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Introduction

Somatic cell co-culture plays a major role on devel-
opment of preimplantation embryos cultured in vitro1. 
The embryotrophic effects of co-culture are mediated 
by somatic cell production of growth and survival 
factors as well as metabolism of inhibitory substances 
such as reactive oxygen species1,2,3,4,5. Nonetheless, 
inadequate culture system will favor both the embry-
onic blockage and loss6.

It has been demonstrated that primary oviductal 
(OC)7,8,9 and granulosa cell (GC)10,11 culture secretes a 

series of factors that act in a paracrine manner stimu-
lating development to the blastocyst stage. Moreover, 
it was shown that co-culture of embryos with these 
cells types was beneficial due to embryotrophic ef-
fects of secretions of cultured cells as well as due to 
the removal of embryotoxic substances from the cul-
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Abstract

The present work was carried out to evaluate the in vitro development of bovine embryo co-cultured in granulosa, 
oviduct, BRL or VERO cells co-cultures, supplemented with 5% or 10% of Fetal Calf Serum (FCS). Cummulus oocyte 
complexes were aspirated, matured and fertilized in vitro. Embryonic structures were divided into eight treatments. They 
were placed in culture media TCM 199 containing granulosa, oviduct, BRL or VERO cells, each of them added with 5% 
or 10% FCS. The conditions for the co-culture were 38.5 ºC, 5% CO2 in air and high humidity for ten consecutive days. 
Cleavage, blastocyst and hatching rates did not differ (p > 0.05) in co-culture with primary cells (granulosa and oviduct) 
when FCS concentration increased from 5 to 10%. However, in continuous cells co-culture (BRL and VERO), when 
FCS concentration increased from 5% to 10%, the blastocyst development rate decreased significantly (p < 0.05) from 
33.6 to 16.3% and from 40 to 16.5% in embryo co-culture with BRL and VERO cells, respectively.
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Resumo

O presente trabalho foi realizado com o objetivo de avaliar o desenvolvimento in vitro de embriões bovinos co-
cultivados em células da granulosa, do oviduto, BRL e VERO, suplementados com 5% ou 10% de Soro Fetal Bovino 
(SFB). Os complexos cummulus oócitos foram aspirados, maturados e fecundados in vitro. As estruturas embrionárias 
foram divididas em oito tratamentos: co-cultivo em TCM 199 contendo células da granulosa, do oviduto, BRL ou 
VERO adicionadas com 5% ou 10% de SFB. As condições de cultivo foram 38.5 ºC, 5% CO2 em ar e alta humidade por 
dez dias consecutivos. Os índices de clivagem, blastocisto e eclosão não diferiram (p > 0,05) no co-cultivo com células 
primárias (granulosa e oviduto) quando a concentração de SFB aumentou de 5 para 10%. Entretanto, no co-cultivo com 
células de linhagens contínuas (BRL e VERO), quando a concentração de SFB aumentou de 5% para 10%, os índices 
de blastocistos diminuíram significativamente (p < 0,05) de 33,6 para 16,3 % e de 40 para 16,5% nos embriões bovinos 
co-cultivados com células VERO e BRL, respectivamente.
Palavras-chave: Co-cultivo. Blastocisto. Granulosa. Oviduto. Vero. BRL.

 

Correspondence to:

Dr. Jose Antonio Visintin 
Av. Prof. Dr. Orlando Marques de Paiva, 87 
CEP 05508-000 São Paulo, SP, Brazil 
Phone: 55 11 3091-7915 Fax: 55 11 3091-7412 
e-mail: visintin@usp.br

Received: 04/03/2010 
Approved: 09/02/2011

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Cadernos Espinosanos (E-Journal)

https://core.ac.uk/display/268256337?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


39

Braz. J. Vet. Res. Anim. Sci., São Paulo, v. 48,  n. 1,  p. 38-45, 2011

ture medium12. Similarly, permanent cell lines, such 
as Buffalo rat liver cells (BRL), produce considerable 
levels of insulin-like growth factor-II (IGF-II)13, trans-
forming growth factor beta (TGF-β)14 and Leukemia 
inhibitory factor (LIF)15, while african green monkey 
kidney (VERO) cell, a safe pathogen-free epithelial 
cell (they are highly controlled for viruses and other 
contaminants because they are used for vaccine pro-
duction) produce interleukin, platelet-derived growth 
factor (PDGF), LIF and IGF16 promoting an stimula-
tory effect during embryonic development17,18,19,20,21.

Even though the beneficial effect of co-culture on 
development of in vitro produced embryos has been 
widely demonstrated there is controversial evidence 
regarding domestic animal species cell specificity and 
embryo co-culture. Therefore, this study was carried 
out to evaluate the effect of GC, OC, BRL or VERO 
cell co-culture systems supplemented with 5 or 10% 
fetal calf serum (FCS).

