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Introduction
Stress is a process stimulus activate the entire system and 

produces an organic response generating negative effects on 
animal health and production. The hormone mainly produced 
during stress is the cortisol (C21H30O5) which is secreted by 
the upper part of the adrenal gland, being an useful indicator as 
a biomarker to detect stress on the animals [1]. Besides, cortisol 
plays an important role during the catabolic phase and it negative 
effect on several metabolism has been well described [2], it is not 
yet clear the role of this hormone in ovaries and particularly on 
oocyte nuclear maturation and further embryo development after 
fertilization. The immature oocytes begin to develop in the ovaries, 
possessing a large nucleus referred to as germinal vesicle (GV),  

 
in which a sequence called germinal vesicle breakdown (GVBD), 
initiates the process of nuclear oocyte maturation, finishing at 
the stage of metaphase II just before ovulation [3].  Maturation 
promoting factor (MPF) is activated at GVBD and increases until it 
reaches a plateau at the end of the Metaphase I. A transient decline 
in MPF activity takes place during the transition between meiosis I, 
arresting at metaphase II. 

During oocyte maturation, the extracellular signal-regulated 
kinases (ERKs) are activated and a comprehensive, extensive 
rearrangement of the cytoskeleton and associated proteins occurs 
involving a spindle pole close to the cortex [4-6]. After polar body 
extrusion, chromosomes realign progressing to metaphase II. All 
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Abstract

Oocyte meiotic maturation and further embryonic development after fertilization is one of the most important physiological requirements 
for species survival. Herein, the aim of the study was to evaluate the effects of the stressful hormone, cortisol, on the nuclear maturation and 
further embryonic development of bovine oocytes after in vitro fertilization (IVF). For such purpose, 1,439 immature oocytes were collected from 
slaughtered cows and matured in vitro for 24 hours with different concentrations of cortisol (0 (control); 50 μM; 150 μM ;250 μM). Afterwards, 
412 oocytes were denuded, dyed with aceto-orcein and evaluated for meiotic development. The other 1027 were submitted to IVF and cultured for 
9 days, being evaluated on day 2, 6 and 9, for cleavage, morula and blastocyst, respectively. In the control, 85 % of oocytes reached Metaphase II, 
decreasing to 49, 32 and 15 % for the concentration of the cortisol (50, 150, and 250 μM, respectively). For the embryos, obtained from the oocytes 
submitted to IVF, in the control group, 28.3 ± 4.8% reached the stage of blastocyst, while for the concentrations of cortisol this value decreased to 
22.1 ± 5.4%, 15.4 ± 6.0% and 6.5 ± 2.1% for 50, 150 and 250 μM of cortisol, respectively). Results of the present study clearly demonstrated that 
animal’s stress and particularly high concentrations of cortisol impair bovine nuclear maturation as well as the further embryonic development 
after IVF.
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meiosis developmental stages occur when follicles are growing from 
preantral to antral follicles. Moreover, the ovulation occurs when 
oocyte is in the metaphase II stage [7-8]. At the endocrine level, 
folliculogenesis is regulated by a central nervous system, anterior 
pituitary, and ovary cascade mechanism. Specialized hypothalamic 
neurons secrete pulses of gonadotropin-releasing hormone (GnRH) 
into the portal blood vessels, which acts on the gonadotrophs to 
cause a pulsatile release of follicle-stimulating hormone (FSH) 
and luteinizing hormone (LH), which act on ovarian follicle cells to 
control folliculogenesis. Although GnRH, FSH, and LH are critically 
important in regulating folliculogenesis, hormones and growth 
factors, which are themselves products of the follicle, can act locally 
to modulate (amplify or attenuate) FSH and LH action [9-10]. 

This is the autocrine/paracrine system of developing follicles. It 
is believed that this local regulatory system plays an important role 
in the complex mechanisms governing the timing of folliculogenesis 
and whether a follicle becomes dominant or atretic. An important 
point is that estradiol produced by the dominant follicle rises 
production of GnRH, FSH and LH, increasing follicular growth, 
leading to its rupture/ovulation [11-13]. Stress-like levels of 
cortisol suppress follicular growth and development and block or 
delay the preovulatory surge of LH when cortisol is present during 
the late luteal and early follicular phases of the oestrous cycle 
[14-16]. In fact, since the last century it has been postulated that 
stressful stimuli reduce fertility in domestic species, such climatic 
extremes, transportation or laparoscopy  as well as psychological 
stress suppress or delay expression of behavioural oestrus and 
ovulation. In addition to reducing fertility, these stressors also 
stimulate the activity of the hypothalamic-pituitary-adrenal (HPA) 
axis, and a marked increase in serum concentration of cortisol is 
commonly associated with management-related stressors [17-19].

