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A B S T R A C T

This study evaluated the use of flunixin meglumine to prevent the occurrence of premature corpus
luteum (CL) regression in superovulated ewes, improving embryo recovery and viability. Ewes
(n=23) submitted to conventional superovulatory protocol and laparoscopic artificial insemina-
tion were treated with 2.2 mg/kg/day of flunixin meglumine (FLU, n=12) or 1.5 mL saline so-
lution (CONT, n=11) on Days 2, 3, and 4 (Day 0 = 48 h after device removal). Serum
progesterone (P4) concentrations were measured (Day 1–6). Ultrasound (US, Days 3 and 6) and
laparoscopic evaluation (Day 6) were performed to identify luteinized structures. In the US,
laparoscopy, and P4 assessments, the percentage of ewes with premature CL regression differed
(P<0.05) between CONT (54.5; 63.6; and 54.5 %) and FLU (0.0; 0.0; and 0.0 %), respectively. The
US exams revealed the effect (P<0.05) of treatment on the number of regressing CL between
CONT (1.4 ± 0.6) and FLU (0.0 ± 0.0). Greater (P<0.05) number of normal CLs (10.5 ± 1.8 vs.
4.4 ± 1.5), ova/embryos (9.1 ± 2.1 vs. 3.7 ± 1.3), viable embryos (5.1 ± 1.1 vs. 2.6 ± 1.2), and
recovery rate (79.5 ± 9.6 vs. 41.3 ± 15.0 %) were observed in FLU compared to CONT,
respectively. The embryo viability rate did not differ (P>0.05) between FLU (60.7 ± 10.5 %) and
CONT (45.5 ± 16.1 %). In conclusion, the flunixin meglumine protocol was able to prevent the
occurrence of premature CL regression in superovulated ewes, increasing the recovery rate and
embryo production.

1. Introduction

Among sheep breeds, Dorper stands out on the world stage in genetic improvement programs due to its adaptability to harsh
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environments, growth performance, and reproductive efficiency (Almeida et al., 2013; Souza et al., 2016; Kandiwa et al., 2020).
Aiming at such programs, the multiple ovulation and embryo transfer (MOET) technique is essential to optimize the in vivo production
of embryos from high-value females (Zhu et al., 2018; Bergstein-Galan et al., 2020). MOET was pointed out as the most used technique
of ovine embryo production in Brazil, as well as in the world, and with a greater proportion if compared to the goat species (Sou-
za-Fabjan et al., 2021).

Some obstacles, however, still prevent the best performance of the technique, such as the variation in the donor’s ovulation rate, the
number of viable structures per collection, and the occurrence of the premature corpus luteum (CL) regression, impairing its use on a
commercial scale (Bruno-Galarraga et al., 2014; Bartlewski et al., 2016). Although premature CL regression was initially described and
studied in superovulated goats (Armstrong et al., 1987; Battye et al., 1988; Saharrea et al., 1998), this condition was also verified in
sheep (Schiewe et al., 1990), and continued until the present-day affecting females submitted to estrus-synchronization (Salloum and
Saleh, 2022) and superovulation (Souza-Fabjan et al., 2017) in a percentage of 23 % and 60 %, respectively. In this context, our group
has recently shown a premature CL regression rate of 25 % over four years of working performed with conventional superovulatory
protocol in Dorper ewes, without finding any effect regarding the donor age, body condition score, number of MOET procedures, and
season (Rocha et al., 2022). To the best of our knowledge, in most of the reports found in the literature, either no premature CL
regression control strategy was applied to circumvent this problem in superovulated ewes, or no definitive results were established
(Souza-Fabjan et al., 2017; Bergstein-Galan et al., 2020).

The mechanism of premature CL regression is frequently associated with high estradiol concentrations, often related to the
presence of anovulatory follicles (Saharrea et al., 1998; reviewed by Rodriguez et al., 2015), resulting in an early release of prosta-
glandin F2 alpha (PGF2α). This event consequently decreases the concentration of progesterone (P4), makes the environment unfa-
vorable, impairing the embryonic migration in the oviduct and its viability (Saharrea et al., 1998; Aké-López et al., 2005; Cervantes
et al., 2007). In superovulated goats, different approaches have been used to avoid the occurrence of premature CL regression, such as
the use of hCG or GnRH (Saharrea et al., 1998), and P4 or its analogs (Gilbert et al., 1990; Cervantes et al., 2007). Of note, flunixin
meglumine, a non-steroidal anti-inflammatory drug that acts by inhibiting the synthesis of cyclooxygenase (the enzyme responsible for
converting arachidonic acid to prostaglandins), appears to be an important strategy in goats over the years (Battye et al., 1988; Gilbert
et al., 1990; Salles et al., 1998; Maia et al., 2020). In sheep, the flunixin meglumine was tested after mating, to check its effect on the
length of the estrous cycle and luteal phase (Aké-López et al., 2005), but the literature is still incipient on the use of this drug to avoid
premature CL regression in superovulated females and to achieve better results in embryonic production in vivo (Bergstein-Galan et al.,
2020).

