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Como resultado del examen de fondo realizado, con fundamento en el Artículo 45 de la 
Decisión 486 de la Comisión de la Comunidad Andina, se comunica:

1. Documentos estudiados  

Descripción: No. 12-041581-00000-0000 09/Marzo/2012
Reivindicaciones: No. 12-041581-00000-0000 09/Marzo/2012

No. 12-041581-00007-0000 17/Enero/2014
Dibujos: No. 12-041581-00000-0000 09/Marzo/2012
Secuencias: No. 12-041581-00000-0000 09/Marzo/2012
Prioridad: 10-2009-0075404

10-2010-0075514
14/Agosto/2009
05/Agosto/2010

                                      
2. Análisis de la Prioridad

Se aceptan las reivindicaciones de prioridad porque ésta solicitud fue presentada dentro 
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de las 
prioridades reivindicadas.

3. Objeto de la invención

De acuerdo con lo establecido en el numeral 1.2.2.2 del capítulo primero del Título 10 
de la Circular Única para efectos del examen de patentabilidad, se tendrá en cuenta la 
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tasa  pagada  por  el  solicitante  al  momento  de  comenzar  el  examen  para  las 
reivindicaciones adicionales; esto es que cuando la solicitud contenga más de diez (10) 
reivindicaciones y no se haya pagado la tasa complementaria, sólo se estudiarán las 
cubiertas por la tasa pagada. En el presente caso se estudiará la totalidad del capítulo 
No. 12-041581-00007-0000 (reivindicaciones 1-4).

Título de la solicitud: “Método para producir ostras tetraploides viables”.

El problema planteado en esta solicitud consiste en la necesidad de proporcionar un 
método de producción de ostras tetraploides viables con alta eficiencia.  

Para resolver este problema técnico la solicitud en estudio proporciona un método para 
producir  ostras tetraploides viables  usando una combinación de  citocalasina B y 6-
dimetilaminopurina. 

El  objeto  de  la  presente  solicitud  se  relaciona con la  Clasificación  Internacional  de 
Patentes (CIP): A01K 61/00.

4. De la solicitud de patente 

Reivindicaciones (Art 30 D 486, Art 22 PCT)

1­ En  la  reivindicación  1  no  es  clara  debido  a  que  no  se  mencionan  todas  las 
características  esenciales  del  método.  Se  sugiere  incluir  los  parámetros  de 
temperatura,  salinidad  y  tiempo  de  las  reivindicaciones  2-4  en  la  reivindicación 
independiente 1. 

2­ Por  otra  parte,  la  reivindicación  1  no  se  ajusta  a  la  estructura:  PREAMBULO-
ENLAZANTE-PARTE  CARACTERÍSTICA  por  cuanto  incluye  dos  tipos  de 
enlazantes,  el  primero:  “que  comprende  las  etapas  de” y  el  segundo  “que  se 
caracteriza porque”. Al presentar la reivindicación 1 de esta manera no es posible 
establecer con total certeza cuál es el aporte al estado de la técnica, es decir si 
corresponde a la etapa de: “fertilizar los huevos de ostras tetraploides hembras con 
espermatozoides de ostras diploides machos”, lo cual es un proceso esencialmente 
biológico ya que de acuerdo con la divulgación esta etapa consiste en poner en 
agua de mar espermatozoides y oocitos a fecundar,  en donde el  reconocimiento 
oocito-espermatozoide ocurre naturalmente a nivel intra-específico, o bien a la etapa 
de:  “impedir  que  los  primeros  cuerpos  polares  sean  eyectados  de  los  huevos  
feertilizados que incluye poner en contacto los huevos fertilizados con citocalasina B  
y  luego  poner  en  contacto  los  huevos  fertilizados  con  6-dimetilmercaptopurina  
(DMAP)” que es materia elegible para estudio.

Se requiere al solicitante hacer las aclaraciones necesarias. 

