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  ABSTRACT 

  It was hypothesized the lower fertility of repeat-breed-
er (RB) Holstein cows is associated with oocyte quality 
and this negative effect is enhanced during summer 
heat stress (HS). During the summer and the winter, 
heifers (H; n = 36 and 34, respectively), peak-lactation 
(PL; n = 37 and 32, respectively), and RB (n = 36 and 
31, respectively) Holstein cows were subjected to ovum 
retrieval to assess oocyte recovery, in vitro embryonic 
developmental rates, and blastocyst quality [terminal 
deoxynucleotidyl transferase-mediated dUTP nick end 
labeling (TUNEL)-positive cells and total cell number]. 
The environmental temperature and humidity, respira-
tion rate, and cutaneous and rectal temperatures were 
recorded in both seasons. The summer HS increased 
the respiration rate and the rectal temperature of PL 
and RB cows, and increased the cutaneous temperature 
and lowered the in vitro embryo production of Holstein 
cows and heifers. Although cleavage rate was similar 
among groups [H = 51.7% ± 4.5 (n = 375), PL = 
37.9% ± 5.1 (n = 390), RB = 41.9% ± 4.5 (n = 666)], 
blastocyst rate was compromised by HS, especially in 
RB cows [H = 30.3% ± 4.8 (n = 244) vs. 23.3% ± 6.4 
(n = 150), PL = 22.0% ± 4.7 (n = 191) vs. 14.6% ± 
7.6 (n = 103), RB = 22.5% ± 5.4 (n = 413) vs. 7.9% 
± 4.3 (n = 177)]. Moreover, the fragmentation rate 
of RB blastocysts was enhanced during the summer, 
compared with winter [4.9% ± 0.7 (n = 14) vs. 2.2% 
± 0.2 (n = 78)] and other groups [H = 2.5% ± 0.7 (n 
= 13), and PL = 2.7% ± 0.6 (n = 14)] suggesting that 

the association of RB fertility problems and summer 
HS may potentially impair oocyte quality. Our findings 
provide evidence of a greater sensitivity of RB oocytes 
to summer HS. 
  Key words:    heat stress ,  oocyte quality ,  repeat-breeder 
cow ,  in vitro embryo production 

  INTRODUCTION 

  Repeat-breeder (RB) cows are commonly referred to 
as subfertile animals without any anatomic or infec-
tious abnormality that do not become pregnant until 
the third or subsequent breeding or remain infertile 
after numerous services. The RB cows are character-
ized by low fertilization rates (Graden et al., 1968) and 
early embryonic loss (Gustafsson and Larsson, 1985), 
thereby decreasing overall conception rates (Ferreira et 
al., 2010b; Yusuf et al., 2010). Yet, gestational loss (30 
to 60 d of pregnancy) between RB and non-RB cows is 
similar and transfer of non-RB donated embryos into 
RB surrogates increased RB pregnancy rate, indicating 
that the lower conception rate of RB cows was deter-
mined earlier in development (Ferreira et al., 2010b). 
Also, it has been suggested that the oocytes themselves 
are of inferior quality in RB (Gustafsson and Emanuels-
son, 2002). Many aspects of the RB phenotype remain 
unknown (for instance, what season of the year that is 
most critical). According to a recent report (Yusuf et 
al., 2010), the incidence of RB was 14% in 9 commercial 
herds. 

  The reproductive performance of Holstein cows is 
compromised by heat stress (HS) and can be improved 
using embryo transfer (Ambrose et al., 1999; Baruselli 
et al., 2010). The decreased fertility associated with 
summer HS is a multifactorial problem in which hyper-
thermia affects cellular function in various tissues of 
the female reproductive tract (Wolfenson et al., 2000; 
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Hansen et al., 2001). For instance, summer HS com-
promised ovarian follicular dynamics (Badinga et al., 
1993), and the ability of the dominant follicle to exert 
dominance (Wolfenson et al., 1995). In addition, HS in-
duced follicular codominance (Sartori et al., 2004; de S. 
Torres-Júnior et al., 2008) and decreased estrous cycle 
length, and the oocyte’s competence to develop into a 
blastocyst. Oocytes harvested from Holstein cows dur-
ing summer show decreased ability to develop to the 
blastocyst stage after in vitro fertilization when com-
pared with oocytes harvested during winter (Rocha et 
al., 1998; Al-Katanani et al., 2002). Moreover, exposure 
of Holstein heifers to HS between the onset of estrus 
and insemination increased the proportion of abnormal 
and developmentally retarded embryos as compared 
with heifers maintained at thermoneutrality (Putney 
et al., 1989). These studies highlight the detrimental 
effect of HS on oocyte competence, from early stages 
of folliculogenesis, leading to a carryover effect on ovu-
lated oocytes of low quality (Roth et al., 2001, de S. 
Torres-Júnior et al., 2008).

