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Notas de investigacion

Efecto del medio de cultivo sobre el desarrollo
embrionario bovino in vitro

Effect of culture medium on in vitro bovine
embryo development

Monica de los Reyes Solovera*
José Antonio Stuardo Rosales*
Claudio Barros Rodriguez**

Abstract

The aim of this study was to compare the effect of three different culture media on the in vitro embryo
developmentofinvitrofertilized bovine oocytes. The three culture media used were: a) control medium (TCM-
199 + 10 mg/ml BSA), b) control medium that had been conditioned by co-incubation with bovine oviductal
epithelial cells (BOEC) and, ¢) control medium plus 5 ug/ml insulin, 5 ug/ml transferrin and 5 ug/ml selenium
(ITS). In vitro fertilized oocytes were incubated separately in each one of these media for six days. At 24 h of
incubation, the cleavage rates were: 44.9%, 44.1% and 43%, respectively (P > 0.05). However, embryo
developmentup to early blastocyst stage (six days of culture) was greater (P < 0.05) in TCM-199 + ITSmedium
(20.3%) as compared to the other two media used (12.3% and 1.7% in TCM + BOEC medium and control
medium, respectively).

Key words: EMBRYO DEVELOPMENT, BOVINE, CULTURE MEDIUM.

Resumen

Este trabajo comparo el efecto de tres medios de cultivo sobre el desarrollo embrionario de ovocitos bovinos
fecundados in vitro. Se utilizaron tres medios: a) Medio testigo (TCM — 199 + 10 mg/ml), b) medio testigo con
células epiteliales del oviducto bovino (BOEC) y ¢) medio testigo mas 5 ug/ml insulina, 5 ug/ml transferrinay
5ug/mlselenio (ITS). Los ovocitos fecundados in vitro se incubaron separadamente en cada uno de los medios
de cultivo durante seis dias. Los resultados mostraron que después de 24 h de incubacion los porcentajes de
desarrollo al estado de dos células fueron de 44.9 44.1 y 43, respectivamente (P > 0.05). Sin embargo, el
desarrollo hasta el estado blastocisto temprano (seis dias de cultivo) fue mayor (P < 0.05) en medio TCM - 199
+ ITS (20.3%) comparado con los otros dos medios utilizados (12.3% y 1.7%) en TCM + BOEC vy testigo,
respectivamente.
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Recibido el 29 de abril de 2003 y aceptado el 17 de septiembre de 2003.
* Laboratorio de Reproduccion, Facultad de Ciencias Veterinarias y Pecuarias, Departamento de Fomento de la Produccién Animal,
Universidad de Chile, Casilla 2, Correo 15, La Granja, Santiago, Chile
** Laboratorio de Embriologia, Facultad de Ciencias Bioldgicas, Pontificia Universidad Catélica de Chile, Alameda 340, Santiago, Chile.
Solicitud de reimpresiones: Ménica de los Reyes: mdIreyes@uchile.cl



implantation development of mammalian em-

bryosto be keptalive in order to be transferred.
It has been determined that bovine embryo co-culture
with somatic cells such as granulose cells,* trophoblas-
tic vesicles,2 and particularly bovine oviductal epithe-
lial cells (BOEC),**would improve the rate of develop-
ment to get to the blastocyst stage. The mechanism by
which these cells could contribute to early develop-
ment is still not well understood. BOEC could secrete
growth factors that would enhance development.®
However the possible disadvantages of asystem of this
type would be the release of embryotoxic substances,
changes in the concentration of culture medium com-
ponents and the inability to define the beneficial fac-
tors for embryonic developments, thus making it im-
possible to standardize the system.® A given culture
medium that allows preimplantation development
without the contribution of somatic cells would allow
us to better understand the biochemical requirements
forearly embryonicdevelopment.” The contribution of
insulin, transferrin and selenium is very important for
most of the cell lines.®? In vitro culture of mouse® and
bovine!**2embryos hasshownsome promising results.
Insulin is a potent mytogenic and differentiation in-
ductor in bovine embryos.’*** Transferrin stimulates
cell proliferation and morphogenesis.’® Selenium, on
the other hand, is in the active site of the glutathion
peroxidase enzyme, thus regulating the biological ac-
tivity of the enzyme and protecting the cells from the
oxidative damage in cell cultures.'®

In the present study we compared the in vitro em-
bryonic development in a culture medium containing
insulin, transferrin and sodium selenium in defined
amounts and the development in culture medium
supplemented with oviductal cells.

