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(2010) reported that although the maximum diameter of the ovulatory follicle (15.7 + 0.3 mm
vs 13.4 + 0.3 mm; Figure 1) and the maximum CL volume (7610.5 + 512.0 mm? vs 4916.6
+ 548.1 mm?) were greater in Holsteins, plasma peak estradiol (7.70 + 0.67 vs 12.71 + 0.98
pg/mL) and progesterone (4.06 + 0.18 vs 4.64 + 0.40 ng/mL) concentrations were higher in
Nelore cows. This suggests that Bos indicus females may be slower to metabolize estradiol
and progesterone.

Estrous behavior

Behavioral signs of estrus can be observed in cattle and used for estrus detection for the pur-
poses of artificial insemination (Al). However, these characteristics are influenced by age, milk
yield, environment and hierarchy (revised in Landaeta-Hernandez et al. 2004). Additionally,
differences can be noted among breeds (Rae et al. 1999), and even among genetic groups (Bos
indicus vs Bos taurus).

Mizuta (2003) compared the reproductive behavior of Nelore cows with Angus cows using
radiotelemetry (Heat-Watch). Nelore cows exhibited a shorter estrus compared to Angus cows
(12.9 + 2.9 vs 16.3 + 4.8 hours, respectively). Additionally, more than 50% of Nelore cows
showed estrus during the evening and night (between 6:00 PM and 6:00 AM; Pinheiro et al.
1998; Membrive 2000), and about 30% exhibited estrus only during darkness (Pinheiro et al.
1998). These factors decrease the efficacy of estrous detection for traditional Al. However, short
estrus duration has been observed in high-producing Holstein cows. In a recent study evaluating
the association between levels of milk production and estrous behavior, Lopez et al. (2004)
observed a shorter duration (6.2 versus 10.9 hours) and intensity (6.3 versus 8.8 mounts) of
estrus in cows with higher (> 39.5 kg/d) compared to lower (< 39.5 kg/d) milk production.
These differences within the same breed may be related to lower circulating concentrations of
estradiol in higher vs lower milk producing cows (Lopez et al. 2004) as well as in lactating cows
compared to heifers (Sartori et al. 2002, 2004). Based on such results, Wiltbank et al. (2006)
hypothesized that high producing cows (above 40 kg of milk/d) have low circulating estradiol
due to a high metabolism of this steroid. The effect of higher metabolism on estrus behavior
was also observed in beef cattle. Nelore heifers submitted to high dietary intake exhibited less
intense and shorter duration of estrus as compared with Nelore heifers receiving low dietary
intake (Mollo et al. 2007).

Although there are differences between Bos taurus and Bos indicus in duration and inten-
sity of estrus, other factors such as feed intake, body size, and steroid metabolism may exert
profound effects over this behavior.

Tolerance to heat stress

Heat stress is a particularly severe problem in cattle reproduction because of reduction in estrus
expression, lower fertilization rates, increased embryonic loss and, consequently, lower fertility.
Over 50% of the bovine population is located in the tropics and it is estimated that heat stress
causes severe economic loss in approximately 60% of dairy farms around the world (Wolfen-
son et al. 2000). The magnitude of this effect on reproduction in dairy cattle is increasing, as
augmented milk yield enhances susceptibility of cows to the deleterious effects of heat stress
(Al-Katanani et al. 1999; Sartori et al. 2002; Lopez-Gatius 2003).

Bos indicus breeds experience a less severe reduction in reproductive function in response
to heat stress than Bos taurus breeds (Adeyemo et al. 1979; Bennett et al. 1985; Rocha et al.
1998; Barros et al. 2006). Most of this adaptation to elevated temperature is due to superior
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ability of thermo-tolerant breeds to regulate body temperature (Adeyemo et al. 1979; Gaughan
et al. 1999) as well as intrinsic cellular resistance to elevated temperature (Malayer & Hansen
1990; Sartorelli et al. 2006). High environmental temperature and humidity resulted in a
marked decline in oocyte quality from Holstein and crossbred Angus cows (Rocha et al. 1998).
In contrast, a high percentage of oocytes retrieved from Brahman cows exhibited normal mor-
phology and yielded a high proportion of blastocysts, regardless of season (Rocha et al. 1998).
Although Bos indicus cattle are more resistant to heat stress than Bos taurus cattle, exposure
of Gir cows to a 28-d period of heat stress exerted a delayed effect on reproductive function,
manifested by an increased incidence of large follicles, more follicular codominance, and
reductions in estrous cycle length, progesterone concentrations, and oocyte developmental
capacity (Torres-Junior et al. 2008).

Infertility in the male caused by heat stress can be eliminated through the use of Al with
semen collected and frozen from males in cool environments. In females, transfer of in vivo
or in vitro produced (IVP) embryos have been utilized as an attempt to bypass effects of heat
stress (Hammond et al. 1996; Al-Katanani et al. 2002; Sartori et al. 2006). For example, a retro-
spective study was performed in high-producing Holstein cows (average milk production 28.4
+ 2.3 kg/d) submitted to ET (n = 2112) or Al (n = 7501) during the period of 2000 to 2003
(Rodrigues et al. 2004). Estrus was detected in cows, which were subjected to Al 12 hours later
or ET 7 d later. Pregnancy rates were higher in those receiving embryos than those undergoing
Al during the summer months, but no differences were observed during the cooler months.

