
Endogenous progesterone (P4) secreted by cumulus 
cells exerts an antiapoptotic effect on bovine oocytes 
during IVM through cumulus-expressed proteins 
(O’Shea et al., Biol Reprod, 89:146, 2013). However, 
the action of exogenous P4 on the oocytes is not so 
obvious and may be dependent on the stage of the 
meiotic maturation. 
The current work was aimed to study: 
(1) a pattern and duration of effects of P4 and 
luteotropic hormone prolactin (PRL) on bovine 
oocyte apoptosis during the second phase of IVM 
(from M-I to M-II); 
(2) a role of the Bax/Bcl2 pathway in these effects.
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In one-step IVM, bovine cumulus-oocyte complexes (COCs) 
were matured for 24 h in TCM 199 containing 10% fetal calf 
serum (FCS), 10 μg/ml FSH, and 10 μg/ml LH (1st IVM 
medium). 
In two-step IVM, COCs were cultured in the 1st IVM 
medium for 12 h and then transferred to TCM 199 containing 
10% FCS (2nd IVM medium) and cultured for next 12 h. 
The 2nd IVM medium was either free of additives (Control) 
or supplemented with 50 ng/ml P4 or 50 ng/ml bovine PRL.
After one-step and two-step IVM, a half of COCs was 
cultured for additional 24 h in TCM 199 containing 10% FCS 
to test long-term hormonal effects during aging. 
At the end of culture, the nuclear status of oocytes was
assessed by staining with DAPI. Oocyte apoptosis 
was detected using the TUNEL method (Fig. 1). 
The expression of apoptosis-related genes (Bax and Bcl2)
in oocytes was analyzed by qPCR.

The data for apoptosis (n=5-6, 87-113 oocytes per 
treatment) and gene expression (n=3, 30 oocytes per each 
replicate for each treatment) were analyzed by ANOVA.The rate of M-II oocytes was similar in all the 

compared groups (83.3-94.3%). Following 24 
and 48 h of culture, the apoptosis frequency and 
the expression of Bax and Bcl2 genes in oocytes 
did not differ between one-step IVM and the 
control group of two-step IVM (Fig. 2-4). During 
24 h of oocyte aging, the apoptosis frequency 
increased 2-3 times (P<0.001) in all the groups
(Fig. 3), whereas the relative levels of the 
transcripts changed only slightly (Fig. 5). The 
addition of P4 (but not PRL) to the control 
medium at the second step of two-step IVM 
resulted in the reduction (P<0.05) in the rate of 
apoptotic oocytes from 11.7±1.2 to 5.9±1.7% 
after 24 h of maturation (Fig. 2). Furthermore, 
this rate in the P4-treated group was lower than 
in one-step IVM (17.6±1.6 vs. 24.3±0.4%, 
P<0.05) after 24 h of aging (Fig. 3). Meanwhile, 
P4 did not affect the expression of Bax and Bcl-2 
genes in matured or aged oocytes (Fig. 4, 5). 

 Nuclear maturation of bovine oocytes is 
independent to the presence of 
luteotrophic hormones at the second step 
of two-step culture.

 Exogenous P4 can exert the long-term 
antiapoptotic effect on bovine oocytes 
during the second phase of IVM.

 The antiapoptotic effect of P4 on the 
oocytes is not  related to modulation of the 
Bax/Bcl-2 pathway.

Fig. 1. Representative images  illustrating 
detection of the metaphase-II stage and apoptosis 

in matured bovine oocytes

Fig. 2. Effects of P4, PRL on the apoptosis resistance
of bovine oocytes during the second phase IVM (12h).
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A-C: matured oocyte with apoptotic M-II chromosomes.
D-F: non-apoptotic oocyte.

A, D: bright-field images. B, E: DAPI staining of 
chromosomes (blue). C, F: TUNEL staining (green).

TUNEL-positive M-II chromosomes are indicated by white 
arrow.

Fig. 3. The apoptosis resistance of aging bovine oocytes
exposed to P4 or PRL during the second step of IVM.

Fig. 5. Quantification of relative expression of the proapoptotic marker genes Bcl-2 and 
Bax in aging bovine oocytes exposed to P4 or PRL during the second step of IVM

Means with different letters differ significantly (at least P < 0.05). 

Fig. 4. Relative expression of mRNAs for genes  Bax and Bcl-2 in matured oocytes 
exposed to progesterone or prolactin during the second phase of IVM (12h) 

Means with different letters differ significantly (at least P < 0.05). 


