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Abstract 
 

The development of fixed-time artificial insemination (FTAI) protocols beginning in the late 20th 
century has led to an exponential increase in the number of animals inseminated worldwide, especially in 
South America. One of the main reasons for the growth of FTAI has been the possibility of inseminating 
postpartum anestrus cows and prepubertal heifers at the beginning of the breeding season. Most FTAI 
treatments in South America are based on the use of intravaginal devices impregnated with progesterone 
(P4) and estradiol (E2) to synchronize follicular development and ovulation. However, these protocols are 
currently at risk due to restrictions on estradiol use by the European Union. The most apparent alternative 
is the application of GnRH-based protocols, which have a slightly different physiological basis than 
estradiol administration, but which have been used in other countries for some time. However, these 
protocols need to be adapted to the physiological conditions of our cows and heifers, both for Bos taurus, 
adapted to temperate zones, and for Bos indicus adapted to tropical environments. Therefore, the challenge 
is already set, and we must learn to use alternative protocols to continue increasing the use of this 
technology in our beef and dairy herds. 
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Introduction 

 
Increased knowledge of ovarian physiology in cattle over the last 50 years has enabled the 

development of treatments for manipulating ovarian function. Protocols designed to monitor luteal and 
follicular function have led to the development of fixed-time artificial insemination (FTAI) and fixed-time 
embryo transfer (FTET) protocols. The objective of this review is to present some alternative protocols 
based on progesterone-releasing devices (P4) and estradiol or GnRH studied by our working group and to 
discuss the challenges of using these alternative protocols in the field. 

 
The Use of Progesterone (P4) for the induction of estrus and ovulation 

 
The administration of exogenous P4 alters ovarian function in cattle by suppressing estrus and 

preventing ovulation, primarily by suppressing the release of the preovulatory LH surge. Since P4 does not 
suppress FSH secretion, follicular waves continue to emerge in the presence of a functioning CL (Adams, 
1999). When P4 is administered at intervals exceeding the lifespan of a CL, it results in synchronous estrus 
upon withdrawal, but fertility is low because the commercially available intravaginal devices that release 
P4 produce subluteal levels of P4 that are less suppressive of LH pulsatility than the endogenous P4 
produced by the CL. The resulting high frequency of LH pulses leads to a "persistent dominant" follicle 
(Savio et al., 1993) with an aged or pre-activated oocyte that may be infertile or, if fertilized, results in early 
embryonic death (Revah and Butler, 1996). 

 
Estradiol Esters 

 
Estradiol valerate was the first estradiol salt originally used at the beginning of a 9-day 

norgestomet implant protocol (called Syncro-Mate-B), and its objective was to induce uterine-induced 
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luteolysis (Wiltbank et al., 1965). We subsequently demonstrated that estradiol valerate also suppresses 
antral follicles (Bó et al., 1991). The mechanism of estrogen- and P4-induced follicular atresia involves 
suppression of FSH and LH (Bó et al., 1994; 1995). Once the exogenously administered estradiol is 
metabolized, FSH levels rise and a new follicular wave develops (Bó et al., 1994). Administration of 5 mg 
of estradiol-17β (E-17β; Bó et al., 1994) or 2 mg of estradiol benzoate (EB; Martínez et al., 2005) or 
estradiol valerate (EV; Colazo et al., 2005) to cattle treated with P4 resulted in the emergence of a new 
follicular wave within 3 to 5 days. 

With this basic knowledge, the estradiol and P4-based TAI protocols that are used nowadays were 
developed. In this protocols, 2 mg of EB is administered at the time of insertion of a P4 device, which is 
removed 7, 8 or 9 days later at the time of prostaglandin F2α(PGF2α) administration (Mapletoft et al., 2003; 
Bó et al., 2013). Initially, the recommendation was to administer a dose of 1 mg of EB 24 hours later to 
induce a synchronous preovulatory LH surge (Martínez et al., 2007) and ovulation. This allowed for FTAI 
with acceptable pregnancy rates. As an alternative, the administration of 0.5 to 1.0 mg of estradiol cypionate 
(ECP; Colazo et al., 2003) was later incorporated. ECP is an estradiol salt with a longer half-life than EB 
and reaches lower plasma concentrations of estradiol-17β than EB. Therefore, it can be adapted to a regimen 
of ECP administration as an ovulation inducer at the time of device removal with P4 (Colazo et al., 2003 
and 2004; Sá Filho et al., 2011; Sales et al., 2012; Uslenghi et al., 2014; Madureira et al., 2020; Cedeño et 
al., 2021a). Therefore, the use of ECP at the time of P4 device removal with P4 is now the most widely 
used treatment to reduce the number of animal handlings. The current recommendation is to use 1 mg of 
ECP in suckled beef cows and lactating dairy cows and 0.5 mg in heifers. 

