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Drugs used during embryo transfer  
to improve pregnancy rate

ABSTRACT
The results in embryo transfer (ET) have been very varied and not very encouraging, recognizing embryo implan-

tation as the most important step to achieve pregnancy. This failure is due to multiple factors, which is why va-
rious methods have been implemented to mitigate this negative effect and increase the pregnancy rate. Hormones, 
oligoelements, oxytocin inhibitors and non-steroidal anti-inflammatory drugs (NSAIDs) have been used, with very 
diverse results, which depend mainly on the species in which they are used, the dose, site and time of application. 
This document compiles a variety of information on the different drugs and treatments used in various species at 
the time of ET and their results.
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RESUMEN
Los resultados en la transferencia de embriones (TE) han sido muy variados y no muy alentadores, reconociendo a la 

implantación del embrión, como el paso de mayor importancia para lograr la gestación. Esta falla se debe a múltiples 
factores, es por ello que se han implementado diversos métodos para mitigar este efecto negativo e incrementar la 
tasa de gestación. Se han empleado hormonas, oligoelementos, inhibidores de oxitocina y antiinflamatorios no este-
roideos (AINES), con resultados muy diversos, los cuales dependen de la especie en la que se emplean, la dosis, sitio 
y momento de aplicación, principalmente. Este documento recopila información variada sobre los diferentes medica-
mentos y tratamientos utilizados en diversas especies al momento de realizar la TE y sus resultados.

Palabras clave: transferencia de embriones, tasa de gestación, hormonas, oligoelementos, inhibidores de oxitocina, 
AINES.
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INTRODUCTION

The optimization of assisted reproduction techniques is nec-
essary to maintain profitable cattle breeding (Ribeiro et al., 
2012); among these techniques is embryo transfer (ET), which 
has been used in veterinary practice for the last five decades, 
and its efficacy depends on several conditions, including in-
dividual, environmental, technical and technological (Hasler, 
2014). In the bovine industry, ET is the extraction of one or 
more embryos from the reproductive tract of a donor cow, to 
later transfer them to the lumen of the oviduct or uterus of one 
or more recipient cows. It is used to obtain a maximum number 
of embryos from a genetically superior sire in the shortest pos-
sible time and thus maximize the genetic potential in a herd, 
obtaining females or sires with outstanding productive char-
acteristics; however, ET is limited by the critical implantation 
process (Hasler, 1992; Elli et al., 2001; Bó y Mapletoft, 2014).

There are many factors that prevent the embryo from implant-
ing, such as stage of development, the quality of the embryo 
transferred, types of transfer (fresh or thawed), synchrony be-
tween donor and recipient, physiological state or age of the re-
cipient, and the functioning of the corpora lutea (CL) (Purcell 
et al., 2005). Another undoubtedly important factor is the skill 
of the technician in charge of performing the ET and the time 
taken to carry it out, since excessive manipulation of the uterus 
or the passage of the transfer pipette causes an inflammatory 
response to be unleashed and the spontaneous rupture of the 
uterus (Van Gestel et al., 2003). 

Due to the above, various treatments have been implemented 
with the objective of increasing the concentration of progester-
one (P4) post-ET and decreasing the harmful effects of PGF2α 
on embryo implantation, such as the case of non-steroidal an-
ti-inflammatory drugs known as NSAIDs (Elli et al., 2001; Jaś-
kowski et al., 2021), which, according to a meta-analysis, man-
age to increase the rate of gestation after ET by at least 15% 
(Besbaci et al., 2021). In addition to the use of oxitocin inhib-
itors that decrease uterine contractions at the time of ET, and 
thus increase implantation in women (Huang et al., 2017). In 
addition to this, several hormones such as human chorionic go-
nadotropin (hCG) and gonadotropin releasing hormone (GnRH) 
have been administered with the purpose of increasing endog-
enous P4 before or after ET with contrasting results (Purcell 
et al., 2005). Likewise, the application of P4 via intramuscular 
(IM) or intravaginal devices, have not been shown to improve 
the post-ET gestation rate ET (Tribulo et al., 1997; Purcell et al., 
2005; Chagas e Silva et al., 2008) or five days after artificial in-
semination (Roque et al., 2016).

On the other hand, various trace elements have been evaluat-
ed in ET, either to improve the quality and production of embry-
os in vitro, where they have been shown to have a beneficial ef-
fect (Van Emon et al., 2020); however, when used in donors, this 
effect has not been clearly established (Da Silva et al., 2018). 
However, in recipients, they have been shown to improve the lu-
teal response and increase embryo survival (Sales et al., 2011).

Failures in the establishment of gestation and embryo 
mortality

In general, embryo implantation is the most critical step to 
obtain a pregnancy in embryo transfer, which is why nowadays 
there is a lot of research directed to try to facilitate this step (Elli 
et al., 2001). Currently, it has been possible to increase fertiliza-

tion rates in cattle to values of 80 to 95%; however, there are still 
deficiencies in the establishment of gestation, being embryonic 
mortality (EM) the one that stands out as the greatest source 
of reproductive loss (20-40%) (Hanzen et al., 1999). There are 
a variety of potential causes of EM including chromosomal ab-
normalities, failure of maternal gestational recognition (MGR), 
environmental stress factors such as heat, toxins, and infec-
tious diseases (Hansen, 2002). In 40% of cases, the EM occurs 
before the MGR (between day 8 and 17) (Thatcher et al., 1994) 
and increased early endometrial secretion of PGF2α (Thatcher 
et al., 2001). Another important factor is the type of embryo 
transferred; Siqueira et al. (2009) achieved a post- ET gestation 
rate of 58.8% vs. 31.0% for embryos obtained in vivo and in vi-
tro, respectively.

Okada et al. (2016) state that the low percentage of pregnan-
cy in recipients may be due to the contamination of the uterus 
that could occur at the moment of performing ET, as well as the 
manipulation of the genital tract during the maneuver, which 
would cause the release of PGF2α, enough to cause luteoly-
sis and embryonic death (Ferguson’s reflex) (Ferguson, 1941). 
When difficulty in ET occurs or when the technician in charge is 
inexperienced, the uterus can be manipulated to great excess. 
Schrick et al. (2003) mention that there is a significant decrease 
in the gestation rate when difficulty in ET is encountered; they 
attribute this to PGF2α secretion. Another possible cause of 
PGF2α release at the time of ET is when the catheter passes 
through the cervix into the uterus, which could cause irritation 
of the reproductive tract and subsequent inflammation (Odens-
vik et al., 1993); such PGF2α release was demonstrated when 
Scenna et al. (2005) performed serum profiles of this hormone 
after ET, and found that such manipulation of the reproductive 
tract during ET was followed by increased PGF2α release from 
the uterine endometrium.

Gordon (1976) demonstrated that when ET took longer than 
3 minutes, it reduced the gestation rate; likewise, Tervit et al. 
(1980) asserted that pregnancy was affected by the time used 
to perform ET, which varied between 0.7 to 6.3 minutes with a 
mean of 1.8 minutes. In addition, when the maneuver is per-
formed clumsily, it causes irritation of the endometrium, which 
can lead to a decrease in the implantation rate. 

The experience of the technician in charge of performing ET 
is important, since the time that elapses in crossing the cervix 
and depositing the embryo is fundamental to achieve pregnan-
cy; for which, the embryo must be placed in the uterine horn 
ipsilateral to the corpus luteum to help the maternal recognition 
of gestation (Cutini et al., 2000). This site has been the sub-
ject of study; however, if the embryo was of quality I, there is 
no influence on the deposit site on the pregnancy percentage 
(Hasler, 2010).