We hypothesized that the use of flunixin meglumine could minimize the occurrence of premature CL regression in superovulated
ewes, increasing the production and recovery of good-quality embryos. Thus, the objective of this study was to verify the effects of
flunixin meglumine on the functionality of the corpus luteum at the of embryo recovery, evaluating P4 concentrations, macroscopic
aspects of the corpus luteum by laparoscopy, and color Doppler ultrasonography images of ovaries, and consequently on embryo
recovery and viability.

2. Material and methods

2.1. Ethics

This study was approved by the Animal Care Committee of the School of Veterinary Medicine and Animal Science of the University

Fig. 1. Schematic representation of experimental procedures used to evaluate 2.2 mg/kg/day of flunixin meglumine (FLU) or 1.5 mL saline solution
(CONT) after conventional superovulatory protocol and laparoscopic artificial insemination (LAI) on the functionality of corpus luteum (CL) and
embryo production in Dorper ewes. CIDR: Controlled Internal Drug Release; eCG: equine chorionic gonadotropin; FSH: follicle-stimulating hormone;
GnRH: gonadotropin-releasing hormone; P4: progesterone; US: ultrasonography.
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of São Paulo (protocol number: 2717181220).

2.2. Experimental location, animals, and design

The experiment was conducted at a commercial sheep farm in São Luis do Paraitinga, São Paulo State, Brazil (23◦ 22’36” S latitude
and 45◦ 26’ 51” W longitude). Multiparous Dorper ewes (n=23), previously approved in clinical evaluations, with ages between two
and eight years (mean± SEM of 3.2± 0.1), body weight of 64.2± 4.0 kg, and presenting good body condition score of 3.4± 0.2 (scale
of 1–5) were studied. The animals were kept in a confined system, fed corn silage, and concentrated with about 10 % crude protein to
meet maintenance requirements (National Research Council, 2007). Mineral salt and water were available ad libitum. The experi-
mental design is shown in Fig. 1.

2.3. Superovulatory protocol, artificial insemination, and flunixin meglumine treatment

All ewes underwent the conventional superovulation protocol (Hameed et al., 2021). An intravaginal device containing 0.33 mg of
P4 (CIDR®, Zoetis, São Paulo, Brazil) was inserted on Day − 16 and replaced by a new one on Day − 9, along with 0.24 mg of clo-
prostenol (Sincrocio®, Ourofino, São Paulo, Brazil) via intramuscular (i.m). The superovulatory treatment with 256 mg of FSH
(Folltropin®, Vetoquinol, São Paulo, Brazil) started on Day − 4 divided into eight doses (20/20/15/15/10/10/5/5 %) administered i.
m. every 12 h for four days plus 200 IU of eCG (Novormon®, Zoetis, São Paulo, Brazil) i.m. at P4 device removal (Day − 2) and 0.1 mg
of GnRH (Fertagyl®, MSD, São Paulo, Brazil) i.m. on Day − 1.

Laparoscopic artificial inseminations (LAI) were performed twice at 36 and 42 h after P4 device removal, using commercially
cooled semen from Dorper rams with proven fertility and tested according to seminal quality parameters (Colégio Brasileiro de
Reprodução Animal CBRA, 2013). An inseminating dose at a concentration of 125 ×106 spermatozoa was used in each uterine horn.

After the LAI the ewes were randomly allocated into two groups: (1) FLU (n=12), to receive i.m 2.2 mg/kg of flunixin meglumine
(Flumax®, J.A. Saúde Animal, São Paulo, Brazil); or (2) CONT (control, n=11), to receive i.m. 1.5 mL saline solution. Both were
administrated once a day for three days (Days 2, 3, and 4, being Day 0 = 48 h after P4 device removal).

