding karyoplast that was
squeezed out.

2.2.3. Reconstruction and IVC

An individual donor cell, 14 to 16 pm in diameter [14), was inserted into the
perivitelline space of the cytoplast, using 2 slit in the zona pellucida dissected at
enucleation. The donor cell-cytoplast couplets were fused in the Zimmermann medium by
two direct currents (2.4 KV/cm for 15 ps in cattle, and 2.6 kV/cm for 17 ws in buffalo; the
distance between electrodes was about 110 wm) generated by a hand-made fusion machine
(SUT F-1, Suranaree University of Technology). The number of couplets successinlly
fused was tecorded 1h after electro-stimuladon. The fused couplets (reconstructed
embryos) were activated by 2 combined treatment of 7% ethanol in the Emcare holding
medium for 5 min and 10 pg/mL cycloheximide + 1.25 pg/mL cytochalasin D in mSOFaa
medium + 10% FBS in a humidified atmosphere of 5% CO; in air at 38.5 °Cfor5h.

The reconstructed embryos were cultured in mSOFaz medium supplemented with 0.3%
BSA or 0.1% LAA + 0.29% BSA in a bumidified atmosphere of 5% CO,, 5% O,, 90% Ny at
38.5 °C for 2 days (20 embryos per 100 pL droplet), Thereafter, SCNT embryos at the §-
cell stage were selected and co-cultured with bovine oviductal epithelial cells BOEC)ina
humidified atmosphere of 5% CO, in air at 38.5 °C for 5 days (10 embryos per 100 pL
dropler), as described previously [14]. Half of the volume of culture medium was replaced
every day.

2.2.4. Classification of hatching blastocysts

The blastocysts at the hatching stage were harvested at day 7 (in the case of cattle) or day
6.5 (in the case of buffalo) and photographs were taken. As shown in Fig. 1, three hatching
stages were identified according to the ratio of extruding embryonic diameter from zona
(D2) to embryonic diameter inside the zona (D1); early-hatching stage: D2/D1 =0.01-
0.70, middie-hatching stage: D2/D1 = 0.71-1.00 and late-hatching stage: D2/D1 = 1.01-
1.70. Hatching- blastocysts that developed beyond the D2/D1 ratio of 1.71 (mostly or
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Fig. 1. Classification of hatching stage of bovine and swamp buffato SCNT blastocysts. Haiching blastocysts weee
classified into one of threc groups according to the ratio of extruding embryoaic diamster from zona (D2} to
embryonic diameter inside the zona (D1); Early-hatching stage: D2/D1 = 0.01-0.70, Middle-hatching stage: D2/
D1 =0.71-1.00, late-hatching stage: D2/D1 = 1.01-1.70. Some representative photographs of hatching bovine
SCNT blastocysts are shown. Scale bar=50 pm.

completely hatched) or those with extremely low morphological quality were not used in
the present study.

2.3. Vimification and cryosurvival assay

2.3.1. Vitrification by MVC procedure

Embryos were exposed to 10% (v/v) EG + 10% (v/v) DMSO in HEPES-buffered M199/
FBS for 2 min at 22 °C, and then transferred into a vitrification solution consisting of 20%
(v/v) EG +20% (v/v) DMSO + 0.5 M sucrose with and without 10% (w/v) Ficoll in
HEPES-buffered M199/FBS. In the buffalo series, Ficoll was not added to the vitrification
solution. One to three embryos were placed on a sheet of each Cryotop (Kitazato Supply
Co., Tokyo, Japan) in a small volume of the vitrification solution (<1 pL}. The Cryotop
device was plunged into LN, after the embryos were exposed to the vitrification solution
for 30 s at 22 °C.

2.3.2. Warming and culture for survival assay
After storage in LNy, the embryos were thawed by immersing the Cryotop iato 0.3 M
sucrose in HEPES-buffered M199/FBS for 5 min at 22 °C. Finally, the embryos were
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placed into HEPES-buffered M199/FBS following a stepwise dilution with 0.4, 0.3, 0.2, and
0.1 M sucrose solutions at 5 min intervals. The post-warm embryos were washed three times
with mSOFaa containing BSA or LAA + BSA (in which the tested embryos were produced),
and co-cultured with BOEC in 2 humidified atmosphere of 5% CO, in air &t 38.5 °Cfor 24 h
(1-5 embryos per 100 L dropler). The embryos developing to 4 more advanced hatching
stage, with a clearly visible inner cell mass, were considered to be surviving.

2.3.3. Embryo transfer to recipients

Some bovine SCNT blastocysts were transferred to recipients after vitrification,
warming, and in vitro culture for 24 h. One or two embryos were transferred into the
aterine horn (ipsilateral to ovulation) of a recipient Holstein cow or heifer that had been
synchronized naturally or by treatment with 500 pg of a PGF,, analogue (Estrumate;
Sherling-Plough, New South Wales, Australia). Fresh control day-7 SCNT blastocysts
were transferred to synchronous recipients. Pregnancy was diagnosed on day 40 by
ultrasonography and on days 60 and 120 by transrectal palpation.

2.4. Siatistical analysis

Experiments were 1eplicated at least three times in each treatment group. The post-
warm survival rates of SCNT blastocysts were compared by chi-square test and pregnancy
rates of recipients by Fisher's exact probablility test, using the StatView program (Abacus
Concepts, Berkeley, CA, USA). A value of P <0.05 was chosen as an indication of
staristical significance.