Difficulty in ET causes premature regression of the CL by se-
cretion of PGF2α and decrease in P4, also causing release of 
OT and with it contractions of the myometrium, thus inducing 
embryonic death and reabsorption (Echeverría, 2006). In addi-
tion, it has been shown that bovine epithelial cells secrete PG-
F2α consequently in response to OT secretion causing luteol-
ysis (Takahashi et al., 2001). PGF2α may have a direct effect 
on the embryo, reducing the rate of gestation (Purcell et al., 
2005; Cardoso, 2009; Kim et al., 2014). In several in vitro em-
bryo production studies, PGF2α was added to the culture medi-
um, which inhibited development to the morula and expanded 
blastocyst stage (Breuel et al., 1993) and decreased the rate 
of hatched blastocysts (Schrick et al., 2003) in several species 
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(Kim et al., 2014). This decrease could be due to an alteration in 
Na+ transport (MacPhee et al., 2000). 

Stocco et al. (2007) indicate that PGF2α alters steroidogen-
esis by decreasing cholesterol transport into the mitochondri-
al membrane, negatively affecting P4 production. In addition, 
PGF2α has been implicated in the production of Endothelin-1 
in the CL, which in turn decreases blood flow, inhibiting P4 pro-
duction in steroidogenic luteal cells (Ohtani et al., 1998). 

Antiluteolytic strategies to improve gestation rate

Any improvement in gestation rate or decrease in EM will lead 
to better productive numbers in cattle (Purcell et al., 2005). Bi-
nelli et al. (2001) identified 6 antiluteolytic strategies to improve 
gestation rate including: 1) an increase in the size of the pre-
ovulatory follicle to generate a larger CL, 2) increase the growth 
rate of the CL, 3) increase the luteal phase and thus P4, 4) de-
crease the effect of a dominant follicle on the critical period, 
5) increase antiluteolytic stimulation by the conceptus and 6) 
decrease maternal luteolysis. 

In addition to the above, another tactic widely used with suc-
cess in ET is the use of nonsteroidal anti-inflammatory drugs 
(NSAIDs), among which there are selective NSAIDs to inhibit 
cyclooxygenase-2 (COX-2), an enzyme that participates in the 
synthesis of PGF2α, helping improve implantation and pregnan-
cy rates in different species (Elli et al., 2001; Moon et al., 2004; 
Scenna et al., 2005; Paksoy y Daş, 2013; Schlapp et al., 2015; 
Jaśkowski et al., 2021). Besbaci et al. (2021) in a meta-analysis 
report relevant results in the establishment of gestation using 
NSAIDs in ET when applied in cows with difficulty in passing 
the catheter through the cervix during ET, resulting in up to 15% 
more probabilities of achieving implantation after treatment 
with some NSAID in comparison with the control group.

Prevention of the synthesis of PGF2α

Pinto et al. (2008) point out that one of the mechanisms of 
maternal recognition consists in the inhibition of PGF2α syn-
thesis; as a consequence, the metabolism of arachidonic acid 
is stopped, and PGF2α is not formed; the CL is preserved and 
therefore the concentration of P4 is maintained at an optimal 
level to allow the establishment of pregnancy.

PGF2α acts very actively on the CL, promoting vasoconstriction 
of the vessels that irrigate the luteal cells and consequently lute-
olysis occurs (Pinto et al., 2008), which is characterized by a rap-
id decrease in P4 after 8 to 12 hours after the release of PGF2α 
began (Kim et al., 2014); that is to say, the premature secretion 
of PGF2α will produce a short luteal phase (Schrick et al., 1993).

The availability of arachidonic acid and endoperoxidase synthas-
es (COX-1 and COX-2) is the two limiting factors of PGF2α secre-
tion (Thatcher et al., 1997). COX-2 mRNA expression is significant-
ly decreased during days 1 - 12 of the estrous cycle, increasing 
at the end of the estrous cycle (days 13 - 21), near the time of 
luteolysis (days 16 - 18), when PGF2α secretion from the uterine 
endometrium is increased (Arosh et al., 2002). During gestation, 
COX-2 mRNA expression was significantly higher in the bovine 
uterus and fetal membrane during early (<50 d) and late (>250 
d) pregnancy than at mid-pregnancy, whereas COX-1 mRNA was 
expressed at low levels throughout gestation (Arosh et al., 2004).

Certain compounds could inhibit the action of cyclooxygen-
ases. Some polyunsaturated fatty acids prevent prostaglandin 

synthesis by inhibiting cyclooxygenases activity and compet-
ing with arachidonic acid for processing by enzymes, such as 
linoleic acid (Thatcher et al., 1994), eicosapentaenoic, and do-
cosahexaenoic acid (Thatcher et al., 2001).

Another method that inhibits PGF2α release is through the use 
of NSAIDs, whose main actions are antipyretic, anti-inflammatory, 
and analgesic; these actions prevent PGF2α synthesis through the 
inhibition of COX-1 and COX-2 enzymes; competing with arachi-
donic acid (released in the inflammatory response) for the active 
sites in the enzymatic channels (González et al., 2002).
-	Flunixin meglumine (FM). FM injected at the time of ET can 

improve the gestation rate of embryo recipient females during 
uterine manipulation, which can cause PGF2α release from 
the endometrium and subsequent gestation loss (Fergu-
son, 1941; Purcell et al., 2005; Schrick et al., 2003; Farias et 
al., 2013). In a study by Schrick et al. (2001), a total of 737 
cows were injected with 10 mL of FM immediately after fresh 
and thawed embryo transfer. The gestation rate was higher 
in FM-administered cows than in the control group (63.8 and 
51.1%, respectively). In another similar experiment conducted 
by Scenna et al. (2005), where they also used FM after ET in 
1300 cows and 797 as a control group, the result was that 
pregnancy rates were higher in those cows treated with FM 
(65%) vs. (60%) of the control group.

	 Purcell et al. (2005) conducted a study with beef cattle, apply-
ing a 500 mg dose of FM 2-12 minutes before ET or inserted 
CIDR shortly after ET. The first of the four groups was designat-
ed as the control group, CIDR to the second group, FM to the 
third group, and the combination of FM with CIDR to the fourth 
group. The gestation rates were 65%, 60.7%, 74.7% and 69.8%, 
respectively. Thus, they concluded that FM aids pregnancy es-
tablishment in the ET of cattle. In addition, Merrill et al. (2007) 
demonstrated that IM administration of FM decreased serum 
PGF2α concentration and increased the percentage of gesta-
tion in cattle. These results agree with Yoon et al. (2011) who 
increased the pregnancy rate for in vitro produced embryos 
(IVP) after ET after FM administration compared to the control 
group (76.7% vs. 70.0%, respectively) in heifers.

	 On the other hand, McNaughtan (2004), who injected 10 ml 
of 2.5 mg/kg FM to heifers just before ET, identified during 
pregnancy diagnosis at 90 d after ET, that there was no differ-
ence between the treatment and the control group (50% vs. 
45%). In another similar study, Bülbül et al. (2010) adminis-
tered 500 mg of FM IM five min before ET to 39 Swiss cows; 
pregnancy diagnosis was performed at 30 d post-ET, result-
ing in a 50% pregnancy rate for the FM-treated group vs. 
52.6% for the control group. This can be associated with the 
study by Schlapp et al. (2015) who assert that FM improves 
the birth rate but not the gestation rate, suggesting that its 
effect is mainly associated with embryo survival rather than 
luteal maintenance.

