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In the present study, the effect of all-trans retinoic acid (t-RA) administration during in vitro maturation 
(IVM) on bovine oocytes maturation was determined. Concentrations of t-RA (RA; 0, 0.25, 0.5 and 1 µM) 
and 0.1% ethanol (vehicle) were included in the maturation medium. Ovaries collected from the local 
abattoir were transported to the laboratory in in 0.9% NaCl with 100 IU/ml penicillin and 100 �g/ml 
streptomycin at 30 - 35°C within 1-2 h after collection. The oocytes of antral follicles, 2 to 8 mm in 
diameter, were recovered by aspiration. After preliminary evaluation, the oocytes were selected and 
washed four times in HEPES-TCM 199 supplemented with 2% FBS, 0.2 mM sodium pyruvate, 100 IU/ml 
penicillin and 100 �g/ml streptomycin. Then 10 cumulus-oocyte complexes (COCs) were subjected to 
each droplet of maturation medium and incubated at 38.5°C, 5% CO2 and 95% humidity for 24 h. 
Maturation medium was bicarbonate-buffered TCM199 supplemented with 10% FBS, 0.2 mM sodium 
pyruvate, 5 µg/ml bovine FSH, 0.01 IU/ml bovine LH, 100 IU/ml penicillin and 100 �g/ml streptomycin. 
Results show different concentrations of t-RA have no effect on cumulus expansion. The rate of 
oocytes developing to the MII stage compared to control, vehicle, and 0.25 µM groups was significantly 
increased with 1 µM t-RA treatment (p<0.05). In conclusion, 1 µM retinoic acid significantly increased 
the bovine oocyte maturation in the commercial TCM199 medium. 
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INTRODUCTION  
 
Mammalian oocytes arrested at the diplotene stage of 
first meiotic prophase spontaneously resume meiotic 
maturation once released from their follicular environ-
ment. Compared with in vivo maturation, in vitro matu-
ration (IVM) conditions are simple and materially limited, 
which can profoundly affect the maturation status of 
oocyte. For this reason, improved culture conditions are 
essential to obtain consistently successful and relia-ble 
oocyte maturation (both cytoplasmic and nuclear), lead-
ing to marked improvements in the efficiency of in vitro 
embryo production (Alminana et al., 2008). Improve-ment 
of bovine oocytes IVM has been achieved mainly by the 
introduction of gonadotropins (Younis et al., 1989; Alves 
et al., 2001), estradiol (Brackett et al., 1989), vita-mins 
(Bortolotto, 2000; Duque et al., 2002b), and several 
growth factors into the media (Bortolotto, 2000). 
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Vitamin A is one of the micronutrients which have been 
implicated in cattle reproduction (Gomez et al., 2004). 
Early research showed the positive effects of vitamin A 
supplementation on bovine fertility in artificial insemina-
tion, and several studies on effects of vitamin A metabo-
lites used in other assisted reproductive techniques 
(ART), including superovulation, ovum pick up, and in 
vitro maturation culture have provided evidence for the 
specific roles of vitamin A in oocyte cytoplasmic matu-
ration (Ikeda et al., 2005). The beneficial effect of vitamin 
A during oocyte growth in vivo has been reproduced by 
retinol derivatives added to an in vitro culture system in 
which the oocytes are meiotically arrested (Duque et al., 
2002). Recently it has been shown that transcription 
factor, increases midkine (MK) expression in bovine 
cumulus-granulosa cells in response to RA (Gomez et al., 
2003). MK is one of the heparin-binding growth 
differentiation factors that are known to be quite rich in 
bovine follicular fluid (Ohyama et al., 1994). In addition, 
RA seems to have a role in preventing oxidative stress in 
the cell (Ahlemeyer et al.,  2001).  However,  most  of  the  



 
 
 
 
available information about retinoids is related to advanc-
ed stages of embryonic development, and little is known 
about the RA-dependent gene expression and posttran-
scriptional modifications in the oocyte (Gomez et al., 
2004). 