3. Results
3.1, Cryosurvival of bovine SCNT blastocysts (experiment 1)

The overall successful enucleation rate of bovine IVM cocytes was 86.4% (1614/1868) )
and the fusion rate of donor fibroblasts with the recipient cytoplasts was 85.4% (1196/
' 1401). Efficiency in producing SCNT blastocysts on day 7 in the LAA-containing IVC
medium (40.7%, 246/604) was higher (P =0.005) than that in the LAA-free mediam
(32.3%, 144/445).

The in vitro survival rates of day-7 SCNT bovine blastocysts after the MVC-cryotop
vitrification are summarized in Table 1 and the photograph of a blastocyst surviving 24 h
after warming is shown in Fig. 2A. All vitrified bovine blastocysts were recovered. When
the LAA-supplemented IVC medium and the Ficoll-free vitrification solution were used,
cryosurvival of the early-hatching blastocysts (77%) was not different from those of
rmiddle- and late-hatching blastocysts (74 and 80%, respectively). Inclusion of Ficollin the
vitrification solution did not improve the cryosurvival of SCNT blastocysts (54 to 68%).
The early-hatching SCNT blastocysts produced in the absence of LA A were sensitive to the
vitrification procedure. o

The in vivo developmental potential of vitrified-warmed and I-day-cultured SCNT
blastocysts as well as fresh day 7 SCNT blastocysts is shown in Table 2. Seven of 14
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Table 1
Cryosurvival of bovine SCNT blastocysts harvesizd on day 7: effects of hatching stage, LAA in IVC mediom, and
Ficoli in vittification solution (VS)

LAA during IVC Ficoll in VS Mo. survived/no. examined (%)

Hatching stage
Early Middie Late Overall
+ 2 23730 (77 20027 (74} 24130 (B0) 67/87 (77T
+ + 23/34 (6B} 15/28 (54} 19/32 59 57794 (61)°

- - 15127 (567 20/30(67) 28735 (BO) 63/92 (68)-"

* ‘Within 2 column, ratios with a different superscript were different (P < 0.05).
b Tithin 2 column, ratios with a different superscript were different (P < 0.05).
* Within a row, ratios with a different superscript were different (P < 0.05).
¥ Within a row, ratios with a different superseript were different (P < 0.05).

Fig. 2. Photographs of the SCNT blastocysts surviving 24 h after vitrification and warming: (A) bovine and {B)
buffala. During post-warm culture, buffalo embryos appeared 1o develop slightly faster than bovine embryos.
Scale bar = 30 pem.

recipients (50%) receiving a total of 25 post-warm surviving SCNT blastocysts were
pregnant at day 40 while 11 of 27 recipients (41%) receiving a total of 37 fresh SCNT
blastocysts were pregnant. Although four recipients that had received post-warm embryos

T: .
I;]::iij survival of bovine SCNT blastocysts after vitrification and warnming )
Groups No. embryos transferred/recipient females No. (%) pregnant recipients®

Day40 Day 60 Iday 120  Full-term
Vitrified 25/14 7 (50) 4 (29) oor ao°
Fresh conrol ~ 37/27 i1 (41 T7(26) 519 3% 11y

* All pregnant recipients had a single conceptus.

Y Within a colemn, ratios with a different superscript were different (P < 0.05).
. ° Within 2 column, ratios with a different superseript were different (P < 0.05).

% Two calves died soon after birth, while one calf survived.
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Table 3 o
Cryosurvival of swamp buffale SCNT blastocysts harvested on day 6.5: effects of hatching stage and LAA in IVC
medium

LAA during IVC No. survived/oo. examined (%)

Hatching stage

Early Middle Late Qverall
1 415 (80) 515 (100) B3 (89) 17/19 {89)
- 10/12 (83) 6/8 (75) . 10/10 (100) 26/30 (87)

Ficoll was not added to the vitrification solution.

(29%) and seven that had received fresh embryos (26%) maintained their pregnancies until
day 60, only three cloned calves (11%) were delivered from three recipients in the fresh
embryo group. Two calves died soon after birth and one calf survived.

3.2. Cryosurvival of buffalo SCNT blastocysts {experiment 2)

The overall successful enucleation rate of buffalo IVM oocytes was 85.8% (1011/1179)
and the fusion rate of donor fibroblasts with the recipient cytoplasts was 86.3% (676/783).
Between the LAA-containing medium and the LA A-free medium, efficiency in producing
SCNT blastocysts on day 6.5 (20.7%, 39/188 and 18.9%, 63/332, respectively) was similar,

All vitrified buffalo blastocysts were recovered. The mean cryosurvival of hatching
SCNT blastocysts produced with LAA (89%) was not different from that of those produced
without LAA {87%), as shown in Table 3. Although the number of blastocysts classified
into each of three hatching stages was small, cryosurvival of buffalo SCNT blastocysts
tended (P =0.06) to be higher than that of bovine blastocysts without LAA. The
photograph of a buffalo blastocyst surviving 24 h after warming is shown in Fig. 2B.