	 Although the use of FM does not influence the increase in P4 
concentration during the luteal phase, it allows the fall in P4 
concentration to be progressive in the treated animals and 
not abrupt as occurred in the control group, thus allowing ear-
ly luteolysis not to occur (Pinto et al., 2008). Several authors 
(Aké-López, 2002; Aké-López et al., 2011; Geary et al., 2010) 
assert that the application of FM allowed a lengthening of the 
luteal phase and consequently delayed luteolysis, suppress-
ing the synthesis of PGF2α and providing more time for ma-
ternal recognition of gestation and its success.
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Recent studies (Kasimanickam et al., 2018) report that recipi-
ent cows with a calm temperament had a higher pregnancy 
rate compared to those with an excited temperament (59.4 
vs. 51.7%). Subsequently, they obtained a lower pregnancy 
rate in excited cows without FM (46.3%) than that achieved 
in those excited cows that received FM (56.8%) and calm 
cows that received FM (59.3%) or not (59.4%), respectively. 
In addition, Kasimanickam et al. (2019) were able to increase 
gestation rate by 62.8% for FM vs. 51.2% of the control group 
respectively after application of 1.1 mg/kg of FM via IM.

-	Meloxicam (MEL). Another NSAID widely used as a selective 
COX-2 inhibitor is MEL, which has anti-inflammatory, analge-
sic and antipyretic effects. It has a half-life of 13 h in cows. It 
is used IM, IV and SC in single doses of 0.5 mg/kg (Radostits 
et al., 2006; Plumb, 2011). In heifers that received Nelore em-
bryos, it had a positive effect on the pregnancy rate when they 
were treated with MEL (200 mg per head) before ET, which 
reduced the serum level of PG, which in turn, was produced 
in lower quantity after uterine manipulation and thus, a lower 
influence on the possible destruction of the CL (Lopes et al., 
2015); the gestation rate obtained in recipients where there 
was a short period of time in passing the cervix (<80 s) and 
performing ET, was significantly higher (90.48%) compared 
to the control group (47.62%) when quality I embryos were 
transferred. No differences were found with the use of quality 
II embryos (54.54% vs. 42.86%, respectively, for the MEL and 
control groups). Aguiar et al. (2013) obtained similar results 
using IVP embryos, where the recipients treated with MEL 
had a higher implantation rate (66.7% vs. 49%, respectively, 
for MEL and control). Even clearer differences were observed 
when there was difficulty in passing the pipette through the 
cervix (> 80 s), where 78.84% of gestations were achieved in 
recipients with MEL, compared to the control group (21.15%).

-	Ibuprofen. In a study carried out by Elli et al. (2001) the appli-
cation of ibuprofen was investigated on the implantation rate 
during ET in cattle, for which they administered 5 mg/kg of 
ibuprofen IM 1 h before ET; obtaining a gestation rate for the 
ibuprofen group of 82% vs. 56% of the control group, manag-
ing to demonstrate that the application of ibuprofen in ET sig-
nificantly increases the percentage of pregnancy. In addition, 
Narvaez et al. (2010) asserted that Ibuprofen administered IM 
(5 mg/kg) had a significant effect in increasing pregnancy in 
Nelore recipients with embryos of grade I quality and the ad-
ministration of the anti-inflammatory 1 h before ET (43.3% vs. 
14.4% for the ibuprofen and control group, respectively).

-	Tolfenamic acid. Tolfenamic acid has recently been used in 
recipient females subjected to ET, improving pregnancy main-
tenance and embryo survival in mice (Schlapp et al., 2015). 

Singh et al. (2020) assert that combined therapies of busere-
lin acetate, progesterone and tolfenamic acid may be benefi-
cial in AI in cattle crossbreds.

-	Aspirin. Aspirin has the potential to be both antithrombotic and 
thrombogenic, thus, the use of low-dose aspirin treatment in 
ET programs increased uterine and ovarian blood flow velocity, 
improving the ovarian responsiveness and gestation rate when 
PIV embryos patients were transferred (Rubinstein et al., 1999). 

OT antagonist (Atosiban)

Mann et al. (2003) used an OT antagonist (L-368,899) in sheep, 
reducing PGFM (PGF2α precursor) production during the period 

of luteolysis, lengthening the estrous cycle by a few days; in goats, 
it reduced CL regression between days 12 to 20 by suppressing 
PGFM concentration beyond day 20 (Homeida y Khalafalla, 1987). 
In addition, Skarzynski and Okuda (1999) reported a decrease in 
the secretion of PGFM in luteal cells using Atosiban (10-7 M), with 
no effect of OT on its production. All this suggests that the use of 
an inhibitor of OT secretion could improve the gestation rate after 
ET; there are no studies on this subject in cattle.

Progestogens: effect on gestation rate 

An elevated P4 concentration in the immediate post-concep-
tion period has been associated with embryo growth, concep-
tus elongation, increased IFN-τ production and, in some cases, 
a higher gestation rate in cattle (Lonergan y Sánchez, 2020). 

Increased P4 can be achieved either by formation of an ac-
cessory CL or by administration of exogenous P4 (Thatcher et 
al., 1997). Such hormone can be administered as a feed addi-
tive, as an ear implant, or an intravaginal P4-releasing implant; 
alternatively, endogenous P4 can be elevated if an accessory 
CL is formed, followed by administration of hormones such as 
hCG or GnRH since these hormones cause luteinization of the 
follicles (Purcell et al., 2005). 

Roque et al. (2016) administered P4 IM (500 mg) at 5 days 
post-IA to increase the conception rate, however, there was no 
difference between treatments. On the contrary, when using ex-
ogenous P4 during ET, encouraging results have been obtained, 
especially when administered to asynchronous recipients (Ran-
di et al., 2016), resulting in an acceleration of conceptus devel-
opment, but not in a higher pregnancy rate.

Siqueira et al. (2009) assert that there is no correlation be-
tween CL size and P4 production and that this does not affect 
implantation. However, several treatments have been imple-
mented to increase the level of P4 in the ET to help increase 
the implantation rate (Purcell et al., 2005; Wallace et al., 2011). 
Treatment with hCG in the ovulation period can promote an in-
crease in P4 by stimulating luteal tissue, thus helping to pre-
vent early embryonic losses, as well as positively influencing 
embryo development (Köhne et al., 2014). With the application 
of GnRH analogues, an increase in circulating LH was observed 
not only in the preovulatory period, but also in various stages of 
the estrous cycle (Castro et al., 2016; Brito et al., 2017).

Various P4 presentations have been applied during ET, such 
as melengestrol acetate (MGA), ear implants (Norgestomet) 
(Favero et al., 1993; Smith et al., 1996) and CID-R® (Pfizer; New 
York, NY) (Tribulo et al., 1997; Purcell et al., 2005; Chagas e Silva 
et al., 2008) all of them with discouraging results in increasing 
gestation. In addition, Kenyon et al. (2013) evaluated the effect 
of P4 needed to maintain gestation in Holstein cows in post-
ET lactation, concluding that a faster increase in P4 concentra-
tion during metestrus and early diestrus is associated with the 
establishment of pregnancy after ET, inferring the modulation 
of the uterine environment, histotroph secretion, adhesion and 
placentation. Another study used in vitro embryos transferred 
to the oviduct on day 2. Thirty-four females were used as recipi-
ents, of which 17 belonged to the control group and 17 received 
the insertion of a P4 intravaginal releasing device (PRID) from 
d 3 until embryo retrieval; this resulted in a significant elevation 
of P4 concentration from d 3.5 to d 6, however, elevated P4 
did not affect the proportion of embryos that developed to the 
blastocyst stage (Carter et al., 2010).
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hCG to stimulate the luteal response

Lewis et al. (1990) evaluated hCG 6 h before AI and 6 h af-
ter AI. The pregnancy rate of cattle treated with hCG ranged 
from 10 to 25% higher than that of the control group. In another 
study, Wallace et al. (2011) evaluated the use of 1000 IU of hCG 
or 1 mL of saline solution (control) at the time of ET (day 5.5 to 
8.5 after estrus). 69% of cows treated with hCG had multiple CL 
and the pregnancy rate ranged between 61.8 and 58.6% for hCG 
and 53.9 and 51.3% for the control group, in both experiments; 
thus, the use of hCG in ET increases the incidence of CL and 
the pregnancy rate.