In the live cell, all-trans-RA binds to retinoic acid recap-
tors (RAR; �, �, and �) and its isomer 9-cis of retinoic 
acid (9-cis-RA) specifically binds to retinoid X receptors 
(RXR; �, �, and �) (Mangelsdorf et al., 1994; Chambon, 
1996). However, under in vitro conditions, 9-cis-RA acti-
vates both RXR and RAR. The beneficial effects RA have 
been demonstrated in bovine oocytes, especially on cyto-
plasmic competence after IVM (Duque et al., 2002; 
Gomez et al., 2003) and embryonic development and 
quality (Duque et al., 2002; Gomez et al., 2003; Hidalgo 
et al., 2003; Livingston et al., 2004; Lima et al., 2006). 
Despite the beneficial effects of retinol, an applicable 
dose for the different retinol metabolites is yet to be 
determined.  

This study was designed to evaluate the effects of 
supplementation of the IVM medium with different con-
centrations of the t-RA on nuclear maturation of bovine 
oocytes. 
 
 
MATERIALS AND METHODS 
 
All chemicals were purchased from Sigma, unless otherwise indi-
cated. 
 
 
Collection of cumulus-oocyte complexes (COCs) 
 
Bovine ovaries (n = 157) were collected at a local slaughterhouse in 
a termoflask and were transported to the laboratory within 1 h after 
collection in 0.9% NaCl containing 100 IU/ml penicillin and 100 
�g/ml streptomycin (15140-122; Gibco/Invitrogen) at 30-35°C. 
Ovaries were washed twice in freshly prepared saline without 
antibiotic. Visible follicles 2 to 8 mm in size were aspirated through 
an 18-gauge needle connected to a 10 cc syringe, and the contents 
recovered into a 50 ml conical tube and allowed to settle for 10 min, 
then COCs were rinsed four times with Oocyte Collection Medium 
(OCM�, which consisted of HEPES-TCM 199 (M-2520) supple-
mented with 2% FBS (10270-106; Gibco/Invitrogen), 0.2 mM so-
dium pyruvate, 100 IU/ml penicillin, 100 �g/ml streptomycin and 2 
IU/ml of heparin (drug store).  
 
 
In vitro maturation 
 
Only oocytes enclosed in a compact cumulus with evenly 
granulated cytoplasm for maturation were selected. The COCs 
were washed four times in OCM and one time in oocyte maturation 
medium (OMM), OMM was bicarbonate-buffered TCM199 (31100-
027; Gibco) supplemented with 10% FBS, 0.2 mM sodium pyruvate, 
5 µg/ml bovine follicle stimulating hormone (bFSH) (Sioux 
Biochemicals, Sioux Center, IA), 0.01 IU/ml bovine luteinizing 
hormone (bLH) (Sioux Biochemicals) and 100 IU/ml penicillin and 
100 �g/ml streptomycin. Oocyte maturation was performed under 
mineral oil by culturing approximately 10 COCs in 50 �l of 
maturation medium in 60 × 15 dishes at 38.5°C in 5% CO2 in air 
and high humidity for 24 h. For its use in IVM, all-trans-RA was 
solved in ethanol, aliquoted, and stored at - 20°C  in  the  darkness. 
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Assessment of the cumulus expansion and nuclear status 
 
COCs which showed fully expanded cumulus cells after 24 h 
maturation period, were assessed and those whose COCs did not 
expand or showed incomplete expansion were not taken into 
account.  

Oocytes were then placed in a 1% sodium citrate solution for 15 
min at room temperature (Tarkowski, 1966), followed by pipetting to 
remove the cumulus cells. Denuded oocytes were recovered and 
transferred to glass slides. Vaseline and paraffin wax were used to 
keep the coverslip in contact with the oocytes. The slides were 
immersed in ethanol:acetic acid (3:1) for at least 24 h to fix them 
(Sun et al., 2001). Oocytes were then stained with 1% (w/v) aceto-
orcein, and to decolorize, aceto-glycerol (20, 20 and 60%; glycerol, 
acetic acid and distillated water, respectively) was used (Hewitt et 
al., 1998) and examined under a phase-contrast microscope at 
400× magnification. Oocytes were classified as germinal vesicle 
(GV), germinal vesicle breakdown (GVBD), metaphase I (MI), or 
metaphase II (MII) stage of the maturation process (Kubelka et al., 
1988). 
 
