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Abstract 
The productivity in livestock systems is related to the reproductive efficiency of herds. Over the years, strategies 
have been developed to improve the reproductive rates of female cattle. Initially, estrus synchronization protocols 
were developed, however, difficulties related to prolonged postpartum anestrus and estrus observation resulted 
in low conception rates in these programs. Subsequently, hormonal associations were used to synchronize 
ovulation and inseminate female cattle at a predetermined time, eliminating the need for estrus observation and 
improving the fertility rates of cows in postpartum anestrus. Several adjustments were made to improve the 
response to a timed-artificial insemination (TAI) protocol in different production systems and animal categories. 
Finally, the development of recombinant drugs and nanotechnology may optimize production systems. Thus, the 
objective of this review is to detail the research carried out over the years related to the evolution of TAI protocols. 
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Introduction 

Reproductive assisted technologies stand out on the global stage for providing increased 
genetic gain and higher productivity in cattle herds. In livestock systems, these characteristics 
are directly related to the reproductive efficiency of bovine females (Baruselli et al., 2025b). 
Among these biotechniques, timed-artificial insemination (TAI) is well-established and widely 
used with the aim of intensifying reproductive management. In Brazil, the TAI market resumed 
growth in 2024 after two years of decline, accounting for 91.8% of the inseminations 
performed. Additionally, there was an increase of 2.6% (25,346,470 doses) and 3.3% 
(23,267,777 protocols) in the commercialization of semen doses and TAI protocols compared 
to previous years (Baruselli, 2025a). 

Initially, TAI protocols were based on synchronizing the emergence of a new follicular wave 
through follicular atresia using a combination of estradiol benzoate and progesterone (P4) 
(Baruselli et al., 2017) or by inducing ovulation of a dominant follicle through the 
administration of GnRH (Wiltbank et al., 2015). Subsequently, it is necessary to control P4 
concentrations so that, at the end of the protocol, P4 concentrations are minimal at the 
moment of AI. Thus, at the adequate moment, the intravaginal P4 device (exogenous source) 
is removed, and PGF2α is administered to induce luteolysis (endogenous source). Finally, 
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ovulation synchronization is performed using estradiol esters or GnRH, allowing insemination 
to occur at a predetermined time (Baruselli et al., 2017). Additionally, equine chorionic 
gonadotropin (eCG) is included in the TAI protocol at the time of P4 device removal, with the 
aim of stimulating follicular growth, particularly in anestrous cows with low body condition 
score (BCS) (Sales et al., 2011) or in primiparous cows (Sales et al., 2016). 

The main advantage of implementing hormonal treatments for TAI in cattle is to hasten the 
first ovulation in cows in postpartum anestrus or prepubertal heifers, consequently increasing 
reproductive efficiency (Bó et al., 2003). Furthermore, the adoption of TAI in livestock systems 
rationalizes reproductive management, enhances genetic gain, and improves reproductive 
efficiency. After establishing all these benefits and consolidating the technique, TAI protocols 
in beef and dairy cattle have resulted in pregnancies per AI (P/AI) ranging from 30 to 65% 
(Wiltbank et al., 2015; Sales et al., 2016; Baruselli et al., 2017). The optimization of TAI protocols 
to achieve satisfactory results was only possible due to numerous studies that have been and 
are being conducted to fine-tune the response at the protocol across different breeds, animal 
categories, and production systems. In this context, the objective of this review is to describe 
the evolution of studies related to TAI protocols throughout decades (1980-2020) in bovine 
females (Figure 1). 

 
Figure 1. Timeline of the evolution of TAI protocols throughout the decades. 

Before 1990 - Estrus synchronization using progesterone and prostaglandin 

In the beginning, studies aimed to synchronize or induce estrus in females with the 
intention of improving reproductive rates by increasing the service rate. In the 1940s and 
1950s, the suppression of the estrous cycle was demonstrated in ewes (Dutt and Casida, 1948) 
and cows (Ulberg et al., 1951) after serial oral administrations of a progestin (Melengestrol 
Acetate - MGA) for long periods (14 to 18 days). Despite synchronizing estrus 3 to 7 days after 
the end of treatment, this strategy was not very effective in increasing fertility (Trimberger and 
Hansel, 1955) and it was observed that higher doses of progesterone, above 1 mg/day, resulted 
in longer intervals between the end of treatment and estrus (Christian and Casida, 1948; Willett, 
1950; Ulberg et al., 1951). Despite the low fertility rates of estrus after P4 treatment, 
satisfactory conception rates were observed in the subsequent estrus (Zimbelman et al., 1970), 
demonstrating that hormonal supplementation of MGA alone was not able to increase fertility. 

In the 1970s, the association between ingestion of MGA and administration of prostaglandin 
F2α (PGF2α) for estrus synchronization was reported. In cyclic cows, the supplementation with 
MGA for 9 days and administration of PGF2α on the last day of supplementation (D9) resulted in 
94% estrus synchronization. Additionally, with this same treatment, a 66% response in estrus 
synchronization was achieved in cows in anestrus (Beal and Good, 1986). In comparison, the use 
of a progestogen in the form of an ear device (norgestomet) for 7 days followed by the 
simultaneous administration of PGF2α resulted in 76% of heifers in estrus 60 hours after its 
removal (Table 1; Heersche et al., 1979). In addition to PGF2α, the combination of P4 and estradiol 
(E2) resulted in estrus synchronization in heifers (Wiltbank and Zimmerman, 1962). Furthermore, 
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the use of a norgestomet implant along with the administration of estradiol valerate was able to 
synchronize estrus in both non-cyclic and cyclic heifers (Wiltbank and Gonzalez-Padilla, 1975). At 
that same time, the administration of human chorionic gonadotropin (hCG) 48 hours after the 
removal of the MGA implant resulted in 100% ovulation after 40 hours in heifers. However, low 
conception rates (23%) were observed when AI was performed at predetermined times (4 and 
24 hours after hCG) (Roche and Crowley, 1973). From these results, the search for hormonal 
associations to synchronize estrus and improve fertility rates began. 

Table 1. Time to estrus (days) after progesterone and prostaglandin association treatments. 

Categories Estrus time after P4 treatment Reference 
Heifers 5 - 6 days Christian and Casida (1948) 
Cows 4.6 days - P/AI 12.5% Trimberger and Hansel (1955) 

Heifers 4 - 7 days Willett (1950) 
Heifers 5.2 days Ulberg et al. (1951) 
Heifers 60 hours - P/AI 62.2% Heersche et al. (1979) 

These studies suggested that the reduced fertility of heifers with synchronized estrus was 
related to the incidence of premature luteolysis and short cycles after treatments. Moreover, 
these unsatisfactory results may be related to ovulation of a persistent follicle and low oocyte 
quality (Yelich et al., 1997). In this context, other hormonal associations have been developed 
aiming to synchronize ovulation to perform AI at a predetermined time. 

The 90’s decade - The origin of the synchronization of ovulation protocol - Ovsynch 

Despite the satisfactory results of previous studies in synchronizing estrus, the observation 
of estrus in cattle is a serious management problem. Studies have shown that the estrus 
observation rate was approximately 50% (Stevenson and Britt, 1977). This condition decreases 
reproductive efficiency in beef and dairy cows, increasing the period between calving and 
conception and, consequently, the interval between calvings. Some factors are directly related 
to the low estrus observation rate in cattle, such as the stage of the estrous cycle, milk yield, 
postpartum anestrus, duration and timing of estrus observation, ambient temperature, type 
of facility, management practices, the time an animal shows estrus, and the occurrence of 
nocturnal estrus (Galina et al., 1996; Pinheiro et al., 1998; Lopez et al., 2004). Thus, starting 
from the 1990s, studies began to focus on hormonal associations that would enable 
insemination at a predetermined time. Since, conventional artificial insemination after estrus 
observation is rarely used on beef and dairy farms due to prolonged postpartum anestrus in 
Bos indicus beef cows and low service rate in high-producing dairy cows (Baruselli et al., 2004). 

Initially, in a robust study with dairy cows, AI was scheduled and performed after treatments 
with two doses of PGF2α (Archbald et al., 1992). However, the fertility results were not 
satisfactory due to the variability in the time to ovulation after PGF2α administration. After 
these studies, the first ovulation synchronization protocol with satisfactory results in dairy 
cows was Ovsynch. This protocol was developed after some studies that used GnRH to induce 
emergence of a new follicular wave (Macmillan and Thatcher, 1991; Wolfenson et al., 1994; 
Schmitt et al., 1996) with the administration of PGF2α, 7 days after GnRH (Thatcher et al., 1989; 
Twagiramungu et al., 1992). Thus, a protocol was proposed for dairy cows that consisted of 
administering an initial dose of GnRH (D0) and a dose of PGF2α seven days (D7) later. Next, a 
second administration of GnRH was performed 48 hours after PGF2α, and the TAI should be 
done 24 hours after the second dose of GnRH (Pursley et al., 1995). However, the ovulatory 
response to the first GnRH dose in this protocol is crucial for obtaining satisfactory conception 
rates and depends on the phase of the estrous cycle in which the female is. In this way, some 
studies have observed that the ideal time to start the Ovsynch protocol would be between days 
5 and 8 of the estrous cycle (Vasconcelos et al., 1999; Moreira et al., 2000). This finding was 
responsible for the development of new research related to pre-synchronization protocols, 
aiming to increase the proportion of cows with ovulatory capacity at the beginning of the 
Ovsynch protocol. 
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The first strategy to increase the ovulatory response to the first GnRH in the Ovsynch 
protocol was the use of PGF2α, called Presynch-Ovsynch (Moreira et al., 2001). This strategy 
was based on the administration of two doses of PGF2α with a 14-day interval between them, 
and the start of Ovsynch 10 to 14 days after the second dose of PGF2α (Navanukraw et al., 
2004). However, the result of this pre-synchronization was only satisfactory in cyclic cows, in 
addition to not synchronizing the ideal time to start the protocol (6 and 8 days of the estrous 
cycle), since the time between luteolysis (after PGF2α) and ovulation is variable according to 
the follicular diameter at the time of PGF2α treatment (Giordano et al., 2016). After these 
findings, a pre-synchronization using GnRH was developed and named G6G to pre-synchronize 
cows in anestrus. In this protocol, the females received an administration of PGF2α (D-8), 2 
days later a dose of GnRH was administered (D-6), and 6 days after that, Ovsynch was initiated 
(D0) (Bello et al., 2006). Subsequently, other pre-synchronization methods were developed, 
with Double-Ovsynch being the most efficient protocol in inducing an ovulatory response to 
the first GnRH (Souza et al., 2008). The physiological concept of this pre-synchronization 
method is based on the strategy of inducing the formation of a pre-ovulatory dominant follicle 
that responds to the first GnRH of the protocol and inducing cyclicity in cows in anestrus before 
the Ovsynch protocol. Studies have shown that cows with corpus luteum (CL) at the beginning 
of the Ovsynch protocol have a greater conception rate (Herlihy et al., 2012). In this way, on 
Double-Ovsynch GnRH is administered on D0 and PGF2α 7 days later (D7). Next, a second dose 
of GnRH is administered 3 days later. Seven days after these treatments, a new Ovsynch 
protocol (GnRH + PGF2α + GnRH) is performed with the addition of TAI 16 hours after the 
second dose of GnRH. The Double-Ovsynch resulted in greater fertility rates compared to 
Presynch (Souza et al., 2008), both in primiparous and multiparous cows (Herlihy et al., 2012). 