On the other hand, Santos et al. (2001) conducted a study 
where 406 high producing dairy cows were synchronized and 
treated by AI, then injected with saline (n=203) or 3,300 IU hCG 
(n=203) on d 5 post-estrus. Accessory CL were formed in 86.2% 
(n=175) of the cows treated with hCG. The plasma concentra-
tion of P4 from day 11 to 16 after AI increased on average 5 
ng/mL while the conception rate at day 28 was 38.7% for the 
control group and 45.8% for hCG. Similar results were obtained 
after AI by administering hCG on day 7 post-AI, increasing the 
pregnancy rate (Rajamahendran y Sianangama, 1992). Howev-
er, Walton et al. (1990) did not observe differences in the preg-
nancy rate of cows treated with 1500 IU of hCG 5 d after AI. 
Lewis et al. (1990) conducted a study in which they included 
GnRH and hCG after AI, in which, although the hCG treatment 
significantly increased the concentration of P4 in milk, there 
were no significant differences observed in the pregnancy rate 
between treatments. Similar results were obtained by Alonso et 
al. (2017) in mares.

Recently, a meta-analysis (Chen et al., 2023) has been carried 
out in which it is asserted that the use of GnRH and hCG only in-
fluences those females with poor fertility (<40%), increasing the 
conception rate, while in cows with good fertility (>40%), this 
rate is not affected. Treatment with GnRH or hCG also signifi-
cantly improves pregnancy rate in multiparous lactating cows 
compared to nulliparous ones.

Oligoelements in ET

There are various trace elements that are essential for prop-
er cellular functioning in various physiological states, both in 
the mother and offspring, however it is unknown which ones 
and in what quantities they are needed (Van Emon et al., 2020). 
Due to the above, various trace minerals have proven their value 
in in vitro embryo culture, improving the production and quali-
ty of embryos, such as: Cu (Rosa et al., 2016), Fe (Gao et al., 
2007), Mn (Anchordoquy et al., 2016), Se (Lizarraga et al., 2019) 
and Zn (Wooldridge et al., 2019). In the same way, its effect 
on chromosomal stability has been evaluated, which depends 
significantly on the level of vitamin B9 (folic acid) in the blood, 
since as its content increases, the level of damage to the DNA 
decreases. For Zn, Ca and vitamin B12 there was no significant 
difference (Wójcik et al., 2023).

Lamb et al. (2008) conducted a study in which embryo donor 
cows were supplemented with organic, inorganic and non-sup-
plementation minerals (control) to assess embryonic produc-
tion and quality. They found no significant difference between 
treatments; therefore, the source of minerals does not influ-
ence the quality or number of embryos. Similarly, da Silva et 
al. (2018) supplemented donor cows with 90 mg Cu, 60 mg 
Mn, 30 mg Se and 360 mg Zn (Multimin® 90) as treatment 1 

and treatment 2 (control). The results they obtained were in-
creased concentration of Se in the liver; however, there was no 
effect on embryo production or gestation rate in the recipients 
of these embryos. 

In another study by Marquezini et al. (2010), embryo donor cows 
were supplemented with Nutrition Horizons Grade OneTM bioac-
tive peptides and oligosaccharides; Brookville, OH), group NHG1 
(n = 35) and without them, control group (n = 37). The number of 
embryos collected did not differ between treatments, however, 
the quality of transferrable embryos (quality 1) improved after 
donor cows received NHG1 prior to embryo collection. In addi-
tion to this, the oocyte appears to be susceptible to maternal di-
etary supplementation of trace elements (amino acid complexes 
of Zn, Cu and Mn, as well as glucoheptonate of Co; Availa Plus; 
Zinpro Corp.), as the pre-oocyte collection supplementation by 
Ovum Pick-Up (OPU) increased the number of cumulus-oocyte 
complexes (COC) collected and increased oocyte maturation 
rates during in vitro culture (Dantas et al., 2019).

Understanding the cow’s productive cycle and manipulating 
the diet will improve the ability of receiving cows to conceive 
with the transferred embryo (Mapletoft et al., 1986; Beal, 1999). 
Supplementation with injectable trace elements 11 days before 
AI tended to decrease the diameter and volume of LC, although 
progesterone concentration was not affected (Vedovatto et al., 
2019).  This suggests that luteal cells can produce P4 more effi-
ciently after supplementation with injectable trace minerals im-
proving oocyte quality and LC function (Van Emon et al., 2020). 
In addition, subcutaneous administration of Multimin® 90 (100 
mg Zn, 100 mg Mn, 50 mg Cu and 25 mg Se) 17 days before ET 
did not increase the number of successfully synchronized heif-
ers, although it did increase the rate of conception (embryonic 
survival) 23 and 48 days after TE in crossed heifers Bos indicus 
x Bos taurus (Sales et al., 2011).

CONCLUSIONS

Understanding the various drugs applied during ET, as well as 
knowledge of the diversity of failures in establishing pregnancy, 
are of great importance to increase the pregnancy rate during 
ET programs and achieve elite animals by reducing the gener-
ation interval.

CONFLICTS OF INTEREST

 The authors have no conflict of interest to declare in regard 
to this publication.

REFERENCES

AGUIAR, T.S.; ARAÚJO, C.V.; TIRLONI, R.R.; MARTINS, L.R. 
2013. Effects of meloxicam on pregnancy rate of recipient heif-
ers following transfer of in vitro produced embryos. Reproduc-
tion in Domestic Animals, 48:984-988.

AKÉ LÓPEZ, J.; HERRERA, J.; QUINTAL, J.A.; SEGURA, J.C. 
2011. Efecto del flunixin meglumine en la duración del ciclo 
estral y fase lútea de ovejas Pelibuey. Universidad y Ciencia, 
27(2):233-238.

AKÉ LÓPEZ, J. 2002. Efecto del flunixin meglumine en el por-
centaje de gestación de ovejas receptoras de embriones. Re-
vista Biomédica, 13(2):100-108. 



13Drugs used during embryo transfer to improve pregnancy rate

ALONSO, M.A.; SILVA, L.A; AFFONSO, F.J.; LEMES, K.M.; CELE-
GUINI, F.C.C.; LANÇONI, R.; CARVALHO, H.F.; FLOREZ-RODRIGUEZ, 
S.A.; RODRIGUEZ, M.P.; LEITE, T.G.; ARRUDA, R.P. 2014. Effect of 
hCG application in three different moments of the estrous cycle 
on ovarian and uterine vascularization and serum progesterone 
concentration. Journal of Equine Veterinary Science, 34:154.