 
Experimental design and statistical analysis 
 
In the current study different concentrations of t-RA (RA; 0, 0.25, 
0.5 and 1 µM) and 0.1% ethanol (vehicle) were included in the 
maturation medium. One-way ANOVA was used to determine 
significant differences in data levels. Tukey test was followed to 
determine statistical differences between groups. Statistical ana-
lyses were preformed using PROC GLM of SAS software (Version 
9.1). The significant differences among the treatments were deter-
mined when p < 0.05. Data are expressed as mean ± S.E 
 
 
RESULTS 
 
In this experiment 735 immature bovine oocytes were 
selected and randomly allocated to control, vehicle and 
treatments. After 24 h culture, there was no significant 
difference in cumulus expansion between control and ve-
hicle within treatments and also among treatments (Table 
1).   

After assessment of cumulus cells expansion, 602 
oocytes were stained and nuclear status was evaluated. 
The percentage of the oocytes remained at the GV stage 
was 0 in whole groups. There was no significant differ-
rence among groups at GVBD and MI stage. There was 
no significant difference in MII stage among control, 
vehicle, 0.25, 0.5 �M t-RA. The rate of oocytes deve-
loping to the MII stage of maturation compared to control, 
vehicle, and 0.25 �M t-RA with 1 µM t-RA was significant-
ly increased (p<0.05). But there was no significant differ-
rence between 0.5 and 1 �M t-RA in MII stage (Table 2). 
 
 
DISCUSSION 
 
Retinol metabolites have been recommended as impor-
tant components of IVM media to improve cytoplasmic 
maturation and embryo development. Beneficial and 
detrimental effects of the retinol metabolites have been 
described for bovine embryo development in vitro (Duque 
et al., 2002; Gomez et al., 2003; Hidalgo et al., 2003; Lima 
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Table 1. Effect of t-RA on cumulus expansion of bovine oocyte. 
 
t-RA concentrations (�M) Cultured oocytes (n) Cumulus expansion rate, n (%) 
0 (Control) 144 117 (81.07±1.10)a 

Ethanol 0.1% (vehicle) 150 123 (82.40±1.10)a 

0.25 148 122 (82.42±1.10)a 

0.5 143 120 (84.11±1.10)a 

1 150 125 (83.31±1.10)a 

 

Data are expressed as mean ± S.E.  
aDifferent superscripts within the same column represent significant differences (P < 0.05). 

 
 
 

Table 2. Nuclear status of bovine oocyte cultured in different concentration of t-RA. 
 

Nuclear status 
t-RA Concentrations (�M) Assessed 

oocytes (n) GV, n (%) GVBD, n (%) MI, n (%) MII, n (%) 
0 (Control)  119 0 20 (16.19±2.09)a 19 (15.76±2.37)a 80 (67.21±1.47)a 
Ethanol 0.1% (vehicle) 111 0 16 (14.27±2.09)a 19 (18.33±2.37)a 76 (67.39±1.47)a 
0.25  122 0 20 (16.28±2.09)a 18 (16.02±2.37)a 84 (68.65±1.47)a 
0.5  120 0 14 (11.98±2.09)a 20 (16.36±2.37)a 86 (71.65±1.47)ab 
1  130 0 15 (9.96±2.09)a 17 (13.86±2.37)a 99 (75.12±1.47)b 

 

Data are expressed as mean ± S.E.  
a,bDifferent superscripts within the same column represent significant differences (P <0.05). GV = germinal vesicle; GVBD = germinal 
vesicle breakdown; MI = metaphase I; MII = metaphase II. 

 
 
 
et al., 2006). To the best of our knowledge, there are no 
reports on the effects of t-RA on the nuclear maturation of 
bovine oocytes. 