Using Bos indicus genotype embryos during summer months can also improve fertility. In
vitro studies have shown that Bos indicus embryos submitted to heat shock at early stages of
development are better able to survive as compared to Bos taurus embryos (Malayer et al.
1990; Kamwanja et al. 1994; Barros et al. 2006; Sartorelli et al. 2006). More recently, effects
of heat stress on embryonic development in culture were evaluated in Nelore and crossbred
(Bos indicus X Bos taurus) oocytes fertilized with Nelore or Angus (Bos taurus) spermatozoa.
The decrease in blastocyst development rates caused by exposure to 41°C during 12 hours was
more evident when the heat shock was applied at earlier stages of development, particularly
for embryos that had a predominant Bos taurus genotype (Erberhardt et al. 2009). In the study
reported by Sartorelli et al. (2006), embryos from Angus or Nelore cows produced using oocytes
obtained by ovum pickup (OPU) procedures were exposed to a culture temperature of 41°C
for 12 hours beginning 96 hours after fertilization. Thereafter, embryos were transferred at the
blastocyst stage to crossbred recipient heifers. Pregnancy rates after transfer were: 29.4% (15/51)
for non-stressed Nelore embryos, 29.0% (11/38) for stressed Nelore embryos, 21.4% (6/28)
for non-stressed Angus embryos and 7.1% (1/14) for stressed Angus embryos. These results
and previous reports (Malayer et al. 1990; Erberhardt et al. 2009) clearly indicate that Nelore
embryos are better able to survive during heat stress at early stages of development and more
capable of establishing pregnancies following heat stress than Angus embryos.

Although heat stress induces a deleterious effect on Bos taurus oocytes and embryos, this
sensitivity differs between categories, i.e. heifers (H), high-producing cows in peak lactation
(PL) and repeat-breeders (RB; Ferreira et al. 2010). In this study, previously cited categories of
Holstein cattle were evaluated during summer heat stress. At OPU, heifers had greater number
of follicles than PL cows (H=18.5 + 1.9, PL=12.4 + 1.1>, RB=17.2 + 2.0®; P = 0.04).
Heifers also had greater number of total oocytes (H = 9.6 + 1.6%, PL = 5.0 + 0.9, RB = 8.8
+ 13%®; P = 0.03) and viable oocytes (H = 7.6 + 1.5, PL = 3.6 + 0.8, RB = 6.8 + 1.2%; P
= 0.05) recovered at OPU than PL cows. During IVP, embryos from heifers performed better
than PL and RB embryos (cleavage at Day 3: H = 47.8%%, PL = 31.1%" RB = 35.4%" P =
0.008; blastocyst at Day 7: H = 21.0%*%, PL = 4.1%", RB = 3.8%" P < 0.0001; and grade
| embryos: H = 1.3 + 0.4%, PL = 0.3 + 0.2°, RB = 0.5 + 0.2°, P = 0.04). The differences
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Ovarian superstimulation with gonadotropins has been reported to increase the number
of oocytes retrieved by OPU as compared to nonstimulated Bos taurus cattle (Blondin et al.,
1997, 2002). However, this beneficial effect of superestimulation has not been confirmed in
Bos indicus females (Seneda et al. 2004; Monteiro et al. 2009).

Evidence suggests that when Bos taurus cattle experience a “coasting” period (i.e. depriva-
tion of FSH to induce follicle atresia) between hormonal stimulation and slaughterhouse ovary
collection (Goodhand et al. 1999) and from ovary collection to oocyte aspiration (Blondin et al.
1997) in vitro developmental potential of cumulus-oocyte complex (COC) is effected. In both
situations, follicles driven into phases of pseudodominance or early atresia provided COC with
an ideal environment in which to acquire developmental competence (Blondin et al. 2002).
A very high blastocyst rate (80%) was reported by Blondin et al. (2002) after superestimulat-
ing Holstein heifers with FSH and delaying COC retrieval by OPU using a coasting period of
48 hours. Additionally, LH was administered 6 hours before OPU in an attempt to render the
COC more competent. Recently, the same protocol proposed by Blondin et al. (2002) was
simultaneously compared to other protocols used for OPU and in vitro embryo production
(IVP) in Nelore cattle (Monteiro et al. 2009). Their results indicate that ovarian superstimulation
associated with deprivation of FSH and OPU did not increase in vitro embryo production in
Nelore cattle. On the contrary, the highest rate of hatched blastocysts was observed in oocytes
from nonstimulated cows.

Table 2. Effect of genetic group on oocyte recovery and quality of nonlactating Bos indicus (Gir) and Bos taurus
(Holstein) cows.

GENETIC GROUP

Gir Holstein
(n =14) (n=14)
Number of Replicates 8 8
Visualized follicles 255+ 1.2 238 % 1.1
Total oocytes 234 +1.6° 14.9 £ 0.9°
Recovery rate (%) 91.22 61.1°
(2604/2856) (1633/2673)
Oocyte quality
Grade 1 5.3 +0.5° 1.6+0.2°
Crade 2 9.8+ 0.7° 5.2+0.4°
Grade 3 4.8+0.5 43+0.4
Grade 4 0.9+0.2 1.0£0.2
Apoptosis by TUNEL (%) 16.6° 40.6°
(21/117) (34/82)

abp < (0.05.

Further experiments are necessary to understand why Nelore cattle did not respond as well as
Bos taurus breeds to the protocol proposed by Blondin et al. (2002). It may be necessary to
adjust FSH dosage and the “coasting” period to obtain better results in Bos indicus cattle. On
the other hand, perhaps the fact that Nelore females usually have a larger number of follicles
available for OPU precludes the use of superestimulatory protocols that might be useful for
animals with lower number of follicles (Bos taurus).
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