Because RB cows have lower conception rates during 
the summer than winter (Rodrigues et al., 2007), it is 
reasonable to hypothesize that the lower fertility of RB 
Holstein cows is associated with a decrease in oocyte 
competence due to summer HS. A previous study pro-
vided evidence of compromised quality in oocytes re-
trieved from RB heifers, as judged by their appearance 
at retrieval and their decreased ability to advance on 
the cytoplasmic spatial reorganization of mitochondria 
and cortical granules after in vitro maturation (Båge 
et al., 2003). These factors can indirectly explain the 
low oocyte quality and represent a contributing factor 
to subfertility that defines the RB syndrome in RB 
heifers. Hence, the aim was to address the hypothesis 
that the lower fertility of RB Holstein cows is associ-
ated with oocyte quality and that this negative effect is 
enhanced during summer.

MATERIALS AND METHODS

Environmental and Physiological Measurements

To identify the coolest and warmest periods of the 
year, and determine the months when the experiment 
would be conducted, a retrospective analysis of the 
environmental temperatures and humidity of the last 
8 yr (Figure 1; January 2001 to January 2009) was 
done on 2 farms. Data were collected from each farm’s 
weather station daily. The experiment was carried out 
in the second half of each season (winter and summer) 
to ensure at least 1 mo of exposure to the desired 
environmental condition before the beginning of the 
trial. During the periods selected, the environmental 

temperature and humidity were recorded daily from the 
farm weather stations. Respiration rate and rectal and 
cutaneous temperature were recorded at the beginning 
of each protocol for synchronization of follicular wave 
emergence (d 0).

Farm and Animals

The present study was approved by the Bioethics 
Commission of the School of Veterinary Medicine and 
Zootechny of the University of São Paulo (protocol 
number 1571/2008), which complies with the ethical 

Figure 1. Monthly environmental humidity (a) and averaged envi-
ronmental temperature (b) measured from weather stations of 2 dairy 
farms during an 8-yr period (2001 to 2009). Arrows indicate months 
chosen as the experimental summer (high humidity and temperature) 
and winter (low humidity and temperature).
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principles in animal research. The experiment was 
conducted in 2 commercial dairy farms located in São 
Paulo state in southeast Brazil: dairy A, the city of 
Descalvado (21°54 14  S 47°37 10  W), and dairy B, 
the city of São Pedro (22°32 55  S 47°54 50  W) dur-
ing the warm (March; summer) versus cool (August; 
winter) periods of 2009. Herds were composed of 1,800 
and 400 lactating Holstein cows, producing 30.1 ± 0.3 
and 34.2 ± 0.2 kg of milk per day, in farms A and B, 
respectively. Holstein (Bos taurus) cattle of 3 different 
groups [heifers (H; farm A, n = 52 and farm B, n = 
18), peak-lactation cows (PL; farm A, n = 50 and farm 
B, n = 19), and RB cows (farm A, n = 48 and farm 
B, n = 19)] were used in this experiment. Heifers were 
16.8 ± 0.3 mo (±SEM) old (farm A = 17.2 ± 0.4 and 
farm B = 15.5 ± 0.5), cycling, and had never been 
inseminated; RB were normal cycling lactating cows 
that had been inseminated several times (range from 
4 to 13 services) without becoming pregnant and with 
no anatomic or infectious abnormality (checked by ul-
trasonography by a veterinarian); and PL were normal 
cycling cows raging from 46 to 171 DIM. The PL and 
RB cows were housed in freestalls with an adjacent 
pasture, but H were kept on pasture with free access 
to water. The PL and RB cows were 110.4 ± 3.8 and 
425.3 ± 17.5 DIM (P < 0.0001; Table S1, available 
online at http://www.journalofdairyscience.org/), had 
a weekly milk production of 34.3 ± 0.7 and 23.2 ± 0.9 
kg (P < 0.0001; Table S1), had 0.7 ± 0.1 and 7.1 ± 
0.3 previous inseminations (P < 0.0001; Table S1), and 
were on lactation number 2.3 ± 0.1 and 2.0 ± 0.2 (P 
= 0.15; Table S1), respectively. Animals were classified 
using a 1 (very thin) to 5 (very fat) point scale, with 
a difference of 0.25 points from one class to the next 
(Edmonson et al., 1989). The BCS was 3.15 ± 0.2 for 
H, and not different from 3.13 ± 0.4 for RB cows and 
both were greater than the 2.77 ± 0.3 for PL cows (P 
< 0.0001; Table S1).