ANCHORDOQUY, J.P.; ANCHORDOQUY, J.M.; SIRINI, M.A.; TES-
TA, J.A.; PERAL-GARCIA, P.; FURNUS, C.C. 2016. The importance 
of manganese in the cytoplasmic maturation of cattle oocytes: 
Blastocyst production improvement regardless of cumulus cells 
presence during in vitro maturation. Zygote, 24:139-148.

AROSH, J.A.; BANU, S.K.; CHAPDELAINE, P.; FORTIER, M.A. 
2004. Temporal and tissuespecific expression of prostaglandin 
receptors EP2, EP3, EP4, FP, and cyclooxygenases 1 and 2 in 
uterus and fetal membranes during bovine pregnancy. Endocri-
nology, 145:407-417.

AROSH, J.A.; PARENT, J.; CHAPDELAINE, P.; SIROIS, J.; FOR-
TIER, M.A. 2002. Expression of cyclooxygenases 1 and 2 and 
prostaglandin E synthase in bovine endometrial tissue during 
the estrous cycle. Biology of Reproduction, 67:161-169.

Beal, W.B. 1999. Streamlining embryo transfer. 18th Annual 
Convention AETA, Colorado Springs, CO, USA; 78-85.

BESBACI, M.; ABDELLI, A.; BELABDI, I.; RABOISSON, D. 2021. 
Non-steroidal anti-inflammatory drugs at embryo transfer on preg-
nancy rates in cows: A meta-analysis. Theriogenology, 174:64-71.

BINELLI, M.; THATCHER, W.F. W.; MATTOS, R.; BARUSELLI, P.S. 
2001. Antiluteolytic strategies to improve fertility in cattle. Ther-
iogenology, 56:1451-1463.

BÓ, G.A.; MAPLETOFT, R.J. 2014. Historical perspectives and 
recent research on superovulation in cattle. Theriogenology, 
81(1):38-48.

BREUEL, K.F.; FUKUDA, A.; SCHRICK, F.N. 1993. Effect of pros-
taglandin F2a on development of 8-cell rat embryos in vitro. Bi-
ology of Reproduction, 48(Suppl. 1):173.

BRITO, L.F.C.; BALDRIGUI, J.M.; WOLF, C.A.; GINTHER, O.J. 
2017. Effect of GnRH and hCG on progesterone concentration 
and ovarian and luteal blood flow in diestrous mares. Animal 
Reproduction Science, 176:64-69.

BÜLBÜL, B.; DURSUN, S.; KIRBAS, M.; KOSE, M.; UMUTLU, S. 
2010. The Effect of Flunixin Meglumine Injected Before Embryo 
Transfer on Pregnancy Rates in Heifers. Kafkas Üniversitesi 
Veteriner Fakültesi Dergisi, 16(1):105-109.

CARDOSO, R.D.C. 2009. Efeito do flunixin meglumine na du-
ração da fase luteal e na taxa de prenhez de receptoras de 
embriões bovinos. Universidad estadual Paulista. http://repos-
itorio.unesp.br/bitstream/handle/11449/98177/cardoso_rc_
me_botfmvz.pdf?sequence=1&isAllowed=y

CARTER, F.; RINGS, F.; MAMO, S.; HOLKER, M.; KUZMANY, 
A.; BESENFELDER, U.; HAVLICEK, V.; MEHTA, J. P.; TESFAYE, 
D.; SCHELLANDER, K.; LONERGAN, P. 2010. Effect of elevated 
circulating progesterone concentration on bovine blastocyst 
development and global transcriptome following endoscopic 
transfer of in vitro produced embryos to the bovine oviduct. 
Biology of Reproduction, 83:707-719. https://doi.org/10.1095/
biolreprod.109.082354

CASTRO, T.; OLIVEIRA, F.A.; SIDDIQUI, M.A.; BALDRIGHI, J.M.; 
WOLF, C A.; GINHTER, O.J. 2016. Stimulation of LH, FSH, and 
luteal blood flow by GnRH during the luteal phase in mares. 
Theriongenology, 85(4):740-746.

CHAGAS E SILVA, J.; DINIZ, P.; LOPES DA COSTA, L. 2008. 
Luteotrophic effect, growth and survival of whole versus half 
embryos and, their relationship with plasma progesterone con-
centrations of recipient dairy heifers. Animal Reproduction Sci-
ence, 104:18-27.

CHEN, F.; HOU, Y.; ZHU, X.; MEI, C.; GUO, R.; SHI, Z. 2023. Impact 
of accessory corpus luteum induced by gonadotropin-releas-
ing hormone or human chorionic gonadotropin on pregnancy 
rates of dairy cattle following embryo transfer: a META-Anal-
ysis. Veterinary Science, 10:309. https://doi.org/10.3390/vets-
ci10050309

CUTINI, A.; TERUEL, M.; CABODEVILA, J. 2000. Factores que 
determinan el resultado de la transferencia no quirúrgica de 
embriones bovinos. Taurus, 7:28-39.

DA SILVA, F.A.C.C.; PEREIRA, N.N.; FUNNELL, B.J.; CROSS-
WHITE, M.R.; MCCARTHY, K.L.; UNDERDAHL, S.R.; BAUM-
GAERTNER, F.; NEVILLE, B.W.; SEDIVEC, K.K.; DEGROFFT, D.; 
DAHLEN, C.R. 2018. The Effects of Injectable Trace Mineral 
Supplements in Donor Cows at the Initiation of a Superovula-
tion Protocol on Embryo Production and Pregnancy Rates in Re-
cipient Females. North Dakota State University, Purdue College 
of Veterinary Medicine, Oklahoma State University, Carrington 
REC, Central Grasslands REC, Colorado Genetics Inc. Annual 
Report.

DANTAS, F.G.; REESE, S.T.; FILHO, R.V.O.; CARVALHO, R.S.; 
FRANCO, G.A.; ABBOTT, C.R.; PAYTON, R.R.; EDWARDS, J.L.; 
RUSSELL, J.R.; SMITH, J.K.; POHLER, K.G. 2019. Effect of com-
plexed trace minerals on cumulus-oocyte complex recovery 
and in vitro embryo production in beef cattle. Journal of Animal 
Science, 97:1478-1490.

ECHEVERRÍA, J. 2006. Endocrinología Reproductiva: Prosta-
glandina F2α en vacas. Revista Electronica de Veterinaria, 7(1).

ELLI, M.; GAFFURI, B.; FRIGERIO, A.; ZANARDELLI, M.; COVINI, 
D.; CANDIANI, M.; VIGNALI, M. 2001. Effect of a single dose of 
ibuprofen lysinate before embryo transfer on pregnancy rates 
in cows. Reproduction, 121:151-154.

FARIAS, M.C.; JUNIOR, P.; AMORIM, R.M.D.R.; LIMA, E.B.; VE-
LOSO, N.; BARTOLOMEU, C.C.; DE LIMA, P.F. 2013. Efeito Do 
Flunixin Meglumine Sobre a Taxa De Prenhez Em Receptoras 
Bovinas De Embriões Produzidos in vitro In: XIII Jornada de En-
sino, Pesquisa e Extensão, 3-5.

FAVERO, R.J.; FAULKNER, D.B.; KESLER, D.J. 1993. Norges-
tomet implants synchronize estrus and enhance fertility in beef 
heifers subsequent to a timed artificial insemination. Journal of 
Animal Science, 71:2594-2600.

FERGUSON, J.K.W. 1941. A study of the motility of intact uter-
us at term. Surgery, Gynecology & Obstetrics, 73:359-366.