The use of P4 has also been reported in pre-synchronization protocols to improve the 
response to Ovsynch. Some studies used an intravaginal P4 device (CIDR) for 7 days between 
the two administrations of PGF2α (Presynch) (Chebel et al., 2006; Bicalho et al., 2007). The 
objective of inserting an exogenous source of P4 during presynchronization is also related to 
the increase in cows returning to cyclicity at the beginning of Ovsynch. However, no difference 
was observed in the conception rate of cows receiving or not the intravaginal P4 device 
(Bicalho et al., 2007). A few years later, our research group evaluated the use of P4 (P4synch 
Protocol) as a pre-synchronization method to the Ovsynch protocol (Silva et al., 2018), which 
consisted of inserting a P4 intravaginal device 10 days before the start of the Ovsynch protocol 
(D-10). The objective of this treatment was to induce the formation of a persistent dominant 
follicle responsive to GnRH at the beginning of the TAI protocol and to provide an environment 
with higher circulating P4 concentration during the initial development of the future ovulatory 
follicle, as the intravaginal device remained until the PGF2α administration (D7). The 
conception rate of the cows in the P4synch group was similar to that of the Double-Ovsynch 
protocol. However, it is important to highlight that the cost and time of implementing the 
P4synch protocol (21 days) is less than that of the Double-Ovsynch protocol (28 days). Recently, 
another pre-synchronization strategy with a P4 device was studied (Consentini et al., 2021). In 
this study, a P4 intravaginal device was inserted 15 days before the start of the Ovsynch 
protocol (D-15) and remained for 7 days. After this period (D-8), the device was removed and 
the cows received estradiol cypionate (EC) and PGF2α, with the aim of inducing the formation 
of a GnRH-responsive follicle from the beginning of the protocol, as well as increasing P4 
concentrations during the protocol. On D0, the ovulation synchronization protocol was 
initiated, with the administration of GnRH along with the insertion of the P4 device. In addition 
to this modification to Ovsynch, an extra dose of PGF2α was implemented (D6 and D7). All the 
strategies and adjustments mentioned above were essential for the improvement of ovulation 
synchronization protocols that begin with GnRH (Table 2; Consentini et al., 2021). In recent 
decades, new strategies have been developed and will be discussed. 
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Table 2. Pregnancy per artificial insemination (P/AI) in dairy cows submitted to pre-synchronization 
protocols distinct from Ovsynch. 

Reference n P/AI, % P 

Moreira et al. (2001) 185 36.0 (Ovsynch) 36.9 (Presynch) > 0.05 
Bello et al. (2006) 66 27.0 (Ovsynch) 50.0 (G6G) 0.08 
Souza et al. (2008) 337 41.7 (Presynch) 49.7 (Double-Ovsynch) 0.03 
Herlihy et al. (2012) * 778 42.3 (Presynch) 52.5 (Double-Ovsynch) 0.02 
Herlihy et al. (2012) + 909 34.3 (Presynch) 40.3 (Double-Ovsynch) 0.07 
Bicalho et al. (2007) 1318 36.4 (Presynch) 34.5 (Presynch + P4) > 0.05 
Silva et al. (2018) 440 39.0 (Double-Ovsynch) 40.1 (P4synch) 0.85 
Consentini et al. (2021) 909 - 42.7 (Presynch P4+EC)  
Consentini et al. (2025) 800 46.0 (Double-Ovsynch) 51.7 (Pre P4/E2) 0.22 
*Primiparous; +Multiparous. 

Regarding beef cows, the fertility results of the Ovsynch protocol were unsatisfactory, 
especially in animals that are in anestrus (Barros et al., 2000). After these results, in the 
following years, research was directed towards the use of E2 esters in conjunction with P4 to 
synchronize the emergence of a new follicle. 

The 2000’S decade - E4/P4 protocols 

Association of progesterone and estradiol - emergence of new follicular wave 

In Brazil, the 2000s were revolutionary for the implementation and use of TAI 
(Baruselli et al., 2025b). This fact was made possible by the development of protocols based on 
the administration of an estradiol ester simultaneously with the insertion of the P4 device. As 
mentioned earlier, GnRH is used at the beginning of the protocol to induce ovulation and, 
consequently, the emergence of a new follicular wave. With the same goal of synchronizing the 
onset of the follicular wave, studies have shown that the administration of E2 in association 
with P4 induces follicular atresia regardless of the follicle diameter (Silva et al., 2025) and, 
consequently, synchronizes the emergence of the follicular wave (Bó et al., 2003). Thus, the 
emergence of a new follicular wave occurs after the metabolism of estradiol and its 
suppressive effect on GnRH release. Thus, the follicular wave begins 2-5 days after the 
administration of this E2 ester (O’Rourke et al., 2000; Bó et al., 2002; Madureira et al., 2020). 

The first study that associated P4 and E2 with positive fertility outcomes was known as 
“Syncro-Mate-B (SMB).” This protocol consisted of the insertion of a norgestomet ear implant 
for 9 days, simultaneously with the administration of estradiol valerate (EV) (Spitzer et al., 
1978). Initially, the use of EV at the beginning of this protocol was to induce luteolysis in heifers 
that presented CL, thus resulting in a better response to estrus synchronization in these 
animals. Sometime later, it was discovered that the use of EV together with SMB could also 
induce the suppression of gonadotropin release, resulting in the emergence of a new follicular 
wave between 3 and 5 days after its administration (Bo et al., 1991). After these findings, 
studies began to use other E2 esters, in conjunction with P4, to better synchronize the 
emergence of the follicular wave and thus achieve synchronization of ovulation in female cattle 
(Baruselli et al., 2018b). The treatment with 17β estradiol was also tested at the beginning of 
the protocol. The hypothesis in the first experiment conducted was that 17β estradiol would 
more effectively induce the atresia of a dominant follicle when administered in association with 
norgestomet. Thus, after the administration of 17β estradiol alone, the LH peak and the drastic 
increase in FSH concentrations were observed, 12 hours after its decline. In contrast, when the 
ear device was inserted, there was no LH peak, and the release of FSH gradually increased 
between 24 and 42 hours after the metabolization of 17β estradiol, which occurs 6 hours after 
its administration. These findings demonstrated that the association between P4 and an E2 
ester induces the suppression of gonadotropins, and that this suppression must last for 24 
hours for the dominant follicle to undergo atresia (Bo et al., 1994). 
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The use of estradiol benzoate (EB; 2 mg) at the beginning of the protocol along with the 
exogenous source of P4 also had satisfactory results in synchronizing the emergence of the 
follicular wave 4 days after its administration (Bridges et al., 1999). In the initial studies, gelatin 
capsules containing EB were used, inserted together with the intravaginal P4 device (Macmillan 
and Peterson, 1993; Macmillan and Burke, 1996). However, it was observed that the 
intramuscular (IM) administration of EB resulted in better synchronization of the follicular wave 
(Bó et al., 1996). Thus, currently, the use of IM injection of EB at the beginning of the protocol 
is consolidated and presents satisfactory results (Sales et al., 2024a). However, recently, our 
research group resumed studies using EV together with P4 at the beginning of the ovulation 
synchronization protocol (Sales et al., 2024b). In this study, similar fertility results to protocols 
initiated with EB were observed when EV was combined on D0 and EC on D9, to synchronize 
ovulation and the TAI to be performed 48 hours after the device was removed (D0: EV + P4; D9: 
EC + eCG; D11: TAI). Despite similar results in fertility, E2 esters have different pharmacokinetics 
and half-life (EV: 7-8 days; EB: 3 days; EC: 10-12 days) (Colazo et al., 2003; Sales et al., 2024b). 

Controlling circulating P4 concentrations 

The consolidation of the use of intravaginal P4 devices in the ovulation synchronization 
protocol also occurred in the 2000s. During the protocol, it is necessary to control the 
concentrations of P4 for a certain period to avoid premature ovulations, control the final 
growth of the dominant follicle, and, after its abrupt drop, allow ovulation. In this context, one 
of the advantages of using intravaginal devices with an appropriate concentration is the 
controlled release of P4 (Bó et al., 2003). To obtain satisfactory results, the devices must remain 
in the bovine females for 5 to 9 days, and after this period, it is necessary to reduce the P4 
concentrations to allow true proestrus, characterized by high E2 concentrations and low P4 
concentrations. However, the duration of P4 exposure (protocol duration; D7, D8, or D9) 
depends on the animal category. In primiparous cows or in cows with low body condition (≤ 
2.5 on a scale of 1 to 5), it is necessary to maintain the P4 device for a longer period to allow 
for greater follicular growth and greater rates of ovulation and conception, due to the lower 
rate of follicular growth (Carvalho et al., 2023b). However, in multiparous cows, despite the 
lower expression of estrus in the 7-day protocol, the conception rate was similar among the 
different days of protocol duration (D7, D8, and D9). However, in the 7-day protocols, it is 
important to administer GnRH at the time of TAI (Prata et al., 2020). Another exogenous source 
of P4 was tested by our research group at the beginning of the protocol in association with EB. 
In this study, the use of 75 mg of long-acting injectable progesterone (P4i) was not a viable 
alternative to replace the intravaginal P4 device, as the conception results were inferior 
(Carvalho et al., 2023a). Thus, in protocols that combine progesterone and estradiol, the use of 
the P4 device is still indispensable for promoting ovulation synchronization. 

In Ovsynch-type protocols, it is also possible to include an exogenous source of P4. 
Supplementation with P4 in this type of protocol improves the synchronization of wave 
emergence and oocyte quality (Consentini et al., 2021). In Brazil, due to the approval of the use 
of E2 esters, the protocol commonly used in dairy cows begins with the administration of GnRH, 
EB, and the insertion of the P4 device. Studies have shown that protocols initiated with GnRH 
or GnRH/EB and P4 presented better conception rates in lactating dairy cows compared to the 
use of EB alone (Pereira et al., 2015; Carneiro et al., 2017; Tschopp et al., 2022, 2024). However, 
after the administration of GnRH on D0, it is necessary to administer 2 doses of PGF2α to 
achieve complete luteolysis and minimal P4 concentrations at the time of AI (Borchardt et al., 
2018). This addition of a second dose of PGF2α is necessary because, after the administration 
of GnRH on D0, ovulation and the formation of CL are expected to occur, which, in the initial 
phase, may not respond to just one treatment with PGF2α (Nascimento et al., 2014). 