Cows were milked 3 times daily at approximately 8-h 
intervals. All animals were fed a TMR formulated to 
meet or exceed the minimum nutritional requirements 
for each category: H (14% CP, 26.7% ADF, and 47% 
NDF) and lactating Holstein cows (18% CP, 21.2% 
ADF, and 34.4% NDF) weighing 650 kg and producing 
45 kg of 3.5% FCM when consuming 26 kg of DM/d 
(NRC, 2001). Within each farm, diets were comprised 
of similar ingredients in similar proportions. Briefly, the 
main ingredients were corn silage and Tifton hay as 
forage and a corn, soybean, and cottonseed meal-based 
concentrate.

During the summer and the winter, nulliparous H (n 
= 36 and 34, respectively), PL cows (n = 37 and 32, 

respectively), and RB cows (n = 36 and 31, respec-
tively) started a protocol to synchronize follicular wave 
emergence. On random days of the estrous cycle (d 0), 
cattle were treated with 2 mg of estradiol benzoate 
(Sincrodiol, OuroFino, Cravinhos, SP, Brazil), 50 mg of 
progesterone (OuroFino) and 150 μg of d-cloprostenol 
(Sincrocio, OuroFino, Cravinhos, Brazil) i.m. plus a 
norgestomet ear implant (Crestar, Intervet, Cotia, SP, 
Brazil). On d 5, the implant was removed and ovum 
retrieval was performed (1 to 2 d following the expected 
new follicular wave emergence). This protocol was pre-
viously tested in H and lactating and nonlactating cows 
to ensure that the time of follicular wave emergence 
was similar in all groups without the need for protocol 
modifications (Ferreira et al., 2009). Previously tested 
semen from a single collection of a Holstein bull was 
used for in vitro embryo production (IVP). Oocytes 
obtained from ovaries collected in a single commercial 
abattoir, mainly from B. indicus beef cows, were simul-
taneously subjected to IVP as a quality control. Three 
replicates were done in each season (summer and win-
ter). In each replicate (2 in farm A and 1 in farm B), 
12 to14 animals of each group were subjected to ovum 
retrieval, and 100 to 233 oocytes derived from ovaries 
from the abattoir were used as quality control. When 
contamination was detected during the IVP, data was 
excluded from the study.

Prior to each ovum retrieval session, both ovaries 
were examined by transrectal ultrasonography using a 
portable scanner (Aloka SSDV 500 with 5 MHz convex 
array transducer housed in a plastic vaginal probe; 
Aloka, Tokyo, Japan). The total number of follicles in 
each ovary was recorded.

All H and cows were subjected to ovum retrieval on d 
5 after synchronization. Cattle were contained in a chute 
for the oocyte collection procedure and an epidural an-
esthesia was administered with lidocaine hydrochloride 
2% (Anestésico L, Eurofarma, São Paulo, SP, Brazil) to 
facilitate the handling of the ovaries through the rectum. 
The perineal area was cleaned using water and alcohol 
prior to each session. All follicles ≥2 mm were aspirated 
using the portable scanner with a 5-MHz convex ar-
ray transducer housed in a plastic vaginal probe with 
a stainless steel needle guide connected to aspiration 
equipment and a vacuum system. Follicular aspirates 
were recovered via a 1.1-mm i.d. by a 120-cm length 
circuit (Watanabe Tecnologia Aplicada, Cravinhos, SP, 
Brazil), directly connected to a disposable 1.7 mm × 48 



mm 16-gauge catheter (BD Angiocath, São Paulo, SP, 
Brazil) and a 50-mL conical tube containing 15 mL of 
Dulbecco PBS (DPBS; Nutricell Nutrientes Celulares, 
Campinas, SP, Brazil) supplemented with 1% (vol/vol) 
fetal calf serum (FCS; Gibco Life Technologies, Grand 
Island, NY) and 5,000 IU/mL sodium heparin (Parinex, 
Hipolabor, Belo Horizonte, MG, Brazil) at 35 to 37°C. 
The vacuum connected to the needle was set at 85 to 
90 mm Hg. All retrieval procedures were performed by 
the same veterinarian.