Another important addition to the FTAI protocols has been the use of equine chorionic 
gonadotropin (eCG), which is injected at the time of P4 device removal. In its natural form, this hormone 
is a high-molecular-weight glycoprotein produced by the endometrial cups of the mare's uterus between 35 
and 100 days of gestation. In the mare, eCG has LH activity, but in the cow, eCG can have FSH or LH 
activity, depending on the receptor populations in the ovarian follicles at that time. Although eCG was 
originally used to induce superovulation in cattle, its use in cattle is now more oriented toward stimulating 
the growth of the dominant follicle in AI programs and embryo recipients (Bó et al., 2002; 2016; Baruselli 
et al., 2012; 2017). When administered to cows with a growing dominant follicle, eCG stimulates follicular 
growth because it can bind to both LH and FSH receptors. Greater growth of the ovulatory follicle and 
higher ovulation rates result in a larger CL and higher pregnancy rates (Bos taurus, Núñez-Olivera et al., 
2014; Bos indicus, Baruselli et al., 2004). 

Until recently, 100% of the eCG used in cattle was produced through the bleeding of pregnant 
mares; however, we now can produce this hormone in the laboratory using cell cultures grown under 
controlled conditions using fetal bovine serum-free culture media. For this reason, these hormones are 
generically called "recombinant." Today we have at least one recombinant eCG on the market, and recent 
experiments have shown that the addition of recombinant eCG increases pregnancy rates in suckled cows 
(Villarraza et al., 2022; Cattaneo et al., 2024). With some modifications in the dosage used, no significant 
differences were found with serum eCG derived from mare bleeding. Other recombinant eCGs are about to 
appear on the market with similar results (de Abreu et al., 2023), and it is expected that in the future, 
recombinant and/or synthetic hormones will replace those obtained from animals due to political pressure 
from environmental groups. 

 
The J-Synch Protocol 

 
Approximately 13 years ago, we developed a treatment using an EB-based protocol and a P4 

device in which proestrus was prolonged by not giving ECP at device removal and only administering 
GnRH to advance the time of ovulation in those heifers not showing estrus by 66-72 hours after device 
removal. This protocol was named J-Synch (de la Mata and Bó, 2012; de la Mata et al., 2018). It was found 
that pregnancy rates at FTAI were higher than those obtained with the conventional protocol (with ECP or 
EB as ovulation inducers) in Holstein heifers (Ré et al., 2021), beef heifers, and embryo recipients (Bó et 
al., 2016; 2018; 2022; Cedeño et al., 2019, 2021b and 2022; de la Mata et al., 2018; Frutos et al., 2018; 
Menchaca et al., 2016; Motta et al., 2016; Pincinato et al., 2018; Pereira et al., 2022). This protocol promotes 
modifications during the proestrus period that are positively associated with an improved uterine 
environment (de la Mata et al., 2018; Núñez-Olivera et al., 2022). The initial recommendation was to use 
300 IU of eCG at the time of P4 device removal in beef heifers (Núñez-Olivera et al., 2020), but the current 
recommendation is to use 200 IU of serum eCG (Cuadro et al., 2024) or 49 to 70 IU of recombinant eCG 
to avoid a high twinning rate. The reason for the higher twinning rate associated with high dosages of eCG 
is due to the length of the P4-device insertion period (6 days), which is only two days after wave emergence, 
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and probably the subordinate follicles are not completely suppressed by the growing dominant follicle in 
some heifers.  