Furthermore, cortisol reduces amplitude of GnRH and LH 
secretion and lowers plasma estradiol levels in follicular-phase and 
for such reason, high cortisol levels can inhibit the reproduction 
physiology [20-21]. The effect of cortisol inhibition in the protein 
ERKs disrupting their functions in meiotic maturation of full-
grown oocytes and/or arrest at metaphase of meiosis II prior to 
fertilization [22-23]. Although the causal link between stress and 
infertility has not been precisely defined, several studies indicate 
that glucocorticoids in general and cortisol in particular may 
contribute to the anti-gonadal effect of stress [24-25]. Additionally, 
the increasing of cortisol  level reduces estradiol production 
possibly by affecting the granulosa cell functions within the follicle, 
which results deterioration in oocyte quality, leading to a poorest 
ability to develop after fertilization [17]. The aim of the present 
study is to evaluate the role of this hormone on bovine in vitro 
oocyte nuclear maturation and further embryo development after 
fertilization.

Materials and Methods
Chemicals

All the chemicals and reagents used in this study were obtained 
from Sigma-Aldrich (St. Louis, Mo, USA) unless stated otherwise. 

Ovaries
Ovaries (n = 350) were obtained at a local abattoir from 

adult animals, trimmed of adhering tissue and transported to 
the laboratory in Dulbecco’s phosphate buffered saline (DPBS), 
at temperature ranging from 35 to 37ºC within 2 hours post-
slaughtering.

Experimental Design
In Vitro Oocyte Nuclear Maturation

Cumulus oocyte complexes (COCs) were washed twice in TCM-
199 medium supplemented with 2% Foetal Bovine Serum (FBS), 
0.3 mg/ml glutamine and 50 mg/ml gentamicin and then washed 
twice in maturation medium supplemented with 10% FBS, 5 µg/
ml of FSH-LH, 1µg/ml estradiol-17ß, 0.15 mg/ml glutamine, 22 µg/
ml Na-pyruvate, 50 µg/ml gentamicin. Then, COCs were transferred 
to sterile Petri dishes containing 100 µl of maturation medium 
supplemented with cortisol, previously diluted in ethanol at 0 
(control) 50, 150 and 250 µM final concentration (10-15 oocytes/ 
droplet)  at in an incubator (Lab line instrument Inc. USA) at 38.5 
ºC for 22-24 hours with saturated humidity and 5% of CO2, for 
maturation. Afterwards, COCs were selected, and divided into two 
groups: (1 and 2). The ones considered in the group A (n=412) 
were fixated and stained for meiosis development evaluation, while 
the ones considered in the group B (n=1027) were used for IVF.

Oocyte Fixation and Nuclear Staining

For meiosis development evaluation, COCs were selected, 
denuded by vortexing for 2 min and fixated in 3:1 (Methanol: glacial 
acetic acid) solution for 24 h at room temperature in petri dishes 
sealed with parafilm and then dyed with 1% Orcein. Meiosis stages 
were recorded as previously described [26] under a phase contrast 
microscope at 400x magnification. Meiotic stages were classified 
as germinal vesicle (GV), germinal vesicle break-down (GVBD), 
metaphase I (MI), anaphase I (Al), telophase I (TI), and metaphase 
II (MII) [27], being considered as  mature those evaluated on 
Telophase I to Metaphase II. 

IVF

After 24 hours of maturation, oocytes designated to IVF were 
selected under the stereomicroscope, transferred into a Petri dish 
containing maturation medium and washed twice in IVF medium. 
After thawing, semen was washed twice by centrifuge at 320xg 
for 5 minutes each, in non-capacitating HEPES-buffered medium 
(NCM) sperm washing medium (5 ml each time). After removing 
the supernatant, sperm pellet was homogenized by pipetting in the 
remaining NCM Sperm wash medium (0.25-0.5 ml) for adjusting 
the sperm concentration and motility. A volume of 20 µl of the 
semen (11.5 x 106) was uploaded on a slide, covered with a cover 
slip and the motility of the sperms was checked under the inverted 
microscope. To adjust the semen concentration, 5 µl from the semen 
were added to 95 µl distilled water in an Eppendorf tube, and then 
exposed to direct light until the semen died. Oocytes and sperms 
were then co-cultured in 500 µl of IVF Tyroide’s Albumin Lactate 
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Pyruvate (TALP) for 22-24 hours at 38.5ºC in the incubator with 
saturated humidity and 5% of CO2

In Vitro Embryo-Culture (IVC)

Twenty-four hours from the fertilization, presumptive zygotes 
were transferred to a glass tube containing 1 ml of washing medium 
and vortexed to remove granulosa cells attached them. Then the 
embryos were checked under the microscope, washed twice in 
culture medium and cultured for 9 days.

