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ABSTRACT

The aim of this study was to evaluate the effects of flunixin meglumine administration on pregnancy rates
and luteal phase characteristics in bovine embryo recipients at the moment of embryo transfer. In
experiment 1, in vitro produced embryos were transferred to 184 females divided as control and treated
group (recipients treated with 1.1mg/kg flunixin meglumine). In experiment 2, 22 females were divided as
control group; group 2 (animals submitted to a reproductive tract manipulation similar to an embryo transfer
on the 7th day after estrous); and group 3 (females submitted to a manipulation and treatment with 1.1mg/kg
flunixin meglumine). In experiment 1 no difference was observed between control and treated groups
(40.2% and 44.6%, respectively) for pregnancy rates. In experiment 2 no difference was observed on the
length of luteal phase between groups, however, animals in group 2 presented lower plasma progesterone
concentrations than the control group and group 3. Therefore, we concluded that although the
administration of flunixin meglumine at the moment of embryo transfer inhibited the reduction plasma
progesterone concentrations, it was not effective in increasing pregnancy rates of bovine recipients.

Keywords: Bos taurus, flunixin meglumine, corpus luteum, progesterone
RESUMO

O objetivo deste estudo foi avaliar os efeitos da administracéo de flunixina meglumina sobre as taxas de
prenhez e caracteristicas da fase lGtea da receptora no momento da transferéncia de embrides em bovinos.
No experimento 1, embries produzidos in vitro foram transferidos para 184 fémeas, divididas em grupos
controle e tratado (tratados com 1,1mg/kg de flunixina meglumina). No experimento 2, 22 fémeas foram
divididas em grupo controle (n=7); grupo 2 (n=8; animais submetidos & manipulagéo do trato reprodutivo
semelhante a transferéncia de embriGes no sétimo dia pés-cio); e grupo 3 (n=7; fémeas submetidas a
manipulacgéo e ao tratamento com 1,1mg/kg de flunixina meglumina). No experimento 1, ndo foi observada
diferenga nos grupos controle e tratado (40,2% e 44,6%, respectivamente) para as taxas de prenhez. No
experimento 2, ndo houve diferenca na extensdo da fase litea entre 0s grupos, entretanto os animais do
grupo 2 apresentaram concentragfes plasmaticas de progesterona mais baixas que o grupo controle e o
grupo 3. Portanto, conclui-se que a administracéo de flunixina meglumina no momento da transferéncia
de embries inibiu a redugdo das concentracfes plasmaticas de progesterona, no entanto ndo foi eficaz
para aumentar as taxas de prenhez de receptoras em bovinos.
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INTRODUCTION

The genetic improvement of cattle herds is
certainly the main mean by which productive
efficiency and profitability of breeding systems
can be improved. Among several genetic
improvement techniques, embryo transfer and in
vitro embryo production can be highlighted as
tools improve the useof genetic material from
cows (Dziuk; Bellows, 1983).

Despite the increase in numbers of bovine
embryos transferred during the last years, the
establishment of pregnancy in embryo recipients
still presents high variability, which is well below
the expected in most cases. This wide variation
observed in pregnancy rates may be a result of
several factors such as embryonic, maternal,
environmental or even a combination of all
(Young et al., 1998).

Furthermore, it was identified that manipulation
of the recipient's reproductive tract at the time of
embryo transfer results in the release of
prostaglandin F2a (PGF2a) by the endometrium
(Schallenberger et al., 1989; Wann and Randel,
1990; Scenna et al., 2005).This increase in PGF2a
release by the endometrium may compromise the
pregnancy rate through different pathways, such
as detrimental action on embryo development or,
for example, through impairment of luteal
function of these recipients, which may indirectly
affect embryo development (Wiltbank et al.,
1989; Schrick et al., 2003; Hockett et al., 2004).