5. Determinación del Estado de la Técnica

El  estado  de  la  técnica  se  determinó con  base  en la  fecha  de presentación  de  la 
solicitud de prioridad: Agosto 14 de 2009, y se encontraron los siguientes documentos 
que anticipan el objeto de esta solicitud:

Ítem Documento Título Fecha de Publicación
D1 WO9519703 “Tetraploid Shellfish” 27/Junio/1995

D2
Yi and Park, 2004. Animal 
Reproduction Science 86: 

297–304

“Parthenogenetic development of 
porcine oocytes treated by 

ethanol, cycloheximide, 
cytochalasin B and 6-
dimethylaminopurine”

20/Julio/2004
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El  documento  D11 divulga  moluscos  tetraploides,  y  un  método  novedoso  para  su 
producción (Resumen).

El documento D2 divulga un método para la producción de oocitos porcinos que incluye 
poner en contacto citocalasina B y 6-dimetilaminopurina  (Pág. 299). 

Nivel inventivo (Art18 D486)

La  reivindicación  1  consiste  en  “un  método  para  producir  ostras  tetraploides  que 
comprende (…)”

Comparación de las características técnicas esenciales, con las del estado de la técnica:

Características esenciales D1 D2
Método para producir ostras Método para producir ostras (Pág. 3, 

Párr. 1)
Método para producir 
oocitos porcinos 
(Resument)

Impedir que los primeros 
cuerpos polares sean 
expulsados de los huevos 
fertilizados (incluye poner en 
contacto citocalasina B con 6-
dimetilaminopurina)

Impedir que los primeros cuerpos polares 
sean expulsados de los huevos 
fertilizados (incluye poner en contacto 
citocalasina B ó 6-dimetilaminopurina); 
(Pág. 6, Párr. 2)

Activar los oocitos 
poniendo en contacto 
citocalasina B y 6-
dimetilaminopurina  (Pág. 
299)

Producir ostras tetraploides 
viables

Producir ostras tetraploides viables 
(Resumen)

No menciona

El documento D1 se considera el estado de la técnica cercano a la invención definida 
en la reivindicación 1 porque divulga moluscos tetraploides, y un método novedoso para 
su producción (Resumen).

La  diferencia  entre  la  invención,  definida  en  la  reivindicación  1  y  el  procedimiento 
divulgado  en  el  documento  D1  consiste  en  la  utilización  de  citocalasina  B  y  6-
dimetilaminopurina  al  mismo  tiempo  para  impedir  que  los  cuerpos  polares  sean 
expulsados.

El efecto que logra el incluir el poner en contacto citocalasina B y 6-dimetilaminopurina 
al  mismo  tiempo es  que  impide  la  expulsión  de  los  primeros  cuerpos  polares, 
aumentando la viabilidad de las ostras tetraploides.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invención se puede 
formular así: “cómo modificar la manera de impedir que los primeros cuerpos polares 
sean  expulsados  para  aumentar  la  viabilidad  de  las  ostras  tetraploides  y  hacer  el 
proceso más eficiente”.

Sin  embargo,  la  utilización  de citocalasina  B  ó  6-dimetilaminopurina  para  inhibir  la 
expulsión de los cuerpos polares, ya está divulgada en el documento D1 que se refiere 
a  un  procedimiento  para  la  producción  de  ostras  tetraploides  viables  usando 
citocalasina B ó 6-dimetilaminopurina para impedir que los primeros cuerpos polares 
sean  expulsados   (Pág.  6,  Párr.  2)  y  en  el  documento  D2  que  se  refiere  a  un 
procedimiento para producir oocitos viables porcinos (Pág. 299) en donde se pone en 
contacto al mismo tiempo citocalasina B y 6-dimetilaminopurina (6-DMAP). 

En consecuencia, la persona del oficio normalmente versada en la materia, incluiría el 
poner en contacto la citocalasina B y 6-dimetilaminopurina de acuerdo al procedimiento 
del documento D2  en el procedimiento divulgado por el documento D1, al conocer el 
efecto que se produce al poner en contacto los dos compuestos en el medio de cultivo, 
específicamente lograr la inhibición de la expulsión de los cuerpos polares para llegar 

1.http://worldwide.espacenet.com/publicationDetails/biblio?
CC=WO&NR=9519703A1&KC=A1&FT=D&ND=3&date=19950727&DB=EPODOC&locale=en_EP
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así al objeto de la reivindicación 1 de la solicitud. Por lo cual se considera obvia.

Las reivindicaciones dependientes 2-4 no cumplen con el requisito de nivel inventivo 
(Art. 18). 