4. Discussion

In the present study, relatively high survival rates of bovine and buffalo SCNT
blastocysts after vitrification and warming were obtajned using the cryotop as a cryodevice.
A variety of containers or devices, including an electron mMicrascope gnid [24], OPS 111,
nylon loop [25] and cryotop [26], all of which can minimize the volume of vitrification
solution for the ultra-rapid cooling rate, have been used for vitrification of mammalian
embryos and oocytes. Comparative studies between OPS and cryotop in bovine and ovine
morulae to blastocysts [27], pronuclear-stage rabbit zygotes [28] apd germinal vesicle-
stage whale oocytes [29] suggest that cryotop is a better alternative cryodevice than OPS.
Recently, MVC-cryotop vitrification has been successfully applied to pre-hatching
embryos in pigs [30,31], cocytes and blastocysts in humans {32,331, and IVM oocytes or
enucleated cytoplasts in buffalo [34]. A possible advantage of the MVC-cryotop
vitirification procedure originally reported by Kuwayama and Kato [26] may be due to the
use of a lower concentration of permeating cryoprotective agents (CPA) in the vitrification
solution (30%), but the composition of the vitrification solution employed in the present
study was the same as that reported for the OPS system (CPA concentration 40%) [11.
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Blastocysts produced by nuclear transplantation have mechanicat slits in their zonae
pellucidae, and therefore initiate hatching eartier than their non-manipulated counterparts.
Bovine blastocysts microinjected with exogenous DNA at the pronuclear stage also
initiated batching earlier without thinning their zonae pellucidae, and survived
cryopreservation by conventional freezing and vitrification as far as the blastocysts were
harvested on day 7 [35]. However, day 6 blastocysts were sensitive to vitrification.
Cryosurvival of IVE-derived bovine blastocysts biopsied on days 7 to 8 was relatively high
(78% [36], 86% [37]).- Among in vivo and IVFE-derived bovine embryos, the expanded
blastocyst seems to be the stage most tolerant to cryopreservation (see review by Massip
[38]). Kelly et al. [27] reported that post-va;ann hatching rates of IVE-derived bovine and
ovine embryos were improved by the progression of embryo development when days 5-7
embryos were vitrified using cryotop or OPS. Amarnath et al. [39] recently reported that
bovine SCNT day 8 blastocysts at the advanced hatching stage survived conventional
freezing better than the early stage blastocysts (86% versus 14%). In the present study, the
cryosurvival of early hatching bovine SCNT blastocysts produced with LA A-free medium
was significantly lower than that of advanced embryos (56% versus 80%, Table 1),
probably due to their lower cell numbers. '

There have been reports describing a positive effect of LAA in IVC medium for IVE-
derived bovine zygotes on improvement in their survival rate after conventional freezing [11-
13]. In the present study, the higher sensitivity of early-hatching bovine blastocysts to
vitrification may be reduced by culturing SCNT embryos in the presence of LAA (Table 1). A
suboptimal IVC condition for IVF-derived bovine embryos induces accumulation of
intracellular lipid droplets [8,9]; these droplets are responsibie for the high sensitivity of pig
{40] and cattle [41] embryos to cryopreservation. The quality of blastocysts is often judged
based on developmental kinetics and total cell numbers. Although these parameters were not
examined in the present study, the morphological appearance (grade or cellular darkness; data
not shown) seemed to be similar in blastocysts produced with LAA-containing medium and
LAA-free medium. A possible contribution of LLAA to improving cryotolerance may be
modification of membrane lipid composition, facilitating water loss from the cell.

Composition of the vitification solution (permeating CPAs and non-permeating
macromolecules or saccharides) is among the factors influencing cryosurvival of embryos.
A vitrification solution named EFS40 has been widely used for embryo cryopreservation in
mice, rabbits, horses, cattle and marsupials, and in pigs and humans afterreplacing sucrose with
trehalose (see review by Kasai [42]). Possible cryoprotective roles of macromolecules (e.g.,
polyethylene glycol, polyvinyl pyrrolidone, Percoll, Ficoll, and BSA) added to the vitrification
solution are promoting solidification of the solution and reducing the chemical toxicity of the
permeating agents. The Ficoll-70 was less toxic than polyethylene glycol when it was mixed
with 40% EG [43]. In the present study, addition of 10% Ficoll-70 to a vitrification solution
containing 20% EG, 20% DMSO and 0.5 M sucrose had no impact on cryosurvival of SCNT
bovine blastocysts, When either two different permeating CPAs are used a5 2 mixture, orwhen
DMSO is incinded in the vitrification solution, further addition of Ficoll may have anegligible
or even adverse effect on improving cryosurvival. To date, positive effects of Ficoll have been
derived only in solutions containing 30 to 40% EG or 40 to 50% glycerol [42].

The full-term developmental potential of bovine SCNT blastocysts after vitrification
and wanming was not proven in the present study. Pregnancies of recipient cows or heifers
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receiving vitrified-warmed SCNT blastocysts were maintained for no longer than 60 days.
The reason for the pregnancy loss was unknown and requires fasther investigation. The
statistical significance between fresh and vitrified embryos should not be over-emphasized
due to the small number of embryos transferred. The first live calves derived from vitrified
SCNT blastocysts have been reported in 2003-2004 from two independent laboratories
[5,6]. Gong et al. [5] reported that transfer of nine vitrified SCNT blastocysts into nine
recipients resulted in three pregnancies at day 60 and birtk of a cloned calf, while transfer
of eight fresh SCNT blastocysts into eight recipients resulted in two pregnancies at day 60
and two newborn calves. Tecirlioglu et al. [6] reported that transfer of 53 vitrified SCNT
blastocysts into 14 recipients resulted in six pregnancies at day 40 and the birth of a cloned
calf. In the latter study,.none of the seven fresh SCNT blastocysts transferred into two
recipients resulted in the birth of cloned calves (a larger scale experiment is on-going;
personal communication, Dr. Tecirlioghu). The high frequency of embryonic loss during
the first and the second trimesters of the gestation period, as well as perinatal deaths, is still
an obstacle for somatic cell nuclear transfer in cattle.