Aiming to increase the pregnancy rate in recipient
cows, one can theorize that inhibition of
prostaglandin synthesis would support the
establishment of pregnancy, either by inhibition
of prostaglandin direct adverse effects on
embryonic development, or corpus luteum (CL)
functionality. An interesting study (Elli et al.,
2001) administered ibuprofen lysinate (a non-
steroidal anti-inflammatory drug that inhibits
cyclooxygenase-2 enzyme activity) one hour
before embryo transfer and had higher pregnancy
rates in the treated group compared to control
(82% vs. 56%), a fact also proven through the use
of 5 mg/kg ibuprofen (IM) (Narvaez et al., 2010).
Furthermore, another study (Pugh et al., 2004)
treated cows  with aspirin, another
cyclooxygenase-2 inhibitor, and achieved a
significant 18% increase in pregnancy rate
compared to control cows. Lastly, the utilization
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of flunixin meglumine (FM) immediately after
transfer, in recipients with and without cervical
transposition, obtained pregnancy rates of 61.4%
and 50%, respectively, concluding that FM
administration was able to increase pregnancy
rates in cows presenting cervical transposition
(Ribeiro Filho et al., 2011). However, more
studies are required to better understand this
interaction.

Therefore, the objective of the present study was
to evaluate the influence of FM, an inhibitor of
prostaglandin synthesis, on the pregnancy rate of
bovine recipients of in vitro produced embryos,
and its impact plasma  progesterone
concentrations (P4) and luteal phase duration in
the receptors.

MATERIAL AND METHODS

All experiments were performed under protocols
approved by the Animal Care and Use Committee,
number 48/2007 — CEEA.

Experiment 1: Effect of flunixin meglumine on
bovine embryo recipient’s pregnancy rate. For
this study, adult primiparous and multiparous
(n=184) crossbred bovine embryo recipients were
used, with a body score condition equal to or
greater than 3 (0 to 5 scale), showing cyclic
ovarian activity and period after delivery of more
than 60 days. A hundred and eighty-four in vitro
embryos produced by Bioembryo® laboratory
were used. The oocytes used were originated from
follicular aspirations of Zebu (Bos indicus)
matrices (Nelore and Guzerda). The semen used for
IVFs came from a single zebu bull (Nellore and
Guzerd), and the semen used came from the same
breed of bull that originated the oocyte.

Only grade 1 quality embryos at developmental
stage of initial blastocyst (Bl; n = 40), blastocyst
(BL; n = 68) and expanded blastocyst (BX; n =
76) were used. The synchronization recipients
were achieved with 500 pg IM application of
cloprostenol  (Ciosin®, Schering-Plow, Séo
Paulo, SP, Brazil). Between 2 and 5 days after
application the animals were observed twice daily
for heat detection.

The recipients were used between the 6th and 9th
day after heat observation. On the day of the
embryo transfer, the recipients were selected
through rectal palpation and ultrasonography
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examination of the reproductive tract. Recipients
that presented corpus luteum, adequate uterine
tonus and diameter corresponding to luteal phase
of estrous cycle were selected to receive embryos.
All transfers were classified according to
procedure difficulty, being determined as score 1
the procedures that cervix crossing was not
difficult and embryo transfer gun was positioned
in the final third of uterine horn. In score 2 there
was a moderate difficulty to perform the
procedure and in 3 there was a great difficulty.

After the transfers, the recipients were divided
into two groups: group 1 (control) and group 2
(experimental), with a randomized division of
embryos between two groups so that both
received the same number of BI, BL and BX. The
animals in group 1 were released immediately
after the procedure and the animals in group 2
received 1.1mg/kg IM application of FM
(Flunixin  Injectable®,  Chemitec  Agro-
Veterinaria S&o Paulo, SP, Brazil) soon after the
transfer.

Pregnancy diagnosis was performed through
transrectal ultrasound examinations at 30 and 60
days of gestation using Esaote® ultrasound device
(Pie Medical Equipment BV, Maastricht,
Netherlands), Aquila ProVet model, with a
bifrequential transducer (6-8 MHz). Data on
pregnancy rates were statistically analyzed using
Chi-square test at a 5% level of significance (p
<0.05). For that, the FREQ procedure of SAS
System for Windows® program (2001) was used.