The effects of retinol (RT) and RA on oocyte maturation 
are not yet totally explained in IVP systems, but both, 
directly or indirectly, can improve nuclear (Bortolotto, 
2000) and cytoplasmic competence (Duque et al., 
2002a). It is believed that cumulus cells are stimulated by 
gonadotrophin (FSH) and growth factor (EGF) to produce 
and secrete Hyaluronic acid, which results in the expan-
sion process (Gordon, 2003). Certain constituents of the 
maturation medium may influence cumulus cell expan-
sion, glutamine, which is a constituent of TCM-199, being 
an example. Also, serum in maturation medium improved 
oocyte maturation (Gordon, 2003). In the current study, 
oocytes were matured in OMM supplemented with FSH, 
LH and FBS. But, we were not able to find significance 
effect of t-RA on COCs expansion. So, probably the pre-
sence of these components during maturation may have 
masked the effects of t-RA on cumulus cell expansion of 
bovine oocytes. 

In this study, we examined the effects of a range of t-
RA concentrations during IVM. Compared to the control 
group, nuclear maturation rates in 1 �M RA was signi-
ficantly improved. Alminana et al. (2008) suggested that 
highest concentrations of 9-cis RA and all-trans retinol 
metabolites (500 nm RA and 12500 nm ROH) were 
cytotoxic to oocytes nuclear maturation. The different 
concentrations of retinoids used among studies could 
also have been the reason for these discrepancies, given 

that the effects of these compounds are dependent on 
their concentration (Gomez et al., 2003; Livingston et al., 
2004; Lima et al., 2006). 

A possible explanation for these discrepancies could be 
the different IVM conditions used by others, especially 
varied hormone supplementation regimens. Under IVM 
conditions, unphysiologically high concentrations of 
gonadotrophins may induce the aberrant acquisition of 
FSH-R and LH-R, although the FSH and LH dependency 
of preovulatory follicular cells seems to be profoundly 
regulated in vivo maturation (Webb et al., 2003). It is 
possible that RA attenuates aberrant differentiation of 
cumulus-granulosa cells, thereby preventing oocytes 
from premature and abnormal maturation (Moor et al., 
1985; Assey et al., 1994).  

Recently, t-RA has been shown to increase MK mRNA 
at concentrations of 0.1 – 0.3 �M in rat cultured granu-
losa cells (Minegishi et al., 1996). It is also found that MK 
suppressed apoptosis in the cumulus cells during the IVM 
period of bovine COCs (unpublished data). Although we 
did not assay the effect of RA on MK expression, but it is 
possible that RA enhances oocyte nuclear maturation 
through the production of MK in cumulus cells in the in 
vivo and/or in vitro maturation of COCs. 

In animal cells, the majority of mRNAs have a 3'poly-
(A) tail. During oocyte growth, large amounts of mRNA 
are synthesized and polyadenylated in the nucleus. Poly-
(A) tails have been shown to regulate both translation 
and mRNA stability. Requirements for IVM include polya-
denylation of mRNAs coding proteins for  chromatin  con- 



 
 
 
 
densation, spindle assembly, and activation of MPF and 
MAP kinase (Krischek and Meinecke, 2002). In response 
to RA, the higher polyadenylation observed, suggests 
increased mRNA quality as well as increased processing 
(Gomez et al., 2004). Oocyte in in vitro conditions are 
under oxidative pressure and their defensive mechanism 
are not effective; so, to protect oocytes against these 
oxidative components, anti-oxidants should be added to 
their medium. Previous studies have shown that retinoids 
participate in a biological anti-oxidant network and have 
been implicated as important regulators of redox 
signalling pathways (Olson, 1993; Imam et al., 2001; 
Ikeda et al., 2005). Furthermore, it has been reported that 
retinoids protect against oxidative damage by maintaining 
adequate endogenous competency and levels of anti-
oxidants that are essential for oocyte maturation, 
fertilization and embryonic development (Guerin et al., 
2001). We suggest that in our study, some useful effects 
of included RA partly have been due to this protection 
effects RA in oocyte maturation.  