Therefore, we have recently conducted two experiments in dairy heifers to evaluate whether it was 
possible to achieve acceptable pregnancy rates by prolonging the P4-device insertion period to 7 days and 
without using eCG. In the first experiment, 37 Holstein heifers that were 18.8 ± 0.2 months of age and all 
cycling (with a CL detected by ultrasonography) were randomly assigned to two treatments: 6-day J-Synch 
or 7-day J-Synch. Heifers in the 6-day J-Synch group received 2 mg of EB (Estradiol, Over, Argentina) 
intramuscularly (i.m.) and a device containing 0.7 g of P4 (Sincrover, Over) on Day 0. On Day 6, the 
devices were removed, and 150 µg of D (+) cloprostenol (Prostal, Over) were administered. Those in the 
7-day J-Synch group were treated the same as above, except that the device remained in place for 7 days. 
Heifers in both groups were painted for estrus detection at the time of P4 device removal and underwent 
ultrasonography on Day 0 and every 12 h thereafter from device removal until ovulation. Ovulation rates 
did not differ (6-day J-Synch 77%, 14/18, and 7-day J-Synch 100%, 19/19), and heifers had a device 
removal-to-ovulation interval of 102.0 ± 6.3 h and 92.2 ± 5.4 h for the 6- and 7-day J-Synch, respectively 
(P = 0.2). However, ovulatory follicle diameter was larger (P = 0.02) in the 7-day J-Synch group (13.6 ± 
0.5 mm) than in the 6-day J-Synch group (15.2 ± 0.4 mm). In the second experiment, 638 heifers of the 
same age as those in Experiment 1 were used and assigned to the same treatments. The difference was that 
all heifers that were >30% unpainted at 72 h after removal of the devices were AI with sexed semen at that 
time, and those that were not unpainted (not in heat) received 10 µg of buserelin (Gestar, Over) and were 
AI with sexed semen 12 h later. In this case, the overall estrus expression was 83.8% (535/638) and did not 
differ (P = 0.3) between groups (J-Synch 6 days: 82.4%, 263/319; J-Synch 7 days: 85.3%, 272/319). 
However, pregnancy rates were higher (P=0.02) in heifers in the 7-day J-Synch group (44.5%, 142/319) 
than in those in the 6-day J-Synch group (35.7%, 114/319). In conclusion, we can indicate that removal of 
the device one day later results in a larger size of the dominant ovulatory follicle and a higher pregnancy 
rate with sexed semen. Therefore, of the two protocols evaluated, the 7-day J-Synch is more effective for 
inseminating Holstein heifers with sexed semen without the use of eCG. 

 
Gonadotropin releasing hormone (GnRH) 

 
GnRH treatment in dairy cows with a viable dominant follicle will induce an LH surge and 

ovulation (Macmillan and Thatcher, 1991). However, GnRH will only synchronize follicular development 
when ovulation of the dominant follicle occurs (Martinez et al., 1999). Pursley et al. (1995) developed the 
Ovsynch protocol, which today, with several modifications, is the most widely used protocol in dairy cattle 
worldwide (Cosentini et al., 2021). 

In beef cattle, GnRH-based protocols are used in North America, Europe, New Zealand, and  
Uruguay, due to restrictions on the use of estradiol in animals whose meat will be consumed in those 
countries. The first modification to the dairy protocol to make it suitable for beef cows was to simplify it 
by placing the second GnRH at the time of the FTAI (a protocol called Co-Synch; Geary et al., 2001a). 
Furthermore, Co-Synch protocols include the insertion of a P4 device to overcome low ovulation rates after 
the first GnRH in heifers (Martinez et al., 2002) and in postpartum anestrus cows (Lamb et al., 2001; Gunn 
et al., 2016). 