6. Conclusión

Los requisitos de Patentabilidad de la presente solicitud están afectados así:

Ítem Documento Reivindicaciones afectadas Requisito que afecta
D1 WO9519703 1-4 Nivel Inventivo

D2
Yi and Park, 2004. Animal 
Reproduction Science 86: 

297–304
1-4 Nivel Inventivo

7. Respuesta a los argumentos del señor solicitante 

Argumentos con respecto al estudio de nivel inventivo 

El señor solicitante argumenta que cuando se ponen en contacto los huevos fertilizados 
con  citocalasina  B  y  luego  con  6-dimetilaminopurina (DMAP),  se  obtiene  un  efecto 
sinérgico  en  comparación  con  las  enseñanzas  del  documento  D1.  Al  respecto  es 
pertinente señalar  que en la  tabla  1  existen diferencias significativas entre  usar  los 
compuestos solos o en combinación, sin embargo, la combinación y su aplicación fue 
anticipada por el documento D1, y por otra parte a partir de los hallazgos divulgados en 
la memoria descriptiva frente a usar un compuesto después del otro, es evidente que no 
hay diferencias significativas. Adicionalmente, en la tabla 1 el número de oocitos usados 
en los grupos experimentales 1 y 2 comparados con el grupo experimental 3 y 4 es 
diferente por lo cual no se puede establecer una diferencia significativa. 



En cumplimiento  del  artículo  45  de  la  Decisión  486  de  la  Comisión  de  la  Comunidad 
Andina,  se  le  indica  que  debe  dar  respuesta  dentro  del  término  de  sesenta  (60)  días 
contados a partir del día siguiente de la fecha de notificación de la presente comunicación. 
En caso de no dar  respuesta  al  presente  requerimiento,  o  si  a  pesar  de  la  respuesta 
subsistieran los impedimentos para la concesión, se denegará la patente.

Se invita al solicitante se sirva indicar, si así lo considera, su renuncia al término faltante de 
sesenta (60) días  para dar respuesta a este requerimiento y presentarla por escrito.

Finalmente, se le recuerda al solicitante que si como respuesta a este requerimiento llegara 
a modificar el capítulo reivindicatorio y éste contenga más de diez (10) reivindicaciones, no 
pagará  la  tasa  de  modificación  voluntaria  pero  sí  la  correspondiente  al  pago  por 
reivindicación adicional.

Notifíquese el  presente oficio  conforme a lo dispuesto en el  numeral  5.2,  literal  e),  del 
capítulo quinto del título primero de la Circular Única No. 10 de 2001. 

El anterior requerimiento fue notificado por fijación en lista, de fecha  2014-08-19

Elaboró: Lina Maria Lizaraso Trespalacios
Revisó: Consuelo  Leguizamon Leguizamon
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treated by ethanol, cycloheximide, cytochalasin B

and 6-dimethylaminopurine

Y.J. Yi, C.S. Park∗

Division of Animal Science and Resources, Research Center for Transgenic Cloned Pigs,
Chungnam National University, 305-764 Daejeon, Korea
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Abstract

This study was carried out to investigate the various concentrations and exposure times of ethanol,
one of many intracellular calcium elevating agents, and a sequential combination of ethanol (8%),
cycloheximide (CHX, 10�g/ml), cytochalasin B (CCB, 7.5�g/ml) and 6-dimethylaminopurine (6-
DMAP, 2 mM) to improve parthenogenetic activation and development of in vitro matured porcine
oocytes. Cumulus-oocyte complexes (COCs) were matured in tissue culture medium (TCM) 199 for
44 h at 38.5◦C, 5% CO2 in air. Cumulus-free oocytes showing first polar body were activated by
concentrations of 0, 5, 6, 7, 8, 9 and 10% ethanol for 10 min and exposure times of 0, 5, 8, 10, 12
and 15 min with 8% ethanol in HEPES buffered (25 mM) NCSU-23 medium. Also, oocytes were
activated with the NCSU-23 medium containing 8% ethanol for 10 min. After that, oocytes were
incubated in the NCSU-23 medium supplemented with CHX, CCB, 6-DMAP, CHX + CCB, CHX +
6-DMAP, CCB + 6-DMAP and CHX + CCB + 6-DMAP for 3 h, respectively. Following activation,
oocytes were transferred into the NCSU-23 medium containing 0.4% BSA for further culture of 20
and 144 h at 38.5◦C, 5% CO2 in air. The activation rates of oocytes were higher in 6, 7 and 8% ethanol
concentrations compared with 0, 5, 9 and 10% ethanol concentrations. Significantly, more oocytes
(29.3–33.7%) were activated in the exposure for 8, 10, 12 and 15 min than those in the exposure for 0
and 5 min, but there was no difference due to exposure to 8% ethanol for 8–15 min. Oocytes treated
by chemical agents (40.5–70.5%) after exposure to ethanol significantly improved the rate of oocyte
activation compared with ethanol alone (31.2%). The percentage of cleaved oocytes was higher in the
ethanol + CHX + CCB + 6-DMAP treatment (66.4%) than in other treatments (24.9–57.6%). Also,