The conical tube containing follicular aspirate was 
transported to a field laboratory and cumulus–oocyte 
complexes (COC) were washed using a 75-μm filter 
(Watanabe Tecnologia Aplicada) and DPBS supple-
mented with 1% FCS. The COC were harvested, washed 
once in DPBS supplemented with 1% FCS at 37°C and 
morphologically evaluated under a stereomicroscope 
(8–20 × magnification). The COC were morphologi-
cally classified based upon oocyte cytoplasm character-
istics and the number of cumulus cell layers as viable 
or unviable. Compact COC with more than 3 layers 
of cumulus cells and oocytes with homogeneous cyto-
plasm, compact COC with ≤3 layers of cumulus cells 
and oocytes with slightly heterogeneous cytoplasm, and 
COC partially denuded and oocytes with heterogeneous 
cytoplasm were considered viable for IVP and used in 
the study. Denuded or degenerated oocytes, oocytes 
with no cumulus cells over most of the zona pellucida 
surface or vacuolated and shrunken cytoplasm, and 
COC with expanded cumulus cells were considered as 
unviable for IVP (Wright, 1998) and excluded from the 
study. Viable COC were transported to the IVP labora-
tory in 1.5-mL cryotubes containing HEPES-buffered 
tissue culture medium 199 (TCM-199; Gibco Life 
Technologies, Grand Island, NY), 10% FCS, 49.4 mg/
mL of sodium pyruvate (Sigma-Aldrich Chemical Co.; 
St. Louis, MO), and 50 mg of gentamycin/mL at 37 to 
39°C.

In Vitro Embryo Production

The IVP was performed as described by Ferreira et 
al. (2010a). Prior to in vitro maturation, COC were 
washed 3 times in HEPES-buffered TCM-199, supple-
mented with 10% FCS and 50 μg of gentamycin/
mL, and once in maturation medium, composed of 
bicarbonate-buffered TCM-199 (Gibco Life Technolo-
gies) supplemented with 10% FCS, 50 μg/mL of LH 
(Ayerst, Rouses Point, NY), 5 μg/mL of FSH (Foll-
tropin, Vetrepharm, Belleville, ON, Canada), 0.1 μg/
mL of estradiol (Estradiol 17β; Sigma-Aldrich Chemi-
cal Co.), 22 μg of sodium pyruvate/mL, and 50 μg of 
gentamycin/mL. The COC of each cow were separately 
cultured for 24 h in 70-μL drops of maturation medium 

under mineral oil (D’Altomare, São Paulo, SP, Brazil) 
at 39°C in an atmosphere of 5% CO2 in humidified air. 
After maturation, the COC were washed and subjected 
to in vitro fertilization (IVF) in 70-μL drops of IVF 
medium under mineral oil. The IVF medium was Ty-
rode albumin lactate pyruvate (TALP; Bavister and 
Yanagimachi, 1977) supplemented with heparin (10 
μg/mL), sodium pyruvate (22 μg/mL), gentamycin (50 
μg/mL), fatty acid-free BSA (6 mg/mL), and PHE 
solution (2 μM penicillin, 1 μM hypotaurine, and 0.25 
μM epinephrine).

A single ejaculate of frozen-thawed semen from a bull 
of known fertility was used. For IVF, straws were thawed 
for 30 s in a 35°C water bath. Semen was deposited on 
a 90 to 45% Percoll gradient prepared with sperm wash 
medium (modified Tyrode medium) and centrifuged at 
320 × g for 30 min to separate the mobile sperm and to 
remove the diluents and the seminal plasma. Afterward, 
the sperm pellet was evaluated for motility and concen-
tration. Each fertilization drop received 5 μL of sperm, 
to achieve a final concentration of 1 × 106 live sperm/
mL. Sperm and COC were incubated at 38.5°C in an 
atmosphere of 5% CO2 in humidified air for 18 to 20 h.

Approximately 18 h after insemination, presumptive 
zygotes were stripped of cumulus cells by mechanical 
pipetting in TALP medium. Groups of presumptive 
zygotes were cocultured on a monolayer of cumulus 
cells that had attached to the surface plate during in 
vitro maturation (IVM). Thus, the IVM medium was 
gently changed to 50 μL of CR2aa medium (Watanabe 
et al., 1999) supplemented with 2% FCS and 30 mg 
of BSA/mL to be used for embryo culture at 39°C in 
an atmosphere of 5% CO2 in humidified air for 48 to 
72 h, when 30 μL of fresh culture medium was added 
(first feeding). The proportion of cleaved oocytes was 
recorded on d 3 of embryo culture. The second feeding 
was done on d 6 of culture, the blastocyst rate (total 
number of blastocysts divided by total number of viable 
oocytes) was recorded on d 7, and the hatching rate 
(number of hatched blastocysts divided by the number 
of blastocysts) was recorded on d 8 of embryo culture. 
Embryos were classified according to International Em-
bryo Transfer Society (IETS) criteria (Wright 1998). 
Oocyte competence was assessed by the ability of the 
female gamete to produce a viable blastocyst. In turn, 
blastocyst viability was assessed by embryo morphol-
ogy (i.e., clear blastocoel and a well-defined inner cell 
mass), blastocyst hatching rate, blastocyst cell number, 
and blastocyst DNA fragmentation rate.