In vitro mature bovine oocytes were inseminated
in vitro with frozen thawed bull spermatozoa using
Fert-TALPY culture medium (fecundation evalua-
ted by spermatic decondensation in the ovular cyto-
plasm) and were placed in 50 ul drops in each of the
media used. The fertilized oocytes, 682 in total, were
distributed in three different culture media to be
evaluated: a) Control. Containing TCM 199 (Gibco
#12340-030), supplemented with 10 mg/ ml of Frac-
tion V BSA*, 0.1 mM sodium pyruvate, 100 lU/ml of
sodium penicillin and 100 ug/ml streptomycin. b)
TCM + BOEC. This culture medium was made up of
control medium and bovine oviductal cells (BOEC)
thatwere prepared according to Eyestone and First®.
The BOEC were added to the control culture me-
dium ina proportion of 1:20 (1 ml solution with cells
and 20 ml of culture medium). From this medium
100 ul drops were prepared and the eggs placed in
them. Every 48 hours 50% of the culture medium

( : ulture medium playsan important role for pre-
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para el desarrollo de preimplantacién de em-

briones para que sean viables y puedan ser
transferidos. Se ha determinado que el cocultivo em-
brionario bovino con células sométicas, tales como
células de la granulosa,® vesiculas trofoblasticas? vy,
principalmente, células del epitelio oviductal bovino
(BOEC),** mejorarian la tasa de desarrollo hasta la
etapa de blastocistos. El mecanismo por el cual contri-
buyenal desarrolloembrionariotempranoesadn poco
conocido. Las BOEC secretarian factores de crecimien-
to que estimulan el desarrollo.® Sin embargo, las des-
ventajas de este sistema serian la posible liberacion de
sustanciasembriotdxicas, modificacionesen laconcen-
tracion de los constituyentes del medio y la incapaci-
dad de definir los factores que pueden ser beneficiosos
para el desarrollo embrionario, imposibilitando la es-
tandarizacion del sistema.® Un medio que sustente el
desarrollo preimplantacional, independiente de célu-
las somaticas permitiria entender mejor los requeri-
mientos del desarrollo embrionario temprano.” El cul-
tivoconinsulina, transferrinay selenio esesencial para
la mayoria de las lineas celulares.®® En cultivo embrio-
nario de ratén'’y de bovinos''*? ha mostrado algunos
resultados favorables. Lainsulinaes un potente agente
diferenciador y mitogénico en embriones bovinos.'?14
La transferrina actUa estimulando la proliferacion ce-
lulary lamorfogénesis.”® El selenio es un constituyente
delsitioactivode laenzimaglutation peroxidasa, regu-
lando de estaforma su actividad bioldgicay previnien-
do el dafio oxidativo en cultivos celulares.*

En este trabajo se evalud, el desarrollo embrionario
in vitro en un medio de cultivo con insulina, transferri-
na y selenito de sodio en cantidades definidas, y su
comparacién con el desarrollo embrionario en medio
suplementado con células oviductales bovinas.