Buffalo SCNT embryos appeared darker and developed a half-day earlier than bovine
SCNT embryos [14]. However, buffalo SCNT blastocysts are more likely to survive
vitrification than bovine SCNT blastocysts (Tables I and 3). The high content of
intracellular lipid droplets in porcine embryos at early stages is still considered as the major
cause of their high sensitivity to low temperature [40]. Nevertheless, Hayashi et al. [44]
reported that expanded and hatched porcine blastocysts were capable of developing full-
term zfter conventional freezing. Duran et al. [21] recently reported that approximately
90% of IVE-derived water buffalo erbryos survived vitrification in EFS40 sotution when
the embryos were vitrified at the morula to expanded blastocyst stages, followed by birth of
six calves after transfer of 71 post-warm embryos. In the present study (Table 3), the late-
stage hatching blastocysts had a high cryotolerance (95%, 18/19), but their true survival in
vivo remains to be clarified.

In conclusion, bovine SCNT blastocysts regardless of their hatching stage were
relatively resistant to the MVC-cryotop vitrificaton procedure when the blastocysts were
produced in the presence of LAA, and swamp buffalo SCNT blastocysts were more
tolerant of vitrification than bovine SCNT blastocysts.
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Quality analysis of buffalo blastocysts derived from
 oocytes vitrified before or after enucleation and
reconstructed with somatic cell nuclei
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estigated the potential of vitrified-warmed buffalo oocytes to develop to blastocysts after perthenogenetic activation (PA)
Hé cell nuclear transfer (SCNT). In vitro-matured oocytes before and after epucleation (M-IT oocytes and enucleated
é'spcctivaly) were put in 7.5% DMSO and 7.5% ethylene glycol (EG) for 4, 7 and 10 min, and then vitrified (Cryotop
after 1-min equilibration in 15% DMSO, 15% BG and 0.5 M sucrose. Following 4-, 7- and 10-min exposure, proportions of .
varm cocytes with a normal vitelline membrane were similar (66-71% in M-II oocytes and 69-71% in enucleated
However, 18-20% of the normal M-H oocyies had no detectable first polar body in their perivitelline space (no potential
equent enucleation). When the post-warm M-II oocytes were treated for PA by 7% ethanol, 10 pgfmL cycloheximide and
mL cyochalasin-D, parthenogenetic development into Day-7 blastocysts occurred in 10-13% of culmzed oocytes, lower
than fresh (control) cocytes (24%). In the absence of the cooling and warming, blastocyst rates in the 4-min exposure
953, but not in the 7-min and 10-min exposure groups {14-15%), were similar to that in the fresh group (23%5). The total
er {group average 117-132 cells) and the ICM ratio (22-24%) of the PA blastocysts derived from vitrified M-I oocytes
parable with fresh oocytes (127 cells and 25%). After SCNT (with fibroblast cells and vitrified-warmed oocytes),
“tates were similar for the three exposuze periods for M-TI cocytes (8-10%) and enucleated oocytes (7-9%}, but were
< 0.05) than in the fresh group (15%). The total cell number of the SCNT blastocysts derived from viuified M-I and |
d oocytes {80-90 and 82-101 cells) was smaller (P < 0.05) than from fresh cocytes (135 cells); the ICM ratio of
‘_is derived from the M-I and enucleated oocytes after vitification in 7- or 10-min expostre groups {20-22%) was not
(P > 0.05) from fresh control oocytes (24%) or those in 4-min eXposure group (M-TT 23%, enucleated 24%). Thus, SCNT
buffalo oncytes following vitrification before or after enucleation resuited in blastocysts with a slightdy decreased cell

Elsevier Inc. All rights reserved.
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bliasts, adult ear fibroblasts and granulosz cells
The use of cryopreserved buffalo oocytes in
protocol would alleviate logistical problems
tad with matching the availability of donor cells.
probably in part due to the lower number of
ollicles and the high percentage of atretic
¢ in buffalo ovaries [4], there are few reports
g the cryopreservation of buffalo cocytes [5.6].
al, [6] reported the first successful production of
blastocysts derived from in vitro maturation
d in vitro fertilizadon (IVEF) of vitified-
' oocytes. During the last decade, a novel
ation procedure characterized by an ultra-rapid
. rate has shown promise for successful
aservation of bovine cocytes in IVF [7-10] and
f11,123.

= the conventional SCNT protocol in cattle and
includes enucleation of recipient oocytes and
~ reconstructed  zygotes, Oming of oocyte
:servation may influence development of cloned
os. Similar proportions in the production of
Q_"nic blastomere-cloned bovine blastocysts have
ported for frozen—thawed M-II oocytes, frozen—
enucleated oocytes, and fresh control oocytes
4, and 17% of fused couplets on Day 9,

% of enucleated and activated bovine oocytes
subsequently underwent two-step freezing and
onic cell nuclear transfer developed into blas-
‘on Day 7, whereas none of the frozen—thawed
ocytes which subsequently underwent enuclea-
A and nnclear transfer developed to that stage.

cessful vitrification for oocytes requires pre-
ent with, pemmeating cryoprotective agents
) at a relatively low conceatraton before the
equilibration, with the vitificaton solution
ing a high concentration of permeating and
permeable CPAs. The low intracellular CPA level
e pretreated oocytes would be concentrated to a
" level by severe dehydration in the vitrification
tion during the equilibration period, which is the
ctor to avoid intracellular ice formation by the
Equent cooling into liguid nitrogen (LN,). Hochi
15] have reported that rabbit one-cell zygotes at
?Fonuclcar-stage were successfully cryopreserved
ifrification when the zygotes were exposed to 15%
DMSO solution for a prolonged period from
i (a standard period [10]) to 10 min, and then were
librated with a vitrification solution containing 30%
- DMSO and 0.5 M sucrose for 1 min.