Material and Method

Chemicals and Reagents. Unless otherwise indi-
cated, all chemicals were obtained from Sigma Chem-
ical (St. Louis, MO, USA). Tissue culture medium 
(TCM)-199 and fetal calf serum (FCS) were obtained 
from Gibco BRL (Grand Island, NY, USA). 

Collection of Oocytes. Slaughterhouse bovine ova-
ries were transported to the laboratory in thermal 
recipients containing 0.9% NaCl saline solution at 30 
ºC, washed twice in phosphate buffered saline (PBS, 
Nutricell – Brazil) and maintained at 30 ºC water 
bath. Cumulus-oocyte complexes (COCs) were ob-
tained by aspirating 2-8 mm follicles with a 20-gauge 
needle coupled to a 10 mL syringe. The follicular fluid 
was pooled in 15 mL conical tubes and allowed to 
sediment for 10–15 min.

In vitro Maturation. Cumulus-oocyte complexes 
(COCs) containing compact cumulus cells and ho-
mogeneous/brown cytoplasm were selected for in 

vitro maturation. Selected COCs were washed three 
times in washing medium (TCM 199-Hepes + 10% 
FCS + 22 μg/mL pyruvate + 50 μg/mL gentamicin) 
and twice in maturation medium (TCM 199 + 10% 
FCS + 0.5 μg/mL FSH + 5 μg/mL LH + 1 μg/mL E2 + 
22 μg/mL pyruvate + 50 μg/mL gentamycin). Groups 
of 30 COCs were matured in 90 μL drop maturation 
medium under mineral oil at 38.5 °C in an atmosphere 
of 5% (v/v) CO2 in humidified air for 22-24 hours.

Sperm preparation and In vitro fertilization. COCs 
were removed from maturation drops and washed 
once in TCM-HEPES supplemented with 3 mg/ml 
BSA + 22 μg/mL pyruvate + 50 μg/mL gentamycin. 
Frozen-thawed semen was purified by centrifugation 
in Percoll gradient (45% and 90%) to separate viable 
spermatozoa. Groups of 20-30 COCs were placed in 
90 μL drop fertilization medium (FERT-TALP + 3 mg/
ml BSA + 22 μg/mL pyruvate + 50 μg/mL gentamycin) 
supplemented with PHE [0.5 mM penicillamine, 0.25 
mM hypotaurine and 25 μM epinephrine in 0.9% (w/v) 
NaCl] and heparin (100 UI/mL). 

Oocytes were inseminated with 1 x 106 spermatozoa/
mL at 38.5 °C in an atmosphere of 5% (v/v) CO2 in hu-
midified air. Approximately 18 h post-insemination pre-
sumptive zygotes were removed from fertilization drops 
and denuded of cumulus cells by vortexing in TALP me-
dium. Putative zygotes were washed twice in fertilization 
medium and three times in culture medium. 

Embryo Culture. Groups of 30 presumptive zygotes 
were randomly allocated in 250 μL TCM-199 contain-
ing one of the following co-culture systems: granulosa 
cells + 5% FCS, granulosa cells + 10% FCS, oviductal 
cells + 5% FCS, oviductal cells + 10% FCS, BRL cells 
+ 5% FCS, BRL cells + 10% FCS, VERO + 5% FCS 
or VERO + 10% FCS underlaid in mineral oil at 38.5 
°C in an atmosphere of 5% (v/v) CO2 in humidified 
air. At day 2 postinsemination embryos were supple-
mented with 250 μl culture medium and cleavage rate 
was evaluated. Blastocyst and hatched blastocyst rates 
were determined at day 10 postinsemination.
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Somatic Cell Co-Culture. 
Granulosa cells (GC) 
Slaughterhouse ovaries were washed in PBS con-

taining antibiotic solution. Follicular fluid was as-
pirated from 2-8 mm follicles using a 5-mL syringe 
coupled with a 21-gauge needle. The follicular fluid 
was pooled in 15 ml conical tubes and allowed to 
sediment for 10–15 min. The precipitate was collected 
and deposited in a sterile Petri dish in order to re-
move the oocytes under a stereomicroscope. The cell 
pellet remaining was washed once in PBS, and three 
times in TCM-199 by sedimentation. The pellet was 
resuspended in TCM 199 containing 10% FCS and 
placed in NUNC 4 well plates (500 μL/well) under 
silicone oil at 38.5 °C in an atmosphere of 5% (v/v) 
CO2 in humidified air for two days until confluence 
was achieved. Approximately 1 x 103 cells were co-
cultured in NUNC 4-well plates (500 μL/well) under 
mineral oil at 38.5 °C in an atmosphere of 5% (v/v) 
CO2 in humidified air.