The addition of eCG to GnRH-based treatment protocols and P4 devices has also been reported to 
improve pregnancy rates at FTAI in postpartum anestrus cows (Pincinato et al., 2012; Huguenine et al., 
2013). In the Northern Hemisphere, improved pregnancy rates have been reported in Bos taurus cows with 
a high rate of anestrus in Ireland (Randi et al., 2021) and in primiparous Bos taurus cows in Canada (Small 
et al., 2009). However, no improvements in pregnancy rates have been reported in Bos taurus cows with a 
low incidence of postpartum anestrus and good body condition that also received a very low dose of eCG 
(200 IU, Marquezini et al., 2013). The largest difference between the positive and negative studies is the 
dose of eCG used (400 IU in Randi et al., 2021, and Small et al., 2009, and 200 IU in Marquezini et al., 
2013). GnRH protocols have also evolved, and new prolonged proestrus protocols have been developed 
with the goal of increasing the period of preovulatory estradiol exposure and improving uterine function 
and early embryo development (Bridges et al., 2008; 2012; 2014). Greater preovulatory estradiol exposure 
was also associated with lower embryonic loss between pregnancy recognition and placental membrane 
adhesion (Madsen et al., 2015). The protocol was called the 5-day Co-Synch+P4 protocol and resulted in a 
higher pregnancy rate than the 7-day Co-Synch+P4 protocol in beef cows (Bridges et al., 2008; Whittier et 
al., 2013). Because of the shorter interval between the first GnRH and the induction of luteolysis in the 5-
day Co-Synch+P4 protocol, it is recommended to use two doses of PGF 6 to 24 h apart in cows (Souto et 
al., 2009). In an experiment with 2,465 postpartum beef cows, the pregnancy rate was higher (P<0.05) in 
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cows that received two PGF 8 h apart (55%) than in those that received only one PGF (48%), and those 
that received two PGF 8 h apart had an intermediate pregnancy rate (51%; Bridges et al., 2012). Therefore, 
double PGF 8 to 24 h apart appears to be necessary to maximize fertility in cows with the 5-day protocol. 
However, if herd management conditions do not allow for the additional handling, a double dose of PGF 8 
h apart would be an acceptable alternative. 

This protocol has also been extensively evaluated in Uruguay (Garcia Pintos et al., 2022), where 
it was also decided to slightly alter the 5-day Co-Synch+P4 protocol by modifying the timing of device 
removal and the FTAI (a protocol called 5-day Split-Synch). This facilitates the administration of PGF, 
giving the first dose at the time of device removal and the eCG on Day 5 PM. The cows are then kept in 
the corral overnight and receive the second PGF before being released the following morning. Paint is also 
placed at the base of the tail to detect those already in heat at the time of the FTAI. Cows that had >30% of 
the paint rubbed off (i.e., in estrus) are FTAI starting at approximately 62 h, and those without the paint 
rubbed off receive the second GnRH and are FTAI in the afternoon (Figure 1). The same protocol was used 
in heifers, and it was reported that in this category, a dose of GnRH is required at the start of treatment, but 
only a dose of PGF2α is required at the end of treatment to induce luteolysis. Most importantly, the results 
in heifers were similar to those obtained with the J-Synch protocol, and in cows, they were similar to those 
obtained with the conventional protocol with ECP as the ovulation inducer. 

 
 

 
 
 

 

Figure 1. 5-day Split-Synch protocol. In cows, the second PGF injection could be omitted, and the recommended eCG 
dose is 200 IU (Adapted from Garcia Pintos et al., 2022). 

 
The 5-day Co-Synch+P4 protocol has also been investigated in Bos indicus cows in Brazil, with 