Equine chorionic gonadotropin (eCG) 

The TAI protocols have developed significantly, allowing cows to be inseminated without 
the need for estrus observation. However, the conception results varied greatly depending on 
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the body condition and farm management. This inconsistency in results at the beginning of the 
use of TAI prevented this biotechnology from spreading among a greater number of farms in 
Brazil. As research advanced, it was observed that the main problem in Bos indicus beef cows 
was the low LH pulsatility in the early postpartum period, mainly in low body condition and 
primiparous cows. Due to this condition, an alternative was sought to improve the final growth 
of the dominant follicle under low LH pulsatility conditions. In this context, equine chorionic 
gonadotropin (eCG) produced in the endometrial cups of pregnant mares emerges as a 
promising molecule. The use of eCG at the time of removal of the P4 device improved the 
fertility in early postpartum anestrus cows, with a low BCS (< 2.75 on a scale of 1 to 5) and also 
in cows with compromised growth of the dominant follicle (Sales et al., 2011). The benefits of 
eCG in these females are related to the pattern of gonadotropin release in the postpartum 
period, especially in Bos indicus cows. In these animals, the presence of the calf after birth and 
malnutrition affect LH pulsatility and, consequently, the final growth of the dominant follicle 
and ovulation (Jolly et al., 1995; Yavas and Walton, 2000). Initially, to circumvent the effect of 
the calf's presence, a temporary separation (48 hours) between the cow and the calf was 
carried out to reduce the negative feedback induced by the release of endogenous opioids that 
block the release of GnRH and, consequently, LH (Williams et al., 1983; Edwards, 1985). 
However, due to the management difficulties in implementing this separation, the use of eCG 
became an excellent alternative to stimulate the final growth of the dominant follicle because 
of its FSH/LH-like action, serving as an important hormonal support for the final development 
of the follicle (Murphy and Martinuk, 1991). Studies have shown that eCG treatment increases 
daily (0.55 mm) follicular growth before ovulation and, consequently, the rates of ovulation and 
pregnancy (Control - growth rate of 0.90 mm/day and eCG growth rate of 1.45 mm/day) 
(Sales et al., 2011). Overall, the effects of eCG on follicular dynamics and fertility were observed 
in different categories of animals. However, in primiparous cows, its effect is more pronounced 
(Sales et al., 2016). 

The commonly eCG dose used in Bos indicus cows is 300 IU (Simões et al., 2018; Prata et al., 
2020; Alves et al., 2021). However, in primiparous cows, an extra eCG administration was 
proposed (one dose 2 days before and another at the time of P4 device removal). This strategy 
resulted in a 6.8% increase in P/AI compared to the administration of a single dose at the time 
of P4 device removal (Pugliesi et al., 2022). In agreement with these results, another study 
demonstrated that splitting the dose or increasing it to 400IU improved fertility outcomes in 
primiparous cows with BCS ≤ 2.75, but no effect was detected in multiparous cows (Sales et al., 
2024c). However, other studies have shown that increasing the dose to 400 IU did not improve 
follicular growth or the conception rate of Bos indicus cows with low body condition (BCS < 2.5, 
scale of 1 to 5) (Sales et al., unpublished data). In Bos indicus heifers, a similar fertility outcome 
was observed in protocols that use eCG (higher ovulation rate to the protocol, greater P/AI, and 
bigger CL after TAI). However, no differences were observed in these parameters when using 
the dose of 200 IU compared to 300 IU (Felisbino et al., 2024), suggesting that, in heifers, a 
lower dose of eCG (200 IU) can be used. The results on the use of eCG in lactating dairy cows 
are contradictory, with improvements in pregnancy rates in pasture managed dairy cows 
(Bryan et al., 2010, 2013) and limited or no improvements in high-producing intensively 
managed herds. 

Ovulation inducers 

The last premise of the TAI protocol is to synchronize ovulation. As mentioned earlier, in the 
first studies related to hormonal administrations the goal was to synchronize estrus and 
perform the AI after observing estrus. After the hormonal adjustments were made, it was 
possible to synchronize ovulation and inseminate the female cattle at a predetermined time. 
The synchronization of ovulation can be performed using E2 esters (Melo et al., 2016) or GnRH 
(Pursley et al., 1995). However, despite the use of GnRH inducing a better synchronized 
ovulation than E2 esters (Pancarci et al., 2002; Souza et al., 2009), a lower incidence of 
expression of estrus is observed (Sá et al., 2011; Consentini et al., 2021). In Bos indicus cows, 
the lower expression of estrus was negatively correlated with fertility (Sá et al., 2011) and 
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positively associated with pregnancy loss (Consentini et al., 2023). Furthermore, to achieve 
satisfactory results in Ovsynch-type protocols, GnRH administration must be performed 16 
hours before AI, requiring additional management. In this context, E2 esters (EB or EC) are 
widely used options in Brazil as ovulation inducers in beef and dairy cattle reproduction. 
However, there are pharmacokinetic differences between EB and EC that result in different 
intervals to the LH peak after their administration. The LH peak in cows that received EB 
occurred 31 hours earlier than in cows treated with EC (Sales et al., 2012). Due to this 
pharmacological characteristic, EC administration can be performed at the time of P4 device 
removal, while EB should be administered 1 day later so that ovulations occur, on average, 70 
hours after P4 device removal. In this study, the fertility results were similar between the two 
E2 esters. However, the use of EB 1 day after the removal of the P4 device requires additional 
management, as well as the use of GnRH (Sales et al., 2012). The effect of the association of EC 
at the time of P4 removal and GnRH 16 hours before AI in the fertility of dairy cows was 
evaluated. This strategy showed similar results when only EC or GnRH was used as ovulation 
inducers (Consentini et al., 2021). In this context, the use of EC as an ovulation inducer is 
recommended because it does not require additional management and presents satisfactory 
results in dairy and beef cows. 

The 2010’S decade - Adjustments to the synchronization protocol 

Resynchronization protocols 

The increase in productivity on beef farms that adopt TAI is related to the anticipation of 
the first ovulation after calving, the concentration of calving and weaning of calves at more 
appropriate times. In these systems, a 12-month calving interval is sought to increase the 
efficiency of beef and dairy cattle farming. However, the prolonged anestrus period after 
calving in these females makes it impossible to achieve this goal, as the cows would need to 
conceive within 72 days after calving to obtain one calf per year (gestation period of 293 days 
in Bos indicus) (Monteiro et al., 2023).The positive effects of ovulation synchronization 
strategies were reported in a study that compared reproductive programs using only natural 
mating (NM) or TAI followed by NM (TAI + NM) during a 90-day breeding season in Bos indicus 
cows (Sá et al., 2013). In this experimental model, a greater (P = 0.001) pregnancy rate at 45 
days was observed when these females were subjected to TAI+NM (63.5%) compared to TAI 
only. However, at the end of the breeding season, the proportion of pregnant females was 
similar between the reproductive programs (TAI+NM: 77.0% vs. NM: 71.0%; P = 0.31). In this 
last analysis, it should be taken into consideration that cows subjected to TAI+NM had fewer 
days until conception (11 days from TAI) compared to cows exposed to NM (55 days). This 
observation is important because cows that calve at the beginning of the calving season wean 
heavier calves and exhibit greater reproductive efficiency in the subsequent breeding season 
(Funston et al., 2012). In this context, resynchronization protocols have been developed and 
have been widely used to further intensify herd production (Pugliesi et al., 2024). Currently, the 
interval between the first AI and the pregnancy diagnosis (PD) is variable and PD can be 
performed by ultrasound in B-mode (30 days after AI) or in Doppler mode (20 to 22 days after 
AI). In conventional resynchronization strategy, the PD is performed 30 days after TAI and non-
pregnant cows are subjected to a new ovulation synchronization protocol (Marques et al., 
2015). In early resynchronization, the P4 device is inserted and EB (2mg) is administered to all 
cows (pregnant and non-pregnant) 22 days after the TAI, and at the time of P4 device removal 
(30 days after the TAI), PD is performed (Sá et al., 2014). Finally, in super-early 
resynchronization, the females are subjected to the TAI protocol before the PD (14 days after 
the TAI), however, the PD is performed by visualizing the blood perfusion of the CL in Color 
Doppler mode ultrasound (22 days after TAI) (Sá et al., 2014; Pugliesi et al., 2024). Thus, it is 
possible to perform three AI sessions in 48, 64 and 84 days using super-early, early and 
traditional resynchronization, respectively (Baruselli et al., 2018a). In addition to the 
anticipation of conception, the implementation of resynchronization programs increases 
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reproductive efficiency due to the large number (63%) of Bos indicus cows that remain in 
anestrus after the first AI. A 10 percentage points increase in pregnancy rate at the end of the 
breeding season was observed when more than one ovulation synchronization protocol was 
performed (1X AI - 77.1%; 2X AI - 86.3% and 3X AI - 87.4%) (Crepaldi et al., 2014). In addition to 
this increase in fertility, when three TAI protocols are performed, it may eliminate the need to 
use NM. In this way, these strategies allow for accelerating the genetic gain of the herds, 
concentrating the calving season, and producing heavier calves at weaning. 

Long-acting injectable progesterone prior to the ovulation synchronization protocol 

Prolonged postpartum anestrus negatively affects the reproductive indices of cattle herds 
(Montiel and Ahuja, 2005), especially in Bos indicus cows, where this mechanism is accentuated 
by the presence of the calf (Williams et al., 1983) and inadequate nutrition (Diskin et al., 2003). 
The pulsatility of LH in females under these conditions is compromised, resulting in follicular 
growth without subsequent ovulation (Crowe et al., 2014). Some strategies have been tested 
with the aim of stimulating LH release in the early postpartum period, such as the use of P4. In 
anestrus cows, P4 acts on the hypothalamus by reducing the expression of E2 receptors, 
decreasing the negative feedback on the production and release of GnRH and, consequently, 
LH (Day and Anderson, 1998). During ovulation synchronization protocols, supplementation 
with P4 (intravaginal device) sometimes is insufficient to stimulate adequate LH release, 
especially in cows with low BCS and heifers. In these animals, the final growth of the dominant 
follicle is impaired, resulting in small follicles with a low ovulation rate. In ovulation 
synchronization protocols, it has been reported that 21% of the cows do not adequately 
respond with the presence of an ovulatory follicle before AI (Sales et al., 2016). Due to the 
number of animals that do not respond to the hormonal stimulation of the protocol, strategies 
(nutritional or supplementation with P4) that could improve these results were studied. 

In recent years, our research group has evaluated the treatment with P4i prior to the TAI 
protocol on the fertility of bovine females after calving. In these studies, it was observed that 
Bos indicus beef cows that received 150 mg of P4i had 1.68 times more chance of conceiving 
after TAI (Simões et al., 2018). Similar results were observed in Bos taurus beef cows, where 
supplementation with 150 mg of P4i prior to the AI protocol (D-10) increased the conception 
rate by 9 percentage points (Simões et al., 2024), and Holstein/Jersey dairy cows, where the 
administration of 300 mg of P4i (D-7) increase conception rate by 7 percentage points 
(Simões et al., 2022). This result was more pronounced in cows that did not have a CL at the 
time of P4i administration (Control = 43.0% vs P4i = 58.0%, P = 0.001). Furthermore, P4i was 
also previously used in resynchronization protocols (22 days after TAI). However, no difference 
was observed between the experimental groups (Gonçales et al., 2024). Under the conditions 
of this study, the cows were already exposed to an exogenous P4 source during the first TAI, 
which possibly stimulated the hypothalamic system to return to cyclicity. Finally, it has been 
reported recently that the administration of P4i 10 days prior to the initiation of a 
synchronization protocol for timed-embryo transfer (TET) increased the fertility of embryo 
recipient cows (Rodrigues et al., 2024). Thus, supplementation with P4 prior to the ovulation 
synchronization protocol for AI or ET is an interesting strategy to increase the reproductive 
efficiency of the biotechnology used. 

