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Bos indicus cattle, the preferred genetic group in tropical climates, are characterized by having a lower reproductive efficiency
than Bos taurus. The reasons for the poorer reproductive efficiency of the Bos indicus cows include longer lengths of gestation
and postpartum anestrus, a short length of estrous behavior with a high incidence of estrus occurring during the dark hours, and
puberty at older age and at a higher percentage of body weight relative to mature body weight. Moreover, geography, environment,
economics, and social traditions are factors contributing for a lower use of reproductive biotechnologies in tropical environments.
Hormonal protocols have been developed to resolve some of the reproductive challenges of the Bos indicus cattle and allow artificial
insemination, which is the main strategy to hasten genetic improvement in commercial beef ranches. Most of these treatments use
exogenous sources of progesterone associated with strategies to improve the final maturation of the dominant follicle, such as
temporary weaning and exogenous gonadotropins. These treatments have caused large impacts on reproductive performance of
beef cattle reared under tropical areas.

1. Introduction

In tropical climates, most beef cattle herds rear Bos indicus
cattle due to their greater capacity to adapt to environmental
challenges of climate and disease. Despite this adaptation,
Bos indicus cattle have some particular reproductive charac-
teristics that contribute to a poorer reproductive efficiency
of Bos indicus cows. The use of artificial insemination (AI)
after estrus detection may be limited in tropical areas due
to the fact that Bos indicus cattle have a short length of
estrous behavior with a high incidence of estrus occurring
during the dark hours [1]. Moreover, compared with Bos
taurus, Bos indicus cows have longer lengths of gestation
and postpartum anestrus [2], making it difficult to adhere
to a 365 d calving interval even in ranches using natural
service and resulting in a large amount of cows calving at
end of the calving season and having less time with chance
to become pregnant during the subsequent breeding season
(BS). These challenges are more critical in primiparous cows

in pasture management systems [3, 4] because the intake
of nutrients during the postpartum period is not sufficient
to meet requirements for growth as well as lactation. As a
result of the poor pregnancy rates in primiparous cows, many
producers maintain nonpregnant primiparous cows in their
herds to be inseminated during the subsequent BS, which
contributes to reduce the profitability of cow-calf enterprises.
Besides these differences regarding to the estrous behavior
and anestrus length in postpartum cows, Bos indicus heifers
reach puberty older and at a higher percentage of body
weight relative to mature body weight than Bos taurus heifers
[5], resulting in a lower proportion of pubertal females at the
beginning of BS and lesser pregnancy rates [6, 7].

Other differences between Bos indicus and Bos taurus
cattle, including ovarian follicular/corpus luteum sizes [1,
8], amount of follicles before divergence [9, 10], follicular
diameter at divergence [11, 12], and size of dominant follicle
at acquisition of ovulatory capacity [12, 13], will not be
discussed in the current review. Thus, the objective of this
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Figure 1: Cumulative percentage of pregnancy in prepubertal Bos
indicus heifers throughout a 45 d AI breeding season. Heifers were
assigned to receive, between d-12 and 0, no treatment (CIDR0), a
new intravaginal insert (CIDR1), or a similar intravaginal insert
that had previously been used three times (CIDR4). Heifers were
artificially inseminated 10 to 14 h after detection of estrus; those
that returned in estrus after the first service were re-inseminated.
Adapted from Claro Júnior et al. [15].

manuscript is to discuss some pharmacological and man-
agement strategies to improve reproductive performance in
cow-calf enterprises from tropical areas.

2. Resolution of the Reproductive Challenges in
Bos indicus Females

2.1. Anestrus and Estrus Detection. The anovulatory con-
ditions in cattle were reviewed [14], and it appears that
the underlying physiology for anovulation is similar for
postpartum cows and prepubertal heifers. In these circum-
stances, there are waves of ovarian follicular development,
preceded by an increase in peripheral FSH concentrations,
that progress through to follicle deviation. However, in these
animals, their hypothalamus is sensitive to estradiol negative
feedback on LH pulses; therefore, low peripheral estradiol
concentrations, perhaps derived from dominant ovarian
follicle, suppressed LH pulses, and limited growth and
estradiol production by the follicle, thereby preventing an
LH surge and ovulation. The high hypothalamic sensitivity
to estradiol is associated with an increased expression
of estradiol receptors in the anterior and medial basal
hypothalamus, which declines gradually after parturition or
as puberty approaches.

Nutrition is one of the primary factors affecting resump-
tion to cyclicity in cattle, since inadequate energy status may
intensify the negative feedback effect of the estradiol on LH
secretion [16]. There is a number of studies demonstrating
that cows beginning the BS with a low body condition
score (BCS) or losing BCS during the BS, both indicatives
of poor nutrition, are less likely to show estrous behavior
and to conceive [4, 17–20]. Nutritional strategies to reduce
the length of postpartum anestrus will not be discussed in

the present manuscript, but the importance of this issue
imposes breeders to provide adequate levels of nutrition
for cows to express their reproductive potential. However,
even when an adequate nutrition is offered, the offspring-
to-dam interactions, such as touch, auditory, visual, and
olfactory communications, decrease LH secretion and delay
resumption to cyclicity in suckled cattle [21]. Interestingly,
a short-term temporary weaning (TW; 48 h) increased LH
pulse frequency to levels similar to those in proestrus
[22, 23] and improved the rates of estrous detection [4]
and ovulation in response to exogenous GnRH [24] in
postpartum anestrous cows, indicating that strategies to
increase the frequency of LH pulses are effective in inducing
ovulation in noncycling cattle.