2.4. Ultrasonographic evaluation

B-mode and color Doppler US evaluations were performed on Day 3 and Day 6 by the same experienced operator using portable
equipment provided with a 7.5 MHz linear transducer (Mindray Z5, Shenzen, China). Each ovary was first located using B-mode,
followed by the activation of color Doppler mode to assess the presence or absence of blood perfusion, which was used as a marker of
luteal function (Figueira et al., 2015; Bevilaqua et al., 2023). It quantified luteinized structures as corpus luteum (normal and
regressing) and luteinized anovulatory follicles (LAF). The LAF was identified by their size≥5.0 mm, the presence of a luteinized wall,
and a cavity greater than 50 % of the diameter of the structure (Oliveira et al., 2018; Figueira et al., 2020). The Doppler settings used
were: 1.0 kHz pulse repetition frequency, 7 cm depth, and 75 kHz wall filter.

2.5. Serum progesterone concentrations

Blood samples were daily collected in all ewes from Day 1 (72 h after P4 device removal) to Day 6 (day of embryo recovery) to
determine the serum P4 concentrations. Samples were collected via jugular venipuncture into tubes with a clot activator (BD Vacu-
tainer®, New Jersey, USA). Tubes were immediately placed on ice, transported to the laboratory, and centrifuged at 2000 × g for
15 min. Serum was removed, separated into aliquots, and stored at − 20 ◦C for posterior determination of serum P4 concentrations
using a commercial solid-phase radioimmunoassay (RIA) kit (catalog #07–270105, MP Diagnostics Division; Orangeburg, NY, USA) in
a single assay, in which the detection limit was 0.15 ng/mL. The standard curve provided by the kit was used, where the established
points were as follows: 0, 0.15, 0.50, 1, 5, 20, and 80 ng/mL. Standard curve points were performed in duplicates. All samples were
assayed in the same RIA to eliminate inter-assay variability. The intra-assay coefficient of variation was 9 %, and all data were within
the minimum and maximum values of the curve.

Premature CL regression was considered to have occurred if P4 concentrations decreased to <1 ng/mL on Day 6 (Saharrea et al.,
1998; Okada et al., 2000). It is worth highlighting, however, that in the case of animals presenting simultaneously regressed and
normal CL, and P4 concentrations remaining above 1 ng/mL, the occurrence of premature CL regression was not considered (Oliveira
et al., 2018).

2.6. Laparoscopy for CL count and surgical embryo recovery

Six days after LAI, the ewes were submitted to the embryo recovery procedure under general anesthesia (2–4 % isoflurane with
0–15 mL/kg/min of oxygen). For this, the females were previously deprived of food and water for 24 h and 12 h, respectively.

Immediately before the embryo recovery, CLs were enumerated according to their functionality classification by laparoscopy
evaluation as normal (orange or bright red in color) or regressing (white or pale pink in color, reduced size), in addition to checking the
presence or absence of LAF (Farin et al., 1986; Oliveira et al., 2018).

Only the females that presented three or more CLs, independent of the presence of premature CL regression were submitted to
surgical embryo recovery via longitudinal ventral laparotomy. Briefly, after uterus exposure, an 18-gauge IV catheter (BD, New Jersey,
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USA) was inserted near the utero-tubal junction, and the uterine lumen received an injection of 40 mL of warmed (37 ◦C) buffered
phosphate solution (DMPBS, Biodux, São Paulo, Brazil) supplemented with 10 % adult bovine serum (Nutricell, São Paulo, Brazil). This
flushing medium was recovered using a Foley catheter (size 10 Fr) inserted at the external bifurcation of each uterine horn. Flushing
content was recovered in a Petri dish (150 ×20 mm) and sent for evaluation. Embryo morphology was evaluated under a stereomi-
croscope (Nikon SMZ800N, Tokyo, Japan) using magnification from 20 to 40x and following the same principles used for cattle of the
International Embryo Transfer Society (IETS, Stringfellow and Givens, 2010); embryos Grade I, II, and III: viable, and Grade IV:
degenerated.