All blastocysts produced (n = 229) were separated 
in groups according to the animal grouping and sea-
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son of the year, and analyzed to assess the rate of 
nuclear fragmentation. Every terminal deoxynucleoti-
dyl transferase-mediated deoxyuridine triphosphate 
(dUTP) nick end labeling (TUNEL) replicate (n = 9) 
was run with blastocysts of the 3 groups of cattle, and 
extra blastocysts were used as positive and negative 
controls. Blastocysts were removed from the culture 
medium and washed 4 times in 100-μL drops of PBS 
(pH 7.4) containing 0.1% polyvinyl-pyrrolidone (PVP) 
by transferring the embryos from drop to drop. The 
zona pellucida-intact embryos were fixed in a 400-μL 
drop of 4% (wt/vol) paraformaldehyde in PBS-PVP 
(pH 7.4) for 1 h at room temperature and then stored 
in the same solution at 4°C until assayed.

A commercial kit (TUNEL; Roche Molecular Bio-
chemicals, Mannheim, Germany) was used to assess 
DNA fragmentation, according to the manufacturer’s 
protocol. Briefly, embryos were washed 3 times in 
PBS-PVP and then permeabilized with 0.5% (vol/vol) 
Triton X-100 (Sigma-Aldrich Chemical Co.) in PBS-
PVP containing 0.1% (wt/vol) sodium citrate for 1 h 
at room temperature. Embryos were washed twice with 
PBS-PVP before labeling. Positive control embryos 
were incubated in 50 U of RNase-free DNase/mL for 
1 h at 37°C in a humidified chamber and then washed 
twice with PBS-PVP before labeling. Negative control 
embryos and tested embryos were kept in PBS-PVP 
drops under the same conditions.

Embryos were placed in 10-μL drops of fluorescein 
isothiocyanate-conjugated dUTP plus the enzyme ter-
minal deoxynucleotidyl transferase, and incubated in 
the dark for 1 h at 37°C in a humidified chamber. Then, 
embryos were washed 3 times with PBS-PVP. Negative 
controls were incubated in the absence of the enzyme. 
The total number of nuclei was obtained by labeling 
in 10 μg/mL of Hoechst 33342 (Invitrogen, Carlsbad, 
CA) diluted in PBS for 10 min in the dark. After wash-
ing twice in PBS-PVP, embryos were mounted onto 
slides with coverslips using VectaShield Mounting Me-
dium (Vector Laboratories Inc., Burlingame, CA). The 
TUNEL-labeled nuclei and total number of nuclei were 
counted using a fluorescence microscope with a dual 
filter (Axioplan; Carl Zeiss, Hallbergmoos, Germany) 
and the AxioVs40 software (V4.6.1.0; Carl Zeiss). The 
TUNEL-labeled nuclei were visualized at 579-nm exci-
tation and 599-nm emission, whereas Hoechst-labeled 
nuclei were evaluated at 350 nm and 450 nm, respec-
tively.

Nuclear fragmentation was determined as the per-
centage of TUNEL-labeled nuclei to the total cell num-
ber. Each embryo of each cow or H was individually 
examined in each season (winter and summer). Positive 
controls had all blastomeres labeled, whereas negative 
controls had no TUNEL labeling.

Statistical Analysis

Tests for normality of residuals and homogeneity of 
variances were conducted for each variable. Data that 
did not fulfill the assumptions for ANOVA were trans-
formed accordingly. Continuous data (i.e., respiration 
rate, rectal temperature, cutaneous temperature, num-
ber of oocytes, number of viable oocytes, and total num-
ber of nuclei, rates of cleavage, blastocyst and hatched 
blastocyst formation, and DNA fragmentation) were 
analyzed by ANOVA using the GLIMMIX procedure of 
SAS version 9.2 (SAS/STAT, SAS Institute Inc., Cary, 
NC) for normal distribution.

The explanatory variables considered for inclusion in 
the models were group, farm, season (winter vs. sum-
mer), DIM, number of previous inseminations, BCS, 
and interactions. The final logistic regression model 
removed variables by a backward elimination based 
on the Wald statistics criterion when P > 0.20. The 
variables that were included in the final model were 
group, season (winter vs. summer), number of previous 
inseminations, and BCS.

Environmental measures were analyzed by ANOVA 
using the GLIMMIX procedure of SAS. The explana-
tory variables considered for inclusion in the models 
were year, month, farm, and interaction between vari-
ables. Significance was considered at P < 0.05. Values 
are presented as means ± SEM.