Oviductal Cell (OC)
Slaughterhouse oviducts were obtained from cows 

with presence of a corpus luteum on the ovary. Ovi-
ducts were rinsed twice [70% ethanol and PBS supple-
mented with 10% FCS (PBS-FCS)], dissected of con-
nective tissue and rinsed in PBS-FCS. Epithelial cells 
were collected by stripping the oviduct from isthmus 
to infundibulum. Cells were placed into a 15 ml coni-
cal tube and the pellet was washed once in PBS and 
three times in TCM-199 by sedimentation. The pel-
let was resuspended in TCM-199 supplemented with 
10% FCS + 22 μg/ml pyruvate + 22 μg/ml gentamycin. 
Cells were cultured in NUNC 4-well plates (500 μl/
well) under silicone oil at 38.5 °C in an atmosphere 
of 5% (v/v) CO2 in humidified air for two days until 
confluence was achieved. Approximately 1 x 103 cells 
were co-cultured in NUNC 4-well plates (500 μl/well) 
under mineral oil at 38.5 °C in an atmosphere of 5% 
(v/v) CO2 in humidified air.

Buffalo rat liver (BRL) and African green monkey 
kidney (VERO) cells

Frozen Buffalo rat liver (obtained from Depar-
tamento de Medicina Veterinária Preventiva e Re-
produção Animal, Faculdade de Ciências Agrárias e 
Veterinárias, UNESP-Jaboticabal) or Vero cells (ob-
tained from Department of Animal Science, College 
of Agriculture and Natural Resources, University of 
Connecticut-Storrs) were thawed and cultured in 
modified Dubecco supplemented with 10% FCS + 22 
μg/mL pyruvate + 22 μg/mL gentamycin at 38.5 °C 
in an atmosphere of 5% (v/v) CO2 in humidified air 
for 24 until confluence. Confluent cultures were dis-
persed in 0.1% trypsin in calcium and magnesium-
free PBS, placed into a 15 mL conical tube and washed 
once in PBS by centrifugation (400 g for 5 minutes). 
The cell pellet was resuspended in TCM-199 supple-
mented with 10% FCS + 22 μg/mL pyruvate + 22 μg/
mL gentamycin. Approximately 1 x 103 cells were co-
cultured in NUNC 4-well plates (500 μL/well) under 
mineral oil at 38.5 °C in an atmosphere of 5% (v/v) 
CO2 in humidified air.

Statistical Analysis. Statistical data analysis was 
performed by using the application Guided Data 
Analysis and Analyst of the SAS System for Windows 
V8 (SAS Institute Inc., Cary, NC, USA, 2000)22. Data 
were tested for normality of residues and homoge-
neity of variances and when normality could not be 
achieved, the NPAR1WAY procedure for non-para-
metric variance analysis was employed. Treatment 
differences P < 0.05 were considered significant.

Cleavage rate was calculated on total of oocytes that 
undergo in vitro fertilization. Blastocyst rate was cal-
culated on cleavage, and blastocyst hatching on blas-
tocyst number.

Results

A total of 4266 oocytes were subjected to in vitro 
fertilization, which were further cultured up to ten 
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Cell
FCS
(%)

Oocytes 
N

Cleaved
N (%)

Blastocysts
N (%)

Hatched Bl.
N (%)

Granulosa
5 371 303 (81.7) 125 (41.3)a 79 (63.2)

10 901 582 (64.6) 152 (26.1) a 117 (76.9)

Oviduct
5 373 281 (75.3) 91 (32.4) a 46 (50.5)

10 653 442 (67.7) 109 (24.7)ab 88 (80.7)

BRL
5 360 274 (76.1) 92 (33.6) a 64 (69.6)

10 626 412 (65.8) 67 (16.3) c 42 (62.7)

VERO
5 364 260 (71.4) 104 (40.0) a 70 (67.3)

10 618 443 (71.7) 73 (16.5) bc 33 (45.2)

Hatched Bl. = hatched blastocyst; N = Number; BRL = buffalo rat cell; VERO = African green monkey 
kidney cell. abcValues followed by different superscript letters are significantly different (p < 0.05)

Table 1 - Effect of supplementation with 5 or 10% fetal calf serum (FCS) in different 
cell monolayer co-culture on in vitro bovine embryo development

days in eight different treatments. The overall results 
of in vitro embryo development of the presumptive 
zygotes cultured upon the monolayer of garanulosa, 
oviduct, BRL or VERO cells supplemented with 5 or 
10% of FCS are shown in the table 1. There was no dif-
ference in cleavage rate among the eight groups. Simi-
larly, there was no difference in the overall hatched 

blastocyst yield at Day 10. However, the blastocyst 
rates were significantly affected by culture system (P 
< 0.05).