2.7. Endpoints and statistical analysis

We determined the following end points: estrus response (number of ewes in estrus/number of treated ewes x 100); ewes that
responded to superovulatory protocol (ewes that had ≥3 CLs at laparoscopy/number of ewes that underwent superovulatory protocol
x 100); total number of CL at laparoscopy between regressed and normal; number of normal CL at laparoscopy; number of regressing
CL at laparoscopy; percentage of ewes presenting LAF at laparoscopy; percentage of ewes with premature CL regression at US (number
of ewes with premature CL regression at US/ number of ewes that responded to superovulatory protocol x 100); percentage of ewes
with premature CL regression by laparoscopy (number of ewes with CL that regressed/ number of ewes that responded to super-
ovulatory protocol x 100); percentage of ewes with premature CL regression by P4 concentrations (number of ewes with P4<1 ng/mL
on the three days before embryo recovery/number of treated ewes x 100); number of LAF, number of normal and regressing CLs, total
number of luteinized structures counted by US on Days 3 and 6; number of total ova/embryos recovered in the flushing content
(oocytes, zona pellucida, degenerated and viable embryos); number of viable embryos (Grade I to III); number of nonfertilized oocytes;
number of degenerated (Grade IV) embryos; recovery rate (recovered structures/total CL counted at laparoscopy x 100) and viability
rate (viable embryos/total recovered structures x 100).

The statistical analysis was performed by generalized linear models using the SAS® software (Statistical Analysis Software, Cary,
NC, United States of America). The binomial variables were expressed as percentages and analyzed using the GLIMMIX procedure,
with the logit link function, and treatment as a fixed effect. The continuous data samples were tested for normality of residuals using
the UNIVARIATE procedure (Shapiro-Wilk test) and transformed, when necessary, via PROC RANK. The homogeneity of variances was
assessed using the Levene test. Data with normal distribution were analyzed by PROC GLM. The deviance analysis was used for
parametric data with POISSON or GAMMA distribution, using the log link function and treatment as a fixed effect. US measurements
were also analyzed considering the ewes group that suffered premature CL regression (i.e., P4<1 ng/mL) in comparison with the ewes
that did not suffer (i.e., P4>1 ng/mL) on the day of embryo recovery (Day 6).

Data from P4 concentrations and US assessment of total luteinized structures on Day 6 were analyzed as repeated measures using
PROC GLIMMIX, with Gamma and Poisson distribution, respectively. The compound symmetry (CS) matrixes were applied to model
the residual covariance. The model included treatment (or group), day, ewe (as a random variable), and interactions where necessary.
The Tukeýs test was used to pairwise multiple comparisons. It was considered 5 % of the significance level for all tests. Correlation
coefficients between P4 concentrations on Day 6 and measurements obtained by laparoscopy or US as the number of CL normal,
number of regressing CL, total number of luteinized structures, number of ova/embryos recovered, number of regressing CL, and
number of viable embryos were evaluated using the Pearson correlations method

Table 1
Estrus parameters, superovulation response, and ovarian laparoscopic and ultrasonographic assessments of Dorper ewes treated with three doses of
2.2 mg/kg flunixin meglumine (FLU) or 1.5 mL saline solution (CONT) once a day, starting 96 h after the removal of the progesterone device *. Data
are expressed as percentages or mean ± SEM. Minimum and maximum values are presented in brackets, when applicable.

Endpoints CONT (n¼11) FLU (n¼12) Total P-value

Estrus response (%) 100.0 (11/11) 91.7 (11/12) 95.7 (22/23) 0.98
Ewes that responded to superovulation (%)1 100.0 (11/11) 91.7 (11/12) 95.7 (22/23) 0.98
Total number of CL at laparoscopy 9.0 ± 1.0 [5 – 15] 10.5 ± 1.8 [5–26] 9.8 ± 1.1 [5–26] 0.48
Number of CL normal at laparoscopy 4.4 ± 1.5b [0 –14] 10.5 ± 1.8a [5–26] 7.6 ± 1.4 [0–26] 0.02
Number of regressing CL at laparoscopy 4.6 ± 1.6a [0 – 14] 0.0 ± 0.0b [0 – 0] 2.2 ± 0.9 [0− 14] 0.01
Ewes with LAF at laparoscopy (%) 72.7 (8/11) 63.6 (7/11) 68.2 (15/22) 0.42
Ewes with PRCL at laparoscopy (%) 63.6a (7/11) 0.0b (0/11) 31.8 (7/22) 0.01
Ewes with PRCL at ultrasonography (%) 54.5a (6/11) 0.0b (0/11) 27.3 (6/22) 0.01
Ewes with PRCL at progesterone concentration (%) 54.5a (6/11) 0.0b (0/11) 27.3 (6/22) 0.01

