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Abstract: The purpose of this study was to examine the 

effect of ovary storage on the development of bovine 

oocytes after intracytoplasmic sperm injection (ICSり，
parthenogenetic activation， or somatic cell nuclear 
transfer (SCNT). Oocytes were obtained from ovaries 

stored的 PBSfor 2 to 6 h (control group) or 26 to 30 h 

(stored group) at 150C. The maturation rate of the 

oocytes was significantly lower in the stored group (67%) 

than in the control group (78%). The degeneration rate of 

the oocytes was significantly higher in the stored group 

(24%) than in the control group (2%). ICSI and 

parthenogenetic oocytes from stored ovaries had a 
significantly decreased development to the blastocyst 

stage compared with the control (ICSI 8% vs. 24%， 

parthenogenetic activation 15% vs. 31%). However， the 

development rate to blastocysts of SCNT embryos 

derived from cumulus cells was not different between the 

two groups (38% vs. 38%). Also， the storage period of 

ovaries did not decrease the pregnancy rate of SCNT 

embryos， and cloned calves were produced in both 

groups with the same efficiency (21 % vs. 21 %). In 

summary， ovary storage at 15'C for 26 to 30 h reduced 

the maturation rate and in vitro development rate of 

bovine oocytes after ICSI or parthenogenetic activation， 

but did not decrease the blastocyst formation rate or 
survival rate after embヴ'0transfer in SCNT. 
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Introduction 

The quality of oocytes is an important factor affecting 

the developmental competence of embryos produced in 

vitro. In cattle， ovaries collected at slaughterhouses are 

the main source of oocytes for in vitro embryo 

production from in vitro fertilization (IVF) and nuclear 

transfer (NT). In Japan， since an outbreak of bovine 

spongiform encephalopathy (BSE)， it has been difficult 

to use bovine ovaries immediately after slaughter 

because the use of any bovine materials， including 

ovaries， is prohibited by the Abattoirs Law until BSE 

testing results prove negative. Therefore， it is 

necessary to store ovaries until testing for BSE is 

completed 

There are some reports examining the developmental 

competence of bovine IVF embryos derived from 

oocytes after ovary storage. Ovary storage for 8 h at 

380C [1]， for 16 to 24 h at 250C [2]， or for 24 h at 2QoC 

[3] decreased the rates of cleavage and blastocyst 

formation. On the other hand， the storage of ovaries for 

24 h at 1 QOC [4] or 15 to 21 oC [5] did not affect the rates 

of cleavage and blastocyst formation after IVF. These 

reports suggest that the temperature of the storage 

solution affects the quality of oocytes derived from 

stored ovaries. 

There have been no reports of bovine 



intracytoplasmic sperm injection (ICSI) using oocytes 

after ovary storage. In bovine NT， ovary storage at 

100C for 24 h did not affect the in vitro developmental 

competence of cumulus cell NT embryos [4]， but it did 

decrease the blastocyst formation rate of NT embryos 

derived from bone marrow mesechymal stem cells [6]. 

And no study has examined the effects of ovary storage 

with respect to the survival rate after transfer of somatic 

cell nuclear transfer (SCNT) embryos. In this study， we 

examined the effect of storage of bovine ovaries for 26 

to 30 h at 150C on the maturation rate of oocytes and in 

vitro developmental competence after ICSI， 

parthenogenetic activation， or SCNT. Furthermore， 

pregnancy and calving rates after embryo transfer of 

SCNT blastocysts were examined. 

Materials and Methods 

AII animals received humane care as outlined in the 

Guide for the 

(Nationa剖1Institute of Livestock and Grassland Science 

Animal Care Commi社tt恰ee叫) 

Ovary storage and oocyte maturation 

Bovine ovaries were collected from a local 

slaughterhouse (there was no available information 

regarding the breed， age， health or physiological status 

of the cows). Ovaries were placed in PBS without 

washing and stored at 150C [5] for 2 to 6 h (control 

group) or 26 to 30 h (stored group) after slaughter. 

Cumulus-oocyte complexes (COCs) were collected 

fromovarian follicles of 2-6 mm in diameter， and then 

were cultured in in vitro maturation (IVM) medium at 

38.50C in 5% CO2 in air. The IVM medium was TCM-

199 (Gibco・BRL，Grand Island， NY) with 10% fetal 

bovine serum (FBS; Tissue Culture Biologicals， Tulare， 

CA)， 100 IU/ml penicillin G potassium (MeリiSeika， 

Tokyo， Japan)， and 100μg/I streptomycin (Meiji Seika). 

At 18-20 h after the initiation of the maturation culture， 

cumulus cells were removed from COCs in M2 medium 

containing 300 IU/ml hyaluronidase (Type I-S: from 

bovine testes; Sigma Chemical Co.， St. Louis， MO) by 

pipetting with a finebore， glass pipette. To assess their 

nuclear configuration， oocytes were fixed in acetic acid: 

ethanol (1 : 3， v/v) for 24 h， and stained with 1 % orcein. 