Regards FCS effects on embryo development in 
primary cell line (OC and GC), no significant differ-
ence was found in blastocyst rates cultured in granu-
losa or oviduct monolayer when FCS concentration 

increased to 10 %. In the other hand, blastocyst rates 
were significantly affected by FCS concentration in 
co-culture with continuous cell line. Embryos cul-
tured in BRL monolayer supplemented with 10% 
FCS were less likely to develop to the blastocyst 
stage (16.3%) than embryo cultured in BRL mono-
layer supplemented with 5% FCS (33.6%; P < 0.05). 
Similar result was found in embryos cultured with 
VERO monolayer, which blastocyst rate was signifi-
cantly reduced by increase of FCS concentration to 
10% (P < 0.05).

Comparing the embryo development among the 
different cell type co-culture (garanulosa, oviduct, 
BRL or VERO) supplemented with 5% of FCS, no sig-
nificant difference was observed in the blastocyst rate 
(P > 0.05). However, when different cell monolayer 
were supplemented with 10% of FCS, The blastocyst 
rate decrease from 26.1 % in granulosa cell co-culture 

to 16.3 % and 16.5 % in BRL and VERO cell co-cul-
ture respectively.

Discussion

The higher FCS concentration compromised BRL 
and VERO cell co-culture efficiency reducing blasto-
cyst rate. This decrease in blastocyst rate may be due to 
FCS-induced embryonic morphological alterations. 
Several studies have demonstrated that lipid accu-
mulation often occurs in ruminant embryos cultured 
in the presence of serum23,24,25. For example, morulae 
and blastocysts cultured in TCM199 supplemented 
with serum carry a large number of high density lipid 
droplets suggesting the presence of poliunsaturated 
fatty acids (PUFA)26. This increase in PUFA, which 
has been described down-regulate mRNA expression 
of proteins involved in lipid metabolism27, can predis-
pose the embryo to oxidative injuries triggering lipid 
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peroxidation chain reaction and consequent mem-
brane damage28,29. Alterations in membrane function 
and permeability, especially in mitochondrial mem-
branes, may cause irreversible loss of cellular respi-
ration, oxidative phosphorylation and ion transport30 
compromising embryonic metabolism29,31 and mes-
senger RNA expression32. Moreover, serum supple-
mentation has been shown to increase the number 
of immature mitochondria16, inhibit cell division33,34 
and induce mitochondria-mediated apoptosis35. FCS 
also increases the percentage of apoptosis reducing 
the number of cells per blastocyst36 and decreases the 
blastocyst rate37.

The negative effect caused by higher FCS concentra-
tion was not observed in GC or OC co-culture. It is 
possible that these cells metabolized additional FCS 
components reducing embryonic oxidative stress. So-
matic cell co-culture may reduce glucose concentra-
tions in the culture medium reducing glucose toxicity 
in early embryos38. For instance, OC co-culture has 
been shown to produce embryotrophic factors7,39, 
reduce O2 tension40,41, glucose concentration41,42 and 
suppressed apoptosis in addition to stimulating pro-
liferation of blastomere43. Moreover, GC and OC be-
haved similarly for cleavage rate and embryo develop-
ment44.

In the current study the co-culture efficiency varia-
tion may be due to the inherent characteristics of 
primary (GC and OC) versus cell line cultures (BRL 
and VERO). Cellular growth requirements are more 
complex in primary culture as compared to continu-
ous cell lines. This is likely because many cell lines 
are derived from tumor tissues and have reduced 
growth factor need. In contrast, primary cells require 
a wide range of supplements such as adherence fac-
tors, collagen (types I, II and IV), fibronectin, insulin, 
IGF-II, IL-2, IL-3, granulocyte/macrophage colony-
stimulating factor (GM-CSF), endothelial cell growth 
supplement (ECGS), parathyroid hormone, fibroblast 
growth factor (FGF), epidermal growth factor (EGF), 

hydrocortisone, FSH, nerve growth factor (NGF), es-
trogens and testosterone45. In addition, the differences 
between primary and continuous cell monolayer be-
havior in co-culture may also explain the reduction 
in blastocyst rate in VERO and BRL cells co-cultures 
supplemented with 10% FCS, which primary culture 
have contact-inhibition and topoinhibition (density 
growth inhibition), whereas continuous cell lines do 
not46. 