CL: Corpus Luteum; LAF: Luteinized Anovulatory Follicles; PRCL: Premature Regression of Corpus Luteum. PRCL was considered on Day 6 according
to their morphology and color (small, light pink, or white) by laparoscopy, luteal blood perfusion by color Doppler ultrasonography, or by serum
progesterone concentration (P4<1 ng/mL).
*Ewes (n=23) received a conventional superovulatory protocol consisting of 14 days (from Day − 16 to Day − 2) of progesterone device (replaced by a
new one on Day − 9), and 256 mg FSH (in eight doses, every 12 h, from Day − 4 to Day − 1), plus 200 IU eCG at device removal (Day − 2), and 0.1 mg
GnRH on Day − 1.
abDifferent letters in the same row differ statistically (P<0.05)
1Superovulation response was considered when the number of CL≥3 was counted by laparoscopy performed immediately before embryo recovery
(Day 6).

A.L.R.S. Maia et al.
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3. Results

Among the ewes (n=23) studied, one did not show estrus behavior but responded to the superovulatory protocol, and another one
did not respond to the superovulatory protocol (<3 CLs), the latter being excluded from the embryo recovery. Of the 22 ewes that
responded to the superovulation, one ewe from the CONT presented normal and regressing CLs simultaneously at laparoscopic
evaluation. Since this ewe showed serum P4 compatible with functional CLs on Day 6 (10.09 ng/mL), we decided not to consider the
animal as affected by premature CL regression.

The percentage of ewes with premature CL regression in the assessments performed by the US (CONT: 54.5 vs. FLU: 0.0 %),
laparoscopy (CONT: 63.6 vs. FLU: 0.0 %), and serum P4 concentrations (CONT: 54.5 vs. FLU: 0.0 %) showed differences (P<0.05)
between groups (Table 1).

According to the data of P4, there was an effect of treatment (P<0.05) in the mean concentration in FLU (5.9 ± 0.9 ng/mL) and
CONT (3.6± 0.7 ng/mL) during the evaluation period (Day 1 up to Day 6), with higher values at the Day 4 and Day 6. The effect of day
(P<0.05) was also observed. The P4 concentration increased during the observed period, with the lowest on Day 1 and maximum on
Day 6 (Fig. 2A). Grouping the ewes with premature CL regression or NORMAL regarding the functionality of the CL, it can be noticed
that the latter showed higher (P<0.05) values of P4 from Day 3 to Day 6 when compared to ewes that had premature CL regression
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Fig. 2. Progesterone concentrations in Dorper ewes after traditional superovulatory protocol (intravaginal progesterone device for 14 days and
256 mg FSH, in eight doses), followed by treatment with flunixin meglumine or saline solution. Data are expressed as mean ± SEM. Panel A: The
ewes of FLU were treated with three doses of 2.2 mg/kg flunixin meglumine and the ewes of CONT were treated with 1.5 mL saline solution on Days
2, 3 and 4. Panel B: The ewes with premature regression of corpus luteum (PRCL group, P4<1.0 ng/mL on Day 6) were compared with ewes without
PRCL (NORMAL group, P4>1.0 ng/mL on Day 6).*Indicates the days in which differences between treatment groups were observed (P<0.05). a,b,c

Different letters indicate differences between the days (P˂0.01) AB Indicate there was an effect of the group with PRCL or without. **Indicate the
interaction of the treatment per day, defined from Day 3 with the curves ascending in opposite directions (P˂0.05).
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(Fig. 2B).
Based on the US data performed on Day 3 and Day 6, it was observed effect of group (P<0.05) for the number of regressing CL

(total) comparing CONT and FLU group (1.4 ± 0.6 and 0.0 ± 0.0), respectively (Table 2). In the comparison, also by the US, between
the group of NORMAL ewes (i.e, without premature CL regression) and those that presented premature CL regression, there was group
and day interaction, with an increase (P<0.05) in the number of luteinized structures from Day 3 to Day 6 in the NORMAL ewes (15.5
± 1.3 vs. 18.9 ± 1.5, respectively), and, in contrast, a decrease (P<0.05) in these structures during the same days in the premature CL
regression ewes (13.7 ± 2.9 vs. 8.7 ± 2.4, respectively). The number of luteinized structures on Day 6 (just before embryo recovery),
therefore, was greater (P<0.05) in NORMAL ewes compared to the premature CL regression ones.