a lower pregnancy rate in suckled Nelore cows than those treated with the conventional estradiol/P4-based 
protocol (Ferraz Jr et al., 2016). An important difference was that 400 IU of eCG was used in the 
estradiol/P4-based protocol, but not in the 5-day Co-Synch+P4 protocol. To confirm this notion, we found 
a higher pregnancy rate in postpartum anestrous cows receiving 400 IU of eCG upon device removal with 
P4 (5-day Co-Synch+P4: 46.3%, 120/259) than in cows treated with the 5-day Co-Synch+P4 protocol but 
without eCG (26.8%, 71/265; P <0.05; Huguenine et al., 2013). At the same time, the pregnancy rates of 
the Co-Synch plus eCG protocol and the conventional one with ECP were similar (46.3% for Co-
Synch+P4+eCG and 54.5% for the protocol with EB+P4+ECP+eCG, respectively). We also recently 
conducted an experiment to evaluate pregnancy rates at FTAI in Bos indicus crossbred cows synchronized 
with protocols similar to those evaluated in Uruguay (Split-Synch). However, in this case, cows that were 
>30% unpainted (in heat) were inseminated 72 h after device removal, and those that were not in heat 
received GnRH at 72 h and were inseminated 8–10 h later (Bó et al., 2023). Suckled Cows with a CL or at 
least one follicle ≥8 mm in diameter, body condition score between 2 and 4 (scale 1 to 5) were synchronized 
with one of three treatments: 7-day J-Synch, 6-day Split-Synch, and 5-day Split-Synch. In both Split-Synch 
treatments, two doses of PGF2α were applied 12 h apart. The pregnancy rate was higher (P=0.01) in cows 
in the 7-day J-Synch group (55.0%, 228/415) than in the 6-day Split-Synch (45.0%, 167/370) and 5-day 
Split-Synch (38.5%, 145/376) groups. In conclusion, the higher pregnancy rate obtained with the estradiol-
based protocol suggests that further improvements in GnRH-based protocols are needed to improve 
pregnancy rates in Bos indicus beef cows. The difference is probably due to the lower effectiveness of 
GnRH than EB in synchronizing the growth of a new follicular wave, and it may be necessary to double 
the GnRH dose, since the magnitude of the LH surge produced by GnRH administration is lower in Bos 
indicus than in Bos taurus, especially in cows with a CL (Batista et al., 2017). 
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Web-Synch Protocol 
 

One of the main limitations for the application of GnRH protocols in beef cows and heifers is the 
low response to the first dose of GnRH (Geary et al., 2001b, Martinez et al., 2000). The other limitation 
under the anestrus conditions prevalent in beef herds in South America is the need to use eCG in anestrus 
cows to obtain pregnancy rates close to 50% (Bó et al., 2016). Recently, Bonacker et al. (2020) developed 
a new synchronization protocol called 7 & 7 Synch, lasting 17 days and consisting of 4 handlings, using 
previous knowledge generated by Small et al. (2009). This protocol consists of applying PGF2α and a device 
with P4 on Day -17 as pre-synchronization to develop a persistent follicle; on Day -10, GnRH is 
administered to ovulate the present persistent follicle; on Day -3, a luteolytic dose of PGF2α and device 
removal, and finally FTAI together with a dose of GnRH on Day 0 (60 to 66 hours after device removal). 
The 7 & 7 Synch protocol demonstrated an improvement in the ovulatory response to the first 
administration of GnRH (Bonacker et al., 2020) and greater pregnancy rates compared to a 7-day Co-Synch 
+ P4 in beef cows (Andersen et al., 2021). This protocol also resulted in greater pregnancy rates than the 7-
day Co-Synch + P4 protocol and the conventional estradiol protocol in Angus cows in Argentina (Ferré et 
al., 2023). 

Based on this knowledge and given the potential restrictions on estradiol use, an alternative GnRH-
based treatment was designed, which we called "Web-Synch" (Figure 2). On Day 0, cows receive a pre-
synchronization treatment with PGF2α and the insertion of a P4 device to generate a persistent follicle. On 
Day 5, GnRH is injected to induce ovulation of the persistent follicle and to promote the emergence of a 
new follicular wave (36 hours later). Subsequently, on Day 11, the device is removed along with a dose of 
PGF2α and eCG to induce follicular growth and promote a prolonged proestrus, as in the J-Synch and the 
5-day Co-Synch treatments. Lactating dairy cows also receive a second PGF2α on Day 12. Finally, the FTAI 
is performed 72 hours after device removal (Day 14), with GnRH administered only to animals not in estrus 
at that time. 

 

 
Figure 2. Diagram of the Web-Synch protocol. Based on the results obtained so far, in beef cows it is still unclear 
whether a double dose of GnRH should be used on Day 0 to induce ovulation and whether one or two doses of PGF2α 
are necessary, while in dairy cows a high ovulation rate (66.9%) has been observed using a single dose (10 µg of 
buserelin) and from the results of previous work we know that two doses of PGF2α are necessary to induce complete 
luteolysis in high-producing cows. 