After staining， oocytes were examined under a phase-

contrast microscope (x200). Oocytes extruding the first 

polar body (presumptive metaphase-II stage oocytes) 

were selected for ICSI， parthenogenetic activation， and 

SCNT. 
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Intrac戸oplasmicsperm injection (ICSり
Straws of frozen spermatozoa from a bUII (Japanese 

black) were thawed in hot water (350C) for 30 s. The 

thawed spermatozoa were washed twice by 

centrifugation at 800 9 for 5 min with Brackett and 

Oliphant's medium (BO med山 m) and were 

resuspended in 80 medium supplemented with 3 mg/ml 

bovine serum albumin (initial fractionation by cold 

alcohol precipitation; Sigma). Denuded oocytes with a 

visible first polar body after 18 to 20 h of IVM culture 

were selected for ICSI， and centrifuged at 12，000g for 5 

min to facilitate sperm injection. The ICSI was 

performed in M2 medium supplemented with 3 mg/ml 

BSA and 7% polyvinylpyrrolidone (PVP， MW  40，000; 

Sigma)， according to a method previously reported [7]， 

using a piezo micromanipulator (Prime Tech， Ibaraki， 

Japan). Sperm-injected oocytes were cultured in the 

IVM medium for 4 h. The oocytes with distinct second 

polar bodies were then treated for 5 min with 7% 

ethanol in PBS containing 1 mg/ml PVP. 

Parthenogenetic activation 

After IVM， oocytes with a first polar body were put in 

Zimmerman mammalian cell fusion medium， and a 

single direct current pulse of 25 V for 10 μsec was 

applied by sandwiching with a pair of electrodes. Then， 

oocytes were incubated in TCM-199 with 2.5μg/ml 

cytochalasin D (Sigma)， 10 μg/ml cycloheximide 

(Sigma)， and 10% FBS for 6 h 

. Nuc/ear Transfer (Nη 
Bovine cumulus cells were obtained from a Japanese 

black cow by ovum pick up (OPU) and cultured in 

Dulbecco's Modified Eagle's Medium (DMEM， Sigma) 

with 10% FBS， 100 IU/ml penicillin G potassium (Meiji 

Seika) and 100μg/I streptomycin (Meiji Seika) at 38.50C 

in 5% CO2 in air. As donor cells for NT， the cumulus 

cells of passage 5 were cultured in serum-starved 

medium (DMEM with 0.5% FBS) for 5ー7days. The NT 

technique was performed as described previously [8] 

The first polar body and cytoplasm presumptively 

containing metaphase chromosomes were pushed out 

through a slit in the zona pellucida with a fine glass 

needle. Successful enucleation was confirmed by 10 

μg/ml Hoechst 33342 (Sigma) staining under a 

fluorescence microscope. Donor cells were transferred 

to the perivitelline space of enucleated oocytes. 

Enucleated oocytes were fused with donor cells at 24 h 

post maturation. The oocyte-cell complex was 

sandwiched with a pair of electrodes in Zimmerman 

mammalian cell fusion medium and a single direct 
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current pulse of 25 V for 10 μsec was applied for 

oocyte-cell fusion. Chemical activation [9] was 

accomplished by treatments of 10 μM calcium 

ionophore A23187 (Calbiochem-Novabiochem 

Corporation， San Diego， CA) in PBS for 5 min， and 2.5 

μg/ml cytochalasin 0 (Sigma) and 10 μg/ml 

cycloheximide (Sigma) in TCM・199with 10% FBS for 1 

h， and then 10 μg/ml cycloheximide for 4 h. 

In vitro culture 

After ICSI， embryos were transferred into CR1aa 

medium [10] and then cultured in the CR 1 aa medium at 

38.50C in 5% CO2， 5% O2 and 90% N2 for the first 2 

days. Over the following 5 days， they were cultured in 

CR1aa medium with 5% FBS. Parthenogenetic and NT 

embryos were cultured in a serum-free medium (IVD 

101， Research Institute of Functional Peptides， 

Yamagata， Japan) at 38.50C in 5% CO2， 5% O2 and 

90% N2 for 7 days. 

Embryo Transfer (Eη 
On day 7 after NT， embryo transfer was performed 

non-surgically. Holstein and Japanese black crossbred 

cows were used as recipient animals. Each 

synchronized recipient cow received a single NT 

blastocyst into the uterine horn ipsilateral to the corpus 

luteum. Diagnosis of pregnancy was made by 

ultrasonography at 30， 60 and 90 days of gestation. 

Statistical analysis 

Data were analyzed by Chi square test， or by Fisher's 

exact probability test when the expected value for any 

parameter was less than 5. 