Another approach that has been successfully used for
induction of cyclicity in cattle is the treatment with intrav-
aginal inserts that release exogenous progesterone (P4 [4,
17–20]). In noncycling cows, treatment with progestogens
increased LH secretion [23, 25], which is critical for
resumption of cyclicity, and reduced the occurrence of
premature luteolysis after first postpartum ovulation [4],
enabling estrous behavior [15] and pregnancy establishment
[4]. Because P4 inhibits estradiol receptors in several tissues
[26, 27], it is likely that expression of hypothalamic estradiol
receptors is decreased when cattle are given exogenous P4,
thereby reducing the estradiol negative feedback on LH
secretion [28]. Moreover, a short luteal phase usually occurs
after first postpartum ovulation, which is another factor
contributing to low reproductive efficiency in beef cows,
and treatment with P4 prior to first postpartum ovulation
consistently reduced the occurrence of premature luteolysis
[29]. Based on the rationale that strategies to increase the
frequency of LH pulses improve fertility, Vasconcelos et
al. [4] evaluate effects of treatments with an intravaginal
insert containing 1.9 g of P4 (CIDR, Pfizer Animal Health,
São Paulo, SP, Brazil) and/or 48 h TW on reproductive
performance of postpartum anestrous crossbred Nelore (Bos
indicus) × Angus (Bos taurus) cows (n = 286) throughout
the BS. Experimental groups consisted in (1) no treatment;
(2) 48 h TW beginning on d 0 of BS; (3) CIDR device
between d-7 and 0 of BS; (4) CIDR device between d-7
and 0 of BS followed by 48 h TW. Artificial inseminations
following detection of estrous behavior were performed
between d 0 and 25 of BS, and cows were submitted to natural
service between d 26 and 80 of BS. Results are shown in
Table 1. Detection of estrus rates during the first 3 d and
within 25 days of BS were higher in cows receiving TW and
conception rate in cows inseminated in the first 3 d of BS
was greater in cows treated with P4. Combining P4 with
TW increased pregnancy rate in the first 3 d and in 25 d
of BS, but pregnancy rate at the end of BS did not differ
among treatment groups. Therefore, combining P4 with TW
improved the percentage of cows becoming pregnant at the
beginning of the BS by direct benefits on estrus detection and
conception rates. Despite effectiveness in inducing cyclicity
in postpartum cows, the treatments described above have
the inconvenience of being dependent on estrus detection,
which is a limiting factor in Bos indicus cattle, as previously
discussed.
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Table 1: Percentage of cows inseminated (first 3 d and 25 d of breeding season), conception (first 3 d and from d 4 to 25 of breeding season)
and pregnancy rates (first 3 d, 25 d, and in 80 d of breeding season) in anestrous Nelore (Bos indicus) × Angus (Bos taurus) crossbred cows
treated or not treated with an intravaginal insert containing 1.9 g of progesterone (CIDR) between days −7 to 0 of breeding season and/or
48 h temporary weaning (TW) between d 0 and 2 of breeding season. Adapted from Vasconcelos et al. [4].

Dependent variable
Without CIDR With CIDR

Without TW With TW Without TW With TW

% cows inseminated (3 d)bc 2.7% (2/73) 48.6% (34/70) 17.8% (13/73) 41.4% (29/70)

Conception (3 d)ac 50.0% (1/2) 8.8% (3/34) 46.1% (6/13) 58.6% (17/29)

Pregnancy rate (3 d)ab 1.4% (1/73) 4.3% (3/70) 8.2% (6/73) 24.3% (17/70)

Conception (4–25 d) 50.0% (7/14) 16.7% (2/12) 50.0% (4/8) 60.0% (3/5)

% cows inseminated (25 d)b 21.9% (16/73) 60.0% (42/70) 28.8% (21/73) 48.6% (34/70)

Pregnancy rate (25 d)ac 10.9% (8/73) 7.1% (5/70) 13.7% (10/73) 28.6% (20/70)

Pregnancy rate (80 d) 58.9% (43/73) 65.7% (46/70) 61.6% (45/73) 58.6% (41/70)
aCIDR (P < .05); bTW (P < .05); cCIDR × TW (P < .05).

Treatments developed since the last decade have precisely
controlled follicular and luteal development, as well as
ovulation, allowing AI without the need for detection of
estrus (i.e., fixed-time AI; TAI) and regardless of cycling
status. Because the main challenges of cattle under tropical
climates are the long length of postpartum acyclicity and
the low estrus detection rates, these protocols for syn-
chronization of ovulation can have large positive impacts
on reproductive efficiency of beef cattle. Three steps are
necessary for the success of a synchronization of ovulation
protocol. First, a new follicular wave has to be recruited
in manner to group follicles of all cows at a similar and
known stage of development. Currently, there are two main
pharmacological approaches to synchronize the emergence
of a new follicular wave during synchronization of ovulation
protocols: (1) inducing ovulation of the dominant follicle by
administration of gonadotropins or gonadotropin released
hormone (GnRH; e.g., Ovsynch protocol [30]), or (2)
inducing follicular atresia by administration of estrogens
associated with P4 [31]. Protocols using P4 + estradiol are
less expensive and have been shown to be more efficient in
postpartum cows under tropical climates than those based
on synchronization of follicular wave emergence with GnRH
[32]; the reason for this difference and other particularities
of these two approaches will be further discussed. The
second step of a synchronization of ovulation protocol is a
decrease in circulating concentrations of P4 for the beginning
of proestrus and development of the ovulatory follicle,
which can be performed by induction of luteolysis with
prostaglandin F2α (PGF2α) analogues, such as dinoprost or
cloprostenol, and by the withdrawal of P4 inserts. When
cow is known to be in anestrus, treatments with PGF2α-
analogues are not necessary, since a corpus luteum (CL) is
not present; however, at most times, it is not practical to
evaluate the presence of CL in every treated cow, so luteolytic
drugs must be administered to all animals. One important
characteristic to be considered is that PGF2α treatment is
ineffective in inducing luteolysis during the first 5 d of estrous
cycle [33] and, therefore, the treatments with P4 inserts
for at least 6 d prior to administration of PGF2α ensures

that all cows have a CL with luteolytic capacity, improving
the likelihood of response to the treatment. In Bos indicus
cows with a CL older than 7 d, a 50% reduction in the
recommended dose of dinoprost tromethamine (12.5 mg)
when administered intramuscularly was as effective in caus-
ing luteolysis as the standard recommended dose (25 mg;
Table 2 [17]).