RESULTS

No effect of interaction (P > 0.05) was found for 
any analyzed variable either between farms and groups, 
or between replicates and groups. The maximum and 
minimum environmental temperatures during March 
(summer) were 39.1 ± 0.2 and 18.5 ± 0.2°C in farm 
A, and, 35.0 ± 0.2 and 17.0 ± 0.2°C in farm B. In 
August (winter) they were 28.9 ± 0.2 and 14.4 ± 0.2°C 
in farm A, and, 30.0 ± 0.2 and 10.0 ± 0.2°C in farm 
B. The relative air humidity was 61 ± 0.01 (farm A) 
and 62 ± 0.01 (farm B) versus 53.9 ± 0.01 (farm A) 
and 53.8 ± 0.01% (farm B) during the summer and 
winter, respectively. As for physiological traits, H, PL, 
and RB cows had similar (P = 0.17) respiration rates 
during the winter, but PL and RB cows had an in-
creased respiration rate during the summer compared 
with the same groups during the winter (P < 0.0001) 
and with H during the summer (P < 0.0001; Figure 
2). The H maintained similar rectal temperature dur-
ing summer and winter (P = 0.73), whereas PL and 
RB cows had elevated rectal temperatures during the 
summer compared with the same groups during the 
winter (P < 0.0001) and with H during the summer (P 
< 0.0001; Figure 3). As for cutaneous temperature, an 
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interaction between season and group (P = 0.05; Figure 
4) was detected. All groups had increased (P < 0.0001) 
cutaneous temperature during the summer; however, it 
was always lower (P < 0.001) in H than cows, regard-

less of season. Summarizing, during the summer the 
physiological measures of PL and RB cows were more 
affected in relation to H.

The effects of these physiological alterations on 
oocyte quality were investigated. At ovum retrieval, 
H and cows provided a similar (P = 0.07) number of 
recovered oocytes and viable oocytes during the winter. 
Nonetheless, during the summer, oocyte numbers were 
decreased (P < 0.0001) in cows (Table 1). A quality 
control system was established based on abattoir-de-
rived beef cattle oocytes to test reliability of the IVP 
routine. Developmental rates of the abattoir-derived 
oocytes were as follows: 80.7% ± 1.5 versus 73.7% ± 
1.7 (P = 0.003) cleavage, 45.4% ± 1.9 versus 39.0% 
± 2.9 (P = 0.06) blastocyst, and 36.4% ± 4.0 versus 
44.7% ± 6.4 (P = 0.3) hatched during the summer 
(n = 582) and winter (n = 453), respectively. As for 
the ovum retrieval-derived oocytes, cleavage rates were 
similar between animal groups [H = 51.7% ± 4.5 (n 
= 375), PL = 37.9% ± 5.1 (n = 390), RB = 41.9% ± 
4.5 (n = 666); P = 0.20] and seasons [winter = 42.3% 
± 3.4 (n = 979), summer = 45.8% ± 4.4 (n = 452); P 
= 0.50]. Yet, when blastocyst rates were evaluated, an 
interaction between group and season (P < 0.0001) was 
found (Figure 5), indicating that the effect of season 
was dependent on group, unlike the rate of cleavage. 
Regardless of season, RB cow blastocyst rates were 
lower (P < 0.0001) than for H. In the summer, RB 
blastocyst rate dropped (P < 0.002) in comparison to 

Figure 2. Respiration rate (breaths/min) of Holstein cattle of dif-
ferent groups during summer and winter [heifers (H; n = 36 and 34, 
respectively), high-producing cows in peak lactation (PL; n = 37 and 
32, respectively), and repeat-breeder cows (RB; n = 36 and 31, respec-
tively)]. Interaction season-group (P < 0.0001); mean (±SEM) values 
within season (a ≠ b) and within group (*) differ (P < 0.0001).

Figure 3. Rectal temperature (°C) of Holstein cattle of different 
groups during summer and winter [heifers (H; n = 36 and 34, respec-
tively), high-producing cows in peak lactation (PL; n = 37 and 32, 
respectively), and repeat-breeder cows (RB; n = 36 and 31, respec-
tively)]. Interaction season-group (P < 0.0001); mean (±SEM) values 
within season (a ≠ b) and within group (*) differ (P < 0.0001).