Moreover, Maeda et al.47 demonstrated that blasto-
cyst development was greater for embryos cultured in 
GC conditioned medium or co-culture as compared 
to VERO conditioned medium or co-culture. While 
GC conditioned cell secreted 32-37 μg/mL total pro-
tein, VERO cells secreted 2-4 μg/mL total protein. 
Such secretory activity may explain stimulatory effect 
of GC co-culture on blastocyst rate. Similar protein 
concentration (35.6 μg/mL) was also observed by Ko-
bayashi et al.48 in TCM199 medium conditioned by 
GC, while Mermillod et al.49 obtained a final protein 
concentration of 40 μg/mL in the medium condi-
tioned with OC. This increased protein production by 
OC and GC cells may have reduced serum require-
ment during co-culture and/or inhibit the detrimen-
tal effect of high FCS concentration.

Other factors to be considered are the culture me-
dium energy sources. For instance, BRL cell line re-
quire relatively high glucose concentrations in order 
to present optimum growth conditions, whereas em-
bryos need low concentrations at the beginning of 
embryonic development and higher concentrations 
after compaction stages50,51. Thus, the competition for 
the medium glucose source between embryo and BRL 
monolayer, might explain why there was no differ-
ence in the cleavage rate, when the embryo preferably 
consumes pyruvate, but there was difference in the 
blastocyst rate, when the embryo consumes glucose. 
The mechanism by which primary cell lines, or more 
specifically granulosa and oviduct cells, are capable of 
reducing the deleterious effects of the FCS high con-
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centrations on embryos is still unclear, deserving fur-
ther attention.

Conclusion 

Supplementation with 5 or 10% of FCS did not in-
fluence the embryonic development in granulosa or 
oviduct cells co-culture. The increase of FCS concen-
tration to 10% in BRL or VERO cell co-culture, how-
ever, decreased the blastocyst rate. These results show 
that continuous cell lines under high FCS concentra-
tion has different behavior from primary cell in bo-

vine embryo co-culture. In this way, bovine embryo 
co-cultured with primary cells (granulose or oviduct) 
supplemented with 5% or 10% FCS or co-cultured 
with continuous cells line (BRL or VERO) supple-
mented with 5% FCS concentration are the system 
that better support the embryo development to the 
blastocyst stage.

Acknowledgments

Grant by Research Support Foundation of the State 
of São Paulo (FAPESP) Project: 98/09107-0.

1. ORSI, N. M; REISCHL, J. B. Mammalian embryo co-
culture: Trials and tribulations of a misunderstood method. 
Theriogenology, v. 63, p. 441-458, 2007.

2. XU, J. S.; CHEUNG, T. M.; CHAN, S. T.; HO, P. C.; YEUNG, 
W. S. Temporal effect of human oviductal cell and its derived 
embryotrophic factors on mouse embryo development. 
Biology of Reproduction, v. 65, p. 1481-1488, 2001. 

3. LEE, K. F.; CHOW, J. F.; XU, J. S.; CHAN, S. T.; IP, S. M.; 
YEUNG, W. S. A comparative study of gene expression in 
murine embryos developed in vivo, cultured in vitro, and 
cocultured with human oviductal cells using messenger 
ribonucleic acid differential display. Biology of Reproduction, 
v. 64, p. 910-917, 2001. 

4. JOOM, B. S.; KIM, M. K.; NA, Y. J.; MOON, H. S.; LEE, K. S.; 
KIM, H. D. The mechanism of action of coculture on embryo 
development in the mouse model: direct embryo-to-cell 
contact and the removal of deleterious components. Fertility 
and Sterility, v. 75, p. 193-199, 2001.

5. RIEF, S.; SINOWATZ-STOJKOVIC, F.; EINSPANIER, R.;  WOLF, 
E.; PRELLE, K. Effect of a novel co-culture system on development, 
metabolism and gene expression of bovine embryos produced in 
vitro. Reproduction, v. 124, p. 543-556, 2002.

6. HOLM, P.; CALLESEN, H. In vivo versus in vitro produced 
bovine ova: similarities and differences relevant for practical 
application. Reproduction Nutrition and Development, v. 
38, p. 579-594, 1998.

7. ANDO, H.; KOBAYASHI, M.; TODA, S.; KIKKAWA, F.; 
MASAHASHI, T.; MIZUTANI, S. Establishment of a ciliated 
epithelial cell line from human fallopian tube. Human 
Reproduction, v. 15, p. 1597-1603, 2000.

8. JANG, H. Y.; JUNG, Y. S.; CHEONG, H. T.; KIM, J. T.; PARK, 
C. K.; KONG, H. S.; LEE, H. K.; YANG, B. K. Effects of cell 
status of bovine oviduct epithelial cell on the development of 
bovine IVM/IVF embryos and gene expression in the BOEC 
used or not used for the embryo culture. Asian-Australasian 
Journal of Animal Science, v. 21, n. 7, p. 980, 2008.