Induction of ovulation is the third step of a TAI
protocol and can be performed with drugs that aim to cause
ovulation of potential preovulatory follicles. Induction of
ovulation can be achieved using hormones such as human
chorionic gonadotrophin (hCG) or luteinizing hormone
(LH), which act directly on follicles, or hormones that induce
a preovulatory surge of LH such as GnRH or esters of
estradiol. However, because intervals between injection and
ovulation vary for each product, a special care must be taken
to schedule the protocol in a manner to inseminate cows at
a proper time relative to ovulation. Previous studies have
indicated that replacing GnRH by esters of estradiol in TAI
protocols results in similar pregnancy rates. For example,
pregnancy rates in Bos indicus cows receiving GnRH-based
protocols did not differ when ovulatory stimulus after
luteolysis was GnRH or estradiol benzoate (EB [34]). In
another study with protocols using P4 associated with
estradiol in Bos indicus cows, EB, estradiol cypionate (ECP),
and GnRH resulted in similar synchronization, conception,
and pregnancy rates (Table 2 [17]). Because ECP is less
expensive than GnRH treatment and time of administration
requires less labor than does EB treatment (EB treatment has
to be administered 24 h after P4 insert withdrawal and 30 h
before TAI, requiring cows to be handled once more than in
ECP and GnRH treatments), ECP treatment, administered
concurrently with P4 insert withdrawal and 48 h before TAI,
was indicated by the authors as the ovulatory stimulus to be
used in synchronization protocols in Bos indicus cows. It is
important to note that the efficiency of the second and third
steps is closely related to the efficacy of the first step of a
synchronization of ovulation protocol. Thus, TAI protocols
using different approaches for synchronizing the follicular
wave will be discussed in more detail.
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Table 2: Ovulation, conception, and pregnancy rates of suckled Bos indicus cows submitted to a synchronization of ovulation protocol using
progesterone associated with estradiol having different dosages of PGF2α (Study 1), ovulatory stimuli (Study 2), and uses of intravaginal
progesterone insert (Study 3 and 4). Adapted from Meneghetti et al. [17].

Item Ovulation rate Conception rate Pregnancy rate

Study 1-PGF2α dosagea

Half-dose 88.7% (110/124) 69.2% (76/110) 61.3% (76/124)

Full-dose 94.4% (119/126) 68.2% (81/119) 64.3% (81/126)

Study 2-Ovulatory stimulusb

ECP 89.5% (282/315) 56.7% (160/282) 50.8% (160/315)

EB 90.9% (289/318) 57.1% (165/289) 51.9% (165/318)

GnRH 91.0% (284/312) 59.5% (169/284) 54.2% (169/312)

Study 3-CIDR usesc

CIDRn 91.7% (496/541) 56.0% (278/496) 51.4% (278/541)

CIDR9d 90.6% (482/532) 59.3% (286/482) 53.8% (286/532)

CIDR18d 90.1% (373/414) 55.8% (208/373) 50.2% (208/414)

Study 4-CIDR usesc

CIDRn 79.7% (55/69) 54.5% (30/55) 43.5% (30/69)

CIDR9d 80.0% (144/180) 61.1% (88/114) 48.9% (88/180)

CIDR18d 83.9% (188/224) 60.1% (113/188) 50.4% (113/224)

CIDR27d 85.7% (90/105) 57.8% (52/90) 49.5% (52/105)
aCows were treated with 12.5 mg (Half-dose) or 25 mg (Full-dose) dinoprost tromethamine on d 7 of a protocol using progesterone associated with benzoate
estradiol. Progesterone devices were maintained between d 0 and 9, and fixed-time AI were performed on d 11. Ovulation was induced with estradiol benzoate
administered on d 10. Dependent variables were not affected by PGF2α dosage (P > .10).
bCows were treated with estradiol cypionate (ECP) on d 9, estradiol benzoate (EB) on d 10, or gonadotropin releasing (GnRH) hormone on d 11 relative to
initiation of a protocol using progesterone associated with benzoate estradiol. Progesterone devices were maintained between d 0 and 9, and fixed-time AI
were performed on d 11. Dependent variables were not affected by ovulatory stimulus (P > .10).
cCows received a nonpreviously used CIDR (CIDRn), a CIDR used previously for 9 d (CIDR9d), a CIDR used previously for 18 d (CIDR18d), or a CIDR
used previously for 27 d (CIDR27d) at initiation of the protocol. Dependent variables were not affected by CIDR type (P > .10).