Experiment 2: Effect of flunixin on luteal phase
characteristics of bovine embryo recipients. For
the second experiment, adult primiparous and
multiparous Nelore cows (n=33) with body score
condition equal to or greater than 3 (0 to 5 scale)
and showing cyclic ovarian activity and
postpartum period of more than 90 days were
used. The animals were synchronized by two
applications of 500 pg sodium cloprostenol 1M
(Sincrocio®, Ouro Fino Satde Animal, Ribeirdo
Preto, S&o Paulo, Brazil), with an 11 day interval.
Between 2 and 5 days after the second application
the animals were observed twice day for heat
detection.

On the seventh day (D7) after heat detection,
ultrasound evaluation of the reproductive tract
was performed on 25 females that demonstrated
estrus to determine corpus luteum characteristics
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and also for uterine evaluation. At the same
moment, blood sample was collected for
subsequent P4 plasma concentration evaluation.
At this stage, one animal was discarded from the
experiment because it had liquid contents in the
uterine lumen, one female was discarded for not
having a clear image of one CL during
ultrasonography examination, and another animal
was later discarded because it had a P. plasma
concentration below 1 ng/ml on manipulation day
(D7).

The remaining 22 animals were randomly divided
into groups: group 1 (control, n = 7), group 2
(manipulation, n = 8) and group 3 (manipulation
and FM application, n = 7). Group 1 did not
undergo any type of reproductive tract
manipulation besides ovaries and uterus
submitted to ultrasound examination,
furthermore, they did not receive any drugs during
D7 or later during the experiment. Group 1
animals were submitted to sonographic
examinations and hormonal levels between D7
and luteal phase end (D7, D11, D13, D14, D15,
D16, D17, D18, D19 and D20) for P4 plasma
concentration determination and CL functional
duration.

The group 2 females were submitted to
reproductive tract manipulation in D7, similar to
embryo anovulation, after ultrasonography
evaluation and blood collection. As in experiment
1, the manipulations were classified with
difficulty score of 1 to 3. The animals in group 2
underwent ultrasound examinations and blood
samples between D7 and the end of the luteal
phase, similarly to the described for group 1.

The group 3 females were submitted to
reproductive tract manipulation in D7 soon after
ultrasonographic evaluation and blood collection,
in the same way as in group 2 animals. However,
at the end of manipulation the animals
received 1.1mg/kg FM (Flunixin Injectable®,
Chemitec Agro-Veterinary, Sdo Paulo, SP,
Brazil) intramuscularly. Similar to the previously
described, the animals underwent
ultrasonographic  examinations and  blood
sampling between D7 and the end of luteal phase
to determine P4 plasma concentrations and corpus
luteum functional duration.

Transrectal ultrasound examinations were
performed using Aloka® ultrasound device
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(Aloka Co. Ltd., Tokyo, Japan) model SSD 500
with a 5 MHz frequency transducer. Luteal tissue
volume and cavity were calculated by the formula
math: V = 4/3 P.a/2. (b/2) 2, where a =
longitudinal axis and b = transverse axis (Spell et
al., 2001). Blood samples were collected shortly
after by venipuncture of coccygeal vessels with
21GX1 needles (Vacutainer® BD, S&o Paulo, SP,
Brazil) and stored in heparinized vacuum blood
collection tubes (Vacutainer® BD, S&o Paulo, SP,
Brazil). The tubes were kept in refrigerated
thermal boxes until centrifugation time at 2500xg
for 15 minutes. The obtained plasma was sorted in
identified plastic tubes and kept in a freezer at -
80°C until hormone level evaluations. P4 plasma
levels were determined by commercial solid-
phase kits (Coat-A-Count, Siemens Medical
Solutions Diagnostics, Los Angeles, USA), by
radioimmunoassay system (Packard Cobra Il
Auto Gamma, GMI Incorporation, Ramsey,
USA). Samples were processed in two assays,
with 1.87% intra-assay coefficient, 3.75% inter-
assay coefficient and 0.02ng/mL sensitivity.

Statistical  analyzes of the evaluated
characteristics were performed using the
Statistical Analysis System (SAS, System for
Windows, 2001). P, plasma concentration and
corpus luteum volume variables were compared at
different times by the GLM procedure of SAS
(General Linear Model Procedure PROC GLM)
using the Student-Newman-Keuls (SNK) test.