Ovaocitos bovinos madurados e inseminados in vitro
con espermatozoides congelados y descongelados incu-
bados en medio Fert-TALPY (fecundacion evaluada por
decondensacién espermatica en el citoplasma ovular) se
colocaron en gotas de 50 il en cada uno de los siguientes
mediosde cultivo. Seevaluaron 682 ovocitos fecundados,
distribuidos en los tres medios de cultivo a estudiar: a)
Testigo. Compuesto por TCM 199 (Gibco #12 340-030),
suplementado con 10 mg/mlde BSA, fraccion V,*0.1mM
de piruvato; 100 Ul/ml de penicilina G s6dicay 100 pg/ml
de estreptomicina. b) TCM + BOEC. Este medio estuvo
constituido por el medio control més las células oviducta-
les bovinas (BOEC), que se prepararon con base en lo
descrito por Eyestoney First.LasBOEC seadicionaronal
medio de cultivo testigo en una proporcién de 1:20 (1 ml
desolucién con célulasen 20 ml de medio). De este medio

l D I medio de cultivo cumple un rol fundamental

* Sigma® St Louis, Missouri, USA.



was replaced with fresh medium. ¢) TCM+ITS. That
is, control culture medium containing 5 pg/ml insu-
lin, 5 pg/ml transferrin and 5 pg/ml sodium selenite
(ITS, Sigma # 1884). With this culture medium, 100
ul were prepared in tissue culture Petri dishes (Fal-
con®, #3001).

The percentage of embryonic development was
analyzed using G-test of independence, and Bon Fer-
roni test was used to determine the existence of signif-
icative differences between the mediums.®®

The percent of embryonic development was evalu-
ated at 24 h and at the sixth day of incubation in each
of the culture media.

At 24 h of incubation there were no significant
differences in the three culture media used, as eva-
luated by the occurrence of the first cleavage divi-
sion (P>0.05) (Figure 1A, Table 1). Development at
the sixth day of culture showed that control culture
medium developmentwas lower ascompared to the
other two media used (Table 1). Preimplantational
development in control medium was blocked at the
two-cell stage (Figure 1A), and only 1.7 % reached
the blastocyst stage. Supplementation of culture me-
dium with insulin, transferrin and sodium selenite
allowed a higher percentage of embryos (20.3%, P <
0.05) to reach the early blastocyst stage (Figure 1B),
when compared to the development reached when
using control medium supplemented with BOEC
(12.3%).

No morphological differences were observed (cell
size and cell form) in the different stages of develop-
ment in the different culture media used.

The addition of bovine serum albumin protects
early embryonic development due to its chelant
properties against toxic media components and also
to its membrane stabilizer properties, as well as
providing the traditional protein supplementation.®*®
Zygotes of different domestic species could reach a
more advanced stage of development in simple cul-
ture media supplemented with blood serum or se-
rum albumin.?? However in this study we found that
the presence of serum albumin by itself was not
enough to allow development to more advanced
stages, as demonstrated by the low yield of blasto-
cysts obtained in the control medium. Some studies
have confirmed that different lots of serum albumin
could affectembryonic development, including that
of bovines, due to the presence or absence of com-
pounds that could enhance or diminish develop-
ment.z

The results obtained showed that bovine embryo
culture in medium containing ITS and BOEC had the
higher percentages of blastocyst development, when
compared with the control; however those cultured in
media containing ITS had a significant higher rate of

con células se prepararon gotas de 100 ul, para laincuba-
cion de los huevos. Cada 48 horas se realiz6 el cambio del
50% del medio por medio TCM + BOEC fresco. ¢c) TCM-
ITS. Medio de cultivo testigo, conteniendo ademas 5 ug/
ml insuling; 5 ug/ml transferrina; 5 ug/ml de selenito de
sodio (ITS, Sigma# 1884). Con este medio se prepararon
gotas de 100 ul en placas de cultivo Falcon ®, 3001.

Se compararon los resultados de los porcentajes de
desarrollo embrionario, utilizando la prueba de dife-
renciaentre proporciones. Ademas se utilizé la prueba
de Bon Ferroni para determinar la existencia de dife-
rencias significativas entre los medios.*®

Los porcentajes de desarrollo embrionario se eva-
luaron al comienzo del cultivo, a las 24 horas y al sexto
dia de incubacion en cada medio en estudio.