GAO, G.; YI, J.; ZHANG, M.; XIONG, J.; GENG, L.; MU, C.; YANG, 
L. 2007. Effects of iron and copper in culture medium on bovine 
oocyte maturation, preimplantation embryo development, and 
apoptosis of blastocysts in vitro. Journal of Reproduction De-
velopment, 53:777-784.

GEARY, T.W.; ANSOTEGUI, R.P.; MACNEIL, M.D.; ROBERTS, 
A.J.; WATERMAN, R.C. 2010. Effects of flunixin meglumine on 
pregnancy establishment in beef cattle. Journal of Animal Sci-
ence, 88(3):943-949.

GONZÁLEZ, P.R.; POZA, P.; VIVES, R.; CANTO, G. 2002. Antin-
flamatorios inhibidores selectivos de la cicloxigenasa-2 (COX-
2). Alergología e Inmunología Clínica, 17:247-254.



14Martínez-Guerrero, O.; Gutiérrez-Piña, F.J.

GORDON, I. 1976. Cattle twinning by the egg transfer ap-
proach. Proc. Agric. Res. Seminar: Egg Transfer in Cattle, Com-
mission European Communities, EUR 5491:305-319.

HANSEN, P.J. 2002. Embryonic mortality in cattle from the 
embryo’s perspective. Journal of Animal Science, 80(Suppl. 
2):33-44.

HANZEN, C.H.; DRION, P.V.; LOURTIE, O.; DEPIERREUX, C.; 
CHRISTIANS, E. 1999. La mortalité embryonnaire. Aspect cl-
iniques et facteurs étiologiques dans l’ espece bovine. Annales 
de Médecine Vétérinaire, 143:91-118.

HASLER, J. F. 2010. Bovine embryo transfer: are efficiencies 
improving? Bioniche Animal Health, Inc. Applied Reproductive 
Strategies Conference Proceedings August 5th & 6th, 2010 
Nashville, TN, 265-282.

HASLER, J.F. 1992. Current status and potential of embryo 
transfer and reproductive technology in dairy cattle. Journal of 
Dairy Science, 75:2857-2879.

HASLER, J.F. 2014. Forty years of embryo transfer in cattle: A 
review focusing on the journal Theriogenology, the growth of 
the industry in North America, and personal reminisces. Ther-
iogenology, 81:152-169.

HOMEIDA, A.M.; KHALAFALLA, A.E. 1987. Effect of oxytocin 
antagonist injections on luteal regression in goats. British Jour-
nal of Pharmacology, 90:281-284.

HUANG, Q.Y.; RONG, M.H.; LAN, A.H.; LIN, X.M.; LIN, X.G.; HE, 
R.Q.; CHEN, G.; LI, M.J. 2017. The impact of atosiban on preg-
nancy outcomes in women undergoing in vitro fertilization-em-
bryo transfer: A meta-analysis. PLoS ONE, 12(4):e0175501. 
https://doi.org/10.1371/journal.pone.0175501

JAŚKOWSKI, B.M.; OPAŁKA, A.; GEHRKE, M.; HERUDZIŃS-
KA, M.; CZELADKO, J.; BAUMGARTNER, W.; JAŚKOWSKI, J.M. 
2021. A Critical Overview on Prostaglandin Inhibitors and Their 
Influence on Pregnancy Results after Insemination and Embryo 
Transfer in Cows. Animals, 11:3368. https://doi.org/10.3390/
ani11123368

KASIMANICKAM, R.; KASIMANICKAM, V.; GOLD, J.; MOORE, 
D.; KASTELIC, J.P.; PYRDEK, D.; RATZBURG, K. 2019. Injectable 
or transdermal flunixin meglumine improves pregnancy rates in 
embryo transfer recipient beef cows without altering returns to 
estrus. Theriogenology, 140:8-17.

KASIMANICKAM, R.K.; HALL, J.B.; ESTILL, C.T.; KASTELIC, 
J.P.; JOSEPH, C.; ABDEL AZIZ, R.L.; NAK, D. 2018. Flunixin 
meglumine improves pregnancy rate in embryo recipient 
beef cows with an excitable temperament. Theriogenology 
107, 70-77.

KENYON, A.G.; MENDON, L.G.D.; LOPES, JR.;G.; LIMA, J.R.; 
SANTOS, J.E.P.; CHEBEL, R.C. 2013. Minimal progesterone 
concentration required for embryo survival after embryo trans-
fer in lactating Holstein cows. Animal Reproduction Science, 
136:223-230.

KIM, S.S.; BANG, J.I.; FAKRUZZAMAN, M.; LEE, K.L.; KO, D.H.; 
GHANEM, N.; WANG, Z.; KONG, I.K. 2014. Effects of flunixin me-
glumine and prostaglandin F2a treatments on the development 
and quality of bovine embryos in vitro. Reproduction in Domes-
tic Animals, 49:957-963.

KÖHNE, M.; KUHL, J.; ILLE, N.; ERBER, R.; AURICH, C. 2014. 
Treatment with human chorionic gonadotrophin before ovula-
tion increases progestin concentration in early equine pregnan-
cies. Animal Reproduction Science, 149(3-4):187-193.

LAMB, G.C.; BROWN, D.R.; LARSON, J.E.; DAHLEN, C.R.; 
DILORENZO, N.; ARTHINGTON, J.D.; DICOSTANZO, A. 2008. Effect 
of organic or inorganic trace mineral supplementation on follicular 
response, ovulation, and embryo production in superovulated An-
gus heifers. Animal Reproduction Science, 106:221-231.67.

LEWIS, G.S.; CALDWELL, D.W.; REXROAD, C.E.; DOWLEN, H.H.; 
OWEN, J.R. 1990. Effects of gonadotropin-releasing hormone 
and human chorionic gonadotropin on pregnancy rate in dairy 
cattle. Journal of Dairy Science, 73:66-72.

LIZARRAGA, R.M.; ANCHORDOQUY, J.M.; GALARZA, E.M.; 
FARNETANO, N.A; CARRANZA-MARTIN, A.; FURNUS, C.C.; MAT-
TIOLI, G.A.; ANCHORDOQUY, J.P. 2019. Sodium selenite im-
proves in vitro maturation of bos primigenius taurus oocytes. 
Biological Trace Element Research, 197:149-158.

LONERGAN, P.; SÁNCHEZ, J.M. 2020. Symposium review: 
Progesterone effects on early embryo development in cat-
tle. Journal of Dairy Science, 103(9):8698-8707. https://doi.
org/10.3168/jds.2020-18583

LOPES, L.M.J.; BALBINOT, M.; FONSECA, B.A.; DE ARAUJO, 
C.V.; MARTINS, L.R. 2015. Pregnancy rates and serum 13,14-di-
hydro-15-keto-PGF2α concentrations in recipient Nelore heifers 
treated with meloxicam after the transfer of invitro-produced 
embryos. Theriogenology, 84(4):553-558.

MACPHEE, D.J.; JONES, D.H.; BARR, K.J.; BETTS, D.H.; WAT-
SON, A.J.; KIDDER, G.M. 2000. Differential involvement of Na+, 
K+, -ATPase isozymes in preimplantation development of the 
mouse. Developmental Biology, 222:486-498.

MANN, G.E.; LAMMING, G.E.; SCHOLEY, D.; HUNTER, M.; PET-
TIBONE, D.J. 2003. Attenuation of PGF2α release in ewes in-
fused with the oxytocin antagonist L-368,899. Domestic Animal 
Endocrinology. 25:255-262.