Results 

The oocyte maturation (metaphase 11， MII) rate after 

IVM in the stored group (67%， 229/344) was 

significantly lower than in the control group (79%， 266/ 

336). The rate of degenerated oocytes was significantly 

higher in the stored group (24%; 81/344) than in the 

control group (2%; 8/336) after IVM. of the remaining 

oocytes that did not mature， 70% were degenerated 

oocytes in the stored group 

In vitro development of bovine oocytes after ICSI is 

shown in Table 1. There were significant differences in 

the cleavage and development rates to the blastocyst 

between the stored group and the control (34% vs. 54% 

cleavage rate and 8% vs. 24% blastocyst formation 

rate. p<0.05). 

After parthenogenetic activation， there was no 

difference in the cleavage rate between the two groups 

(73% in the stored group vs. 79% in the control， Table 

2). However， the development rate to the blastocyst 

was significantly lower in the stored group (15%) than in 

the control (31%) (p<0.05). 

The successful enucleation rate was significantly 

lower in the stored group (74%; 231/314) than in the 

control (83%; 282/350) (p<0.05). As shown in Table 3， 

there was no significant difference between the stored 

and control groups in the fusion rate (88% vs. 85%)， 

cleavage rate (81 % vs. 78%)， or the development rate 

to the blastocyst stage (38% vs. 38%) of NT embryos. 

Twenty-nine (control group) and 19 (stored group) NT 

embryos were transferred to recipient cows. On day 30 

after ET， 12 (control group; 41%) and 8 (stored group; 

42%) recipient cows became pregnant (Fig. 1). 

However， 9 of 20 (45%) recipients aborted before day 

Table 1. Effect of storage of bovine ovaries on the in vitro development of oocytes 
after ICSI 

Groups 

Stored 
Control 

No. of oocytes 

64 
62 

No. cJeaved (%) 

22 (34.4)b 
33 (53.2)a 

No.ofblast刀cysts(%) 

5 (7.8)b 

15 (24.2)" 

a， bvalues with different superscript in the same column differ significantly (pく0.05).

Table 2. Effect of storage of bovine ovaries on the in vitro development of oocytes 
after parthenogenetic activation 

Groups 

Stored 
Control 

No. of oocytes 

131 
132 

No. cleaved (%) No. ofblastocysts (%) 

104 (79.4) 20 (15.3)b 
96 (72.7) 41 (31.1)a 

a， bvalues with different superscript in the same column differ significantly (p<0.05). 
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Table 3. Effect of storage of bovine ovaries on the in vitro development of oocytes after SCNT 

Groups No.of No. No. No No.of 
oocytes fused (%) cultured cleaved (%) blastocysts (%) 

Stored 231 204 (88.3) 194 158 (81.4) 73 (37.6) 
Control 282 239 (84.8) 229 178 (77.7) 88 (38.4) 
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Fig. 1. Effect of storage of bovine ovaries on survival rate a仇ertransfer of somatic 
cell nuclear transfer blastocysts. *lncluding stillborn calves， **Number of 
survivals 60 days after birth. 

90， and one in the stored group aborted around day 

180. Four live calves in the stored group and 3 live and 

3 stillborn calves in the control group were obtained 

from cumulus cells. The pregnancy rate， calving rate 

(21%in the stored group vs. 21% in the control group) 

and survival rate 60 days after birth (11 % vs. 10%) did 

not differ significantly between the two groups. 

Discussion 

The present study demonstrated that the storage of 

ovaries for up to 30 h did not affect the in vitro and fetal 

development of SCNT embryos and it was possible to 

produce clone calves using MII oocytes derived from 

ovaries stored for 26 to 30 h. These results indicate that 

MII oocytes derived from ovaries stored in PBS at 150C 

for up to 30 h can be used as recipients for SCNT. 

However， the storage of bovine ovaries for 26 to 30 h 

decreased the in vitro developmental competence of 

ICSI and parthenogenetic embryos. 

In this study， although ovary storage for 26 to 30 h 

decreased the maturation rate， we used only MII 

oocytes for in vitro embryo production. In mouse 

oocytes， low temperature alters the zona pellucida [11， 

12]， resulting in a reduced fertilization rate. Cooling of 

bovine immature oocytes to 130C a仔ectsthe integrity of 

the oocyte membrane， and deceased fertilization rate 

and a tendency of high polyspermy rate were observed 

[13]. ICSI is the technique of the direct injection of a 

single spermatozoon into an oocyte. By performing 

ICSI in this study， we avoided the influence of zona 

hardening or polyspermy on developmental 

competence. However， different results were observed 

among ICSI， parthenogenetic activation and SCNT. 

The exact reason for the differences is not clear， but a 

possible explanation is that ovary storage for 26 to 30 h 

might induce some damage to the oocyte nucleus. ICSI 

embryos contain sperm and oocyte nuclei， and 

parthenogenetic embryos consist of only oocyte nuclei. 