2.1.1. Synchronization Protocols Using Progesterone in Associ-
ation with Estradiol. Treatment with P4 plus estradiol effi-
ciently suppressed FSH and follicular growth, synchronizing
follicular wave emergence in bovine females regardless of the
stage of follicular development at the time of treatment [31].
Although there is a range (3 to 6 d) in the time that follicular
wave begins [35, 36], this treatment resulted in satisfactory
results in both anestrous and cycling beef cows [37] and was
more efficient in postpartum cows under tropical climates
than those based on synchronization of follicular wave emer-
gence with GnRH [32]. Furthermore, these protocols provide
exogenous P4 necessary to prevent premature luteolysis after
first postpartum ovulation. Meneghetti et al. [17] developed
a synchronization of ovulation protocol for postpartum
Bos indicus cows aiming to (1) synchronize follicle wave
emergence with P4 plus estradiol; (2) increase dominant
follicle development with an intravaginal P4 insert plus
TW; (3) prevent premature luteolysis after a synchronized
ovulation by treating anestrous cows before the synchronized
ovulation with P4; (4) reduce the cost of the protocol
by decreasing the dosage of PGF2α, replacing GnRH with
estradiol as an ovulatory stimulus, and using the same P4
insert more than one time. The protocol consisted in a CIDR
insertion + 2 mg of EB on d 0, CIDR withdrawal + 12.5 mg
of dinoprost tromethamine + 0.5 mg of ECP + TW on d 9,
TAI + reunite calves with their dams on d 11, and resulted
in synchronization rate ∼90% and pregnancy rate ∼50%
(Tables 2 and 3). Moreover, with this protocol, the CIDR

may be used as many as 4 times with no negative effects on
pregnancy rates (Table 2).

In a retrospective study [18], factors affecting pregnancy
rates of heifers and cows treated with the synchronization
of ovulation protocol developed by Meneghetti et al. [17]
were assessed. Lactating and nonlactating beef cows and
heifers from various locations in Brazil during the 2006-
2007 (n = 27,195) and 2007-2008 (n = 36,838) BS were
submitted to the same basic synchronization of ovulation
protocol described above. In both breeding seasons, the cattle
were from the same 71 farms in 7 Brazilian states. Cows
were managed according to local procedures, and in all places
nutritional management was based only on grass pastures
with water and appropriate ad libitum access to a mineral
supplement. Each BS lasted from October until March of
the following year but varied among farms. Only data from
cows with no recorded reproductive abnormalities were
used for analysis. Pregnancy was diagnosed by transrectal
ultrasonography at 28 to 35 d after TAI. Pregnancy rate
did not differ between BS. Grouping data from 2006-
2007 and 2007-2008 BS, overall pregnancy rate at TAI was
49.6% (31,786/64,033). Pregnancy rate did not differ among
location but varied among farm within location (results
ranging between 26.8% and 68.0%) and cow group within
farms. During the 2006-2007 BS, pregnancy rate ranged from
29.5% to 40.0% at 10 farms; from 40.1% to 50.0% at 26
farms; from 50.1% to 60.0% at 30 farms; from 60.1% to
65.0% at 5 farms. During the 2007-2008 breeding season,
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pregnancy rate ranged from 26.8% to 40.0% at 11 farms;
from 40.1% to 50.0% at 27 farms; from 50.1% to 60.0% at
27 farms; from 60.1% to 68.0% at 6 farms. Pregnancy rate
was affected by breed (Bos indicus: 48.3% [26,123/54,145];
Bos taurus: 61.7% [3,652/5,922]; crossbred Bos indicus × Bos
taurus: 50.7% [2,011/3,966]), category (nulliparous: 39.6%
[2,095/5,290]; suckled primiparous: 45.2% [3,924/8,677];
suckled multiparous: 51.8% [24,245/46,767]; nonsuckled
multiparous: 46.1%[1,522/3,299]), BCS at TAI (≤2.5: 43.0%
[3,409/7,923]; 3.0: 49.6% [18,958/38,229]; ≥3.5: 52.7%
[9,419/17,881]). Days postpartum at beginning of proto-
col did not affect pregnancy rate (30 to 60 d: 47.6%
[4,228/8,881]; 61 to 90 d: 51.7% [16,325/31,572]; 91 to 150 d:
50.8% [7,616/14,991]). Pregnancy rate was also consistently
affected by sire (results ranging from 7.2% to 77.3%) and AI
technician (results ranging from 15.1% to 81.8%). Therefore,
the benchmark of a 50% pregnancy rate at TAI in Bos
indicus cattle was shown to be achievable with the protocol
developed by Meneghetti et al. [17], and differences in breed,
BCS, category, sire, and AI technician may account for some
of the variation in reproductive performance that occurs
between and within farms.

In another study evaluating additional strategies to
improve fertility in Bos indicus cows submitted to the
treatment proposed by Meneghetti et al. [17], the treatment
with 400 IU equine chorionic gonadotropin (eCG), but
not with FSH, was shown to improve pregnancy rates
in postpartum cows similarly to TW (Table 3 [18]). The
length of the half-life of eCG is relatively long [38], and
it has the capacity to bind to both LH and FSH receptors
[39], which may stimulate theca and granulosa cells of
the dominant follicle [40] and also P4 secretion by the
early corpus luteum [32]. It is likely that eCG treatment
potentially improves follicular development and provides
a more adequate endocrine environment during proestrus
(greater circulating estradiol concentrations) and diestrus
(greater circulating P4 concentrations), which is favorable for
fertility. Interestingly, treatments with either 200 or 400 IU
eCG did not improve conception or pregnancy rates in cows
that were temporarily weaned (Table 3 [18]), indicating that
TW likely stimulated adequate secretion of LH in a manner
that additional gonadotropin support may not be required
for final follicular development. Thus, the protocol using
P4 plus estradiol in postpartum Bos indicus cows must be
associated with TW or eCG, but not with both.