Protocols without E2 on Bos indicus cows 

The ovulation synchronization protocols that associate E2 and P4 are well established, and 
their use is recommended for Bos indicus cows in Brazil. However, in some countries, the use 
of E2 esters in ovulation synchronization protocols is prohibited, and recently, there has been 
a restriction on the export of meat from Brazil to the European Union from herds that use this 
hormone in female cattle. As mentioned earlier, Ovsynch-type protocols show satisfactory 
fertility results in dairy cows. In contrast, in Bos indicus cows, fertility results are unsatisfactory, 
especially in animals that are in anestrus (Barros et al., 2000). In this context, some research 
groups are developing strategies to improve the non-estrogen-based TAI protocol for Bos 
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indicus beef cows, in case its prohibition affects national productivity. A recent study by our 
research group compared the fertility of Bos indicus cows subjected to the P4/E2-based 
protocol with a protocol without E2. The females that received GnRH (buserelin) on D0 
exhibited a larger follicular diameter on D8 and a greater ovulation rate on D0 compared to 
the animals that received EB. However, the cows that received EC at the time of the removal of 
the P4 device had a greater incidence of expression of estrus. In addition, the conception rate 
was greater in the control group cows. Thus, it was observed that the removal of E2 (EC and 
EB) in ovulation synchronization protocols reduces the fertility of lactating Bos indicus cows 
(Lemos et al., unpublished data). After these results, a new hypothesis will be tested by our 
research group, using a more potent GnRH analog (Deslorelin). 

Protocols without intravaginal P4 device 

Currently, the most used exogenous source of P4 in TAI protocols are the intravaginal 
devices that contain different concentrations of P4 and result in an immediate increase in the 
circulating concentration of P4 (Sales et al., 2015, 2021). However, there are concerns related 
to animal welfare and the environment, due to possible discomfort/afflictions in the 
reproductive tract of female cattle and the disposal of the material with P4, respectively. During 
the TAI protocol, it is necessary to control the concentrations of P4 for a determined period. 
This control can be carried out by an exogenous or endogenous source of P4. The P4i, 
described earlier, increased the fertility of female cattle when administered prior to the TAI 
protocol. However, when this exogenous source of P4 was used as a substitute for the 
intravaginal device, there was a reduction in the conception rate of lactating Bos indicus cows 
(Control = 71.7 vs P4i = 27.0; P = 0.0001) (Carvalho et al., 2023a). The differences between the 
exogenous sources of P4 (intravaginal device vs. injectable) may be related to variations in dry 
matter intake and hepatic metabolism of this steroid (Sangsritavong et al., 2002). Thus, the 
concentration of P4 after its administration in injectable form depends on the condition of the 
bovine female (lactating vs. non-lactating), a fact that is not as relevant when using intravaginal 
devices. In this context, our research group is seeking a strategy to induce the formation of a 
CL at the beginning of the TAI protocol, so that the P4 concentration necessary to control 
follicular growth comes from an endogenous source, as in the conventional Ovsynch-type 
protocol. 

Future perspectives 

Despite the positive results observed in hormonal associations over the years to improve 
the reproductive efficiency of female cattle, some adjustments are still necessary. Currently, 
recombinant hormones produced by genetic engineering have emerged as a substitute for the 
large-scale production of products previously derived from animals (Baruselli et al., 2023). 
Among them, eCG stands out, which is originally extracted from the endometrial cups of 
pregnant mares and plays a very important role in TAI protocols in Bos indicus cows. In a recent 
study, similar fertility results were observed in Bos indicus cows subjected to a TAI protocol 
using eCG or its recombinant molecule (Villarraza et al., 2021; Abreu et al., 2023; 
Cattaneo et al., 2024). In addition to this glycoprotein, promising results related to reproductive 
efficiency were observed in cows treated with recombinant FSH and recombinant bovine 
somatotropin (Rebeis et al., 2023; Rodrigues et al., 2023). Adding to the production of 
recombinant hormones, the future development of new drugs with controlled release targeted 
at specific organs using nanotechnology is expected, which could increase the reproductive 
efficiency of ovulation synchronization protocols and reduce labor and cow stress, allowing for 
the optimization of cattle production systems. 
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Conclusion 

Over the years, studies have focused on increasing productivity, profitability, and 
sustainability of cattle farming, with an emphasis on reproductive efficiency. In this context, 
ovulation synchronization protocols were a milestone in bovine reproduction, as TAI protocols 
allowed genetic (qualitative) associated with economic (quantitative) gains through increased 
fertility in female cattle. In this way, with this biotechnology, it was possible to significantly 
increase the use of AI with greater production of milk and beef in smaller areas, preserving the 
environment. In the last 30 years, the TAI protocols have been improved, and the results have 
become more reliable and consistent. However, fine adjustments are still necessary, such as 
the use of P4i prior to the TAI protocol to further increase the fertility of Bos indicus and Bos 
taurus cows. Similarly, the use of recombinant drugs and nanotechnology could become viable 
strategies to optimize AI protocols and, consequently, the fertility of female cattle. 

Acknowledgements 

The authors are grateful to the National Council for Scientific and Technological 
Development, Coordination of Improvement of Higher Education Personnel and Research 
Support Foundation of the State of Minas Gerais for the financial support and Farmers of Brazil 
for allowing the use of their animals and facilities for several studies and Ourofino and MSD 
for providing all hormones used in TAI protocols. We would like to thank Professor Roberto 
Sartori for his support with extensive correction in the final manuscript. 

Data availability statement 

Research data is available in the body of the article. 

References 

Abreu LA, Cutaia L, Wallace SP, Resende TS, Carreira ALM, Cunha BS, Sousa AVG, Silva LA, Catussi BLC, 
Baruselli PS. 2023. Efficacy of eCG-like on preovulatory follicle diameter and pregnancy rate in Nelore 
cows submitted to FTAI. In: Proceedings of the 49th Annual Conference of International Embryo 
Technology Society; 2023 Jan 15-19; Lima. Champaign: IETS; 2023. 

Alves RLOR, Silva MA, Consentini CEC, Silva LO, Folchini NP, Oliva AL, Prata AB, Gonçalves JRS, Wiltbank 
MC, Sartori R. Hormonal combinations aiming to improve reproductive outcomes of Bos indicus cows 
submitted to estradiol/progesterone-based timed AI protocols. Theriogenology. 2021;169:89-99. 
http://doi.org/10.1016/j.theriogenology.2021.04.007. PMid:33945944. 

Archbald LF, Tran T, Massey R, Klapstein E. Conception rates in dairy cows after timed-insemination and 
simultaneous treatment with gonadotrophin releasing hormone and/or prostaglandin F2 alpha. 
Theriogenology. 1992;37(3):723-31. http://doi.org/10.1016/0093-691X(92)90151-G. PMid:16727073. 

Barros CM, Moreira MBP, Figueiredo RA, Teixeira AB, Trinca LA. Synchronization of ovulation in beef 
cows (Bos indicus) using GnRH, PGF2α and estradiol benzoate. Theriogenology. 2000;53(5):1121-34. 
http://doi.org/10.1016/S0093-691X(00)00257-0. PMid:10798489. 

Baruselli PS, Reis EL, Marques MO, Nasser LF, Bó GA. The use of hormonal treatments to improve 
reproductive performance of anestrous beef cattle in tropical climates. Anim Reprod Sci. 2004;82–
83:479-86. http://doi.org/10.1016/j.anireprosci.2004.04.025. PMid:15271474. 

Baruselli PS, Ferreira RM, Colli MHA, Elliff FM, Sá MF Fo, Vieira L, Freitas BG. Timed artificial insemination: 
current challenges and recent advances in reproductive efficiency in beef and dairy herds in Brazil. 
Anim Reprod. 2017;14:558-71. http://doi.org/10.21451/1984-3143-AR999. 

Baruselli PS, Ferreira RM, Sá MF Fo, Bó GA. Review: using artificial insemination v. natural service in beef 
herds. Animal. 2018a;12(s1):s45-52. http://doi.org/10.1017/S175173111800054X. PMid:29554986. 

Baruselli PS, Sales JNS, Sala RV, Vieira LM, Sá MF Fo. History, evolution and perspectives of timed artificial 
insemination programs in Brazil. Anim Reprod. 2018b;9:139-52. 

https://doi.org/10.1016/j.theriogenology.2021.04.007
https://pubmed.ncbi.nlm.nih.gov/33945944
https://doi.org/10.1016/0093-691X(92)90151-G
https://pubmed.ncbi.nlm.nih.gov/16727073
https://doi.org/10.1016/S0093-691X(00)00257-0
https://pubmed.ncbi.nlm.nih.gov/10798489
https://doi.org/10.1016/j.anireprosci.2004.04.025
https://pubmed.ncbi.nlm.nih.gov/15271474
https://doi.org/10.21451/1984-3143-AR999
https://doi.org/10.1017/S175173111800054X
https://pubmed.ncbi.nlm.nih.gov/29554986


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 12/18 

Baruselli PS, Abreu LÂ, Catussi BLC, Oliveira ACDS, Rebeis LM, Gricio EA, Albertini S, Sales JNS, Rodrigues 
CA. Use of new recombinant proteins for ovarian stimulation in ruminants. Anim Reprod. 
2023;20(2):e20230092. http://doi.org/10.1590/1984-3143-ar2023-0092. PMid:37720727. 

Baruselli PS. Após 2 anos de queda, mercado de IATF retoma crescimento [Internet]. São Paulo: FZMV-
USP; 2025a. (Boletim Eletrônico do Departamento de Reprodução Animal) [cited 2025 Jul 22]. 
Available from: http://vra.fmvz.usp.br/boletim-eletronico-vra/ 

Baruselli PS, Abreu LA, Menchaca A, Bó GA. The future of beef production in South America. 
Theriogenology. 2025b;231:21-8. http://doi.org/10.1016/j.theriogenology.2024.10.004. 
PMid:39393108. 

Beal WE, Good GA. Synchronization of estrus in postpartum beef cows with melengestrol acetate and 
prostaglandin F2 alpha. J Anim Sci. 1986;63(2):343-7. http://doi.org/10.2527/jas1986.632343x. 
PMid:3463554. 

Bello NM, Steibel JP, Pursley JR. Optimizing ovulation to first GnRH improved outcomes to each 
hormonal injection of ovsynch in lactating dairy cows. J Dairy Sci. 2006;89(9):3413-24. 
http://doi.org/10.3168/jds.S0022-0302(06)72378-5. PMid:16899674. 

Bicalho RC, Cheong SH, Warnick LD, Guard CL. Evaluation of progesterone supplementation in a 
prostaglandin F2α-based presynchronization protocol before timed insemination. J Dairy Sci. 
2007;90(3):1193-200. http://doi.org/10.3168/jds.S0022-0302(07)71606-5. PMid:17297094. 

Bo GA, Pierson RA, Mapletoft RJ. The effect of estradiol valerate on follicular dynamics and 
superovulatory response in cows with Syncro-Mate-B implants. Theriogenology. 1991;36(2):169-83. 
http://doi.org/10.1016/0093-691X(91)90376-O. PMid:16726990. 

Bo GA, Adams GP, Pierson RA, Tribulo HE, Caccia M, Mapletoft RJ. Follicular wave dynamics after 
estradiol-17β treatment of heifers with or without a progestogen implant. Theriogenology. 
1994;41(8):1555-69. http://doi.org/10.1016/0093-691X(94)90821-Y. 

Bó GA, Caccia M, Martinez M, Mapletoft RJ. Follicular wave emergence after treatment with estradiol 
benzoate and CIDR-B vaginal devices in beef cattle. In: Proceedings of the 13th International 
Congress on Animal Reproduction; 1996 Jun 30-Jul 4; Sydney. Sydney: VGLS; 1996. 

Bó GA, Baruselli PS, Moreno D, Cutaia L, Caccia M, Tríbulo R, Tríbulo H, Mapletoft RJ. The control of 
follicular wave development for self-appointed embryo transfer programs in cattle. Theriogenology. 
2002;57(1):53-72. http://doi.org/10.1016/S0093-691X(01)00657-4. PMid:11775981. 