In conclusion, the present study showed that t-RA, at a 
concentration of 1 �M, in the IVM medium significantly 
increased oocyte maturation. Additional studies are nee-
ded to elucidate the possible mechanisms by which t-RA 
influences the nuclear maturation of bovine oocytes. 
 
 
ACKNOWLEDGMENTS 
 
The authors would like to acknowledge the financial 
support received from Department of Animal Science, Fa-
culty College of Agriculture and Natural Resources, 
University of Tehran, and Karj slaughterhouse staff for 
their cooperation.  
 
 
RFERENCES 

 
Ahlemeyer B, Bauerbach E, Plath M, Steuber M, Heers C, Tegtmeier F, 

Krieglstein J (2001). Retinoic acid reduces apoptosis and oxidative 
stress by preservation of SOD protein level. Free. Radic. Biol. Med. 
30: 1067-1077. 

Alminana C, Gil MA, Cuello C, Caballero I, Roca J, Vazquez JM, 
Gomez E, Martinez EA (2008). In vitro maturation of porcine oocytes 
with retinoids improves embryonic development. Reprod. Fertil. Dev. 
20: 483-489. 

Alves JDR, Oliveira MAL, Lima PF, Caldas JGL, Santos Filho AS 
(2001). High concentrations of FSH-p on the in vitro maturation of 
Bos indicus oocytes. Ciencia Rural. 31: 645-649. 

Assey RJ, Hyttel P, Roche JF, Boland M (1994). Oocyte structure and 
follicular steroid concentrations in superovulated versus unstimulated 
heifers. Mol. Reprod. Dev. 39: 8–16. 

Brackett BG, Younis AI, Fayrer-Hosken RA (1989). Enhanced viability 
after in vitro fertilization of bovine oocytes matured in vitro with high 
concentrations of luteinizing hormone. Fertil. Steril. 52:319–324. 

Bortolotto EB (2000). PDGF, retinol and insulin in the regulation of 
bovine oocyte nuclear maturation and their consequent effect in the 
embryonic development. Santa Maria: Dissertac¸ ao (Mestrado em 
Medicina Veterinaria), Programa de Pos-graduac¸ ao em Medicina 
Veterinaria, Universidade Federal de Santa Maria. 

Chambon P (1996). A decade of molecular biology of retinoic acid 
receptors. FASEB J. 10: 940-954. 

Duque P, Diez C, Royo L (2002a). Enhancement of development  capa- 

Vahedi et al.        3977 
 
 
 
city of meiotically inhibited bovine oocytes by retinoic. Hum. Reprod. 17: 

2706-2714. 
Duque P, Gomez E, Hidalgo C, Facal N, Fernandez I, Diez, C (2002b). 

Retinoic acid during in vitro maturation of bovine oocytes promotes 
embryonic development and early differentiation. Theriogenology. 57: 
364. 

Gomez E, Roriguez A, Goyache F, Diez C, Joseroyo L, Moreira PN, 
Caamano JS, Moran E, Gutierrez-ada A (2004) Retinoid-Dependent 
mRNA Expression and Poly-(A) Contents in Bovine Oocytes 
Meiotically Arrested and/or Matured In vitro. J. Reprod. Dev. 69: 101-
108. 

Gomez E, Royo LJ, Duque P, Carneiro G, Hidalgo C, Goyache F, 
Lorenzo PL, Alvarez I, Facal N, Diez C (2003). 9-Cisretinoic acid 
during in vitro maturation improves development of the bovine oocyte 
and increases midkine but not IGF-I expression in cumulus–
granulosa cells. Mol. Reprod. Dev. 66: 247-255. 

Gordon I (2003). laboratory production of cattle embryos. 2nd edition. 
CAB International publishing, Wallingford, pp. ???. 

Guerin P, El Mouatassim S, Menezo Y (2001). Oxidative stress and 
protection against reactive oxygen species in the pre-implantation 
embryo and its surroundings. Hum. Reprod. Update 7: 175-189.  