2.1.2. Synchronization Protocols Using GnRH. Protocols
using GnRH and PGF2α have afforded acceptable results in
Bos taurus females (pregnancy rate >50% [41, 42]), but lower
pregnancy rates have been reported for Bos indicus cows
[24, 34, 43]. However, a commercial source of estradiol is not
available for estrous cycle manipulation in many countries
so other products (e.g., GnRH, LH, or hCG) have been
used to induce ovulation of dominant follicles and follicular
wave synchronization. The mechanism by which GnRH
induces new wave emergence is based on inducing ovulation
of dominant follicles, and its success is dependent on the
presence of a dominant follicle with ovulatory capacity at

the time of treatment, which is acquired when ovarian
follicles are >8.5 mm in diameter in Bos indicus cattle [13].
In cows ovulating to the GnRH treatment, the emergence
of a new follicular wave was described to occur within 2 d
[44]. The induction of ovulation in a high percentage of
treated cows at the start of treatment is critical for obtaining
satisfactory results, as shown previously in dairy cattle [45].
However, the likelihood of ovulation to a GnRH treatment
is lower in anestrous than in cycling cows [24, 46], because
follicles become atresic in a short time after the acquisition
of ovulatory capacity [14]. Furthermore, anestrous cows that
do not ovulate to the first ovulatory stimulus but ovulate to
the second are likely to have premature luteolysis because
ovulation occurs with no pre-exposure to P4 [4, 24, 29].
Although in GnRH-based protocols exogenous P4 can be
provided between first and second ovulatory stimuli to
avoid premature luteolysis, cows not ovulating to the first
ovulatory stimulus do not have synchronized follicular wave,
reducing the probability of success of the protocol [24, 45].
These are some of the reasons why TAI protocols using
P4 + estradiol have been shown to be more efficient in
postpartum cows under tropical climates than those based
on synchronization of follicular wave emergence with GnRH
[32], and highlight the importance of the ovulation to the
first ovulatory stimulus for the success of these protocols.

In a series of two studies in suckled Bos indicus cows
(Experiment 1: n = 139; Experiment 2: n = 376) submitted
to a GnRH-based protocol for synchronization of ovulation,
the effects of TW (48 h) prior to each ovulatory stimulus
were evaluated [24]. Treatments consisted in GnRH on d
0 followed by PGF2α on d 7 and EB on d 8, and cows
undergoing TW or not before GnRH (TW1) and/or TW after
PGF2α (TW2). In Experiment 1, anestrous cows receiving
TW1 had greater follicular diameter on d 0 (10.6 versus
9.9 mm) and greater ovulation rate to GnRH treatment
(85.4 versus 49.0%) than cows not receiving, whereas in
cycling cows, there was no effect of TW1 on those dependent
variables. Regardless of cyclicity, cows receiving TW2 had
larger follicular diameter on d 9 (10.8 versus 10.4 mm) and
greater ovulation rate to EB treatment (79.1 versus 58.3%)
than cows not receiving TW1. In Experiment 2, pregnancy
rates at TAI, which was performed 30 h after EB treatment,
were greater in cows receiving both TW1 and TW2 than
in those not receiving TW1 and TW2 (29.8 versus 10.6%).
Thus, the inclusion of TW in strategic times of GnRH-based
protocols may improve fertility by causing an increase on
follicular development and ovulation rates.

When circulating concentrations of P4 are maintained
between 1 and 2 ng/mL, the period of dominant follicle
growth is prolonged due to an increase on the frequency
of LH pulses [47]. Based on this rationale, it is plausible to
speculate that prolonged treatments with P4 in anestrous
cows may have beneficial effects of follicular development
and, consequently, on the likelihood of ovulation to a GnRH
treatment. Sá Filho et al. [48] evaluated treatments with
P4 and TW to increase the size of follicle prior to the first
ovulatory stimulus of a GnRH-based protocol in Bos indicus
cows (n = 283) and, based on their results, indicated the
following protocol: CIDR insertion on d 0 (am), CIDR
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Table 3: Ovulation, conception, and pregnancy rates of suckled Bos indicus cows submitted to a synchronization of ovulation protocol using
progesterone associated with estradiol having different strategies to improve fertility. Adapted from Sá Filho et al. [18].

Item Ovulation rate Conception rate Pregnancy rate

Study 1-eCG to replace TWa

Control 81.9% (181/221) 50.8% (92/181) 41.6% (92/221)

eCG300 80.8% (168/208) 57.7% (97/168) 46.6% (97/208)

eCG400 83.9% (187/223) 64.7% (121/187) 54.3% (121/223)

TW 86.6% (207/239) 59.4% (123/207) 51.5% (123/239)

Study 2-FSH to replace eCGb

TW — — 41.9% (83/198)

eCG400 — — 43.3% (81/187)

Folltropin — — 34.3% (74/216)

Pluset — — 32.1% (36/112)

Study 3-eCG associated with TWc

TW 88.9% (264/297) 158/264 (59.8) 53.2% (158/297)

TW + eCG200 93.0% (278/299) 155/278 (55.7) 51.8% (155/299)

TW + eCG400 90.0% (261/291) 152/261 (58.2) 52.2% (152/291)
aCows received no treatment (Control), 300 IU of eCG (eCG300), 400 IU of eCG (eCG400), or temporary weaning (48 h; TW) on d 9 relative to initiation of
an ovulation synchronization protocol. Pregnancy rates were greater in eCG400 and TW treatments than in Control (P < .05).
bCows received temporary weaning (48 h; TW), 400 IU of eCG (eCG400), 20 mg of Folltropin (Folltropin-FSH), or 20 mg of Pluset (Pluset-FSH) on d 9
relative to initiation of an ovulation synchronization protocol. Pregnancy rates were greater in eCG400 and TW treatments than in Folltropin and Pluset
(P < .05).
cCows received temporary weaning (48 h; TW), temporary weaning + 200 IU of eCG (TW + eCG200), or temporary weaning + 400 IU of eCG (TW +
eCG400) on d 9 relative to initiation of an ovulation synchronization protocol. Dependent variables were not affected by treatments (P > .10).