Bó GA, Baruselli PS, Martínez MF. Pattern and manipulation of follicular development in Bos indicus 
cattle. Anim Reprod Sci. 2003;78(3-4):307-26. http://doi.org/10.1016/S0378-4320(03)00097-6. 
PMid:12818651. 

Borchardt S, Pohl A, Carvalho PD, Fricke PM, Heuwieser W. Short communication: Effect of adding a 
second prostaglandin F2α injection during the Ovsynch protocol on luteal regression and fertility in 
lactating dairy cows: A meta-analysis. J Dairy Sci. 2018;101(9):8566-71. 
http://doi.org/10.3168/jds.2017-14191. PMid:29908809. 

Bridges PJ, Lewis PE, Wagner WR, Inskeep EK. Follicular growth, estrus and pregnancy after fixed-time 
insemination in beef cows treated with intravaginal progesterone inserts and estradiol benzoate. 
Theriogenology. 1999;52(4):573-83. http://doi.org/10.1016/S0093-691X(99)00153-3. PMid:10734357. 

Bryan MA, Bó GA, Heuer C, Emslie FR. Use of equine chorionic gonadotrophin in synchronised AI of 
seasonal-breeding, pasture-based, anoestrous dairy cattle. Reprod Fertil Dev. 2010;22(1):126-31. 
http://doi.org/10.1071/RD09225. PMid:20003854. 

Bryan MA, Bó G, Mapletoft RJ, Emslie FR. The use of equine chorionic gonadotropin in the treatment of 
anestrous dairy cows in gonadotropin-releasing hormone/progesterone protocols of 6 or 7 days. J 
Dairy Sci. 2013;96(1):122-31. http://doi.org/10.3168/jds.2012-5452. PMid:23102954. 

Carneiro TO, Neri HDH, Batista EOS, Valenza A, Souza AH. Improved conception results following GnRH 
treat-ment on day 2 of progesterone and estradiol-based synchronization protocols in high 
producing dairy cows. Anim Reprod. 2017;14:709. 

Carvalho LR, Simões LMS, Lemos LA, Vicente MP, Souza SV, Gonçales WA Jr, Guerreiro BM, Freitas BG, 
Souza JC, Sales JNS. Use of injectable progesterone to replace the intravaginal progesterone device 
on the ovulation synchronization protocol reduces the pregnancy rate in Bos indicus cows. 
Theriogenology. 2023a;195:55-61. http://doi.org/10.1016/j.theriogenology.2022.10.008. 
PMid:36283227. 

https://doi.org/10.1590/1984-3143-ar2023-0092
https://pubmed.ncbi.nlm.nih.gov/37720727
https://doi.org/10.1016/j.theriogenology.2024.10.004
https://pubmed.ncbi.nlm.nih.gov/39393108
https://pubmed.ncbi.nlm.nih.gov/39393108
https://doi.org/10.2527/jas1986.632343x
https://pubmed.ncbi.nlm.nih.gov/3463554
https://pubmed.ncbi.nlm.nih.gov/3463554
https://doi.org/10.3168/jds.S0022-0302(06)72378-5
https://pubmed.ncbi.nlm.nih.gov/16899674
https://doi.org/10.3168/jds.S0022-0302(07)71606-5
https://pubmed.ncbi.nlm.nih.gov/17297094
https://doi.org/10.1016/0093-691X(91)90376-O
https://pubmed.ncbi.nlm.nih.gov/16726990
https://doi.org/10.1016/0093-691X(94)90821-Y
https://doi.org/10.1016/S0093-691X(01)00657-4
https://pubmed.ncbi.nlm.nih.gov/11775981
https://doi.org/10.1016/S0378-4320(03)00097-6
https://pubmed.ncbi.nlm.nih.gov/12818651
https://pubmed.ncbi.nlm.nih.gov/12818651
https://doi.org/10.3168/jds.2017-14191
https://pubmed.ncbi.nlm.nih.gov/29908809
https://doi.org/10.1016/S0093-691X(99)00153-3
https://pubmed.ncbi.nlm.nih.gov/10734357
https://doi.org/10.1071/RD09225
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20003854&dopt=Abstract
https://doi.org/10.3168/jds.2012-5452
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23102954&dopt=Abstract
https://doi.org/10.1016/j.theriogenology.2022.10.008
https://pubmed.ncbi.nlm.nih.gov/36283227
https://pubmed.ncbi.nlm.nih.gov/36283227


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 13/18 

Carvalho LR, Lemos LA, Teixeira L, Vicente MP, Simões LMS. Reducing the period of permanence of the 
intravaginal progesterone device decreases the conception rate of suckled Bos indicus primiparous 
cows submitted to E2/P4-based TAI protocol. In: Anais da XXXVI Reunião Anual da Sociedade 
Brasileira de Tecnologia de Embriões (SBTE); 2023b; Campinas. São Paulo: Animal Reproduction; 
2023b.  

Cattaneo L, Prieto C, Ojeda D, Pereira A, Frutos J, Bó GA. The use of a recombinant equine chorionic 
gonadotropin (reCG) in fixed-time AI programs in beef cattle. Theriogenology. 2024;227:77-83. 
http://doi.org/10.1016/j.theriogenology.2024.07.011. PMid:39029411. 

Chebel RC, Santos JEP, Cerri RLA, Rutigliano HM, Bruno RGS. Reproduction in dairy cows following 
progesterone insert presynchronization and resynchronization protocols. J Dairy Sci. 
2006;89(11):4205-19. http://doi.org/10.3168/jds.S0022-0302(06)72466-3. PMid:17033007. 

Christian RE, Casida LE. The effects of progesterone in altering the estrus cycle of the cow. J Anim Sci. 
1948;7:540. 

Colazo MG, Kastelic JP, Mapletoft RJ. Effects of estradiol cypionate (ECP) on ovarian follicular dynamics, 
synchrony of ovulation, and fertility in CIDR-based, fixed-time AI programs in beef heifers. 
Theriogenology. 2003;60(5):855-65. http://doi.org/10.1016/S0093-691X(03)00091-8. PMid:12935863. 

Consentini CEC, Wiltbank MC, Sartori R. Factors that optimize reproductive efficiency in dairy herds with 
an emphasis on timed artificial insemination programs. Animals. 2021;11(2):301. 
http://doi.org/10.3390/ani11020301. PMid:33503935. 

Consentini CEC, Alves RLOR, Silva MA, Galindez JPA, Madureira G, Lima LG, Gonçalves JRS, Wiltbank MC, 
Sartori R. What are the factors associated with pregnancy loss after timed-artificial insemination in 
Bos indicus cattle? Theriogenology. 2023;196:264-9. 
http://doi.org/10.1016/j.theriogenology.2022.10.037. PMid:36436362. 

Consentini CEC, Abadia T, Galindez JPA, Lopes ALM, Ferro PPC, Pazini YE, Faria NV, Machado F, Capella T, 
Santos TN, Duarte M, Ferreira PP, Matos LMF, Ferreira DR, Campos E, Prata A, Melo LF, Wiltbank MC, 
Sartori R. Fertility programs for lactating dairy cows: A novel presynch + timed artificial insemination 
program (Double E-Synch) produces similar ovarian dynamics, synchronization, and fertility as 
Double-Ovsynch. J Dairy Sci. 2025;108(4):4435-47. http://doi.org/10.3168/jds.2024-25221. 
PMid:40043755. 

Crepaldi GA, Freitas BG, Vieira LM, Sá MF Fo, Guerreiro BM, Baruselli PS. Reproductive efficiency of 
Nelore females submitted to three consecutive FTAI programs with 32 days of interval between 
inseminations. Anim Reprod. 2014;11:355. 

Crowe MA, Diskin MG, Williams EJ. Parturition to resumption of ovarian cyclicity: comparative aspects of 
beef and dairy cows. Animal. 2014;8(Suppl. 1):40-53. http://doi.org/10.1017/S1751731114000251. 
PMid:24680122. 

Day ML, Anderson LH. Current concepts on the control of puberty in cattle. J Anim Sci. 1998;76(Suppl. 
3):1-15. http://doi.org/10.2527/1998.76suppl_31x. 

Diskin MG, Mackey DR, Roche JF, Sreenan JM. Effects of nutrition and metabolic status on circulating 
hormones and ovarian follicle development in cattle. Anim Reprod Sci. 2003;78(3-4):345-70. 
http://doi.org/10.1016/S0378-4320(03)00099-X. PMid:12818653. 

Dutt RH, Casida LE. Alteration of the estrual cycle in sheep by use of progesterone and its effect upon 
subsequent ovulation and fertility. Endocrinology. 1948;43(4):208-17. http://doi.org/10.1210/endo-
43-4-208. PMid:18890097. 

Edwards S. The effects of short term calf removal on pulsatile LH secretion in the postpartum beef cow. 
Theriogenology. 1985;23(5):777-85. http://doi.org/10.1016/0093-691X(85)90153-0. PMid:16726048. 

Funston RN, Musgrave JA, Meyer TL, Larson DM. Effect of calving distribution on beef cattle progeny 
performance. J Anim Sci. 2012;90(13):5118-21. http://doi.org/10.2527/jas.2012-5263. PMid:22871928. 

Galina CS, Orihuela A, Rubio I. Behavioural trends affecting oestrus detection in Zebu cattle. Anim 
Reprod Sci. 1996;42(1-4):465-70. http://doi.org/10.1016/0378-4320(96)01491-1. 

Giordano JO, Thomas MJ, Catucuamba G, Curler MD, Wijma R, Stangaferro ML, Masello M. Effect of 
extending the interval from Presynch to initiation of Ovsynch in a Presynch-Ovsynch protocol on 
fertility of timed artificial insemination services in lactating dairy cows. J Dairy Sci. 2016;99(1):746-57. 
http://doi.org/10.3168/jds.2015-10083. PMid:26506551. 

Gonçales WA Jr, Colli MA, Ruivo WA, Carvalho LR, Vicente MP, Lemos LA, Simões LMS, Motta IG, Freitas 
BG, Sales JNS. Exposure to injectable progesterone prior to protocol for the resynchronization of 
ovulation in the fertility of Bos indicus cows. Anim Reprod. 2024;21. 

https://doi.org/10.1016/j.theriogenology.2024.07.011
https://pubmed.ncbi.nlm.nih.gov/39029411
https://doi.org/10.3168/jds.S0022-0302(06)72466-3
https://pubmed.ncbi.nlm.nih.gov/17033007
https://doi.org/10.1016/S0093-691X(03)00091-8
https://pubmed.ncbi.nlm.nih.gov/12935863
https://doi.org/10.3390/ani11020301
https://pubmed.ncbi.nlm.nih.gov/33503935
https://doi.org/10.1016/j.theriogenology.2022.10.037
https://pubmed.ncbi.nlm.nih.gov/36436362
https://doi.org/10.3168/jds.2024-25221
https://pubmed.ncbi.nlm.nih.gov/40043755
https://pubmed.ncbi.nlm.nih.gov/40043755
https://doi.org/10.1017/S1751731114000251
https://pubmed.ncbi.nlm.nih.gov/24680122
https://pubmed.ncbi.nlm.nih.gov/24680122
https://doi.org/10.2527/1998.76suppl_31x
https://doi.org/10.1016/S0378-4320(03)00099-X
https://pubmed.ncbi.nlm.nih.gov/12818653
https://doi.org/10.1210/endo-43-4-208
https://doi.org/10.1210/endo-43-4-208
https://pubmed.ncbi.nlm.nih.gov/18890097
https://doi.org/10.1016/0093-691X(85)90153-0
https://pubmed.ncbi.nlm.nih.gov/16726048
https://doi.org/10.2527/jas.2012-5263
https://pubmed.ncbi.nlm.nih.gov/22871928
https://doi.org/10.1016/0378-4320(96)01491-1
https://doi.org/10.3168/jds.2015-10083
https://pubmed.ncbi.nlm.nih.gov/26506551


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 14/18 

Heersche G Jr, Kiracofe GH, DeBenedetti RC, Wen S, McKee RM. Synchronization of estrus in beef heifers 
with a norgestomet implant and prostaglandin F2alpha. Theriogenology. 1979;11(3):197-208. 
http://doi.org/10.1016/0093-691X(79)90028-1. PMid:16725405. 