Thﬁ present stady was undertaken to investigate the
ntial of vitrified-warmed swamp buffalo cocytes to

§. Muenthaisong et al./Theriogenology 67 (2007) 893900

participate in development to blastocysts after the PA
and SCNT. A comparison was done of the suitability of
matured oocytes and enucleated cocytes for vitrification
and subsequent SCNT. Differential cell staining was
applied to assess the qualitative aspects of the
parthenogenetic and cloned blastocysts that were
derived from fresh or vitrified-warmed oocytes.

2. Materials and metheds
2.1. Chemicals and media

Unless stated otherwise, all reagents were purchased
from Sigma Chemical Company (St. Louis, MO, USA)..
The medium vsed for IVM was TCM199 supplemented
with 25 mM HEPES, 10% fetal bovine serum (FBS;
Gibco BRL, Grand Island, N'Y, USA), 0.02 AU/mL FSH
{Antrin, Denka Pharmacentical, Tokyo, Japan), 30 i/
mL hCG (Chorulon, Intervet, Boxmeer, Netherlands)
and 1 pg/mL estradiol-17@. For culturing donor cells,
alpha minimal essential medium supplemented with -
109% FBS (o«-MEM +10% FBS) was used. For
cryopreserving the culured donor cells, 10% DMSO
was added to TCM199 supplemented with 25 mM
HEPES and 20% FBS. The Emcare holding medium
(ACP Bio, Auckland, New Zealand) was used as the
basal medinm throughout the process of enucleation o
ethanol activation, except during electrofusion, when
the Zimmermann fusion medium [16] was used. The
medium for culturing parthenogenetic or nuclear-
transferred embryos (IVC medium) was modified
synihetic oviduct fluid with amine acids (mSOFaa).
[17] supplemented with 0.3% fatty acid-free BSA.

2.2. Preparation of M-Il and enucleated oocytes

Abattoir-derived buffalo ovaries were transported to
the laboratory within 4 h of slaughter. The COCs were
collected by aspiration from follicles 2-6 mm in
diameter using a 2l-gauge meedle attached to a
10mL syringe, and washed five times with PBS
supplemented with 0.1% polyvinyl pyrrolidone, then
three times with the IVM medium. Each of 20 COCs
was cultured in 100 uL droplets of IVM medium
covered with mineral oil under a bumidified atmosphere
of 5% CO, in air at 38.5 °C for 21 h.

At 21h after IVM, the cumulus cells were
mechanically removed by repeated pipetting using a
fine-tip pipette in 0.2% hyarulonidase and were
subsequently washed five times in the Emcare holding -
medium. Oocytes with an extruding first polar body
were defined as M-II oocytes. Parts of the M-Il oocytes
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in 5 pg/mL cytochalasin B for 15 min, and
by a micromanipulator under an inverted
‘these are defined as enucleated oocytes.
zona pellucida close to the first polar body
ed with a glass needle and zbout 10% of
lying bepeath the first polar body was
¢ of an opening in the zona pellucida. The
eenucleation of each oocyte was confirmed by
3342 fluorescent staining of the correspond-
ast that was squeezed out. The enucleated
= washed five times in the Emcare holding
and kept in the same medium until subsequent
‘or nuclear transfer.

cation and warming

Il oocytes and enucleated oocyles were
rmed by the mimimum volume cooling
originally reported by Kuwzyama and Kato
ith some modifications. The oocytes were first
to 1.5% (v/v) EG+7.5% (v/v) DMSO in
HEPES-buffered TCM199 supplemented with
18 (TCM199 + 20% FBS) for 4, 7 or 10 min at
and then transferred into a vitrification
nsisting of 15% (v/v) EG+ 15% {viv)
5 M sucrose in TCM199 + 20% FBS. Five
re placed on a sheet of each Cryotop
‘Supply Co., Tokyo, Tapan) in a small volume
trification solution (<1 pL). The Cryotop
‘plunged into LN, after the oocytcé were

in the vitrification solution for 1 min at

storage in LN, the oocytes were warmed by
g the Cryotop into 3 mL of 0.5 M sucrose in the
+20% FBS for 5 min at 22-24 °C, and then
d’to the TCM199 + 20% FBS for 5 min. The
of the oocytes was judged under stereomicro-
y the single criterion of whether the plasma
¢ appeared to be morphologicaity normal, and
er of surviving M-II cocytes with a detectable
lar body was recorded. A few hundred M-II
ot indergoing the cooling and warming process
ted as well, serving as “CPA-exposed™ grotps.
ving M-1[ oocytes in the “CPA-exposed” and
" groups, regardiess of the presence of the polar
te kept in the TCM199 + 20% FBS under a
ed atmosphere of 5% CO, in air at 38.5 °C untl
¢ subsequent PA treatment. Enucleated cocytes
ved vitrification and M-II oocytes that survived
polar body before being enucleated were kept
e ‘satne tempordl culture condition until use for
Sﬁqucnt SCNT.

2.4. Parthenogenetic activation (FA)

The M-I oocytes from CPA-exposed groups and -
vitrified groups, as well as two comesponding fresh
control groups, were subjected to the PA treatment as
described previously [18]. Briefty, the oocytes were first
treated with 7% ethanol in the Emcare holding medium
for 5min, and then incubated with 10 pg/ml cyclo-
heximide (CHX) and 1.25 pg/mL cytochalasin D (CD)
in mSOFaa medium+ 10% FBS in a humidified
atmosphere of 5% CO; in air at 38.5 °C for 5h.