withdrawal + TW on d 7 (am), GnRH + reunite calves with
their dams on d 9 (am), PGF2α + TW on d 15 (pm), and TAI
+ GnRH + reunite calves with their dams on d 17 (pm). This
protocol resulted in 94.4% of ovulation in response to the
first GnRH treatment, 95.8% of ovulation in response to the
second GnRH treatment, and rates of conception (number
of pregnant cows divided by the number of ovulated cows)
and pregnancy (number of pregnant cows divided by the
number of treated cows) of 55.1% and 52.8%, respectively
[48]. These rates are greater than previous reports in beef
cows, and synchronized ovulation rates to the second GnRH
injection were similar between anestrous and cycling cows.
In another experiment presented in the same manuscript,
Sá Filho et al. [48] compared the effects of the inclusion
of a CIDR between first GnRH and PGF2α treatments of a
synchronization protocol consisting of TW on d 0, GnRH
+ reunite calves with their dams on d 2, PGF2α + TW on
d 8, and TAI + GnRH + reunite calves with their dams on
d 10, however, pregnancy rates were similar between cows
receiving (28.5% [43/151]) and not receiving a CIDR (32.7%
[49/150]). Because treatments with exogenous P4 associated
with GnRH-based synchronization protocols were described
to improve fertility in anestrous Bos taurus females [41, 42]
and 51% of cows in the study of Sá Filho et al. [48] were
cycling, further studies are required for a better knowledge
of the feasibility of this type of treatment in anestrous Bos
indicus cattle.

2.2. Special Circumstances

2.2.1. Prepubertal Heifers. In cow-calf enterprises using Bos
indicus breeds, it is relatively common to find heifers with age

and body weight adequate for the establishment of puberty,
but that are still prepubertal. The key factor responsible
for establishment of puberty is an increase in LH release
from the anterior pituitary, in response to GnRH from the
hypothalamus [49]. Treatment for 12 d with a new CIDR
or a CIDR that had previously been used three times, with
each use occurring for 9 d, hastened puberty and improved
estrus detection and pregnancy rates at the beginning of
the BS in prepubertal Bos indicus heifers (Figure 1 [15]).
However, the use of a CIDR that had previously been used
three times resulted in greater follicular diameter at the
end of treatments, conception in 7 d of BS, and pregnancy
rate in 45 d of breeding than the treatment with a new
CIDR (Table 4 [15]). Thus, a previously used CIDR insert
is preferable to a new CIDR to induce puberty and improve
reproductive performance during the BS in prepubertal
Bos indicus heifers. Furthermore, in prepubertal Bos indicus
heifers with adequate age and puberty, the treatment with
P4 for 12 d may be used prior to the synchronization
of ovulation, aiming to increase the percentage of cycling
animals at the beginning of treatments.

2.2.2. Pubertal Nulliparous Heifers and Nonlactating Cycling
Cows. In cycling cattle treated with exogenous sources of
P4, such as CIDR inserts, circulating concentrations of P4,
that are a result of the P4 released by the CL + the P4
released by the insert, may be elevated to levels above
the optimal. For instance, TAI protocols in Bos indicus
postpuberal heifers and nonlactating cows have resulted
in lower pregnancy rates than in anestrous cows [18, 50].
Carvalho et al. [51] and Meneghetti et al. [17] found negative
effects of elevated circulating concentrations of P4 during
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Table 4: Reproductive endpoints in prepubertal Bos indicus heifers that received, between d-12 and 0, no treatment (CIDR0), a new
intravaginal insert containing 1.9 g of progesterone (CIDR1), or a similar intravaginal insert that had previously been used three times
(CIDR4). The breeding season started on d 1 and consisted of AI after estrus detection between d 1 and 45 and exposure to bulls between d
46 and 90. Adapted from Claro Júnior et al. [15].

Dependent variable
Treatment

CIDR0 CIDR1 CIDR4

Progesterone on d 0, ng/mLa 0.37± 0.16 2.31± 0.11 1.20± 0.11

Follicle diameter on d 0, mma 9.45± 0.24 9.72± 0.17 11.42± 0.16

Uterine score on d 0a 1.49± 0.06 1.88± 0.04 2.24± 0.04

Interval to estrus, da 4.4± 0.28 3.48± 0.13 3.24± 0.14

Estrus detection in 7 d, %(n)a 19.5 (22/113) 42.6 (101/237) 39.3 (94/239)

Conception rate in 7 d, %(n)a 27.3 (6/22) 33.7 (34/101) 46.8 (44/94)

Pregnancy rate in 7 d, %(n)a 5.3 (6/113) 14.3 (34/237) 18.4 (44/239)

Estrus detection in 45 d, %(n)a 52.2 (59/113) 72.1 (171/237) 75.3 (180/239)

Pregnancy rate in 45 d, %(n)a 27.4 (31/113) 39.2 (93/237) 47.7 (114/239)

Pregnancy rate in 90 d, %(n)a 72.6 (82/113) 83.5 (198/237) 83.7 (200/239)
aTreatment (P < .05).