Herlihy MM, Giordano JO, Souza AH, Ayres H, Ferreira RM, Keskin A, Nascimento AB, Guenther JN, Gaska 
JM, Kacuba SJ, Crowe MA, Butler ST, Wiltbank MC. Presynchronization with Double-Ovsynch improves 
fertility at first postpartum artificial insemination in lactating dairy cows. J Dairy Sci. 
2012;95(12):7003-14. http://doi.org/10.3168/jds.2011-5260. PMid:23021750. 

Jolly PD, McDougall S, Fitzpatrick LA, Macmillan KL, Entwistle KW. Physiological effects of undernutrition 
on postpartum anoestrus in cows. J Reprod Fertil Suppl. 1995;49:477-92. PMid:7623336. 

Lopez H, Satter LD, Wiltbank MC. Relationship between level of milk production and estrous behavior of 
lactating dairy cows. Anim Reprod Sci. 2004;81(3-4):209-23. 
http://doi.org/10.1016/j.anireprosci.2003.10.009. PMid:14998648. 

Macmillan KL, Thatcher WW. Effects of an agonist of gonadotropin-releasing hormone on ovarian 
follicles in cattle. Biol Reprod. 1991;45(6):883-9. http://doi.org/10.1095/biolreprod45.6.883. 
PMid:1805991. 

Macmillan KL, Peterson AJ. A new intravaginal progesterone releasing device for cattle (CIDR-B) for 
oestrous synchronisation, increasing pregnancy rates and the treatment of post-partum anoestrus. 
Anim Reprod Sci. 1993;33(1-4):1-25. http://doi.org/10.1016/0378-4320(93)90104-Y. 

Macmillan KL, Burke CR. Effects of oestrous cycle control on reproductive efficiency. Anim Reprod Sci. 
1996;42(1-4):307-20. http://doi.org/10.1016/0378-4320(96)01512-6. 

Madureira G, Motta JCL, Drum JN, Consentini CEC, Prata AB, Monteiro PLJ Jr, Melo LF, Alvarenga AB, 
Wiltbank MC, Sartori R. Progesterone-based timed AI protocols for Bos indicus cattle I: evaluation of 
ovarian function. Theriogenology. 2020;145:126-37. 
http://doi.org/10.1016/j.theriogenology.2020.01.030. PMid:32028071. 

Marques MO, Morotti F, Silva CB, Ribeiro M Jr, Silva RCP, Baruselli PS, Seneda MM. Influence of category-
heifers, primiparous and multiparous lactating cows-in a large-scale resynchronization fixed-time 
artificial insemination program. J Vet Sci. 2015;16(3):367-71. http://doi.org/10.4142/jvs.2015.16.3.367. 
PMid:25797292. 

Melo LF, Monteiro PLJ Jr, Surjus RS, Drum JN, Wiltbank MC, Sartori R. Progesterone-based fixed-time 
artificial insemination protocols for dairy cows: gonadotropin-releasing hormone versus estradiol 
benzoate at initiation and estradiol cypionate versus estradiol benzoate at the end. J Dairy Sci. 
2016;99(11):9227-37. http://doi.org/10.3168/jds.2016-11220. PMid:27568044. 

Monteiro PLJ, Consentini CEC, Andrade JPN, Beard AD, Garcia-Guerra A, Sartori R, Wiltbank MC. Research 
on timed AI in beef cattle: Past, present and future, a 27-year perspective. Theriogenology. 
2023;211:161-71. http://doi.org/10.1016/j.theriogenology.2023.07.037. PMid:37639998. 

Montiel F, Ahuja C. Body condition and suckling as factors influencing the duration of postpartum 
anestrus in cattle: a review. Anim Reprod Sci. 2005;85(1-2):1-26. 
http://doi.org/10.1016/j.anireprosci.2003.11.001. PMid:15556305. 

Moreira F, de la Sota RL, Diaz T, Thatcher WW. Effect of day of the estrous cycle at the initiation of a 
timed artificial insemination protocol on reproductive responses in dairy heifers. J Anim Sci. 
2000;78(6):1568-76. http://doi.org/10.2527/2000.7861568x. PMid:10875641. 

Moreira F, Orlandi C, Risco CA, Mattos R, Lopes F, Thatcher WW. Effects of presynchronization and 
bovine somatotropin on pregnancy rates to a timed artificial insemination protocol in lactating dairy 
cows. J Dairy Sci. 2001;84(7):1646-59. http://doi.org/10.3168/jds.S0022-0302(01)74600-0. 
PMid:11467815. 

Murphy BD, Martinuk SD. Equine chorionic gonadotropin. Endocr Rev. 1991;12(1):27-44. 
http://doi.org/10.1210/edrv-12-1-27. PMid:2026120. 

Nascimento AB, Souza AH, Keskin A, Sartori R, Wiltbank MC. Lack of complete regression of the Day 5 
corpus luteum after one or two doses of PGF2α in nonlactating Holstein cows. Theriogenology. 
2014;81(3):389-95. http://doi.org/10.1016/j.theriogenology.2013.10.009. PMid:24252637. 

Navanukraw C, Redmer DA, Reynolds LP, Kirsch JD, Grazul-Bilska AT, Fricke PM. A modified 
presynchronization protocol improves fertility to timed artificial insemination in lactating dairy cows. 
J Dairy Sci. 2004;87(5):1551-7. http://doi.org/10.3168/jds.S0022-0302(04)73307-X. PMid:15291005. 

Felisbino AR No, Souza DFC, Campos RA, Albertini S, Bastos MR, Freitas BG, Colli MHA, Elliff FM, Sales JNS, 
Baruselli PS. The effectiveness of low-dose of eCG in timed AI Nelore (Bos indicus) heifers. Reprod 
Domest Anim. 2024;59(3):e14553. http://doi.org/10.1111/rda.14553. PMid:38501644. 

https://doi.org/10.1016/0093-691X(79)90028-1
https://pubmed.ncbi.nlm.nih.gov/16725405
https://doi.org/10.3168/jds.2011-5260
https://pubmed.ncbi.nlm.nih.gov/23021750
https://pubmed.ncbi.nlm.nih.gov/7623336
https://doi.org/10.1016/j.anireprosci.2003.10.009
https://pubmed.ncbi.nlm.nih.gov/14998648
https://doi.org/10.1095/biolreprod45.6.883
https://pubmed.ncbi.nlm.nih.gov/1805991
https://pubmed.ncbi.nlm.nih.gov/1805991
https://doi.org/10.1016/0378-4320(93)90104-Y
https://doi.org/10.1016/0378-4320(96)01512-6
https://doi.org/10.1016/j.theriogenology.2020.01.030
https://pubmed.ncbi.nlm.nih.gov/32028071
https://doi.org/10.4142/jvs.2015.16.3.367
https://pubmed.ncbi.nlm.nih.gov/25797292
https://pubmed.ncbi.nlm.nih.gov/25797292
https://doi.org/10.3168/jds.2016-11220
https://pubmed.ncbi.nlm.nih.gov/27568044
https://doi.org/10.1016/j.theriogenology.2023.07.037
https://pubmed.ncbi.nlm.nih.gov/37639998
https://doi.org/10.1016/j.anireprosci.2003.11.001
https://pubmed.ncbi.nlm.nih.gov/15556305
https://doi.org/10.2527/2000.7861568x
https://pubmed.ncbi.nlm.nih.gov/10875641
https://doi.org/10.3168/jds.S0022-0302(01)74600-0
https://pubmed.ncbi.nlm.nih.gov/11467815
https://pubmed.ncbi.nlm.nih.gov/11467815
https://doi.org/10.1210/edrv-12-1-27
https://pubmed.ncbi.nlm.nih.gov/2026120
https://doi.org/10.1016/j.theriogenology.2013.10.009
https://pubmed.ncbi.nlm.nih.gov/24252637
https://doi.org/10.3168/jds.S0022-0302(04)73307-X
https://pubmed.ncbi.nlm.nih.gov/15291005
https://doi.org/10.1111/rda.14553
https://pubmed.ncbi.nlm.nih.gov/38501644


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 15/18 

O’Rourke M, Diskin MG, Sreenan JM, Roche JF. The effect of dose and route of oestradiol benzoate 
administration on plasma concentrations of oestradiol and FSH in long-term ovariectomised heifers. 
Anim Reprod Sci. 2000;59(1-2):1-12. http://doi.org/10.1016/S0378-4320(99)00094-9. PMid:10804271. 

Pancarci SM, Jordan ER, Risco CA, Schouten MJ, Lopes FL, Moreira F, Thatcher WW. Use of estradiol 
cypionate in a presynchronized timed artificial insemination program for lactating dairy cattle. J Dairy 
Sci. 2002;85(1):122-31. http://doi.org/10.3168/jds.S0022-0302(02)74060-5. PMid:11860104. 

Pereira MHC, Wiltbank MC, Barbosa LFSP, Costa WM Jr, Carvalho MAP, Vasconcelos JLM. Effect of adding 
a gonadotropin-releasing-hormone treatment at the beginning and a second prostaglandin F2α 
treatment at the end of an estradiol-based protocol for timed artificial insemination in lactating dairy 
cows during cool or hot seasons of the year. J Dairy Sci. 2015;98(2):947-59. 
http://doi.org/10.3168/jds.2014-8523. PMid:25434339. 

Pinheiro OL, Barros CM, Figueiredo RA, Valle ER, Encarnação RO, Padovani CR. Estrous behavior and the 
estrus-to-ovulation interval in Nelore cattle (Bos indicus) with natural estrus or estrus induced with 
prostaglandin F2 alpha or norgestomet and estradiol valerate. Theriogenology. 1998;49(3):667-81. 
http://doi.org/10.1016/S0093-691X(98)00017-X. PMid:10732045. 

Prata AB, Madureira G, Robl AJ, Ribeiro HS, Sagae M, Elias MCV, Pimenta C, Barrios J, Hartmman D, 
Schneider AA, Sandoval GAF, Wiltbank MC, Sartori R. Progesterone-based timed AI protocols for Bos 
indicus cattle III: comparison of protocol lengths. Theriogenology. 2020;152:29-35. 
http://doi.org/10.1016/j.theriogenology.2020.04.020. PMid:32361304. 

Pugliesi G, Zago Bisinotto D, Clara A, Mattos D, Tanner JHLM, Claro I Jr, Sá OG Fo, Fonseca R, Peres G, Luiz 
J, Vasconcelos M. Splitting the eCG dose during synchronization of ovulation for TAI in suckled beef 
cows. Anim Reprod. 2022;19(2):e22054. 