∗ Corresponding author. Tel.: +82 42 821 5777; fax: +82 42 822 6712.
E-mail address:parkcs@cnu.ac.kr (C.S. Park).

0378-4320/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.anireprosci.2004.07.007
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the rate of blastocyst formation was higher in the ethanol + CHX + CCB + 6-DMAP treatment
(25.0%) than in other treatments (0.0–19.3%). In conclusion, the optimal activation treatment of
ethanol exposure alone for the in vitro matured porcine oocytes was 8% ethanol for 8–15 min. Oocytes
activated by 8% ethanol for 10 min and incubated in the NCSU-23 medium supplemented with CHX,
CCB and 6-DMAP for 3 h were more efficient for parthenogenetic development of in vitro matured
porcine oocytes.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Porcine oocyte; Parthenogenesis; Ethanol; Activation

1. Introduction

Activation of oocytes matured in vitro is essential for the success of animal cloning by nu-
clear transfer. Artificial stimuli elevating the cytoplasmic levels of calcium ions can induce
activation of the oocytes even without penetration of the sperm into the oocyte. Chemical
activating stimuli such as ethanol (Nagai, 1987), calcium ionophore and ionomycin (Jones
et al., 1995; Tesarik and Sousa, 1995) are used to induce the artificial activation of mam-
malian oocytes. Ethanol was shown to induce oocyte activation in the mouse (Cuthberston
et al., 1981; Cuthberston, 1983) and cattle (Nagai, 1987, 1992; Yang et al., 1994). Yang
et al. (1994)reported that the combined treatment with 7% ethanol for 10 min and cy-
cloheximide (CHX), the protein synthesis inhibitor, improved the rate of activation of the
young oocytes of cattle. The histone kinase inhibitor, 6-dimethylaminopurine (6-DMAP),
has been reported to accelerate and enhance the formation of pronuclei in non-age metaphase
II oocytes from mice and cattle (Leal and Liu, 1998). Also, cytochalasin B (CCB) prevents
the release of the second polar body after activation of the oocytes, which would result in
diploid development (Fukui et al., 1992), and may also help prevent fragmentation of em-
bryos (Collas and Robl, 1990; Yang et al., 1992). Beux et al. (2003)reported that 6-DMAP,
cycloheximide, roscovitine and butyrolactone I could be used to block meiotic resumption
in porcine oocytes in NCSU-23 culture medium. Although, many reports on porcine oocyte
activation have been described, limited information is available on directly comparing the
activation efficiency of various chemical agents mentioned above.

The purpose of this study was to investigate the effects of the different concentrations
and exposure times of ethanol, and a sequential combination of ethanol, cycloheximide,
cytochalasin B and 6-DMAP to improve parthenogenetic activation and development of in
vitro matured porcine oocytes.