MAPLETOFT, R.J.; LINDSELL, C.E.; PAWLYSHYN, V. 1986. Ef-
fects of clenbuterol, body condition and non‑surgical embryo 
transfer equipment on pregnancy rates in bovine recipients. 
Theriogenology, 25:172.

MARQUEZINI, G.H.L.; MERCADANTE, V.R.G.; WARD, M.M.; 
SPELL, A.R.; CARTER, J.A.; PATON, N.D.; LAMB, G.C. 2010. 
Embryo Quality Characteristics from Superovulated Cows re-
ceiving a blend of bioactive peptides and oligosaccharides to 
support immune function (Grade One™). Journal of Animal Sci-
ence, 88 (E-Suppl.2):683. 

MCNAUGHTAN, J.W. 2004. The effect of prostaglandin inhib-
itor on pregnancy rates of heifer embryo transfer recipients. 
Brigham Young University.

MERRILL, M.L.; ANSOTEGUI, R.P.; BURNS, P.D.; MACNEIL, 
M.D.; GEARY, T.W. 2007. Effects of flunixin meglumine and 
transportation on establishment of pregnancy in beef cows. 
Journal of Animal Science, 85(6):1547-1554.

MOON, H.S.; PARK, S.H.; LEE, J.O.; KIM, K.S.; JOO, B.S. 2004. 
Treatment with piroxicam before embryo transfer increases the 
pregnancy rate after in vitro fertilization and embryo transfer. 
Fertility and Sterility, 82(4):816-820. https://doi.org/10.1016/j.
fertnstert.2004.02.140

NARVÁEZ, H.J.; FONTES, R.S.; COSTA, R.L.D.; QUIRINO, C.R.; 
MOREIRA, L.Z. 2010. Efeito do ibuprofeno administrado uma 
hora antes da inovulação de embriões bovinos. Arquivo Bra-
sileiro de Medicina Veterinária e Zootecnia, 62(3):504-510.

ODENSVIK, K.; DUCHENS, M.; GUSTAFSSON, H. 1993. Does 
mechanical manipulation of the reproductive organs cause 



15Drugs used during embryo transfer to improve pregnancy rate

a prostaglandin release in the heifer during embryo transfer? 
Acta Veterinaria Scandinavica, 34:219-221.

OHTANI, M.; KOBAYASHI, S.; MIYAMOTO, A.; HAYASHI, K.; 
FUKUI, Y. 1998. Real-time relatioships between intraluteal and 
plasma concentrations of endotelin, oxytocin, and progester-
one during prostaglandin F2α-induced luteolysis in the cow. 
Biology of Reproduction, 58:103-108.  

OKADA, C.; SEGABINAZZI, L.; ALVARENGA, M.A. 2016. Ap-
plication of flunixin meglumine at the time of embryo transfer 
and the effect on the fertility. Journal of Equine Veterinary 
Science, 41:60.

PAKSOY, Z.; DAŞ, H. 2013. Nonsteroid Anti-Inflammatory 
Drugs to Improve Fertility in Cows. licensee InTech, (5):73-92.

PINTO, A.; MENDES, F.; ALBERTON, J.; FALCI, M.; LUCACIN, 
E.; MAIA, A.; ACCO, A.; FERREIRA, J.; MONTEIRO, J.; VIEIRA, A.; 
ZANDONARDI, F. 2008. Avaliação dos efeitos do flunixim me-
glumine sobre a concentração sérica de progesterona e ciclo 
estral em novilhas e vacas mestiças. Revista Brasileira de Ciên-
cia Veterinária 15(1):10-14.

PLUMB, D.C. 2011. Plumb’s Veterinary Drug Handbook, 7th 
Edition. PharmaVet Inc.

PURCELL, S.H.; BEAL, W.E.; GRAY, K. R. 2005. Effect of a CIDR 
insert and flunixin meglumine, administered at the time of em-
bryo transfer, on pregnancy rate and resynchronization of es-
trus in beef cattle. Theriogenology, 64:867-878.

RADOSTITS, O.M.; GAY, C.C.; HINCHCLIFF, K.W.; CONSTABLE, 
P.D. 2006. Veterinary Medicine, A textbook of the diseases of 
cattle, horses, sheep, pigs and goats. Tenth edition, Saunders 
Company, 58-59.

RAJAMAHENDRAN, R.; SIANANGAMA, P.C. 1992. Effect of 
human chorionic gonadotrophin on dominant follicles in cows: 
formation of accessory corpora lutea, progesterone production 
and pregnancy rates. Journal of Reproduction and Fertility, 
95:577-584.

RANDI, F.; FERNANDEZ-FUERTES, B.; MCDONALD, M.; FORDE, 
N.; KELLY, A.K.; BASTOS AMORIN, H.; MUNIZ DE LIMA, E.; MO-
ROTTI, F.; MARCONDES SENEDA, M.; LONERGAN, P. 2016. 
Asynchronous embryo transfer as a tool to understand em-
bryo-uterine interaction in cattle: Is a large conceptus a good 
thing? Reproduction, Fertility and Development, 28:1999–2006. 
https://doi.org/10.1071/RD15195

RIBEIRO, E.S.; GALVÃO, K.; THATCHER, W.W.; SANTOS, J.E.P. 
2012. Economic aspects of applying reproductive technologies 
to dairy herds. Animal Reproduction, 9:370-387.

ROQUE, V.C.I.; MONTALDO, H.H.; GUTIÉRREZ, C.G.; HERNÁN-
DEZ, J. 2016. Efecto de una inyección única de progesterona, 
cinco días después de la inseminación, en la fertilidad de vacas 
lecheras. Agrociencia, 50: 287-296.

ROSA, D.E.; ANCHORDOQUY, J.M.; ANCHORDOQUY, J.P.; SIRI-
NI, M.A.; TESTA, J.A.; MATTIOLI, G.A.; FURNUS, C.C. 2016. Analy-
ses of apoptosis and DNA damage in bovine cumulus cells after 
in vitro maturation with different copper concentrations: Conse-
quences on early embryo development. Zygote, 24:869-879.

RUBINSTEIN, M.; MARAZZI, A.; POLAK DE FRIED, E. 1999. 
Low-dose aspirin treatment improves ovarian responsiveness, 
uterine and ovarian blood flow velocity, implantation, and preg-
nancy rates in patients undergoing in vitro fertilization: a pro-
spective, randomized, double-blind placebo-controlled assay. 
Fertility and Sterility, 71(5):825-829. 

SALES, J.N.S.; PEREIRA, R.V.V.; BICALHO, R.C.; BARUSEL-
LI, P.S. 2011. Effect of injectable copper, selenium, zinc and 
manganese on the pregnancy rate of crossbred heifers (Bos 
indicus×Bos taurus) synchronized for timed embryo transfer. 
Livestock Science, 142 (2011) 59-62.

SANTOS, J.E.P.; THATCHER, W.W.; POOL, L.; OVERTON, M.W. 
2001. Effect of human chorionic gonadotropin on luteal func-
tion and reproductive performance of high-producing Holstein 
dairy cows. Journal of Animal Science, 79:2881-2894.

SCENNA, F.N.; HOCKETT, M.E.; TOWNS, T.M.; SAXTON, A.M.; 
ROHRBACH, N.R.; WEHRMAN, M.E.; SCHRICK, F.N. 2005. In-
fluence of a prostaglandin synthesis inhibitor administered at 
embryo transfer on pregnancy rates of recipient cows. Prosta-
glandins & Other Lipid Mediators, 78:38-45.