Hewitt DA, Watson PF, England GCW (1998). Nuclearstaining and 
cultur requirements for in vitro maturation of domestic bith oocytes. 
Theriogenology. 49: 1083-1101� 

Hidalgo CO, Diez C, Duque P, Facal N, Gomez E (2003). Pregnancies 
and improved early embryonic development with bovine oocytes 
matured in vitro with 9-cis-retinoic acid. Reproduction. 125: 409-416. 

Ikeda S, Kitagawa M, Imai H, Yamada M (2005). The roles of vitaminA 
for cytoplasmic maturation of bovine oocytes. J. Reprod. Dev. 51: 23-
35.  

Imam A, Hoyos B, Swenson C, Levi E, Chua R, Viriya E, Hammerling U 
(2001). Retinoids as ligands and coactivators of protein kinase C 
alpha. FASEB J. 15:28-30. 

Krischek C, Meinecke B (2000). In vitro maturation of bovine oocytes 
requires polyadenylation of mRNAs coding proteins for chromatin 
condensation, spindle assembly, MPF and MAP kinase activation. 
Anim. Reprod. Sci. 73: 129-140. 

Kubelka M, Motlik J, Fulka JJ, Prochazka R, Rimkevikova Z, Fulka J 
(1988). Time sequence of germinal vesicle breakdown in pig oocytes 
after cycloheximide and p-aminobenzamidine block. Gamete Res. 19: 
423-431. 

Lima PF, Oliveira MA, Santos MH, Reichenbach HD, Weppert M, 
Paula-Lopes FF, Neto CC, Goncalves PB (2006). Effect of retinoids 
and growth factor on in vitro bovine embryos produced under 
chemically defined conditions. Anim. Reprod. Sci. 95: 184-192.  

Livingston T, Eberhardt D, Edwards JL, Godkin J (2004). Retinol 
improves bovine embryonic development in vitro. Reprod. Biol. 
Endocrinol. 2: 83.  

Mangelsdorf DJ, Umesono K, Evans RM (1994). The retinoid receptors. 
In: Sporn MB, Roberts AB, Goodman DS, editors. The retinoids: 
Biology, chemistry, and medicine. New York: Raven Press. pp 319-
349. 

Minegishi T, Karino S, Tano M, Ibuki Y, Miyamoto K (1996). Regulation 
of midkine messenger ribonucleic acid levels in cultured rat granulose 
cells. Biochem. Biophys. Res. Commun. 229: 799-805. 

Moor RM, Osborn JC, Crosby IM (1985). Gonadotrophininduced 
abnormalities in sheep oocytes after superovulation. J. Reprod. Fertil. 
74: 167-172. 

Ohyama Y, Miyamoto K, Minamino N, Matsuo H (1994). Isolation and 
identification of midkine and pleiotrophin in bovine follicular fluid. Mol. 
Cell Endocrinol. 105: 203-208. 

Olson JA (1993). Vitamin A and carotenoides as antioxidants in a 
physiological context. J. Nutr. Sci. Vitaminol. 39: S57-S65.  

Sun QY, Lai L, Bonk A, Prather RS, Schatten H (2001). Cytoplasmic 
changes in relation to nuclear maturation and early embryo develop- 
mental potential of porcine oocytes: effects of gonadotropins, 
cumulus cells, follicular size, and protein synthesis inhibition. Mol. 
Reprod. Dev. 59: 192-198. 

Tarkowski AK (1966). An Air-Drying Method for Chromosome Prepara-
tions from Mouse Eggs. Cytogenet. Genome Res. 5: 394-400� 

Webb R, Nicholas B, Gong JG, Campbell BK, Gutierrez CG, Garverick 
HA, Armstrong DG (2003). Mechanisms regulating follicular  develop- 



3978         Afr. J. Biotechnol. 
 
 
 

ment and selection of the dominant follicle. Reprod. Suppl. 61: 71-90. 
Younis AI, Brackett BG, Fayrer-Hosken RA (1989). Influence of serum 

and hormones on bovine oocyte maturation and fertilization in vitro. 
Gamete Res. 23: 189-201. 

 
 
 