Figure 4. Cutaneous temperature (°C) of Holstein cattle of dif-
ferent groups during summer and winter [heifers (H; n = 36 and 34, 
respectively), high-producing cows in peak lactation (PL; n = 37 and 
32, respectively), and repeat-breeder cows (RB; n = 36 and 31, respec-
tively)]. Interaction season-group (P = 0.05); mean (±SEM) values 
within season (a ≠ b) and within group (*) differ (P < 0.0001).
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winter, becoming lower than for PL cows (P < 0.001). 
Regarding the blastocyst hatched rate, no interaction 
was found among animal groups and seasons (P = 0.3), 
which enabled grouping of data. The overall hatching 
rate was similar among groups (19.3%, n = 288; P = 
0.2), regardless of season. However, it was decreased 
during the summer (23.0%, n = 218 vs. 6.5%, n = 70; 
P = 0.03), regardless of category. In agreement with 
the blastocyst rate, RB blastocyst quality was compro-
mised in comparison to H and PL during the summer 
(P = 0.01), but not during the winter (P = 0.3), as 
indicated by the percentage of TUNEL-positive cells 
(Figure 6). Regarding the number of nuclei in blasto-
cysts, no interaction between group and season (P = 
0.80) was found; thus, data were grouped. Regardless 
of season, H had increased nuclei numbers (H = 253.0 
± 12.2, which were greater than both PL = 202.5 ± 
9.9 and RB = 207.0 ± 8.3; P = 0.001), whereas dur-
ing the summer the number of nuclei was decreased 
(230.6 ± 6.8 vs. 175.0 ± 9.0; P = 0.0005), regardless 
of group. Summarizing, a pronounced effect of summer 
was observed in RB oocyte competence to develop into 
blastocysts in comparison to H and PL.

DISCUSSION

Given that repeat breeding is a multifactorial prob-
lem involving several extrinsic and intrinsic factors 
coupled to the individual animal, an experiment based 
on ovum retrieval-derived oocytes allows the study of 
effects exerted on the gamete until the time it is recov-
ered from the donor. In this context, our work focuses 
on examining oocytes harvested from Holstein cattle of 
3 groups (H, PL, and RB) by ovum retrieval to assess 
oocyte recovery and competence to develop into viable 
blastocysts. Environmental conditions were considered 
by harvesting oocytes from all groups during winter 
and summer.

When oocytes were retrieved from RB cows during 
the summer, their quality was severely compromised, 
showing a rate of blastocyst development decreased 
by almost half in comparison to non-RB cows (PL) 
or almost one-third in comparison to H. This loss of 
competence was confirmed by a higher rate of nuclear 
fragmentation (TUNEL-positive cells), indicating that 
blastocysts from RB cows produced from oocytes re-
trieved during the summer have lower capability to 
undergo implantation and develop to term (Fabian et 
al., 2005; El-Sayed et al., 2006). On the other hand, 
the effect of RB cows on oocyte quality was not as 
evident when assessed during the winter. In this season, 
although the embryonic developmental rates of RB-de-
rived oocytes were lower in comparison to those derived 
from H, they were similar to non-RB cows (PL). The T
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same result was found for nuclear fragmentation rate, 
indicating a higher susceptibility of RB oocytes to the 
effects exerted by summer HS on the female gamete.

Oocyte quality appears compromised in PL cows, 
whereas similarities on embryonic developmental rates 
found between PL and RB during the winter of the 
present study may be sufficient to suggest a lack of 
quality in RB gametes. For instance, metabolic changes 
in preantral follicles, follicular fluid, and dominant fol-
licles affecting the quality of both oocyte and granulosa 
cells were described in dairy cows with negative energy 
balance during the early postpartum period (Britt, 
1994; Leroy et al., 2004). On the other hand, even with 
their cutaneous temperature increased during the sum-
mer, H were capable of keeping similar respiration rate 
and rectal temperature during the winter and summer, 
whereas cows have these 3 measures increased during 
the summer, as seen in our study.

It is known that a classical physiological response to 
increased body temperature is redistribution of blood 
to the skin (Choshniak et al., 1982). Blood flow changes 
in response to HS within minutes (Kamijo et al., 2005) 
with the aim of increasing the heat loss from the skin. 
Increased blood flow to the periphery associated with 
thermoregulation concurrently decreased blood flow to 
the internal organs, including the reproductive tract 
(i.e., uterus, ovaries, cervix, and oviduct; Roman-Ponce 
et al., 1978; Lublin and Wolfenson, 1996). Thus, in-
creased cutaneous temperature reflects HS and it is 

probably a consequence of the redistribution of blood 
flow to the skin aiming for thermoregulation. The H 
are probably more efficient at thermoregulation than 
cows, as reflected by rectal temperature. Yet, possible 
decreased vascular perfusion of the preovulatory fol-
licle, as a result of blood flow redistribution during HS, 
may have compromised oocyte function, as shown by 
embryonic developmental rate following IVP. Accord-
ing to Sartori et al. (2002), lactating cows have greater 
increase in body temperature than do H in response to 
an increase in environmental temperature. These differ-
ent responses to summer are probably due to decreased 
thermoregulatory ability of lactating cows, which may 
be related to the high metabolic energy associated 
with milk production (Berman et al., 1985). Therefore, 
greater developmental rates for H compared with RB 
cows were expected.