Pugliesi G, Feltrin IR, Mattos ACD, Silva AG, Morelli KG, Nishmura TK, Sales JN. S., Pugliesi G, Feltrin IR, 
Mattos ACD, Silva AG, Morelli KG, Nishmura TK, Sales JNS. Evolution over the last 40 years of the 
assisted reproductive technologies in cattle: the Brazilian perspective for embryo transfer and 
resynchronization programs (part II). Anim Reprod. 2024;21(3):e20240058. 
http://doi.org/10.1590/1984-3143-AR2024-0058. 

Pursley JR, Mee MO, Wiltbank MC. Synchronization of ovulation in dairy cows using PGF2alpha and 
GnRH. Theriogenology. 1995;44(7):915-23. http://doi.org/10.1016/0093-691X(95)00279-H. 
PMid:16727787. 

Rebeis LM, Weiler SA, Silva LP, Garcia TAM, Baumgarten HA, Casamayouret FF, Viacava R, Masselli AD Fo, 
Mori FK, Baruselli PS. Effect of treatment with bST at the beginning of the protocol (D0) on FTAI and 
FTET. Anim Reprod. 2023;20:1. 

Roche JF, Crowley JP. The fertility of heifers inseminated at predetermined intervals following treatment 
with MGA and HCG to control ovulation. J Reprod Fertil. 1973;35(2):211-6. 
http://doi.org/10.1530/jrf.0.0350211. PMid:4752138. 

Rodrigues CA, Castro A No, Catussi BLC, Rebeis LM, Pinho P, Randi F, Baruselli PS. Superstimulation prior 
to the ovum pick-up with a single dose of recombinant FSH improves in vitro embryo production in 
Holstein heifers. Anim Sci. Proc. 2023;14(3):483-4. http://doi.org/10.1016/j.anscip.2023.03.085. 

Rodrigues MM Jr, Oliveira WAN, Maranho H Jr, Freitas BG, Simões LMS. Injectable progesterone prior to 
the fixed-time embryo transfer (FTET) protocol increases the conception and pregnancy rate in 
Nelore cows. Anim Reprod. 2024;21(3):1.  

Sá MF Fo, Santos JEP, Ferreira RM, Sales JNS, Baruselli PS. Importance of estrus on pregnancy per 
insemination in suckled Bos indicus cows submitted to estradiol/progesterone-based timed 
insemination protocols. Theriogenology. 2011;76(3):455-63. 
http://doi.org/10.1016/j.theriogenology.2011.02.022. PMid:21497390. 

Sá MF Fo, Penteado L, Reis EL, Reis TANPS, Galvão KN, Baruselli PS. Timed artificial insemination early in 
the breeding season improves the reproductive performance of suckled beef cows. Theriogenology. 
2013;79(4):625-32. http://doi.org/10.1016/j.theriogenology.2012.11.016. PMid:23261306. 

Sá MF Fo, Marques MO, Girotto R, Santos FA, Sala RV, Barbuio JP, Baruselli PS. Resynchronization with 
unknown pregnancy status using progestin-based timed artificial insemination protocol in beef 
cattle. Theriogenology. 2014;81(2):284-90. http://doi.org/10.1016/j.theriogenology.2013.09.027. 
PMid:24139935. 

Sales JNS, Crepaldi GA, Girotto RW, Souza AH, Baruselli PS. Fixed-time AI protocols replacing eCG with a 
single dose of FSH were less effective in stimulating follicular growth, ovulation, and fertility in 
suckled-anestrus Nelore beef cows. Anim Reprod Sci. 2011;124(1-2):12-8. 
http://doi.org/10.1016/j.anireprosci.2011.02.007. PMid:21376482. 

https://doi.org/10.1016/S0378-4320(99)00094-9
https://pubmed.ncbi.nlm.nih.gov/10804271
https://doi.org/10.3168/jds.S0022-0302(02)74060-5
https://pubmed.ncbi.nlm.nih.gov/11860104
https://doi.org/10.3168/jds.2014-8523
https://pubmed.ncbi.nlm.nih.gov/25434339
https://doi.org/10.1016/S0093-691X(98)00017-X
https://pubmed.ncbi.nlm.nih.gov/10732045
https://doi.org/10.1016/j.theriogenology.2020.04.020
https://pubmed.ncbi.nlm.nih.gov/32361304
http://doi.org/10.1590/1984-3143-AR2024-0058
https://doi.org/10.1016/0093-691X(95)00279-H
https://pubmed.ncbi.nlm.nih.gov/16727787
https://pubmed.ncbi.nlm.nih.gov/16727787
https://doi.org/10.1530/jrf.0.0350211
https://pubmed.ncbi.nlm.nih.gov/4752138
https://doi.org/10.1016/j.anscip.2023.03.085
https://doi.org/10.1016/j.theriogenology.2011.02.022
https://pubmed.ncbi.nlm.nih.gov/21497390
https://doi.org/10.1016/j.theriogenology.2012.11.016
https://pubmed.ncbi.nlm.nih.gov/23261306
https://doi.org/10.1016/j.theriogenology.2013.09.027
https://pubmed.ncbi.nlm.nih.gov/24139935
https://pubmed.ncbi.nlm.nih.gov/24139935
https://doi.org/10.1016/j.anireprosci.2011.02.007
https://pubmed.ncbi.nlm.nih.gov/21376482


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 16/18 

Sales JNS, Carvalho JBP, Crepaldi GA, Cipriano RS, Jacomini JO, Maio JRG, Souza JC, Nogueira GP, Baruselli 
PS. Effects of two estradiol esters (benzoate and cypionate) on the induction of synchronized 
ovulations in Bos indicus cows submitted to a timed artificial insemination protocol. Theriogenology. 
2012;78(3):510-6. http://doi.org/10.1016/j.theriogenology.2012.02.031. PMid:22503845. 

Sales JNS, Carvalho JBP, Crepaldi GA, Soares JG, Girotto RW, Maio JRG, Souza JC, Baruselli PS. Effect of 
circulating progesterone concentration during synchronization for fixed-time artificial insemination 
on ovulation and fertility in Bos indicus (Nelore) beef cows. Theriogenology. 2015;83(6):1093-100. 
http://doi.org/10.1016/j.theriogenology.2014.12.009. PMid:25619807. 

Sales JNS, Bottino MP, Silva LACL, Girotto RW, Massoneto JPM, Souza JC, Baruselli PS. Effects of eCG are 
more pronounced in primiparous than multiparous Bos indicus cows submitted to a timed artificial 
insemination protocol. Theriogenology. 2016;86(9):2290-5. 
http://doi.org/10.1016/j.theriogenology.2016.07.023. PMid:27616213. 

Sales JNS, Pugliesi G, Carvalho LR, Simões LMS, Lemos LA, Vicente MP, Silva RRR, Baruselli PS. Evolution 
over the last 40 years of the assisted reproduction technologies in cattle - the Brazilian perspective I - 
timed artificial insemination. Anim Reprod. 2024a;21(3):e20240034. http://doi.org/10.1590/1984-
3143-ar2024-0034. PMid:39175991. 

Sales JNS, Vicente MP, Carvalho LR, Lemos LA, Souza Simões LM, Alcantara Colli MH, Gonçales WA Jr, 
Ayres H, Vieira LM, Mingoti RD, Barbuio JP. Is estradiol valerate an alternative to estradiol benzoate in 
promoting the synchronization of ovulation and timed artificial insemination in suckled Bos indicus 
beef cows? Theriogenology. 2024b;218:56-61. http://doi.org/10.1016/j.theriogenology.2024.01.027. 
PMid:38301507. 

Sales AFF, Cappellozza BI, Vilela E, Claro I Jr, Sá OG Fo, Vasconcelos JLM. Effects of equine chorionic 
gonadotropin dosage and its splitting in different days on reproductive performance of Nellore cows 
synchronized for timed-artificial insemination. Theriogenology. 2024c;218:267-75. 
http://doi.org/10.1016/j.theriogenology.2024.02.006. PMid:38367335. 

Sangsritavong S, Combs DK, Sartori R, Armentano LE, Wiltbank MC. High feed intake increases liver 
blood flow and metabolism of progesterone and estradiol-17beta in dairy cattle. J Dairy Sci. 
2002;85(11):2831-42. http://doi.org/10.3168/jds.S0022-0302(02)74370-1. PMid:12487450. 

Schmitt EJP, Drost M, Diaz T, Roomes C, Thatcher WW. Effect of a gonadotropin-releasing hormone 
agonist on follicle recruitment and pregnancy rate in cattle. J Anim Sci. 1996;74(1):154-61. 
http://doi.org/10.2527/1996.741154x. PMid:8778094. 

Silva LACL, Simões LMS, Bottino MP, Santos APC, Santos G, Martinez IYH, Souza JC, Baruselli PS, Sales 
JNS. Presynchronization by induction of a largest follicle using a progesterone device in GnRH-based-
ovulation synchronization protocol in crossbred dairy cows. Theriogenology. 2018;119:233-7. 
http://doi.org/10.1016/j.theriogenology.2018.04.030. PMid:30055394. 

Silva LO, Valenza A, Alves RLOR, Silva MA, Silva TJB, Motta JCL, Drum JN, Madureira G, Souza AH, Sartori R. 
Progesterone release profile and follicular development in Holstein cows receiving intravaginal 
progesterone devices. Theriogenology. 2021;172:207-15. 
http://doi.org/10.1016/j.theriogenology.2021.07.001. PMid:34274817. 

Silva LO, Cavalcanti PR, Alves RLOR, Folchini NP, Teixeira NN, Monteiro PJL, Wiltbank MC, Sartori R. Effect 
of the follicular stage and circulating progesterone concentrations at the beginning of an 
estradiol/progesterone-based synchronization protocol on profile of gonadotropins and follicle 
dynamics in beef heifers. Theriogenology. 2025;241:117421. 
http://doi.org/10.1016/j.theriogenology.2025.117421. PMid:40203730. 

Simões LMS, Orlandi RE, Massoneto JPM, Scandiuzzi LA Jr, Freitas BG, Bastos MR, Souza JC, Sales JNS. 
Exposure to progesterone previous to the protocol of ovulation synchronization increases the 
follicular diameter and the fertility of suckled Bos indicus cows. Theriogenology. 2018;116:28-33. 
http://doi.org/10.1016/j.theriogenology.2018.04.031. PMid:29763785. 

Simões LMS, Freitas BG, Guerreiro BM, Sales JNS. Progesterone (Injectable Sincrogest) pre-exposition to 
ovulation synchronization protocol tend to increase the conception rate at 30 days after TAI in high 
production Bos taurus dairy cows. Anim Reprod. 2022;19(2):e22054.  