SCHLAPP, G.; GOYENECHE, L.; FERNÁNDEZ, G.; MENCHACA, A.; 
CRISPO, M. 2015. Administration of the nonsteroidal anti-inflam-
matory drug tolfenamic acid at embryo transfer improves mainte-
nance of pregnancy and embryo survival in recipient mice. Journal 
of Assisted Reproduction and Genetics, 32:271-275.

SCHRICK, F.N.; HOCKETT, M.E.; TOWNS, T.M.; SAXTON, A.M.; 
WERT, N.E.; WEHRMAN, M.E. 2001. Administration of a prosta-
glandin inhibitor immediately prior to embryo transfer improves 
pregnancy rates in cattle. Theriogenology, (Suppl.)55: 370.

SCHRICK, F.N.; INSKEEP, E.K.; BUTCHER, R.O.Y.L.; VIRGINIA, 
W. 1993. Pregnancy Rates for Embryos Transferred from Early 
Postpartum Beef Cows into Recipients with Normal Estrous Cy-
cles. Biology of Reproduction, 49(3):617-621.

SCHRICK, F.N.; SCENNA, F.N.; EDWARDS, J.L.; HOCKETT, M.E.; 
SAXTON, A.M. 2003. More evidence for a direct interaction be-
tween prostaglandin F2a and development of bovine embryos. 
Proceedings of Canadian Embryo transfer association and 
American Embryo Transfer Association Joint Annual Confer-
ence, Calgary, Alberta. Anais.43-52.

SINGH, S.P.; KUMAR, A.; BHAVSAR, P.P.; SAHU, M.; KUMAR, P.; 
KUMAR, S. 2020. Evaluation of the effect of GnRH analogue, 
progesterone and tolfenamic acid on serum progesterone pro-
file and conception rate in repeat breeding crossbred cattle. 
International Journal of Current Microbiology and Applied Sci-
ences, 9(5):2630-2637.

SIQUEIRA, L.G.B.; TORRES, C.A.A.; SOUZA, E.D.; MONTEIRO 
JR.P.L.J.; ARASHIRO, E. K.N.; CAMARGO, L.S.A.; FERNANDES, 
C.A.C.; VIANA, J.H.M. 2009. Pregnancy rates and corpus lu-
teum–related factors affecting pregnancy establishment in 
bovine recipients synchronized for fixed-time embryo transfer. 
Theriogenology, 72:949-958.

SKARZYNSKI, D.J.; OKUDA, K. 1999. Sensitivity of bovine cor-
pora lutea to prostaglandin F2α is dependent on progesterone, 
and prostaglandins. Biology of Reproduction, 60(6):1292-1298. 
https://doi.org/10.1095/biolreprod60.6.1292

SMITH, A.K.; BROADBENT, P.J.; DOLMAN, D.F.; GRIMMER, S.P.; 
DAVIES, D.A.R.; DOBSON, H. 1996. Norgestomet implants, plas-
ma progesterone concentrations and embryo transfer pregnan-
cy rates in cattle. Veterinary Record, 139:187-191.

STOCCO, C.; TELLERIA, C.; GIBORI, G. 2007. The molecular control 
of corpus luteum formation, function, and regression. Endocrine Re-
views, 28(1):117-149. https://doi.org/10.1210/er. 2006-0022

TAKAHASHI, H.; IGA, K.; SATO, T.; TAKAHASHI, M.; OKANO, 
A. 2001. Isolation and culture of bovine endometrial epithelial 
serum free culture system. Journal of Reproduction and Devel-
opment, 47:181-187.  



16Martínez-Guerrero, O.; Gutiérrez-Piña, F.J.

TERVIT, H.R.; COOPER, M.W.; GOOLD, P.G.; HASZARD, G.M. 
1980. Non-surgical embryo transfer in cattle. Theriogenology, 
13(1):63-71.

THATCHER, W.W.; BINELLI, M.; BURKE, J.; STAPLES, C.R.; AM-
BROSE, J.D.; COELHO, S. 1997. Antiluteolytic signals between 
the conceptus and endometrium. Theriogenology, 47:131-140.

THATCHER, W.W.; GUZELOGLU, A.; MATTOS, R.; BINELLI, 
M.; HANSEN, T.R.; PRU, J.K. 2001. Uterine-conceptus inter-
actions and reproductive failure in cattle. Theriogenology, 
56:1435-1450.

THATCHER, W.W.; STAPLES, C.R.; DANET-DESNOYERS, G.; 
OLDICK, B.; SCHMITT, E.P. 1994. Embryo health and mortality 
in sheep and cattle. Journal of Animal Science, 72:16-30.

TRIBULO, R.; NIGRO, M.; BURRY, E.; CACCIA, M.; TRIBULO, H.; 
BO, G. 1997. Pregnancy rates in recipients receiving CIDR-B de-
vices immediately following embryo transfer. Theriogenology, 
47:372.

VAN EMON, M.; SANFORD, C.; MCCOSKI, S. 2020. Impacts 
of Bovine Trace Mineral Supplementation on Maternal and Off-
spring Production and Health. Animals, 10:2404. doi:10.3390/
ani10122404

VAN GESTEL, I.; IJLAND, M.M.; HOOGLAND, H.J.; EVENS, 
J.L.H. 2003. Endometrial wave like activity in the non-pregnant 
uterus. Human Reproduction Update, 9:131-138.

VEDOVATTO, M.; MORIEL, P.; COOKE, R.F.; COSTA, D.S.; FARIA, 
F.J.C.; CORTADA NETO, I.M.; BENTO, A.L.L.; ROCHA, R.; FERREI-
RA, L.C.L.; ALMEIDA, R.G.; SANTOS, S.A.; FRANCO, G.L. 2019 

Effects of a single trace mineral injection at beginning of fixed-
time ai treatment regimen on reproductive function and antiox-
idant response of grazing Nellore cows. Animal of Reproduc-
tion Science, 211, 106234.

WALLACE, L.D.; BREINER, C.A.; BREINER, R.A.; SPELLC, A.R.; 
CARTER, J.A.; LAMB, G.C.; STEVENSON, J.S. 2011. Administra-
tion of human chorionic gonadotropin at embryo transfer in-
duced ovulation of a first wave dominant follicle, and increased 
progesterone and transfer pregnancy rates. Theriogenology, 
75:1506-1515. 

WALTON, JS.; HOLBERT, G.W.; ROBINSON, N.A.; LESLIE, K.E. 
1990. Effects of progesterone and human chorionic gonado-
tropin administration five days post insemination on plasma 
and milk concentrations of progesterone and pregnancy rates 
of normal and repeat breeder dairy cows. Canadian Journal of 
Veterinary Research, 54:305-308.

WÓJCIK, E.; KEPKA, K.; SKUP, M. 2023. Effect of Selected Mi-
cro- and Macroelements and Vitamins on the Genome Stability 
of Bovine Embryo Transfer Recipients following In Vitro Fertil-
ization. Animals, 13:1056. doi.org/10.3390/ani13061056

WOOLDRIDGE, L.K.; NARDI, M.E.; EALY, A.D. 2019. Zinc sup-
plementation during in vitro embryo culture increases inner cell 
mass and total cell numbers in bovine blastocysts. Journal of 
Animal Science, 97:4946-4950.

YOON, D.J.; KIM, G.W.; KIM, K.J.; HAN, J.B.; KIM, N.H.; LEE, 
J.W. 2011. Effect of human chorionic gonadotrophin, flunixin 
meglunin, lidocaine on pregnancy rate of Hanwoo IVF embryo 
transfer. Journal of Embryo Transfer, 26 (2):97-104.