9. MUGNIE, S.; KERVELLA, M.; DOUET, C.; CANEPA, S.; 
PASCAL, G.; DELEUZE, S.; DUCHAMP, G.; MONGET, P.; 
GOUDET, G. The secretions of oviduct epithelial cells increase 
the equine in vitro fertilization rate: are osteopontin, atrial 
natriuretic peptide A and oviductin involved? Reproductive 
Biology and Endocrinology, v. 7, p. 129, 2009.

10. TANIGUCHI, F.; HARADA, T.; NARA, M.; DEURA, 
I.; MITSUNARI, M.; TERAKAWA, N. Coculture with a 
human granulosa cell line enhanced the development of 
murine preimplantation embryos via SCF/c-kit system. 
Journal of Assisted Reproduction and Genetics, v. 21, p. 
223-228, 2004.

11. NOTTOLA, S. A.; HEYN, R.; CAMBONI, A.; CORRER, 
S.; MACCHIARELLI, G. Ultrastructural characteristics 
of human granulosa cells in a coculture system for in vitro 
fertilization. Microscopy Research and Technique, v. 69, p. 
508-516, 2006.

12. YEUNG, W. S. B.; LEE, C. K. F.; XU, J. S. The oviduct and 
development of the preimplantation embryo. Reproductive 
Medicine Review, v. 10, p. 21-44, 2002.

13. MARQUARDT, H.; TODARO, G. J.; HENDERSON, L. E.; 
OROSZLAN, S. Purification and primary structure of a 
polypeptide with multiplication-stimulating activity from rat 
liver cell cultures; homology with human insulin-like growth 
factor II. Journal of Biological Chemistry, v. 256, p. 6859-
6865, 1981.

14. MASSAGUE, J.; KELLY, B.; MOTTOLA, C. Stimulation 
by insulin-like growth factors is required for cellular 
transformation by type transforming growth factor. Journal of 
Biological Chemistry, v. 260, p. 4551-4554, 1985.

15. SMITH, A. G.; HOOPER, M. L. Bufallo rat liver cells produce 
a diffusible activity which inhibits the differentiation of 
murine embryonal carcinoma and embryonic stem cells. 
Developmental Biology, v. 121, p. 1-9, 1987.

16. PEGORARO, L. M.; THUARD, J. M.; DELALLEAU, N.; 
GUERIN, B.; DESCHAMPS, J. C.; MARQUANT-LE 
GUIENNE. B.; HUMBLOT, P. Comparison of sex ratio and 
cell number of IVM-IVF bovine blastocysts co-cultured with 
bovine epithelial cells or with VERO cells. Theriogenology, v. 
49, p. 1579-1590, 1998.

17. DUSZEWSKA, A. M.; REKLEWSKI, Z.; PIEŃKOWSKI, 
M.; KARASIEWICZ, J.; MODLIŃSKI, J. A. Development of 
bovine embryos on Vero/BRL cell monolayers (mixed co-
culture). Theriogenology, v. 54, p. 1239-1247, 2000.

18. HASLER, J. F. In vitro culture of bovine embryos in Ménézo’s 
B2 medium with or without coculture and serum: the normalcy 
of pregnancies and calves resulting from transferred embryos. 
Animal Reproduction Science, v. 60, p. 81-91, 2000.

References



Braz. J. Vet. Res. Anim. Sci., São Paulo, v. 48,  n. 1,  p. 38-45, 2011

44

19. VALOJERDI, M. R.; MOVAHEDIN, M.; HOSSEINI, A. 
Improvement of development of vitrified two-cell mouse 
mebryos by vero cell co-culture. Journal of Assisted 
Reproduction and Genetics, v. 19, p. 31-38, 2002.

20. OKADA, H.; ITO, M.; HIROSE, Y.; UDA, A.; TERAO, K.; 
YOSHIDA, T.; SANKAI, T. Buffalo rat liver cells produce 
factors that support preimplantation development of mouse 
embryos cultured in vitro. Comparative Medicine, v. 55, p. 
61-66, 2005.

21. DESAI, N.; KATTAL, N.; ABDELHAFEZ, F. F.; LAWSON, 
J. S.; GOLDFARB, J. Granulocyte-macrophage colony 
stimulating factor (GM-CSF) and co-culture can affect post-
thaw development and apoptosis in cryopreserved embryos. 
Journal of Assisted Reproduction and Genetics, v. 24, p. 215-
222, 2007.