the synchronization protocols on fertility in cattle, probably
because high circulating concentrations of progesterone
during the protocols reduced LH pulse frequency [52] and
inhibited dominant follicle development [47] . Peres et al.
[53] evaluated strategies to increase fertility of Bos indicus
postpubertal heifers and nonlactating cows submitted to a
fixed-time artificial insemination (TAI) protocol consisting
of a CIDR insertion + EB on d 0, CIDR withdrawal + ECP
on d 9, and TAI on Day 11. In the first study, pubertal heifers
(n = 1,153) received a new or an 18-d previously used CIDR
and, on d 9, PGF2α + 0, 200, or 300 IU eCG. Heifers treated
with a new CIDR had greater serum concentration of P4 on
d 9 (3.06 ± 0.09 versus 2.53 ± 0.09 ng/mL) and a smaller
follicle at TAI (11.61± 0.11 versus 12.05± 0.12 mm). Heifers
with smaller follicles at TAI had lesser serum progesterone
concentrations on d 18 and reduced rates of ovulation,
conception, and pregnancy (P < .05). Treatment with eCG
improved follicle diameter at TAI (11.50±0.10, 11.90±0.11,
and 12.00± 0.10 mm for 0, 100, and 200 IU, resp.), serum P4
concentration on d 18 (2.77 ± 0.11, 3.81 ± 0.11, and 4.87 ±
0.11 ng/mL), and the rates of ovulation, and pregnancy rate
(Table 5 [53]). In a further study, nonlactating Bos indicus
cows (n = 702) received PGF2α treatment on d 7 or 9 and,
on d 9, 0 or 300 IU eCG. Cows receiving PGF2α on d 7 had
lesser serum P4 concentrations on d 9 (3.05 ± 0.21 versus
4.58±0.21 ng/mL), a larger follicle at TAI (11.54±0.21 versus
10.84± 0.21 mm; P < .05), and improved rates of ovulation,
conception, and pregnancy (Table 5 [53]). Treatment with
eCG improved serum P4 concentration on d 18 (3.24± 0.14
versus 4.55 ± 0.14 ng/mL) and the rates of ovulation and
pregnancy (Table 5 [53]). Thus, giving PGF2α earlier in
the protocol and eCG treatment may improved fertility of
cycling cattle submitted to TAI protocols using P4 associated
with estradiol.

2.2.3. First-Calving Cows. As previously discussed, the intake
of nutrients during the postpartum period in primiparous
cows is not sufficient to meet requirements for growth as

well as lactation. This characteristic of first-calving cows
contribute to a condition of deep postpartum anestrus and
for poor pregnancy rates in primiparous cows, such that
many producers maintain nonpregnant primiparous cows
in their herds to be inseminated during the subsequent BS.
Before the decade of 1990, when treatments for induction of
cyclicity had not been well developed yet, many producers
in Brazil adopted the strategy of beginning the BS in
heifers BS earlier than in cows, in manner to permit
heifers to calve earlier and have more d postpartum at the
subsequent BS. With this management, producers assumed
that primiparous cows with greater d postpartum were more
likely to spontaneously resume estrous cyclicity, having a
greater likelihood of pregnancy in BS using natural service
or conventional AI.

Primiparous cows experience a dramatic linear decrease
on BCS during the first postpartum months. Because BCS
is one of the primary factors affecting the probability of
pregnancy in TAI protocols, Meneghetti and Vasconcelos [3]
hypothesized that a longer interval between calving and TAI
could be deleterious to fertility in primiparous cows. In their
study in Brazil, Meneghetti and Vasconcelos [3] observed
that crossbred Nelore × Angus heifers (n = 155) calving in
September, October, and November had a reduction of 0.84,
0.53, and 0.17 points, respectively, in their BCS (scale from
1 to 5) from calving to December; in this same study, Bos
indicus heifers calving in September, October, and November
experienced a reduction of 0.86, 0.47, and 0.17 points in
their BCS from calving to December [3]. Thus, d postpartum
was negatively related with BCS regardless of genetic group.
Moreover, authors found a lower pregnancy rate in cows
(n = 538) with lower BCS, and this effect occurred
regardless of genetic group or synchronization protocol (P4
+ estradiol or GnRH-based). Therefore, in ranches using TAI
in primiparous cows, it is not recommended to anticipate
heifers BS, and TAI protocols must be started as soon as
30 d postpartum for cows to be AI before a loss of BCS. It
is important to consider that this effects was observed in
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Table 5: Ovulation, conception, and pregnancy rates of Bos indicus pubertal heifers (Study 1) and nonlactating cows (Study 2) submitted to
a synchronization of ovulation protocol using progesterone associated with estradiol having different strategies to improve fertility. Adapted
from Peres et al. [53].

Item Ovulation rate Conception rate Pregnancy rate

Study 1-CIDR uses and eCGa

CIDR 1st use/0 IU eCG 84.3% (161/191) 49.1% (79/161) 41.4% (79/191)

CIDR 1st use/200 IU eCG 89.9% (169/188) 51.5% (87/169) 46.3% (87/188)

CIDR 1st use/300 IU eCG 94.6% (177/187) 52.0% (92/177) 49.2% (92/187)

CIDR 3rd use/0 IU eCG 83.4% (176/211) 49.4% (87/176) 41.2% (87/211)

CIDR 3rd use/200 IU eCG 87.2% (170/195) 54.7% (93/170) 47.7% (93/195)

CIDR 3rd use/300 IU eCG 93.9% (170/185) 47.1% (80/170) 44.2% (80/181)

Study 2-Time of PGF2α treatment and eCGb

PGF2α d 7/0 IU eCG 80.3% (143/178) 59.4% (85/143) 47.7% (85/178)

PGF2α d 7/300 IU eCG 90.7% (156/172) 62.1% (97/156) 56.4% (97/172)

PGF2α d 9/0 IU eCG 64.4% (112/174) 42.0% (47/112) 27.0% (47/174)