Alas 24 horas de cultivo los huevos incubados en los
tres medios no mostraron diferencias significativas en
laprimeradivision celular (estado de dos blastomeras)
(P = 0.05) (Figura 1A; Cuadro 1). El desarrollo al sexto
diade incubacion mostro que los huevos incubadosen
el medio de cultivo testigo (TCM-199 suplementado
con BSA), obtuvieron un desarrollo inferior (P < 0.05),
al compararlo con los medios TCM-199 + BOEC y
TCM-199 + ITS (Cuadro 1). El desarrollo preimplanta-
cional en el medio testigo se detuvo principalmente al
estado de dos blastémeras (Figura 1A), alcanzando el
estado de blastocisto temprano solo 1.7% de ellos. La
suplementacién del medio de cultivo con insulina,
transferrina y selenito de sodio, permitié que un por-
centaje mayor (20.3 P < 0.05) de ovocitos fecundados
alcanzara el estado de blastocisto temprano (Figura
1B),alcompararlo con el desarrollo alcanzado al usar el
medio suplementado (BOEC, 12.3%).

No se observaron diferencias morfolégicas (formay
tamafio celular) en las distintas etapas del desarrollo
entre losembriones obtenidos con los distintos medios
de cultivo analizados.

La adicion de albamina sérica a los medios de cultivo
ayuda al desarrollo preimplantacional debido a sus pro-
piedades protectoras contra componentes toxicos en el
medio, aportando, ademas, la suplementacion tradicio-
nal de proteinas.®'® Cigotos de diferentesespeciesdomés-
ticas podrian alcanzar un desarrollo méas avanzado en
cultivos simples suplementados s6lo con suero o albimi-
naséricabovina.®Sinembargo, en este trabajo se observo
que la sola adicion de BSA al medio de cultivo (medio
testigo) no fue suficiente para permitir el desarrollo hasta
estados més avanzados del desarrollo, como lo demues-
tra el bajo porcentaje de blastocistos obtenidos en el
medio testigo. Algunos estudios han confirmado que
diferentes lotes de albiimina afectarian el desarrollo em-
brionario en algunas especies, incluida la bovina, ello
podria estar relacionado con la presencia o ausencia de
compuestos en las diferentes albiiminas utilizadas, que
podrian favorecer o inhibir este desarrollo.?
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development. Though it has been shown that the Los resultados obtenidos, mostraron que el cocultivo

addition of oviductal cells or media conditioned to de embriones bovinos fecundados in vitro, con células
bovine embryo culture have quite abeneficial effecton epiteliales oviductales (BOEC) o con insulina, transferri-
development, 34 other investigations have notshown nay selenio (ITS), facilitaron el desarrollo a estados més
aclearandsignificanteffectupon development.22These avanzados, al compararlos con el medio testigo; sin em-

A)

B)
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Figura 1. Diferentes esta-
dos del desarrollo embrio-
nario preimplantacional
bovino. A) Estado de dos
células (24 horas de culti-
vo). B) Blastocisto tempra-
no (seis dias de cultivo).
Different stages of preim-
plantational bovine embr-
yo development. A) Two-
cell stage (24 hours of
culture) B) Early blastocist.
(6 days of culture).



Cuadro 1
PORCENTAJE DE DESARROLLO EMBRIONARIO UTILIZANDO DIFERENTES MEDIOS DE CULTIVO
PERCENTAGE OF EMBRYO DEVELOPMENT USING DIFFERENT CULTURE MEDIA

Two cell embryos

Early blastocyts

(24 hours) (six days)
Culture media N % N %
TCM + BOEC 125/283 44.1* 35/283 12.32
TCM + ITS 120/281 43.0° 57/281 20.3°
TCM CONTROL 53/118 449 2/118 1.7¢

* Values with different superscripts within the same column are significantly different (P <0.05).

apparent differences could be associated with differ-
ent contributions, both in terms of concentrations and
quality, of oviductal cell factors such as of peptides,
enzymes and embryotrophic factors.?? The ill-de-
fined medium composition when adding oviductal
cells contrasts with the characteristics of a defined
medium such as that of adding compounds such as
ITS, were the former situation is brought about by the
impracticality of identifying each componentand con-
centration necessary for the culture medium.