Statistical Analysis
Data are expressed as percentages, and they were subjected 

to arcsine transformation when required by X’= arcsin√x All the 
statistical analyses were performed by one-way ANOVA in SPSS vs 
22. When significant differences were found, comparison between 
treatments was made using either the post hoc, to verify differences 
between the groups, followed by the LSD test between groups when 
parametric assumptions were not fulfilled. Results are expressed 
as mean ± SEM. Probability values less than 0.05 were considered 
statistically different.

Results and Discussion
]In the present study the effect of several concentrations of 

cortisol, ranging from 0 to 250 µM was evaluated on the nuclear 
and further in vitro development of bovine oocytes after IVF. 
As known, cortisol is a glucocorticoid hormone, which plays an 
important role in numerous processes including metabolism, blood 
pressure, and immune response regulation, and thus has proved a 
reliable biological correlate of many adverse health outcomes [33]. 
In that manner, as cortisol is considered a stressful hormone an 
effective negatively for the maturation oocytes would be expected 
on oocytes maturation and further embryonic development after 
IVF [34]. In fact, several studies have observed exposing oocytes to 
high concentration of cortisol decreased their competence, undergo 
impair oocyte developmental potential by triggering apoptosis of 
ovarian cells via activating a transmembrane protein belonging to 

the tumor necrosis factor (TNF) usually known as Fas ligand (FasL). 
Research developed on mice were injected with cortisol, indicated 
a clear negative impact of cortisol on oocyte’s nuclear maturation 
rate (NMR), blastocyst rates and the cell number per blastocyst [35-
36]. 

Furthermore, related for pigs that significant high concentration 
of cortisol in unfertilized oocytes leads to its relative decrease in 
the NMR, fertilization or embryo cleavage [37]. Several research 
developed in vivo show cortisol as a stressful hormone, affects 
bovine metabolism, in general, and reproduction in particular 
[30-31]. Previously studies showed that in the Azores, fertility 
of bovine decreases drastically to 35% in the summer period, 
achieving 78% in the non-hot periods as spring and autumn [44-
45]. Several hypotheses have been purposed to explain this shut in 
the hot periods [18, 32, 45]. Heat stress genes, such HASP14 and 
Cx34 are activated during summer, when outside temperature rises 
over 25 ºC. As these genes are also related to the apoptosis, one 
can speculate that, among other mechanisms, apoptosis can play 
a crucial role in the embryonic as well as in the follicle/oocyte 
development from the beginning to metaphase II [32, 45]. Besides 
in the literature, cortisol levels on cattle are not very clear, these 
values were chosen according several authors in which cortisol can 
reach a maximum of about 250 µM when cattle are exposed for long 
time to stress conditions such high environmental temperature 
[28-29]. 

From the 1439 oocytes used in this experiment, results revealed 
that those (n=412) employed for maturation rate, a statistical 
decreased was observed when cortisol levels increased in the 
maturation medium. For cortisol levels of 0 (control); 50 µM; 150 
µM; 250 µM groups, rate of maturation was respectively 85.0; 49.0; 
32.0 and 15.0 (Table 1).  A negative correlation (R2 = 0.991) was 
observed between these two parameters (P<0.01) (Figure 1). For 
the 1027 oocytes used for IVF, a statistical (p<0.01) negative dose-
response was observed between the number of produced embryos 
in the stage of blastocysts and the cortisol concentrations (Table 2).

Figure 1: Correlation between mature oocytes and the different concentrations of cortisol. (Y=1.02 + -47.6*X+5*X2, R2 = 0.991 
p<0.01). 
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Table 1: Nuclear development stages, after maturation with cortisol.

Cortisol Concentrations (µM) Number of oocytes

Meiosis Development (%)

GV GVBD MI AI
Nuclear maturation rate

(TI + MII)

0 (Control) 138 1.4 2.2 12.0 0 85.0

50 91 2.2 4.4 18.0 26.0 49.0

150 97 2.1 5.2 53.0 8.0 32.0

250 86 2.3 11.6 57.0 14.0 15.0

Note: GV-Germinal Vesicle; AI- Anaphase I  GVBD- Germinal Vesicle Break Down; TI- Telophase  MI; Metaphase I; MII- Metaphase 
II

Table 2: Embryonic developmental stages of oocytes (n=1027) submitted to different cortisol concentrations during maturation. 
Results the mean ± SEM) of six replicas. Different letters (a, b, and c), indicate statistical differences (p<0.01). Day 0 is the fertilization 
day.