Analyzes of variance and regression were
performed to compare P4 plasma concentration
between different groups with the sampling days
as a source of variation. Student's t-tests were used
to compare the means, with 95% significance

level (p < 0.05). The dependent variables were Py
plasma concentration and corpus luteum volume,
while harvest days and cows were independent
variables.

RESULTS

Experiment 1: Flunixin meglumine effect on
bovine embryo recipient’s pregnancy rate. From a
total of 184 embryos anovulations, 148 (80.4%)
were classified with as score 1 of difficulty, 30
(16.3%) were classified with score 2 and only 6
(3.3%) anovulations were classified with score 3.
However, there was no difference (p> 0.05) in the
pregnancy rate between the animals that were
submitted to procedures classified with different
scores of difficulty, furthermore, regarding body
condition score, pregnancy rate was 43.92%
(65/148), 36.67% (11/30) and 33.33% (2/6) for
animals with scores 1, 2 and 3 respectively.

The overall pregnancy rate of 184 embryo
recipients at the 30th day of gestation was 42.39%
(78/184). There was no significant difference
between pregnancy rate of the animals in group 1
(40.22% - 37/92) in relation to group 2 (44.57% -
41/92) (p = 0.55). Similarly, there was no
difference in pregnancy rates between different
experimental groups considering the different
stages of embryonic development (Bl, BL and
BX) (p> 0.05). The results regarding the rates of
pregnancy of embryo recipients used in
experiment 1 are presented in table 1. The total
embryo/fetal loss rate between approximately 30
and 60 days of gestation was 3.85% (3/78), with
no significant difference between groups and
different stages of embryonic development (Table
2).

Table 1. Pregnancy rate at 30 days of gestation of recipients using in vitro produced embryos at different
stages of development. Group 1 = Control; Group 2 = FM 1.1mg/kg at the transfer time

30-day pregnancy rate (%)

Groups Initial Blastocyst Blastocyst Expanded Total
Blastocyst

Group 1 40.0% (8/20)% 52.9% (18/34)? 28.9%(11/38)° 40.2% (37/92)

Group 2 35.0 %(7/20)° 52.9% (18/34)° 42.19%(16/38)° 44.6% (41/92)

Total 37.5% (15/40)% 52.9% (36/68)“ 35.5% (27/76)¢ 42.4% (78/184)

abede \alues with different superscripts in the same row differ significantly (p <0.05).
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Table 2. Rate of embryonic loss between approximately 30 and 60 days of gestation of recipients of in vitro
produced bovine embryos at different stages of development. Group 1 = control group; Group 2 = group of
recipients treated with flunixin 1.1mg/kg meglumine at embryos innovation

Embryonic loss between approximately 30 and 60 days (%)

Groups Initial Blastocyst ~ Blastocyst Expanded Total
Blastocyst

Group 1 0.0% (0/8)? 0.0% (0/18)? 9.1% (1/11)? 2.7% (1/37)

Group 2 14.3% (1/7)° 5.6% (1/18)° 0.0% (0/16)° 4.9% (2/41)

Total 6.7% (1/15)° 2.8% (1/36)° 3.7% (1/27)¢ 3.9% (3/78)

ab.c\/alues in the same row do not differ significantly (p> 0.05)

Experiment 2: Flunixin meglumine effect on
luteal phase characteristics of bovine embryo
recipients. After two applications of sodium
cloprostenol with an 11-day interval between
applications, 25 of 33 bovine females presented
signs of estrus during the observation period,
representing 75.76% of the total animals.
Furthermore, from a total of 22 manipulations
performed for positioning the embryo transfer gun
in the final third of the uterine horn, 10 (45.4%)

were classified with score 1 difficulty, 8 (36.4%)
were classified with score 2, and 4 (18.2%) were
classified with score 3.Control group animals
(group 1) presented the highest mean value for P4
plasma concentrations on day 14 of the estrous
cycle (5.85 mg/mL). During the interval between
D7 and D14 there was a gradual increase in P4
mean values and from day 14 there was a daily
decrease in P, mean values (figure 1 and Table 3).