22. STATISTICAL ANALYSIS SYSTEM. SAS/STAT User’s Guide. 
Release 8.1. Cary, NC: SAS Institute, Inc. 2000. 1028 p.

23. THOMPSON, J. G.; GARDNER, D. K.; PUGH, P. A.; 
MCMILLAN, W. H.; TERVIT, H. R. Lamb birth weight 
is affected by culture system utilized during in vitro pre-
elongation development of bovine embryos. Biology of 
Reproduction, v. 53, p. 1385-1391, 1995.

24. ABE, H.; YAMASHITA, S.; ITOH, T.; SATOH, T.; HOSHI, H. 
Ultraestructure of bovine embryos developed from in vitro-
matured and fertilised oocytes: comparative morphological 
evaluation of embryos cultured either in serum-free medium 
or in serum-supplemented medium. Molecular Reproduction 
and Development, v. 53, p. 325-335, 1999.

25. REIS, A.; ROOKE, J. A.; MCCALLUM, G. J.; STAINES, 
M. E.; EWEN, M. Consequence of exposure to serum, with 
or without vitamin E supplementation, in terms of the fatty 
acid and viability of bovine blastocysts produced in vitro. 
Reproduction, Fertility and Development, v. 15, p. 275-284, 
2003.

26. ABE, H.; OTOI, T.; TACHIKAWA, S.; YAMASHITA, S.; 
SATOH, T.; HOSHI, H. Fine structure of bovine morulae and 
blastocysts in vivo and in vitro. Anatomy and Embryology, v. 
199, p. 519-527, 1999.

27. AL DARWICH, A.; PERREAU, C.; PETIT, M. H.; PAPILLIER, 
P.; DUPONT, J.; GUILLAUME, D.; MERMILLOD, P.; 
GUIGNOT, F. Effect of PUFA on embryo cryoresistance, gene 
expression and AMPKalpha phosphorylation in IVF-derived 
bovine embryos. Prostaglandins & Other Lipid Mediators, v. 
93, p. 30-36, 2010.

28. NONOGAKI, T.; NODA, Y.; GOTO, Y.; KISHI, J.; MORI, T. 
Developmental blockage of mouse embryos caused by fatty 
acids. Journal of Assisted Reproduction and Genetics, v. 11, 
p. 482-488, 1994.

29. WAKEFIELD, S. L.; LANE, M.; SCHULZ, S. J.; HEBART, 
M. L.; THOMPSON, J. G.; MITCHELL, M. Maternal supply 
of omega-3 polyunsaturated fatty acids alter mechanisms 
involved in oocyte and early embryo development in the 
mouse. American Journal of Physiology. Endocrinology and 
Metabolism, v. 294, p. E425-E434, 2008.

30. KOWALTOWSKI, A. J.; VERCESI, A. E. Mitochondrial 
damage induced by conditions of oxidative stress. Free Radical 
Biology and Medicine, v. 26, p. 463-471, 1999.

31. JOHNSON, M.; NASR-ESFAHANI, M. H. Radical solutions 
and cultural problems: could free oxygen radicals be 
responsible for the impaired development of preimplantation 
mammalian embryos in vitro. Bioessays, v. 16, p. 31-38, 1994.

32. RIZOS, D.; GUTIÉRREZ-ADÁN, A.; PÉREZ-GARNELO, 
S.; DE LA FUENTE, J.; BOLAND, M. P.; LONERGAN, P. 
Bovine embryo culture in the presence or absence of serum: 

implications for blastocyst development, cryotolerance, and 
messenger RNA expression. Biology of Reproduction, v. 68, 
p. 236–243, 2003.

33. CROSIER, A.; FARIN, P. W.; DYKSTRA, M. J.; ALEXANDER, 
J. E.; FARIN, C. E. Ultrastructural morphometry of bovine 
compact morulae produced in vivo or in vitro. Biology of 
Reproduction, v. 62, p. 1459-1465, 2000.

34. CROSIER, A.; FARIN, P.W.; DYKSTRA, M.J.; ALEXANDER, 
J.E.; FARIN, C.E. Ultrastructural morphometry of bovine 
blastocysts produced in vivo or in vitro. Biology of 
Reproduction, v. 64, p. 1375-1385, 2001.

35. LIU, L.; TRIMARCHI, J. R.; KEEFE, D. L. Involvement of 
mitochondria in oxidative stress-induced cell death in mouse 
zygotes. Biology of Reproduction, v. 62, p. 1745-1753, 2000.

36. CUI, Xiang-Shun; JEONG, Yu-Jeong.; LEE, Hwa-Young; 
CHEON, Sun-Hong; KIM, Nam-Hyung. Fetal bovine serum 
influences apoptosis and apoptosis-related gene expression in 
porcine parthenotes developing in vitro. Reproduction, v. 127, 
p. 125-130, 2004. 