2.5. Somatic cell nuclear transfer (SCNT)
Danor cells were prepared as below. The ear skin of a

swamp buffalo was biopsied and transported to the
laboratory at 4 °C in PBS. Skin tissues were removed

- from cartilage and cut into sraall pieces before being

placed in 60-mm culture dishes (Nunc, Roskilde,
Denmark) and covered with a sterile glass slide. An
amount of 5 ml of cMEM + 10% FBS was added into -
the dishes and the tissue was cultured for 810 days
under a humidified atmosphere of 5% COz in air at
37 °C, Fibroblasts were harvested using 0.25% trypsin/
EDTA in Ca**- and Mg**-free PBS and seeded in 5 mL
of «MEM + 10% FBS in a 25-cm” culture flask (Nuzc).
The fibroblasts were frozen at the third cell culture
passage and stored in LN,. The post-thaw fibroblasts
were cultured in o-MEM + 10% FBS for 2 or 3 days
and used for SCNT.

Individual ear fibroblasts (14-16 p\m in diameter)
were inserted into the pcnvstcllme space of recipient
cytoplasts that were derived from fresh or vitified-

warmed M-II oocytes and vitrified-warmed enucleated
pocytes, using a slit in the zona peltucida dissected at
enucleation. The donor-cytopiast couplets were fused
in the Zimmermann fusion medium by two direct
currents (2.6 kV/cm for 17 ws; the distance between
electrodes was about 110 pm) generated by a fusion
machine (SUT F-1, Suranaree University of Technol-
ogy). The number of couplets successfully fused was
recorded 1 h after the electro-stimulation. The fused
couplets were activated by a combined treatment of
ethanol, CHX and CD, as described above.

2.6. In vitro culture ard differential cell siaining

The PA znd SCNT zygotes were cultured in the IVC
medium under a humidified atmosphere of 5% CO3, 5%
0., 90% N, at 38.5°C for 2days (20 zygotes per
100 L. microdrop). Thereafter, embryos at the B-cell
stage were selected and co-cuttured with bovine
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epithelium cells (BOEC) under a humidified
here of 5% O, in air at 38.5 °C for 5 days, as
‘previously [1]. Half of the medium was
every day, and development of embryos into
scyst stage was recorded on Days 6 and 7 (the
treatment and SCNT was considered Day 0).
A and SCNT blastocysts harvested on Day 7
unter-stained to distinguish cells of the inmer
mass. (ICM) and trophectoderm, as reported
v [19]. Briefly, zonae pellucidae of blastocysts
were removed by 0.5% protease. After washing
.SOF2a medium, the zona-free blastocysts were
1. in 100l of 10% rabbit aati-buffalo
ocyte antibodies for 45 min, and then transferred
‘WL mixture of 10% guinea pig complement,
mL. propidium iodide (PI) and 100 Lg/ml
t: 33258 for 45min. The ICM cells and
toderm cells were counted under a fluorescent
ope at 330-380 nm, allowing determination of
tal number of cells for blastocysts and the
tage of ICM cells based on the fotal number of
yst celis.

tatistical analysis

eriments were replicated at least five times in
eatment group. Data were analyzed by ANOVA
the general linear model procedure in statistical
is systems (SAS). Frequency data were arcsine-
rmed before being subjected to ANOVA.
robability value of P < 0.05 was -considered

M-l { Vitrified

Enucleated / Vitrified

flity of virified-warrned buffalo oocytes for subscquent somatic cell nuclear transfer. Total columns (black, and gray + white) denote
vocytes with morphologically normal oclemma. Grey and white colurmms indicate M-IT oocytes with and without detectable first polar

3. Results
3.1. Morphological survival of post-warm oocyles

Morphological survival rates of the buffalo M-I
oocytes after CPA-exposure or vitrification, and of the
enucleated oocytes after vitrification are summarized in
Fig. 1. The survival rates of M-Il oocytes receiving
osmotic stress by the CPAs (82-88%; M-T/CPA-
exposed groups) were higher than those of M-I oocytes
that were additionally vitrified and warmed (66-11%;
M-Il/vitrified groups). Proportions of the surviving M-I
oocytes with a detectable polar body in the M-0/CPA-
exposed groups (90-92%) were also higher than those
in the M-I/Vimified groups (80-81%). In contrast,
survival rates of enucleated oocytes after vitrification
(69-71%; enucleated/vitrified groups) were comparable
with those of M-TI oacytes. The exposure time of M-I
or enucleated oocytes to a mixture of two permeating
CPAs (EG and DMSO, 15% in total concentration) had
no significant influence on morphological survival and
polar body maintenance, whereas the longer exposure
time tended to cause decrease of survival in the M-I/
vitrified and the enucleated/vitrified groups.