Table 3. Mean values for progesterone plasma concentrations (ng/mL) during the luteal phase (D7 to D18)
of the animals in the different experimental groups (Group 1 - control animals; Group 2 - animals submitted
to reproductive tract manipulation in D7; Group 3 - animals submitted to reproductive tract manipulation
and treated with 1.1mg/kg of flunixin meglumine in D7) (mean + standard error)

Progesterone Plasma Concentrations (ng / mL)

G1: Control (n=7)

G2: Manipulation (n =

G3: Manip. + FM (n =

8) 7)
Day 7 4.09 + 0.40% 4.37 + 0.36% 3.98 +0.23%
Day 9 4.24 +0.30° 4.34 +£0.35° 411+0.15°
Day 11 4.34 +0.33° 3.85 + 0.60° 4.42 +0.38°
Day 13 4.98 +0.37¢ 3.91+0.78° 4.65+0.61¢
Day 14 5.85 + 0.38f 4.11 +0.89¢ 5.26 + 1.03f
Day 15 5.14 +0.22" 4.03 £ 0.82! 5.41+0.74"
Day 16 4.70 + 0.32 3.64 +0.76k 5.23 +0.68
Day 17 3.60 + 0.56' 2.74 £0.57™ 3.83+0.59'
Day 18 1.81+0.50" 1.61+0.38" 2.12+0.41"
Day 19 0.83+0.17° 0.64 = 0.16° 0.90+0.17°

abedefghijklmnoyalyes with different superscripts in the same line differ significantly (p<0.05).

On the other hand, the mean value of group 3
(manipulation + FM) P4 plasma concentrations
did not differ from the value observed in the
control group during the same period (G1) (p>
0.05). However, when compared to group 2
(manipulation), group 3 as well as control group
(G1) also had higher P4 plasma concentrations
during the same interval.

A difference (p <0.05) was observed in the mean
values for P, plasma concentrations from D7 until
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the end of the luteal phase (D19) when groups G1
and G3 were compared to G2 (tract manipulation),
being the values higher for G1 and G3 group, (p =
0.018, Figure 2).

DISCUSSION
Several studies have demonstrated the positive

effects on pregnancy rates and maintenance of
gestation to term through the utilization of
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prostaglandin synthesis inhibitors (Elli et al.,
2001; Pugh et al., 2004; Scenna et al., 2005).

Although unmeasured in the current study, it is
expected that there will be a slight PGF2a release
during embryo transfer, since the great majority of
the procedures (80.4% - 148/184) were classified
as score 1 (easy cervix transposition and
positioning of the device in the final third of the
uterine horn requiring minimal manipulation), a
fact probably due to the careful discard of
recipients that previously had a difficult run
through cervix at the transferring trial. Rowe et al.
(1980) had already reported an inverse correlation
between time and difficulty found to perform
embryo transfer, with pregnancy rates of bovine
embryo recipients. Similarly, Schrick et al. (2003)
reported that as difficulty for embryo transfer
increased, pregnancy rate decreased significantly.

Therefore, the low amounts of PGF2a released by
endometrium from control group recipients in the
current study were probably not sufficient to
affect embryonic development or even to exert
some deleterious effect on corpus luteum
functionality, thus, justifying the absence of
difference between pregnancy rates in control and
treated group. A probably possible factor that
justifies this disagreement between results
obtained in the above-mentioned studies and the
present study is the difference in the amount of
endometrium PGF2a released at the moment of
the embryo transfer procedure.