 
A series of experiments were conducted to evaluate the Web-Synch protocol in beef cows (de la 

Mata et al., 2022). In Experiment 1, cows (n=52) were randomly divided to receive three treatments. Cows 
in the Web-Synch treatment (n=20) received an intravaginal device containing P4 (CIDR-B 1.9 g P4, 
Zoetis) along with 150 µg D-cloprostenol (PGF2α, Veteglan, Calier) i.m. on Day 0 and 20 µg buserelin 
acetate (GnRH, Buserelin, CEVA) on Day 5. On Day 11, the device was removed from all cows, along 
with the i.m. administration of PGF2α and 105 IU of reCG (Foli-Rec, CEVA). Cows in the J-Synch group 
(n=17) received CIDR-B along with 2 mg EB (estradiol benzoate, Calier) i.m. on Day 0. On Day 6, the 
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device was removed from all cows, along with the i.m. administration of PGF2α and 105 IU of reCG (Foli-
Rec, CEVA). Cows in the 6-day Co-Synch + P4 group (n=20) received CIDR-B on Day 0 together with a 
10 µg i.m. dose of GnRH. On Day 6, the device was removed from all cows, along with the i.m. 
administration of PGF2α and 105 IU of reCG (Foli-Rec, CEVA). In addition, all cows in the three treatment 
groups received heat detection patches (Fasco AP, Argentina), and those showing estrus by 72 h after P4 
device removal were FTAI at that time. Those that did not show estrus received GnRH and were also 
inseminated at 72 h after P4 device removal. Cows were monitored by transrectal ultrasonography to 
determine follicular diameter, ovulatory rate, and post-ovulatory CL size. In Experiment 2, cows (n=19) 
were randomly divided into four treatments in a 2 x 2 factorial experimental design and synchronized with 
the Web-Synch protocol or the J-Synch protocol with either and intravaginal device with 0.7 g of P4 
(Sincrover, Over; n=5) or with 1.0 g of P4 (Sincrover, Over; n=5). The cows were inseminated and 
monitored by ultrasonography, as in Experiment 1, to determine follicular growth, time of ovulation, and 
ovulatory rate. In Experiment 3, suckled cows (n=213) were divided as in Experiment 2 to evaluate 
pregnancy rates to FTAI. In Experiment 1, ovulation rates did not vary among treatments, being 100, 83.3, 
and 80.0% for the Web-Synch, 6-day Co-Synch, and J-Synch groups, respectively (P>0.1). Follicular 
diameter at FTAI was greater in the Web-Synch and 6-day Co-Synch treatments (11.8 ± 0.4 and 11.7 ± 0.5 
mm, respectively) than in the J-Synch treatment (9.8 ± 0.6 mm; P<0.05). In Experiment 2, no differences 
(P>0.1) were observed in ovulatory rate and timing between treatments, being 80.0% and 94.5 ± 3.5 hours 
for the Web-Synch treatment and 100% and 96.7 ± 5.1 hours for the J-Synch treatment (P>0.1). In 
Experiment 3, both estrus rate and pregnancy rate did not differ between treatments, being 66.0 and 58.7% 
for Web-Synch, and 58.0 and 54.1% for J-Synch (P>0.1), respectively. 