Treatment Number of oocytes Cleavage (%) (Day 2) Morula(%) (Day 6) Blastocyst (%) (Day 9)

Control 180 72.2 ± 3.9a 41.1 ± 5.4a 28.3 ± 4.8 a

50 µM 263 56.3 ± 1.2 a 31.6 ± 5.1 a 22.1 ± 5.4 a

150 µM 292 47.6 ± 5.2a 26.0 ± 8.0 a 15.4 ± 6.0 b

250 µM 292 27.4 ± 2.7c 11.3 ± 1.1c 6.5 ± 2.1c

In our study, cortisol significantly affected NMR decreasing 
to 15.0% and blastocyst production to 6.5% when oocytes 
were exposed to 250 µM of cortisol (P<0.01), which values are 
in agreement with those published also working with cattle 
[38].  Moreover, in an endeavour to explain the clear inhibitory 
effect of cortisol, Gonzalez and collaborators [2] explained that 
corticosterone decreases phosphorylated forms of extracellular 
signal-regulated kinases (ERKs), phospho-ERK (p-ERK)-1 and 
p-ERK-2 in exposed oocytes and this could represent an alteration 
in molecular mechanisms underlying oocyte maturation and 
competence for subsequent development.  

The ERKs are members of the mitogen-activated protein kinases 
(MAPK) family activated during oocyte maturation. The MAPKs 
together with maturation/metaphase-promoting factor (MPF 
complex), the two important protein kinases for oocyte meiosis, 
interact intimately and perform essential regulating roles in meiotic 
maturation and fertilization [39]. Additionally, in mammalian 
oocytes, several kinases, such as Plk1- and Akt-induced, regulates 
the MPF activation, which plays a key role in the events of GVBD. 
Moreover, PKA can activate Wee1B (Wee1-like protein kinase 1B) 
or inhibit CDC25B, which downregulates MPF activity and prevents 
GVBD [40-41].  This mechanism is independent of MAPK activation 
inside oocytes [42]. In porcine oocytes, the inhibitory action of 
cortisol on meiotic maturation could be due to the reduction in 
p34cdc2-cyclin B1 complex, one of the components of MPF [43]. 
In addition, results presented and demonstrated that the effect of 
high ambient temperatures on reproductive processes, decrease 
the bovine fertility to 36.8% in the summer period, affecting also 
the physiological mechanisms, inhibiting the in vitro oocytes 
maturation rate to 44.3% while the in vitro embryonic development 
in that period was 19.6% [44]. 

In another research developed by our working group, these 
authors, showed that heat stress influences the expression on some 

genes related to growth and develop embryos such Cx43, CDH1, 
DNMT1, HSPA14, in which the lower maturation rate could may be 
due to the down-regulation of these genes. Whereas, HSPA14 gene 
is an important part of the cell’s machinery for folding, unfolding, 
transport, localization of proteins and differentiation, regulation of 
the embryonic cell cycle and helping to protect cells from stress. 
Therefore, HSPA14 is an apoptotic gene induced by heat shock is 
associated with embryonic loss, playing an important role of control 
mechanism of processes involved in growth, cellular differentiation, 
and embryonic development [45]. Furthermore, Cx43 is expressed 
in numerous tissues including gonads, act as a mediator of heat 
stress effect on cells [18]. Additionally, plasma concentrations of 
cortisol significantly increased following exposure to heat stress 
[18, 32]. Under conditions of prolonged heat exposed to a moderate 
heat stress (35 ºC) cow’s plasma cortisol increased significantly 
(P<0.05). 

Therefore, plasma cortisol may increase within 20 min of 
exposure to acute heat stress and reach a plateau within 2h [46]. 
Previously research demonstrated clear the viewpoint of animal 
welfare in both of the high ambient temperatures, high direct 
and indirect solar radiation, showing an unequivocal evidence 
that hyperthermia is deleterious to any form of productivity [47]. 
Further, numerous studies that use behavioural indicators of 
welfare show that behavioural changes can be interpreted as either 
good or poor welfare and can be defined by discrete measures, 
such as changes in hormone level, body temperature, and normal 
behaviour [48]. The type of biological defence an animal utilizes 
is not important but the resulting change in biological function 
determines if there is a threat to the animal welfare [49].

Conclusion
Results of the present research clearly demonstrated that 

animal’s stress and particularly cortisol levels might have impaired 
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ovulation and oocyte potential, influencing negatively their ability 
to develop to the stage of blastocyst after fertilisation. Management 
practices such as handling, weaning, housing conditions and 
transportation are essential to reproduction efficiency of cattle. 
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