Another factor that may have influenced the lack
of positive effect of FM administration on bovine
pregnancy rate was the degree of embryos quality,
being reported by Schrick et al. (2001), that the
effect of FM on pregnancy rate depends on
embryonic quality and its stage of development.
In an interesting study (Scenna et al., 2005) in
animals submitted to an FM application at the
time of transfer, a significant increase in
pregnancy rate on treated animals when compared
to controls, in recipients that received fresh and
frozen in vitro produced embryos classified with
grade 1 quality was not observed. However,
animals that received a grade 2 embryo and were
submitted to an FM application had an 11% higher
pregnancy rate than the control group. Similarly,
Purcell et al. (2005) reported a beneficial effect of
FM administration on pregnancy rates of
recipients who received fresh and frozen in vivo
produced embryos grade 2 and 3 qualities.
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Therefore, the fact that only grade 1 quality
embryos were used in the present study may be a
factor that contributed to the lack of difference
between pregnancy rates between the different
experimental groups. Similar to the observed in
this work, another study (Veloso Neto et al.,
2014), that only used grade 1 embryos also did not
obtain statistical differences in treatments
between pregnancy rates or embryo loss
reduction.

Furthermore, regarding the synchronization,
Fernandes et al. (2006) obtained similar results in
crossbred embryos recipients (82.9% - 199/240)
which underwent cloprostenol  application
between days 6 and 17 of the estrous cycle.
Similarly, Avila Pires et al. (2003) obtained
estrous synchronizations varying between 70 and
85% after two cloprostenol applications with an
interval of 11 to 14 days between applications in
Zebu females. No difference was observed
between corpora lutea means on the different
groups throughout luteal phase (p> 0.05).
However, around the seventh day (D7) to ninth
day (D9) of the estrous cycle, the largest corpora
lutea volume was observed in all experimental
groups, and from that period a gradual decrease in
their volume was observed during the rest of the
phase luteal. Similar data were observed in other
studies (Viana et al., 2000; Acosta et al., 2003;
Borges et al., 2003).

Studies have evaluated the effect of reproductive
tract manipulation on PGF2a release in cows,
either through concentration of prostaglandin
metabolites (Wann & Randel, 1990), or direct
PGF2a evaluation through saphenous vein
cannulation (Scenna et al., 2005). In both studies
it was identified that manipulation results in
PGF2a release by the endometrium. In addition,
Scenna et al. (2005) identified a pulsatile pattern
of PGF2a release after manipulation, much like
PGF2a release pattern at the time of luteolysis.

Therefore, although it was not quantified in the
present study, it is probable that there was a
significant PGF2a release by the endometrium of
the animals that underwent reproductive tract
manipulation in experiment 2. Some factors
support this hypothesis, such as: high incidence of
embryo transfer procedures that were classified
with score 2 and 3 of difficulty (medium difficulty
and high difficulty, respectively, 54.6% - 12/22)
and the lack of previous selection of the animals
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in relation to cervix and uterus anatomy since
these females had never undergone a previous
transfer.

Interestingly, several factors suggest that there
was a more pronounced PGF2a release by the
endometrium  of animals  submitted to
reproductive tract manipulation in experiment 2
when compared to experiment 1. Schramm et al.
(1983) evaluated the effect of PGF2a
administration on different frequencies and
concentrations on corpus luteum functionality in
sheep. In accordance, the authors observed that at
least 5 PGF2a pulses were required over a period
of 25 hours for occurrence of permanent luteolysis
in most animals, however, when assessing the
effect of only one daily PGF2a pulse on corpus
luteum, functionality was observed.

Furthermore, another similarity between the
studies is that there was a significant decrease in
P, secretion rate, which was later followed by
recovery in P4 secretion profile. It is probable that
uterine manipulation performed in group 2
females triggered PGF2a release by the
endometrium, which, in turn, led to a temporary
reduction in the capability of the corpus luteum to
secrete P4 in 3 animals (37.5%), and stimulated an
early CL regression in one animal (12.5%,).
Interestingly, FM administration was apparently
effective in blocking PGF20 synthesis by
endometrium in 5 females caused by reproductive
tract manipulation, however, two females showed
P4 plasma concentration decrease after
manipulation, indicating that for some specific
reason FM administration was not effective in
blocking PGF2a synthesis in these animals.

CONCLUSIONS

This study demonstrated that manipulation of the
reproductive tract of cows at the time of embryo
transfer did not alter the duration of the luteal
phase, however, it decreased Ps plasma
concentrations of these animals. Furthermore,
although FM administration at the time of the
procedure was effective in inhibiting the decrease
P, plasma concentrations, it did not increase the
pregnancy rate of recipients.
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