2. Materials and methods

2.1. Oocyte collection and in vitro maturation

Ovaries were collected from prepubertal gilts at a local slaughter house, and transported to
the laboratory in 0.9% NaCl solution containing 75�g/ml potassium penicillin G, 50�g/ml
streptomycin sulfate at 30–35◦C. Cumulus-oocyte complexes (COCs) were aspirated from
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antral follicles (3–6 mm in diameter) using a 18-gauge needle fixed to a 10 ml dispos-
able syringe. COCs were washed three times in Tyrode-lactate-pyruvate-polyvinylalcohol
(mTLP-PVA) as described byBavister (1989), and were washed twice with a maturation
medium. Thirty–fourty COCs were transferred to 500�l of the same medium that had
been covered with mineral oil in a 4-well multidish (Nunc, Roskilde, Denmark) and equi-
librated at 38.5◦C, 5% CO2 in air. The medium used for oocyte maturation was tissue
culture medium (TCM) 199 supplemented with 26.19 mM sodium bicarbonate, 0.9 mM
sodium pyruvate, 10�g/ml insulin, 2�g/ml vitamin B12, 25 mM HEPES, 10�g/ml bovine
apotransferrin, 500�M cysteamine, 10 IU/ml PMSG (Folligon, Intervet International B.V.
Boxmeer, Holland), 10 IU/ml hCG (Chorulon, Intervet International B.V. Boxmeer, Hol-
land), 10 ng/ml EGF (Sigma E-4127, USA), 0.4% BSA (Fraction V, Sigma A-8022, USA),
75�g/ml sodium penicillin G, 50�g/ml streptomycin sulfate and 10% pFF. After about 22 h
of culture, oocytes were cultured without cysteamine and hormones for 22 h at 38.5◦C, 5%
CO2 in air.

2.2. Activation and culture of oocytes

After the completion of culture of oocytes for IVM, cumulus cells were removed
with 0.1% hyaluronidase in mTLP–PVA, and washed three times with HEPES buffered
(25 mM) NCSU-23 medium. Cumulus-free oocytes showing first polar body were selected
and activated by various concentrations and exposure times of ethanol in the NCSU-23
medium.

Also, oocytes were activated with the NCSU-23 medium containing 8% ethanol for
10 min. After that, oocytes were incubated in the NCSU-23 medium supplemented with
10�g/ml cycloheximide, 7.5�g/ml cytochalasin B and 2 mM 6-dimethylaminopurine, with
a single treatment or combination treatments for 3 h, respectively. Following activation,
oocytes were washed three times with the NCSU-23 culture medium containing 0.4% BSA,
and were transferred into 500�l of the same medium for further culture of 20 and 144 h at
38.5◦C, 5% CO2 in air.

2.3. Examination of oocytes

At 20 h after activation, oocytes were fixed for 48 h in 25% acetic acid (v:v) in ethanol
at room temperature, and stained with 1% (w:v) orcein in 45% (v:v) acetic acid to examine
activated oocytes under a phase-contrast microscope at×400 magnification. Blastocysts
at 144 h were stained with Hoechst 33342, and nuclei were counted under fluorescent
microscope (Olympus, Japan).

Unless otherwise mentioned, all chemicals used in this study were purchased from Sigma
Chemical Co. (St. Louis, MO, USA).

2.4. Experimental design

Experiment 1 was conducted to investigate activation of in vitro matured oocytes after
exposure to ethanol for 10 min on the concentrations of 0, 5, 6, 7, 8, 9 and 10% ethanol,
respectively.
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Experiment 2 investigated activation of in vitro matured oocytes after 8% ethanol treat-
ment for varying of 0, 5, 8, 10, 12 and 15 min exposure time, respectively.

Experiment 3 was carried out to investigate the effects of chemical activation agents.
All oocytes were activated with the NCSU-23 medium containing 8% ethanol for 10 min.
After that, oocytes were incubated in the NCSU-23 medium supplemented with CHX, CCB,
6-DMAP, CHX + CCB, CHX + 6-DMAP, CCB + 6-DMAP and CHX + CCB + 6-DMAP
for 3 h, respectively.

2.5. Statistical analysis

Analyses of variance (ANOVA) were carried out using theSAS software package (1996).
Duncan’s multiple range test was used to compare mean value of individual treatments, when
theF-value was significant (P < 0.05).

3. Results

3.1. Effects of ethanol concentrations on activation of porcine oocytes

As shown inTable 1, seven different concentrations of ethanol were used to com-
pare activation of porcine oocytes matured in vitro. The activation rates of oocytes
were higher in 6, 7 and 8% ethanol concentrations compared with 0, 5, 9 and 10%
ethanol concentrations. However, more oocytes were activated in the 8% ethanol treatment
than in the other treatments. This concentration was therefore chosen for the successive
experiments.