Simões LMS, Lima EA, Carvalho LR, Martínez MBP, Zanatta GM, Santos MFO, Machado AB, Dias MM, 
Guerreiro BM, Freitas BG, Bastos MR, Sales JNS. Exposure to progesterone before an ovulation 
synchronization protocol increases the follicular diameter and fertility of multiparous suckled Bos 
taurus cows. Theriogenology. 2024;218:239-43. http://doi.org/10.1016/j.theriogenology.2024.01.031. 
PMid:38359562. 

https://doi.org/10.1016/j.theriogenology.2012.02.031
https://pubmed.ncbi.nlm.nih.gov/22503845
https://doi.org/10.1016/j.theriogenology.2014.12.009
https://pubmed.ncbi.nlm.nih.gov/25619807
https://doi.org/10.1016/j.theriogenology.2016.07.023
https://pubmed.ncbi.nlm.nih.gov/27616213
https://doi.org/10.1590/1984-3143-ar2024-0034
https://doi.org/10.1590/1984-3143-ar2024-0034
https://pubmed.ncbi.nlm.nih.gov/39175991
https://doi.org/10.1016/j.theriogenology.2024.01.027
https://pubmed.ncbi.nlm.nih.gov/38301507
https://pubmed.ncbi.nlm.nih.gov/38301507
https://doi.org/10.1016/j.theriogenology.2024.02.006
https://pubmed.ncbi.nlm.nih.gov/38367335
https://doi.org/10.3168/jds.S0022-0302(02)74370-1
https://pubmed.ncbi.nlm.nih.gov/12487450
https://doi.org/10.2527/1996.741154x
https://pubmed.ncbi.nlm.nih.gov/8778094
https://doi.org/10.1016/j.theriogenology.2018.04.030
https://pubmed.ncbi.nlm.nih.gov/30055394
https://doi.org/10.1016/j.theriogenology.2021.07.001
https://pubmed.ncbi.nlm.nih.gov/34274817
https://doi.org/10.1016/j.theriogenology.2025.117421
https://pubmed.ncbi.nlm.nih.gov/40203730
https://doi.org/10.1016/j.theriogenology.2018.04.031
https://pubmed.ncbi.nlm.nih.gov/29763785
https://doi.org/10.1016/j.theriogenology.2024.01.031
https://pubmed.ncbi.nlm.nih.gov/38359562
https://pubmed.ncbi.nlm.nih.gov/38359562


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 17/18 

Souza AH, Ayres H, Ferreira RM, Wiltbank MC. A new presynchronization system (Double-Ovsynch) 
increases fertility at first postpartum timed AI in lactating dairy cows. Theriogenology. 
2008;70(2):208-15. http://doi.org/10.1016/j.theriogenology.2008.03.014. PMid:18468675. 

Souza AH, Viechnieski S, Lima FA, Silva FF, Araújo R, Bó GA, Wiltbank MC, Baruselli PS. Effects of equine 
chorionic gonadotropin and type of ovulatory stimulus in a timed-AI protocol on reproductive 
responses in dairy cows. Theriogenology. 2009;72(1):10-21. 
http://doi.org/10.1016/j.theriogenology.2008.12.025. PMid:19269685. 

Spitzer JC, Burrell WC, LeFever DG, Whitman RW, Wiltbank JN. Synchronization of estrus in beef cattle: I. 
Utilization of a norgestomet implant and injection of estradiol valerate. Theriogenology. 1978;10(2-
3):181-200. http://doi.org/10.1016/0093-691X(78)90019-5. 

Stevenson JS, Britt JH. Detection of estrus by three methods. J Dairy Sci. 1977;60(12):1994-8. 
http://doi.org/10.3168/jds.S0022-0302(77)84135-0. PMid:599207. 

Thatcher WW, Macmillan KL, Hansen PJ, Drost M. Concepts for regulation of corpus luteum function by 
the conceptus and ovarian follicles to improve fertility. Theriogenology. 1989;31(1):149-64. 
http://doi.org/10.1016/0093-691X(89)90572-4. 

Trimberger GW, Hansel W. Conception rate and lovarian function following estrus control by 
progesterone injections in dairy cattle. J Anim Sci. 1955;14(1):224-32. 
http://doi.org/10.2527/jas1955.141224x. 

Tschopp JC, Macagno AJ, Mapletoft RJ, Menchaca A, Bó GA. Effect of the addition of GnRH and a second 
prostaglandin F2α treatment on pregnancy per artificial insemination in lactating dairy cows 
submitted to an estradiol/progesterone-based timed-AI protocol. Theriogenology. 2022;188:63-70. 
http://doi.org/10.1016/j.theriogenology.2022.05.019. PMid:35667231. 

Tschopp JC, Menchaca A, Mapletoft RJ, Bó GA. Treatment alternatives to induce follicular wave 
emergence for timed-AI in lactating dairy Cows. Theriogenology. 2024;226:343-9. 
http://doi.org/10.1016/j.theriogenology.2024.06.023. PMid:38964033. 

Twagiramungu H, Guilbault LA, Proulx J, Dufour JJ. Synchronization of estrus and fertility in beef cattle 
with two injections of buserelin and prostaglandin. Theriogenology. 1992;38(6):1131-44. 
http://doi.org/10.1016/0093-691X(92)90126-C. PMid:16727210. 

Ulberg LC, Christian RE, Casida LE. Ovarian response in heifers to progesterone injections. J Anim Sci. 
1951;10(3):752-9. http://doi.org/10.2527/jas1951.103752x. 

Vasconcelos JLM, Silcox RW, Rosa GJM, Pursley JR, Wiltbank MC. 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. 1999;52(6):1067-78. 
http://doi.org/10.1016/S0093-691X(99)00195-8. PMid:10735113. 

Villarraza CJ, Antuña S, Tardivo MB, Rodríguez MC, Mussio P, Cattaneo L, Fontana D, Díaz PU, Ortega HH, 
Tríbulo A, Macagno A, Bó GA, Ceaglio N, Prieto C. Development of a suitable manufacturing process 
for production of a bioactive recombinant equine chorionic gonadotropin (reCG) in CHO-K1 cells. 
Theriogenology. 2021;172:8-19. http://doi.org/10.1016/j.theriogenology.2021.05.013. PMid:34082223. 

Willett EL. The fertility of heifers following administration of progesterone to alter the estrual cycle. J 
Dairy Sci. 1950;33:381-2 

Williams GL, Talavera F, Petersen BJ, Kirsch JD, Tilton JE. Coincident secretion of follicle-stimulating 
hormone and luteinizing hormone in early postpartum beef cows: effects of suckling and low-level 
increases of systemic progesterone. Biol Reprod. 1983;29(2):362-73. 
http://doi.org/10.1095/biolreprod29.2.362. PMid:6416311. 

Wiltbank JN, Zimmerman DR. Estrus synchronization and fertility in Hereford heifers subsequent to 
administration of progesterone and estradiol. J Anim Sci. 1962;21:660. 

Wiltbank JN, Gonzalez-Padilla E. Synchronization and induction of estrus in heifers with a progestagen 
and estrogen. Ann Biol Anim Biochim Biophys. 1975;15(2):255-62. 
http://doi.org/10.1051/rnd:19750212. 

Wiltbank MC, Baez GM, Cochrane F, Barletta RV, Trayford CR, Joseph RT. Effect of a second treatment 
with prostaglandin F2α during the Ovsynch protocol on luteolysis and pregnancy in dairy cows. J 
Dairy Sci. 2015;98(12):8644-54. http://doi.org/10.3168/jds.2015-9353. PMid:26433418. 

Wolfenson D, Thatcher WW, Savio JD, Badinga L, Lucy MC. The effect of a GnRH analogue on the 
dynamics of follicular development and synchronization of estrus in lactating cyclic dairy cows. 
Theriogenology. 1994;42(4):633-44. http://doi.org/10.1016/0093-691X(94)90380-2. PMid:16727569. 

https://doi.org/10.1016/j.theriogenology.2008.03.014
https://pubmed.ncbi.nlm.nih.gov/18468675
https://doi.org/10.1016/j.theriogenology.2008.12.025
https://pubmed.ncbi.nlm.nih.gov/19269685
https://doi.org/10.1016/0093-691X(78)90019-5
https://doi.org/10.3168/jds.S0022-0302(77)84135-0
https://pubmed.ncbi.nlm.nih.gov/599207
https://doi.org/10.1016/0093-691X(89)90572-4
https://doi.org/10.2527/jas1955.141224x
https://doi.org/10.1016/j.theriogenology.2022.05.019
https://pubmed.ncbi.nlm.nih.gov/35667231
https://doi.org/10.1016/j.theriogenology.2024.06.023
https://pubmed.ncbi.nlm.nih.gov/38964033
https://doi.org/10.1016/0093-691X(92)90126-C
https://pubmed.ncbi.nlm.nih.gov/16727210
https://doi.org/10.2527/jas1951.103752x
https://doi.org/10.1016/S0093-691X(99)00195-8
https://pubmed.ncbi.nlm.nih.gov/10735113
https://doi.org/10.1016/j.theriogenology.2021.05.013
https://pubmed.ncbi.nlm.nih.gov/34082223
https://doi.org/10.1095/biolreprod29.2.362
https://pubmed.ncbi.nlm.nih.gov/6416311
https://doi.org/10.1051/rnd:19750212
https://doi.org/10.3168/jds.2015-9353
https://pubmed.ncbi.nlm.nih.gov/26433418
https://doi.org/10.1016/0093-691X(94)90380-2
https://pubmed.ncbi.nlm.nih.gov/16727569


Evolution and perspectives of TAI in cattle 
 

 

Anim Reprod. 2025;22(3):e20250048 18/18 

Yavas Y, Walton JS. Postpartum acyclicity in suckled beef cows: a review. Theriogenology. 2000;54(1):25-
55. http://doi.org/10.1016/S0093-691X(00)00323-X. PMid:10990346. 

Yelich JV, Geisert RD, Schmitt RAM, Morgan GL, McCann JP. Persistence of the dominant follicle during 
melengestrol acetate administration and its regression by exogenous estrogen treatment in beef 
cattle. J Anim Sci. 1997;75(3):745-54. http://doi.org/10.2527/1997.753745x. PMid:9078492. 

Zimbelman RG, Lauderdale JW, Sokolowski JH, Schalk TG. Safety and pharmacologic evaluations of 
melengestrol acetate in cattle and other animals: a review. J Am Vet Med Assoc. 1970;157(11):1528-
36. http://doi.org/10.2460/javma.1970.157.11.1528. PMid:4922188. 

Author contributions 

JNSS: Conceptualization, Resources, Supervision, Visualization, Writing – review & editing; LRC: Conceptualization, Visualization, Investigation, Writing – 
review & editing; LMSS: Conceptualization, Visualization, Investigation; LAL: Investigation; MPV: Investigation, Writing – review & editing; RRRS: Investigation, 
Writing – review & editing; LOO: Investigation, Writing – review & editing; PSB: Conceptualization, Supervision, Visualization, Writing – review & editing; JCS: 
Conceptualization, Visualization, Writing – review & editing. 

https://doi.org/10.1016/S0093-691X(00)00323-X
https://pubmed.ncbi.nlm.nih.gov/10990346
https://doi.org/10.2527/1997.753745x
https://pubmed.ncbi.nlm.nih.gov/9078492
https://doi.org/10.2460/javma.1970.157.11.1528
https://pubmed.ncbi.nlm.nih.gov/4922188


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /UseDeviceIndependentColor

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 355

  /ColorSettingsFile ()

  /CompatibilityLevel 1.7

  /CompressObjects /Off

  /CompressPages false

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV <>

    /HUN <>

    /ITA <>

    /JPN <>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 355

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 2400

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (U.S. Web Coated \050SWOP\051 v2)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /ClipComplexRegions true

        /ConvertStrokesToOutlines false

        /ConvertTextToOutlines false

        /GradientResolution 300

        /LineArtTextResolution 1200

        /PresetName ([High Resolution])

        /PresetSelector /HighResolution

        /RasterVectorBalance 1

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks true

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier (CGATS TR 001)

  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)

  /PDFXRegistryName (http://www.color.org)

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