More recently, other experiments were conducted. In the first experiment, 170 suckled Angus 
cows with 40 to 65 days postpartum were used, with 51.1% of the herd presenting a CL by ultrasonography 
(de la Mata et al., 2023a). The cows were randomly allocated into 4 treatment groups, in 2 x 2 factorial 
arrangement to receive the Web-Synch protocol or the conventional estradiol/P4-based protocol, using an 
intravaginal devices containing 0.6 or 1.2 g of P4 (Pluselar; Calier, Argentina). Cows in the Web-Synch 
group were treated as those in previous experiments, whereas those in the conventional group received 2 
mg of estradiol benzoate (EB, Calier, Argentina) with a Pluselar 0.6 or a Pluselar 1.2 device on Day 0. On 
Day 7, the devices were removed along with a dose of PGF2α, 105 IU reCG, and 1 mg of estradiol cypionate 
(Calier, Argentina). As in the previous experiments, all cows received an estrus detection patch. Cows that 
showed estrus 72 h (Web-Synch) or 48 h (Conventional) after P4 device removal (patch rubbed off >50%) 
were FTAI at that time, whereas those that did not (patch not rubbed off) received 10 µg of GnRH and were 
FTAI at that time. The pregnancy rate did not vary between treatments, being 44.3% (39/88) in those 
receiving the Web-Synch and 45.1% (37/82; P = 0.3) in those receiving the conventional treatment. In the 
second experiment, 304 suckled Angus cows, with 40 to 65 days postpartum, were used. In this case only 
9.8% of the cows had a CL on Day 0 (de la Mata et al., 2023). The cows were randomly divided into a 2 x 
2 factorial experimental design as in the previous experiment, and the pregnancy rate was higher in cows 
that received the conventional treatment (66.3%; 102/154) compared to those that received the Web-Synch 
treatment (49.4%; 79/160; P = 0.01). Initially, the conclusion of this last experiment was that when herds 
with a high degree of anestrus are synchronized, the pregnancy rate is higher in cows treated with 
conventional estradiol treatment. However, in another experiment recently conducted in Paraguay, no 
significant differences were found between treatments, and the cyclicity rate was 5.3%. Finally, in a recent 
experiment with Brangus cows and a high cyclicity rate, no significant differences were found between the 
Web-Synch group and the conventional group. The results of all these experiments are summarized in Table 
1. Adding all the cows evaluated, the pregnancy rate did not differ between among treatments.  

Finally, experiments were recently conducted in lactating Holstein cows to evaluate ovulatory 
follicle size, ovulation timing, and pregnancy rates at FTAI in lactating Holstein cows synchronized with 
either the Web-Synch protocol or the conventional estradiol protocol. In the preliminary experiment 
(Macagno et al., 2022), lactating Holstein cows (n=179), 41.3±0.9 kg of milk per day, 139.0±8.3 days in 
milk, 1.9±0.1 lactations, body condition score of  3.0±0.1 (scale 1 to 5), and managed in a “Dry Lot” system 
were randomly assigned to one of two treatment groups. On Day 0, cows in Group 1 (J-Synch) received 2 
mg of EB (Estradiol, Over, Argentina) and an intravaginal device with 1 g of P4 (Sincrover, Over). On Day 
6, the P4 devices were removed, and cows received 150 µg D-cloprostenol (PGF2α, Prostal, Over) and 400 
IU eCG (Novormon, Zoetis). On Day 7, a second dose of PGF2α was administered. Cows in Group 2 (Web-
Synch) were treated with PGF2α and a P4 device on Day -5 and 20 µg of buserelin (GnRH, Gestar, Over) 
on Day 0; device removal, PGF2α and eCG were performed on Day 6, and a second dose of PGF2α was 
administered on Day 7. Cows in both groups were painted at the base of their tail for estrus detection and 
were FTAI 80 h after P4 device removal. Cows with tail paint removed <30% also received 10 µg of GnRH 
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at that time. All cows were examined by ultrasonography on Day -5 to determine cyclicity, on Days 0 and 
6 to determine GnRH ovulation in the Web-Synch group, and at 30 days post-FTAI for pregnancy 
diagnosis. Overall, estrus expression was 49.7% (89/179), and pregnancy rate did not differ (P>0.6) 
depending on whether cows were in (42.6%, 38/89) or not (36.6%, 33/90) in estrus at the time of FTAI. 
However, both estrus expression and pregnancy rate were higher (P<0.05) in cows in the Web-Synch group 
(59.3%, 54/91, and 49.4%, 45/91, respectively) than in those in the J-Synch group (39.7%, 35/88, and 
29.5%, 26/88, respectively). The proportion of cows with CL on Day 5 did not differ between groups (J-
Synch: 60.2%, 53/88 vs. Web-Synch: 63.7%, 58/91; P>0.6). However, the proportion of cows with CL in 
the Web-Synch group was 12.1% on Day 0 and 76.9% on Day 6, indicating that at least 64.8% of cows 
ovulated in response to the first administration of GnRH.  

 
Table 1. Pregnancy rates to FTAI in beef cows synchronized with estradiol/P4 based protocols or the Web-
Synch protocol. 