37. TAVARES, L. M. T.; FEITOSA, W. B.; MELLO, M. R. B.; 
NICÁCIO, A. C.; LIMA, A. S.; ASSUMPÇÃO, M. E. O. A.; 
VISINTIN, J. A. Is the early reduction of fetal calf serum 
concentration in bovine in vitro embryo culture beneficial? 
Animal Reproduction, v. 5, p. 34-38, 2008.

38. BUCCIONE, R.; SCHROEDER, A. C.; EPPIG, J. J. Interaction 
between somatic cells and germ cells throughout mammalian 
oogenesis. Biology of Reproduction, v. 43, p. 543-547, 1990.

39. GANDOLFI, F.; TIZIANA, A. L.; RICHARDSON, L.; BROWN, 
G. R.; MORE, R. Characterization of proteins secreted by 
sheep oviduct epithelial cells and their function in embryonic 
development. Development, v. 106, p. 303-312, 1989.

40. THOMPSON, J. G. In vitro culture and embryo metabolism of 
cattle and sheep embryos – a decade of achievement. Animal 
Reproduction Science, v. 60-61, p. 263-275, 2000.

41. VANROOSE, G.; VAN SOOM, A.; DE KRUIF, A. From co-
culture to defined medium: state of the art and practical 
considerations. Reproduction in Domestic Animals, v. 36, p. 
25-28, 2001. 

42. BAVISTER, B. D. Culture of preimplantation embryos: facts and 
artefacts. Human Reproduction Update, v. 1, p. 91-148, 1995.

43. XU, J. S.; CHAN, S. T. H.; LEE, W. W. M.; LEE, K. F.; YEUNG, W. S. 
B.  Differential growth, cell proliferation, and apoptosis of mouse 
embryo in various culture media and in coculture. Molecular 
Reproduction and Development, v. 68, p. 72-80, 2004.

44. SINGH, K. P.; SAXENA, A.; KHARCHE, S. D.; SINGH, P. 
Effect of granulosa cells monolayer and oviductal epithelial 
cells co-culture on cleavage rate and embryo development of 
in-vitro fertilized goat oocytes. The Indian Journal of Animal 
Sciences, v. 80, n. 3, 2010. Disponível em: <http://epubs.icar.
org.in/ejournal/index.php/IJAnS/article/view/44>. Acesso 
em: 2010

45. MORGAN, S. J.; DARLING, D. C. Cultivo de celulas animales. 
Zaragoza: Editorial Acribia, 1995. 159 p.

46. FRASHNEY R. I. Culture of animal cells: a manual of basic 
technique. 3. ed. New York: Wiley-Liss. Pps, 1994. 486 p.

47. MAEDA, J.; KOTSUJI, F.; NEGAMI, A.; KAMITANI, N.; 
TOMINAGA, T. In vitro development of bovine embryos 
in conditioned media from bovine granulosa cells and Vero 
cells cultured in exogenous protein-free and amino acid-free 
chemically defined human tubal fluid medium. Biology of 
Reproduction, v. 54, p. 930-936, 1996.

48. KOBAYASHI, K.; TAKAGI, Y.; SATOH, T.; HOSHI, H.; 



45

Braz. J. Vet. Res. Anim. Sci., São Paulo, v. 48,  n. 1,  p. 38-45, 2011

OIKAWA, T. Development of early bovine embryos to the 
blastocyst stage in serum-free conditioned medium from 
bovine granulose cells. In Vitro Cell Development Biology, 
v. 28A, p. 255-259, 1992.

49. MERMILLOD, P.; VANSTEENBRUGGE, A.; WILS, C.; 
MOURMEAUX, J. L.; MASSIP, A.; DESSY, F. Characterization 
of the Embryotrophic Activity of Exogenous Protein-Free 
Oviduct-Conditioned Medium Used in Culture of Cattle 
Embryos. Biology of Reproduction, v. 49, p. 582-587, 1993.

50. KIM, J. H.; NIWA, K.; LIM, J. M.; OKUDA, K. Effects of 
phosphate, energy substrates and amino acids on development 
of in vitro-matured, in vitro fertilized bovine oocytes in 
a chemically defined, protein-free medium. Biology of 
Reproduction, v. 48, p. 1320-1325, 1993.

51. ROSENKRANS JR, C. F.; ZENG, G. Q.; MCNAMARA, G. 
T.; SCHOFF, P. K.; FIRST, N. L. Development of bovine 
embryos in vitro as affected by energy substrates. Biology of 
Reproduction, v. 49, p. 459-462, 1993.