3.2, Parthenogenetic development of CPA-exposed
and vitrified cocytes

In vitro development of buffalo M-I ococytes
following the CPA exposure of vitrification, and the
PA treatment is summarized in Table 1. There was no
significant difference in the rates of cleavage among
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pment of buffale M-II oocytes following vitification and parthenogenetic activation, and quality anatysis of the blastocys:s

Exposure No. (%) of oocytes Mean {£5.D.) blastocyst guality (Day 7)

s Cultured  Cleaved Blastocysts  Blastocysts  Toal cell % ICM
: {Day 6) {Day 7) namber

4 1as 91 (B7) 17 (16) ab 23(22) a 106 £ 16 23+2
7 99 83 (84} 13 (13} be 15 (15) ab 90 % 10 2247
10 109 90 (83) 11 (I c 15{4 1 104 £ 28 24 47
118 102 (86) 22(19) a 27(23) a 1264 17 213
4 119 91 {(76) 2 14{2b 16(13) b 11238 233
7 124 79 (64} b 12 (10) b 13(10)b 117£32 22+4
10 141 88 {62} b I3(Mb 1410 b 132+ i8 2446
102 80 (78) a 19 (19) 2 24 {(24) & 1274133 25%2

(PA-exposed groups and the control group
However, development into the blastocyst
ay 7 was superior in the 4-min exposure and
ntrol groups (22 and 23%, respectively) than in
min exposure group (14%). Regarding the
e aspects of the harvested blastocysts, there
opensity for blastocysts derived from the
posed cocytes to be constituted from smaller
of the cells. The percentage of ICM cells in
tocyst cells was similar among the four

eavage rate was influenced when the M-II
ere exposed to the 15% CPA solution longer
n and then vitrified-warmed (64 and 62% in 7-
in groups versus 76 and 78% in 4-min and
co;j_trol groups, respectively). Differences in
sts rates on Day 7 between each of the vitrified
(10-13%) and the fresh control group {24%}
ificant, However, there were no apparent
tages for any of the treatments at least in the

=s were caiculated from the number of cultured oocytes. Within a column, valnes without common letters (2—) differed (P < 0.03).

quality of the blastocysts (both total cell nurnbers and
percentage of ICM cells).

3.3. In vitro development following virrification and
SCNT of M-II or enucleated oocytes

Successful fusion rates for the buffalo donor-
cytoplast couplets in the fresh control group (84%,
110/131) were not sigpificantly different from those
when M-I oocytes were used for SCNT after
vitrification (4-min group, 78%, 124/159; 7-min group,
76%, 105/139; 10-min group, 77%, 119/154) and those
when enucleated oocytes were used for SCNT after
vitrification (4-min group, 82%, 120/146; 7-min group,
74%, 97/131; 10-min group, 77%, 131/171). The
potential of these fused couplets to develop to the
blastocyst stage and the quality analysis of the resultant
blastocysts are summarized in Table 2. Cleavage rate of -
SCNT embryos derived from fresh control oocyles
(78%) was not significantly different from those from

slopment of buffale M-TI or enucleated aocytes foliowing vitrification and somatic cell nuclear transfer, and quality analysis of the

Exposure Nao. (%) of vocytes Mean {-+5.D.) blastocyst quality (Day 7
iy Culmred  Cleaved  Blastocysts  Blastocysts  Total cell % 1OM
: Day 6) (Day 7} mmber
4 113 81 (72) 9 b 11 UMb 8025 ©23&S
7 100 71 (71 8(8) b 99 b 86+ 7 21£3
i0 119 88 (74) 7 (6) be 9 (R} b 90+ 19 2141
vivifed - 4 102 70 (69) 8e8)b 3% b 82 + 24 24 £ 4
' 7 97 61 (63) 6 (6) be T(Mb 101 % 13 2244
10 131 92 (70) 5 e 5(Hb 85+ 17 0+2
t 109 B5 (78) 13(12)a 16 (15} a 135 £29 /L2

St rates were calculated from the number of cultured cocytes. Within a column, values without commaon letters (2-) differed (P < 0.05). -



cytes (63-74%). When the M-If oocyies and
oocytes were vitrified, the developmental
‘the SCNT embryos fo the blastocyst stage
1 7-9%, respectively) was inferior to that of
strol. group (15%),

ding blastocyst quality, there was an adverse
om oocyte vitrification for the subsequent
the mean total cell numbers of blastocysts
om vitrified versus fresh control cocyies were
115 and 135 cells, respectively. Also, oocyte
on may have had some adverse cffect in the
oc of ICM cells when the oocytes were exposed
-time to the permeating CPA solution (7-nin
—22%; 10-min groups, 20-21% versus 24%
control group).

11i}1}

op: vitrification, which had been applied to
ar-stage rabbit zygotes {15, pre-hatching stage
-mbryos [20,21], germinal vesicle-stage whale
2], denuded M-II bovine oocytes [23], SCNT-
sovine and swamp buffalo blastocysts [18] and
I oocytes and [VF-derived blastocysts in
{10,24,25), was successfully extended to both
M-I and enucleated swamp buffale cocytes in
ent study. Production efficiencies of SCNT
o blastocysts from vitrified-warmed M-II oocytes
f culmred oocytes) were not different
se from vitrified-warmed enncleated oocytes
However, overall efficiency was influenced by
1g of oocyte vitrification; 18-20% of morpho-
Iy surviving M-II cocytes were not subjected to
ion, due to the absence of the detectable first
dy. In our preliminary study [26], buffalo M-I
‘after Cryotop vitrification were emucleated
areduction in the success rate (96 versus 88% in
ntrol). Therefore, the visualization of removable
hase-plate by vital staining will contribute to
ent enucleation for all the post-wartn oocytes
infact oolemma. :

parding the qualitative aspects of the SCNT
ysts, the developmental rate and cell numbers of
sts have been used as practical alternatives to
nation of pregnancy or birth of calves, although
rth of calves is undoubtedly the most rigorous

roduction efficiency of SCNT blastocysts in the
control group (15%) was significantly higher than
the vitrified groups (7-10%). In cattle, yields of
CNT blastocysts from oocytes vitrified-warmed
the' SSV procedure statistically comparable with

5. Muenthaisong et al. / Theriogenology 67 (2007) 893-900

those in the fresh control group were reported by
Dinnyes et al. [11] (17 and 22%, respectively) and
Atabays et al. [27] (24 and 33%, respectively).
Developmental kinetics up to blastocyst stage are used
for analysis of qualitative aspects of in vitro-produced -
embryos. Buffalo SCNT embryos are known to develop
1 half-day earlier than bovine SCNT ermbryos [1].Based
on the observation of buffale SCNT embryo develop-
ment at Day 6, the initial timing of blastocyst
appearance secmed to be similar berween vitrified
and non-vitrified groups.