 Reference Cows with CL 
o Day 0 

Control Web-Synch P Value 

de la Mata et al., 20221  43,8% 11/15 
73,3% 

12/19 
63,1% 

NS 

de la Mata et al., 20221 100% 8/10 
(80%) 

5/10 
50% 

NS 

de la Mata et al., 20221 62,7% 59/109 
(54.1%) 

61/104 (58.7%) NS 

de la Mata et al., 20232 51,1% 37/82 (45,1%) 39/88 (44,3%) NS 

Frutos et al., 20242 5,3% 45/104 
(43,3%) 

45/103 (43,7%) NS 

Bonfil et al., 20242 42,9% 54/107 
(50,5%) 

55/105 (52,4%) NS 

de la Mata et al., 20232 9,8% 102/154 
(66,3%) 

79/160 (49,4%) P<0,01 

Total 
 

316/581 
(54,4%) 

296/589 
(50.3%) 

NS 

1Control Group: J-Synch 
2Control Group: Conventional with ECP 

 
Following this preliminary experiment, two further experiments were conducted with lactating 

Holstein cows (n=39 in Experiment 1 and 720 in Experiment 2). In this case, the cows used were 160.0±7.1 
days in milk, producing 35.6±0.8 kg of milk per day, with a 2.8±0.3 lactation period, with a body condition 
score of 3.1±0.1, and were managed in a dry-lot system. Cows were randomly assigned to one of two 
treatment groups. On Day 0, cows in the control group received 2 mg of EB (Estradiol, Over, Argentina) 
and an intravaginal device containing 1 g of P4 (Sincrover, Over). On Day 6, cows received 150 µg D (+) 
cloprostenol (PGF2α, Prostal, Over). On Day 7, the P4 devices were removed, and cows received a second 
dose of PGF2α, 140 IU of reCG (FoliRec, CEVA), and 1 mg of ECP (Estrosinc, Over). Cows in the Web-
Synch group were treated with PGF2α and a P4 device on Day -5 and 10 µg of buserelin (GnRH, Gestar, 
Over) on Day 0. The removal of the P4 devices, PGF2α, and reCG was performed on Day 6, and a second 
dose of PGF2α was administered on Day 7. Cows in both groups were painted at the base of their tail for 
estrus detection. In Experiment 1, cows were scanned twice daily from P4 device removal until ovulation. 
In Experiment 2, all cows that had >30% of their tail paint removed on Day 9 (48 h after P4 device removal 
in the control group and 72 h after P4 device removal in the Web-Synch group) were AI at that time, and 
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cows that had not had tail paint removed in both groups received 10 µg of GnRH and were AI 12 h later. 
Cows in Experiment 2 were examined for pregnancy 30 d after AI. In Experiment 1, the mean (±SEM) 
interval from P4 device removal to ovulation was longer (P<0.05) in the Web-Synch group (101.6±2.9 h) 
than in the control group (78.3±3.1 h), but the diameter of the ovulatory follicle did not differ (P=0.3; 
19.7±0.8 and 18.5±0.8 mm for the Web-Synch and Control groups, respectively). In Experiment 2, although 
no significant differences in estrus expression (P=0.3) were found between the Web-Synch (75.2%) and 
Conventional (75.1%) groups, the pregnancy rate was higher (P<0.01) in the Web-Synch group (51.5%, 
183/355) than in the Conventional group (41.3%, 151/365), respectively (Macagno et al., 2023; Figure 3). 
Furthermore, 66.5% of cows (236/355) ovulated at the first GnRH in the Web-Synch protocol. In summary, 
the GnRH-based synchronization protocol (Web-Synch) resulted in a longer proestrus period and a higher 
pregnancy rate than the conventional estradiol-based protocol in lactating dairy cows. 
Figure 3. Estrus expression and pregnancy rates in lactating Holstein cows synchronized with the Web-Synch or the 
conventional estradiol/P4 based protocol. Bars with different letters differ (P<0.01). 

 

 
Final Comments 

 
Undoubtedly, advances in our understanding of cow reproductive physiology will allow us to face 

the upcoming challenges in the implementation of reproductive technologies in beef and dairy cattle. Our 
obligation will always be to maximize productivity to produce low-cost food for a growing population. 
However, we must implement practices that are accepted by 21st-century consumers and, above all, 
demonstrate that we can feed the world with safe methods, animal welfare, and environmental protection. 
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