PGF2α d 9/300 IU eCG 89.3% (159/178) 50.9% (81/159) 45.5% (81/178)
aPubertal heifers received a nonpreviously used CIDR (1st use) or a CIDR used previously for 18 d (3rd use) at initiation of a TAI protocol, and 0, 200, or
300 IU of eCG on d 9 relative to CIDR insertion, in a 2 × 3 factorial design. There were effects of eCG treatment on ovulation, conception, and pregnancy
rates (P < .05).
bNonlactating cows were treated with 12.5 mg of dinoprost tromethamine on d 7 (48 h before CIDR withdrawal; PGF2α d 7) or on d 9 (immediately after
CIDR withdrawal; PGF2α d 9), and 0 IU of eCG or 300 IU of eCG on d 9 of an ovulation synchronization protocol. There were effects of time of PGF2α
treatment on ovulation, conception, and pregnancy rates (P < .05); eCG affected ovulation and pregnancy rates (P < .05).

the central Brazil, where the weather is characterized by two
distinct seasons (a rainy season, from October to March,
and a dry season, from April to September, in manner that
during the dry season and beginning of rainy season, pastures
have forage with low quantity and quality (high lignin; low
protein). The characteristics of each region may contribute
for a more or a less severe negative effect of d postpartum on
fertility of primiparous cows submitted TAI protocols, and
this must be considered for producers.

2.2.4. Ranches Using Natural Service. Although the synchro-
nization of ovulation technique has resolved some challenges
of the tropical cattle and allowed producers to inseminate a
greater percentage of their cows, more than 90% of bovine
females in tropical areas are bred by natural service. Besides
the fact that ranching in these areas is often extensive, which
difficult the adoption of reproductive biotechnologies such
as TAI, unfortunately many producers view these advances
either as not needed, as not feasible, and(or) as uneco-
nomical. Therefore, sometimes inefficiencies in Bos indicus
beef cattle are restricted more by geography, environment,
economics, and social traditions of the producers than by
biologic factors.

As previously discussed, combining pretreatment with
P4/progestogens and TW enhanced the proportion of post-
partum cows that exhibited estrus behavior and conceived
during a BS [4]. Melengestrol acetate-based protocols are
useful tools to be used in conjunction with natural service
mating systems for beef cows because oral administration of
the progestin is practical and requires limited management
of the animals. Sá Filho et al. [19] proposed a protocol
that effectively induced estrous cyclicity among Bos indicus
anestrous cows, synchronized estrus activity, and prevented
premature luteolysis with no negative effect on conception.

The protocol consisted in 0.5 mg/d of melengestrol acetate
between d-14 and -1; 2.0 mg i.m. injection of ECP on d-
9; 48 h TW between d 0 and 2, natural service beginning
on d 0. In postpartum Bos indicus cattle treated with this
protocol, pregnancy rates in 10, 40, and 70 d of BS were,
respectively, 38.2% (100/262), 56.9% (149/262), and 67.6%
(177/262), whereas in nontreated cows (Control), these rates
were 11.0% (27/245), 36.7% (90/245), and 64.5% (158/245),
respectively. Therefore, even in systems using less technology,
it is possible to improve fertility of cows receiving natural
service, by induction of cyclicity with this simple treatment.

3. Conclusions

Currently, there are hormonal treatments allowing producers
to reach the benchmark of 50% of pregnancy rate at TAI
and increase the percentage of cows becoming pregnant
by AI at the beginning of the BS. Thus, ranches have
optimized labor and increased the weight at weaning of the
calves by assembling genetic improvement and concentrating
births to the most adequate season. In Bos indicus cattle,
protocols must provide a source of exogenous P4 and
stimulate the final development of the dominant follicle. In
postpartum cattle, this stimulus may be provided by TW
or eCG treatment, whereas in nonlactating cycling cattle
that may be provided by eCG or advancing the time of
PGF2α treatment. The particularities within the Bos indicus
genetic group must be considered for the decision about
what protocol will result in better pregnancy rates. Regardless
of synchronization protocol, differences in BCS, category,
sire, and AI technician may account for some of the variation
in reproductive performance that occurs between and within
farms, and should be always considered to anticipate and
improve results.
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[17] M. Meneghetti, O. G. Sá Filho, R. F. G. Peres, G. C. Lamb,
and J. L. M. Vasconcelos, “Fixed-time artificial insemination
with estradiol and progesterone for Bos indicus cows I: basis
for development of protocols,” Theriogenology, vol. 72, no. 2,
pp. 179–189, 2009.
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[44] G. A. Bó, P. S. Baruselli, D. Moreno et al., “The control
of follicular wave development for self-appointed embryo
transfer programs in cattle,” Theriogenology, vol. 57, no. 1, pp.
53–72, 2002.

[45] J. L. M. Vasconcelos, R. W. Silcox, G. J. M. Rosa, J. R.
Pursley, and M. C. Wiltbank, “Synchronization rate, size of the
ovulatory follicle, and pregnancy rate after synchronization of
ovulation beginning on different days of the estrous cycle in
lactating dairy cows,” Theriogenology, vol. 52, no. 6, pp. 1067–
1078, 1999.

[46] P. Fernandes, A. B. Teixeira, A. J. Crocci, and C. M. Barros,
“Timed artificial insemination in beef cattle using GnRH
agonist, PGF2alpha and estradiol benzoate,” Theriogenology,
vol. 55, no. 7, pp. 1521–1532, 2001.

[47] A. E. Stock and J. E. Fortune, “Ovarian follicular dominance in
cattle: relationship between prolonged growth of the ovulatory
follicle and endocrine parameters,” Endocrinology, vol. 132,
no. 3, pp. 1108–1114, 1993.
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