In the present study, Day-7 SCNT buffalo blastocysts
derived from both vitrified M-I oocytes and vitrified
enucleated oocyies were composed from a smaller
number of ICM and trophectoderm cells than the fresh

"Day-7 blastocysts (80-101 cells and 135 cells,

respectively), whereas the percentages of ICM cells,
based on the total number of blastocyst cells, were
comparable with the percentage of the fresh control
blastocysts (20-24% and 24%, respectively). This was
in agreement with previous reports in which the total
cell number in bovine SCNT blastocysts derived from
vitrified oocytes was smaller than that from fresh
oocytes (72 versus 93 cells [12]; 117 versus 175 cells -
[27]). It was reported that the mean total cell number in
buffalo PA blastocysts ranged from 44 to 47 cells at the
early blastocyst-stage to 150186 cells at the hatched
blastocyst-stage [28]. The blastocyst cell number in
CPA-exposed group was slighty lower than in
vitrification group, but jt may result from quality
variation of oocytes obtained from abattolr ovaries in
each experimental series. Abattoir-derived rmaterials are
very heterogeneous due to the variations of age, genetic
background and health of donors.

Probably due to the higher content of cytoplasmic
lipid droplets, buffalo SCNT embryos appeared darker
than bovine SCNT embryos [1]. A high content of
cytoplasmic lipid droplets in porcine embryos at early
stages is considered the major cause of their high
sensitivity to low temperature [29]. Cryosurvival of
buffalo M-Il and emucleated oocytes after Cryotop
vitrification ranged from 66 to 71% in the present study.
In contrast, 92% of bovine M-TI cocytes morphologi-
cally survived Cryotop vitrification using the
EG + DMSO solution, but the developmental rate of
the vitrified-warmed oocytes to the blastocyst stage was
only 1.7% 8 days after IVR [23]. The cytoplasmic lipid
droplets were highly accumulated in the bovine morulae
and blastocysts when the IVF zygotes were cultured in
an IVC medium that contained serum [30]. We have
recently reported that Cryotop vitrification for buffalo
SCNT blastocysts, developed to the Jate hatching stage
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albumin resulted in higher cryosurvival
- SCNT blastocysts (95 versus B80%,

tion rates of cryopreserved ODCYylES
iated with chilling and freezing inmjury,
dle disorganization and loss or clumping
bules [31] and zoma hardening due to
ease of cortical granules [32]. Although
oling process by vitrification did not allow
¢ depolymerization, exposure of oocytes
ced microtubular discrganization in mouse
|. The fertilized oocytes in most mammatian
=5t rodents) have two microtubule-contain-
es, the meiotic spindles and the aster derived
ozoal ceatrosomes (a pair of centrioles and
ar proteins such as ~y-tubulin, centrin and
The latter structure contributes to assembly
tubule network as a microtubule-organizing
0C), bringing both male and female
‘the center of the newly formed zygote
& of the SCNT bovine zygotes, not only the
ction (pronuciear movement) but also the
nent and separation of the chromosomes
ycle division) arc derived from the centro-
onor cells [35]. Park et al. [36] reported that
of :Taxol, ‘2 microtubule stabilizer, into the
n solution significantly improved blastocyst
nt of cryopreserved mouse OOCYiLs,
ciency of PA by ethanol + 6-dimethylami-
| buffzlo oocytes was dependent on the IVM
ocytes cultured for 24 hhad a higher cleavage
) than those cultured for the shorter or longer

), temporal incubation at ambient tempera-
CPA-exposure or vitrification (1 h), and/or

genetic development of buffalo oocytes was
d by ethanol + CHX + CD, the cleavage rates of
X 0sed, vitrified and fresh confrol oocytes
from 62 to 87%, suggesting that the PA
ent itself was not affected by the exposure of
 to permeating CPA solution for at least 4 min
; aton solation for 1 min, with or without the
Tt cooling and warming process. However,
significant reduction in blastocyst develop-
7 and 10 min CPA-exposure groups and all
groups, vitrification had long-term influences
\'_f_erall development of the embryos. Similarly

transfer + electrofusion (<2h). When the .

in the SCNT experiments, despite the relatively high
fusion rates (both 77%) and cleavage rates (10-74%)
of M-II and enucleated oocytes after vitrification,
significant reduction in blastocyst development
occurred in the 10-min exposure groups. An optimal
duration of oocyte pretreatment with the permeating
CPAs for successful vitrification depends on the
animal species, the developmental stage of oocytes/
embrycs, the temperature and the composition of
solutions for pretreatment/vitrification, and the cryo-
device type.

In conclusion, somatic cell muclear transfer of
swamp buffalo oocytes following vitrification before -
or after enucleation resulted in the development info
blastocysts with a slightly reduced celt number. To the
best of our knowledge, this is the first report of
successful production of cloned buffalo blastocysts
derived from M-I or emucleated oocyles after
cryopreservation.
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