A point to be considered in our study is the in vitro 
condition evaluated and the way the data were ob-
tained may not be extrapolated to what is seen in vivo. 
Although a system based on ovum retrieval-derived 
oocytes and in vitro fertilization allowed assessment of 
the effect accumulated on the gamete through folliculo-
genesis, it prevents the study of an interaction between 
the gamete and the animal Although we have assessed 
blastocyst quality by the rate of nuclear fragmentation 

Figure 5. Blastocyst rate 7 d post-in vitro insemination of Holstein 
cattle oocytes of different groups during summer and winter [heifers 
(H; n = 150 and 244, respectively), high-producing cows in peak lac-
tation (PL; n = 103 and 191, respectively), and repeat-breeder cows 
(RB; n = 177 and 413, respectively)]. Interaction season-group (P < 
0.0001); mean (±SEM) values within season (a ≠ b ≠ c) and within 
group (*) differ (P < 0.0001).

Figure 6. Blastocyst terminal deoxynucleotidyl transferase-medi-
ated deoxyuridine triphosphate (dUTP) nick end labeling (TUNEL)-
positive cells 7 d post-in vitro insemination of Holstein oocytes of 
different groups during summer and winter [heifers (H; n = 13 and 
61, respectively), high-producing cows in peak lactation (PL; n = 14 
and 49, respectively), and repeat-breeder cows (n = 14 and 78, respec-
tively)]. Interaction season-group (P < 0.01); mean (±SEM) values 
within season (a ≠ b) and within group (*) differ (P < 0.01 and P < 
0.001, respectively).
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and total cell number, embryo transfer to recipient 
cows and analysis of development to term would be 
the best way to check blastocyst viability. In the pres-
ent study, similar cleavage rates were achieved by cows 
(PL and RB) and H in both periods. Blastocysts had 
230 nuclei during winter, but only 175 during summer. 
In respect to the effect of summer on oocyte quality, 
it was shown that HS during folliculogenesis has the 
potential to compromise the oocyte, either because of 
direct actions of elevated temperature on it or because 
of alterations in follicular function compromising oo-
cyte quality (Hansen and Arechiga, 1999). In vivo (de 
S. Torres-Júnior et al., 2008) and in vitro (Barros et 
al., 2006; Gendelman et al., 2010) studies demonstrated 
that elevated temperatures do not affect oocyte cleav-
age rate after fertilization. These data suggest that the 
in vitro fertilization rate is similar among groups and it 
is not critically affected by the season. Yet, Gendelman 
et al. (2010) suggested a deleterious seasonal effect on 
multiparous Holstein cow oocyte developmental compe-
tence with delayed cleavage, leading to lower blastocyst 
rate, although similar cleavage rates were observed. 
Accordingly, in the present study, blastocyst rates were 
decreased during the summer. Blastocyst hatching rate 
and total blastocyst cell number were decreased during 
the summer in all groups, indicating a critical effect on 
oocyte quality expressed later during development. A 
detrimental effect of summer on blastocyst rate, qual-
ity, or cell number supports scientific studies showing 
decreased in vitro or in vivo embryonic development 
under conditions of HS (Hansen et al., 2001; Rivera 
and Hansen, 2001; Al-Katanani et al., 2002). The exact 
mechanisms by which HS compromises the oocyte are 
not known.

Interestingly, RB cows were the animals most affected 
during summer, showing a decrease in blastocyst rate 
and viability. Thus, an association of factors regarding 
the effect of summer on the oocyte and peculiarities of 
RB cows may be related to decreased fertility in this 
group of cows. Several authors reported that delayed 
embryonic development may be a common factor for 
most RB heifers (Gustafsson, 1985; Gustafsson and 
Plöen, 1986). It is difficult to make generalizations re-
garding predominant causes of repeat breeding. Several 
endogenous factors acting at different levels (i.e., ovary, 
oviduct, and uterus) may affect oocyte and embryo 
quality, determining the incidence of repeat breeding 
in dairy cows. Such factors can be driven by exogenous 
stimuli such as HS. In the present study, summer HS 
potentially impaired RB oocyte developmental compe-
tence, resulting in decreased quality blastocysts (high 
fragmentation rate). Besides, retarded cleavage timing, 
consequential of HS, may explain the low hatching rate 
of these blastocysts. Altogether, fertility problems asso-

ciated with repeat breeding are maximized by summer 
HS and certainly involve oocyte quality disruption.

CONCLUSIONS

Heat stress negatively affected the physiological mea-
sures and the IVP in RB Holstein cows. Although the 
cleavage rate was similar to that of other groups (PL 
and H), the blastocyst rate of RB cows was severely 
compromised by HS. The fragmentation rate of RB 
blastocysts was increased during the summer compared 
with winter and other groups, suggesting that the as-
sociation of RB fertility problems and summer HS may 
potentially impair oocyte quality. Our findings provide 
evidence of a greater sensitivity of RB oocytes to sum-
mer HS.
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