Studies using macromolecular supplementation
and growth factors? have shown that when TCM 199
isenriched with surfactant T-80 and ITS or EFG there
is an increased rate of bovine morulae development.
This is probably due to the important mytogenic
activity of insulin.** Furthermore, it has also been
shownthatbovine embryoscan incorporate maternal
insulinthrough receptor-mediated endocytosis, thus
insulin could stimulate DNA, RNA, protein and lipid
synthesis, hence regulating cell functions.? Besides
its iron transporting function, transferrin could also
be working as a detoxifying molecule to remove toxic
metals from the culture medium.® It is possible that
the best result obtained in the present work could
well be related to the addition of transferrin, which
was potentiated by the addition of insulin and seleni-
um (ITS).

Selenium could prevent the oxidative damage pro-
duced in cell cultures,**something that it is important
to consider when culturing mammalian embryos with
a high proportion of atmospheric oxygen (5% CO, in
air), such as that used in these in vitro studies, that
could induce mitochondrial damage due to the in-
crease in free radicals.”

Embryos cultured with IGF, human transferrin
and bovineinsulin could improve developmentwhen
cultures are started at the 8-celled morula stage. On

bargo, la proporcion total de blastocistos tempranos que
se obtuvo utilizando el medio con células del oviducto,
fue significativamente inferior al obtenido con laadicién
de ITS, donde se agregaron cantidades definidas de insu-
lina, transferrina y selenio. Aunque la adicién de células
oviductalesomediocondicionadoalos mediosde cultivo
embrionario bovino, ha probado ejercer un efecto bené-
fico para el desarrollo,**! en otras investigaciones no se
haobservado un efecto claro y significativo en el desarro-
llo.2Estasdivergencias podrian estar asociadasadiferen-
tes concentraciones en el medio de los diversos compo-
nentesinvolucradosen el desarrollo embrionario aporta-
do por las células del oviducto, ya que ademas del efecto
fisico directo entre el embridn y las células oviductales, la
principal forma en que el tejido oviductal ayudaria a
sostener el desarrollo en las primeras etapas, estaria rela-
cionada con la adicién de péptidos, enzimas y factores
embriotroficos en el medio.?? No obstante, la modifica-
cion de las concentraciones de los constituyentes del
medio empleado, dado por la adicion de las células del
oviducto, puede no ser siempre el adecuado, ya que en
estos cultivos se hace imprécticalaidentificacion de todos
estoscomponentes como de susconcentraciones. Estono
sucederiaal agregar cantidades previamente determina-
das de factores que promoverian el crecimiento celular,
como ocurririacon el ITS.

Trabajos con suplementacién macromoleculary de
factores del crecimiento,”® muestran que la adicién de
ITSoEGFalmedio TCM con surfactante T-80,aumenta
latasade morulasen cultivosembrionariosbovinos. La
insulina ha probado ejercer una actividad mitogénica
importante,* ademas se ha demostrado que los em-
briones internalizan insulina materna a través de en-
docitosis mediada por receptores, la insulina ejerceria
su accién mediante la estimulacion de la sintesis de
ADN, ARN, proteinas y lipidos, regulando las funcio-
nes celulares.® La transferrina, ademas de unir fierro

Vet. Méx., 34 (4) 2003 393



the other hand, it has also been said that the mRNA
transcription for many growth factors and their re-
ceptors are synthesized in bovine and ovine embryos
in differentstages oftheir development. Inthe present
study we found that during the first hours of deve-
lopment there were no significant differences up to
thefirstcleavage stage, thus confirming findings from
other studies,® thus suggesting the beneficial effect
after the addition of embryotrophic factors could be
between the 8- and 16-celled stage, when embryonic
genome assumes the control of development.” There-
foreinvitrofertilized bovine oocytes reaching the two
or four celled stage could not be a good indicator to
estimate their true potential for development.

Considering the many difficulties encountered
when trying to culture bovine embryos in media
containing somatic cells, due mainly to the difficulty
in standardizing their components, as well as their
inefficient maintenance and the risk factor of their
acting as vectors for disease, it seems necessary to
obtain normal embryos under chemically-defined
culture media.
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