3.2. Effects of 8% ethanol exposure times on activation of porcine oocytes

As shown inTable 2, significantly more oocytes (29.3–33.7%) were activated in the
exposure for 8, 10, 12 and 15 min than those in the exposure for 0 and 5 min, but there was
no difference due to exposure to 8% ethanol for 8–15 min.

Table 1
Effects of ethanol concentrations on activation of porcine oocytes matured in vitroa

Concentration of ethanol (%) No. of oocytes examinedb No. and percentage activated

0 119 7 (5.6± 3.6c)
5 111 29 (25.8± 2.8b)
6 116 34 (29.7± 1.8ab)
7 121 37 (30.7± 0.9ab)
8 118 41 (34.9± 1.6a)
9 120 32 (26.4± 1.6b)
10 121 14 (11.3± 3.1c)

a Oocytes were exposed to ethanol for 10 min after 44 h maturation in tissue culture medium (TCM) 199.
b Experiments were repeated four times.

abcMeans± S.E. in the same column with different superscripts differ significantly (P < 0.05).
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Table 2
Effect of activation of porcine oocytes matured in vitro according to length of exposure by 8% ethanol

Length of exposure (min) No. of oocytes examineda No. and percentage activated

0 106 9 (8.7± 3.3c)
5 100 24 (24.0± 1.7b)
8 102 30 (29.3± 2.0ab)
10 103 35 (33.7± 2.1a)
12 102 32 (31.5± 1.9ab)
15 107 33 (30.1± 2.0ab)

a Experiments were repeated four times.
abcMeans± S.E. in the same column with different superscripts differ significantly (P < 0.05).

Table 3
Effects on activation of porcine oocytes matured in vitro treated by ethanol or ethanol plus various chemical agents

Treatment No. of oocytes examineda No. and percentage activated

Ethanol 103 36 (31.2± 3.3e)

Ethanol plus
CHX 109 52 (46.6± 2.7cd)
CCB 107 55 (50.5± 2.4c)

6-DMAP 108 46 (40.5± 3.8d)
CHX + CCB 108 69 (62.7± 3.0ab)
CHX + 6-DMAP 108 52 (47.8± 3.1cd)
CCB + 6-DMAP 107 59 (54.3± 3.3bc)

CHX + CCB + 6-DMAP 105 75 (70.5± 3.3a)

CHX: 10�g/ml Cycloheximide, CCB: 7.5�g/ml Cytochalasin B, 6-DMAP: 2 mM 6-dimethylaminopurine.
a Experiments were repeated five times.

abcdeMeans± S.E. in the same column with different superscripts differ significantly (P < 0.05).

3.3. Effect of chemical agents for parthenogenetic activation and development

As shown inTable 3, the chemical agent treatments followed by exposure to ethanol
significantly improved (P < 0.05) the rate of oocyte activation compared with that of the
ethanol alone. The ethanol + CHX + CCB + 6-DMAP treatment significantly improved the
rate of oocyte activation compared with that of the other seven treatments.

As shown inTable 4, the percentages of cleaved oocytes and blastocyst formation were
higher with the ethanol + CHX + CCB + 6-DMAP treatment than in the other seven treat-
ments. The chemical agent treatments improved (P < 0.05) the cell numbers per blastocyst
compared with those of ethanol alone, but there were no differences among the chemical
agent treatments.

4. Discussion

Oocyte activation was induced by ethanol in cattle (Nagai, 1987, 1992; Yang et al.,
1994). Liu et al. (1998)reported that both sequential combination activation procedures of
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Table 4
Effect on development of porcine oocytes matured in vitro treated by ethanol or ethanol plus various chemical
agents

Treatment No. of oocytes
examineda

% of cleaved
oocytes

% of blatocyst from
cleaved oocytes

Cell no. per
blastocyst

Ethanol 100 24.9± 4.3f 0.0± 0.0f 0.0 ± 0.0b

Ethanol plus
CHX 98 43.8± 3.4de 8.5± 2.3de 21.4 ± 0.8a

CCB 98 48.0± 2.6cd 12.2± 1.1cd 23.3 ± 0.9a

6-DMAP 97 39.3± 1.0e 4.4± 1.9ef 21.3 ± 1.3a

CHX + CCB 107 57.6± 1.5b 19.3± 1.5b 24.6 ± 1.2a

CHX + 6-DMAP 106 45.7± 2.5cde 10.0± 2.6cd 21.5 ± 0.8a

CCB + 6-DMAP 104 52.6± 1.4bc 14.5± 0.7bc 24.5 ± 1.2a

CHX + CCB + 6-DMAP 108 66.4± 2.0a 25.0± 2.3a 25.6 ± 1.3a

CHX: 10�g/ml Cycloheximide, CCB: 7.5�g/ml Cytochalasin B, 6-DMAP: 2 mM 6-dimethylaminopurine.
a Experiments were repeated five times.