On the other hand， in SCNT， the oocyte nucleus is 

removed after IVM. In cattle， when GV stage oocytes 

are cooled at 40C for 10 min， abnormal spindle 

formation at the MII stage is observed [14]. In porcine 

oocytes， the rate of nucleus with DNA fragmentation 

significantly increases when ovaries are stored at 15， 25 

and 350C for 6 h [15]. In the present study， DNA 

fragmentation or abnormal spindle formation after 

maturation might have been induced in some oocytes in 
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the stored group. However， in NT， these influences on 

the subsequent development might have been avoided 

by replacement of the chromosomes of oocytes by the 

somatic cell nucleus. 

In this study， four live cloned calves were obtained by 

SCNT using oocytes collected from ovaries stored for 

26 to 30 h. It has already been demonstrated that 

oocytes from a one-day stored ovary support full 

development to term in bovine IVF [3] or SCNT [6]. Abe 

et al. [3] reported that two live calves were obtained 

after transfer of 12 frozen-thawed IVF blastocysts 

produced using oocytes from ovaries stored at 250C for 

24 h. Our study demonstrated that oocytes from 

ovaries stored for 26 to 30 h support development to the 

blastocyst stage after ICSI. However， we did not 

examine the in vivo development of ICSI embryos after 

ET. It will be necessary to examine whether oocytes 

from one-day stored ovaries support full development to 

term after ICSI. Recently， Kato et a/. [6] obtained one 

live calf after transfer of 11 NT blastocysts from ovaries 

stored for one day at 10oC. However， in cattle， the 

effect of one-day storage of ovaries on the fetal 

development of NT embryos is unclear. Our study 

shows that the in vivo developmental ability after 

transfer of NT embryos from ovaries stored at 150C for 

one day is not inferior to that from short-term storage of 

2 to 6 h. 

Ovary storage at 150C for 26 to 30 h decreased the 

maturation rate (67%) compared with that of the control 

group (79%). This negative effect on the maturation 

rate has been observed after ovary storage at 200C for 

18 h ([16]， 68% vs. 83%) or 24 h ([3]， 56% vs. 87%). In 

this study， the rate of degenerated oocytes was 

significantly higher in the stored group (24%) than in the 

control group (2%) after maturation culture. A previous 

study reported a similar result (29% vs. 5%) using 

oocytes from stored ovaries at 200C for 24 h [3]. In 

excised ovaries， the lack of blood circulation may 

produce conditions detrimental to oocytes， such as low 

oxygen and the accumulation of toxic metabolites [17] 

Also， it has been observed that the timing of undergoing 

GVBD and reaching MII in stored ovaries is earlier than 

that in non-preserved ovaries [16]. This difference in 

the timing of reaching MII may affect the enucleation 

rate. We observed a lower enucleation rate at 18-20 h 

after IVM culture in the stored group than in the control. 

Immediately after polar body extrusion， microtubules 

still link to the polar body closely wi 

control group than in the stored group 

In this study， bovine ovaries were stored at 150C as 

described in a previous report， which demonstrated that 

the storage of bovine ovaries at 150C for 24 h did not 

reduce in vitro development after IVF [5]. Also， we used 

PBS as the storage solution， because， in our preliminary 

experiment， the rate of first polar body extrusion after 

IVM tended to be higher in PBS (111/181; 61%) than in 

physiological saline (141/251; 56%). One-day storage 

of ovaries at 150C in PBS decreased the maturation rate 

and in vitro development rates of parthenogenetically 

activated or ICSI embryos. On the other hand， a recent 

study demonstrated that bovine ovaries can be stored at 

100C in physiological saline for at least 24 h without 

decreasing oocyte maturation competence or in vitro 

development after IVF， parthenogenetic activation， or 

SCNT [4]. Also， Schernthaner et al. [5] reported that 

one-day storage at the same temperature (150C) as 

used in this study did not decrease in vitro development 

of IVF embryos. In the study of Schernthaner et al.， 

ovaries were washed once immediately after collection 

in 70% alcohol and three times in physiological saline， 

and then stored; but in our study， the ovaries were 

immersed in PBS directly after collection without 

washing and stored for 26 to 30 h. These results 

suggest that ovary storage at 150C in PBS is not an 

optimal condition for the storage of bovine ovaries， and 

that the state of ovary storage may be improved by 

suitable treatment of ovaries immediately after 

collection. Recently， Iwata et al. [19] demonstrated that 

the addition of magnesium and raffinose to the storage 

solution improved the developmental competence of 

IVF oocytes obtained from ovaries stored for 9 h. 

Further examinations of storage conditions such as 

temperature and components of the solution are 

required in order to improve oocyte quality after long-

term ovary storage 
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