abcdefMeans± S.E. in the same column with different superscripts differ significantly (P < 0.05).

calcium ionophore A23187 (CaA) + 6-dimethylaminopurine, and CaA + cycloheximide +
cytochalasin D were effective for the activation and development of young bovine oocytes.
In this study, we were interested in testing the effects of the optimal concentration and
length of exposure to ethanol for activating porcine oocytes matured in vitro. The syner-
gistic effect of ethanol with CHX, CCB and 6-DMAP treatments was also investigated.
Our results indicated that exposure to 8% ethanol for 10 min activated 33.7–34.9% of the
porcine oocytes matured in vitro. This rate of activation was similar to other reports on
activation of bovine oocytes with ethanol (Nagai, 1987; Yang et al., 1994). It is known that
ethanol can induce a single intracellular free-calcium increase in oocytes which can cause
activation of some oocytes (Cuthberston et al., 1981). Liu et al. (1998)reported that optimal
parthenogenetic development of newly matured bovine oocytes can be obtained by calcium
ionophore treatment by incubation with either 6-DMAP or cycloheximide + cytochalasin
D. This study confirmed that treatment with ethanol alone resulted in low activation, cleav-
age and development rates compared with the combined treatments of ethanol plus various
chemical agents.

A protein synthesis inhibitor, cycloheximide has been used to induce pronuclear devel-
opment in matured mouse oocytes (Siracusa et al., 1978; Clarke and Masui, 1983) and
in cattle (Sirard et al., 1989). Presicce and Yang (1994a,b)reported that activation rates
achieved with the combined ethanol and cycloheximide treatment were high for both young
and aging oocytes. Ethanol-induced Ca2+ elevation would inactivate the existing cytostatic
factor (CSF), and the subsequent cycloheximide exposure would prevent renewal of CSF
synthesis in the oocyte. A protein serine/threonine kinase (or phosphorylation) inhibitor,
6-dimethylaminopurine has been shown to enhance the activation stimulus and to acceler-
ate pronuclear formation and parthenogenetic development in the young mouse and bovine
oocytes (Moses and Masui, 1994; Moses et al., 1995; Takahashi et al., 1996). After the com-
bined treatments with ethanol plus various chemical agents, we also observed an increased
rate of parthenogenetic development in activated oocytes compared with the treatment with
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ethanol alone. However, the activation, cleavage and blastocyst formation rates of oocytes
with the treatments with ethanol + CHX + CCB, ethanol + CCB + 6-DMAP and ethanol +
CHX + CCB + 6-DMAP were significantly increased compared with the treatments with
ethanol + CHX, ethanol + CCB, ethanol + 6-DMAP and ethanol + CHX + 6-DMAP. Cy-
tochalasin was reported to inhibit extrusion of the second polar body; in the presence of
cytochalasin, segregation of the chromosomes occurred, but cytokinesis did not take place.
This resulted in diploid zygotes with two pronuclei (Presicce and Yang, 1994a,b; Liu et al.,
1998). The protein kinase inhibitor 6-DMAP, on the other hand, is known to cause the sec-
ond meiotic spindle to disintegrate and the oocytes to pass directly into interphase (Navara
et al., 1994). In our experiment, the activation, cleavage and blastocyst formation rates were
more effective following incubation in the treatments with cytochalasin B. In conclusion,
the optimal activation treatment for ethanol exposure alone for the porcine oocytes matured
in vitro was 8% ethanol for 8–15 min. Also, we can conclude that the combined treatment
of in vitro matured porcine oocytes with ethanol + CHX + CCB + 6-DMAP significantly
increased the activation, cleavage and blastocyst formation rates. Further comparative in-
vestigations will be needed to show what effects each inhibitor has on oocyte quality and
further developmental competence.
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