At laparoscopic assessment just before the embryo recovery, it was verified that the responsiveness of the ewes to the super-
ovulatory protocol (≥3 CLs), the total number of CLs (normal and regressing), and the percentage of ewes presenting LAF were similar
(P>0.05) between groups (Table 1). When evaluating the CLmorphology, however, there was a greater (P<0.05) number of normal CL
in FLU (10.5 ± 1.8 vs. 4.4 ± 1.5) and, in the opposite, a greater (P<0.05) number of regressing CL in CONT (4.6 ± 1.6 vs. 0.0 ± 0.0).

In one ewe from the CONT group, it was only possible to assess one ovary during the laparoscopy. Although this ewe was main-
tained in the study, the responses related to the ovarian observation, such as the numbers of ovarian structures and recovery rates, were
not included.

The total number of recovered ova/embryos (9.1 ± 2.1 vs. 3.7 ± 1.3), viable embryos (5.1 ± 1.1 vs. 2.6 ± 1.2), and degenerated
embryos (2.4 ± 1.5 vs. 0.1 ± 0.1) were greater (P<0.05) in ewes from the FLU when compared to CONT, respectively (Table 3).
Likewise, the embryo recovery rate was superior (P<0.05) in FLU (79.5 ± 9.6 %) than in CONT (41.3 ± 15.0 %). The results referring
to the number of nonfertilized oocytes (1.1 ± 0.6 vs. 0.7 ± 0.4), and embryonic viability rate (60.7 ± 10.5 vs. 45.5 ± 16.1 %),
however, did not differ (P>0.05) between FLU and CONT groups, respectively. When grouping the ewes with premature CL regression
(21.3 ± 11.3 %) and NORMAL ones (71.0 ± 10.5 %) it was noticed an inferior (P<0.05) recovery rate in the first group.

The serum P4 concentrations on the day of embryo recovery were positively correlated (P<0.05) with the CL number (r=0.79), the
total number of luteinized structures (r=0.51) by laparoscopy, and the number of ova/embryos recovered (r=0.54). Conversely, the P4
concentrations were negatively correlated with the number of CL regressed (r=-0.58). There was no association (P>0.05) between P4
concentrations and the number of viable embryos. Both CL normal counts by US or laparoscopy were positively correlated with the
number of ova/embryos recovered (r=0.85 and 0.50, respectively) and the number of viable embryos (r=0.52 and r=0.51).

4. Discussion

The treatment with flunixin meglumine proposed by our group demonstrated that, in addition to being effective in preventing the
occurrence of premature CL regression in Dorper ewes submitted to a conventional superovulatory protocol, it also resulted in a greater
number of viable embryos and a greater recovery rate. In our study, the first administration of flunixin meglumine occurred
approximately 54 h after LAI. It is worth mentioning that, on this day, the FLU group had five ewes with P4<1 ng/mL, while the CONT
had only two. Conversely, on the day of embryo recovery (Day 6), there were no ewes from FLU with basal levels of P4 compared to six
from CONT. These data highlight the efficiency of flunixin meglumine treatment in increasing andmaintaining adequate circulating P4
levels. Playing a fundamental role in the initial period of embryonic development, including its transition from the oviduct to the
uterus (Binelli et al., 2018), P4 secreted by the CL is responsible for molecular and morphological modifications that occur in the
reproductive tract environment (Rizos et al., 2010; Binelli et al., 2018), enabling the recovery of the embryo in the morula and
blastocyst stages in the uterine horn on the day of collection. A positive correlation has already been reported between high con-
centrations of P4 from immediately after conception through the 7th-day post-conception and the likelihood of embryo survival,
development, and increased pregnancy rates (Forde et al., 2009). On the other hand, high estradiol concentrations resulting from

Table 2
Endpoints of ultrasonographic evaluation of luteinized structures on Day 3 and Day 6 in Dorper ewes submitted to superovulatory protocol, lapa-
roscopic artificial insemination, and treated with 2.2 mg/kg/day of flunixin meglumine (FLU) or 1.5 mL saline solution (CONT) for three days starting
96 h after the removal of the progesterone device *. Data are expressed as mean ± SEM.

CONT (n¼11) FLU (n¼11) P-value

Endpoints Day 3 Day 6 Total Day 3 Day 6 Total Trt Day Trt
*Day

Number of LAF** 7.7 ± 1.5 (1 –
19)

5.0 ± 1.0 (0 –
9)

6.4 ± 0.9 (0 –
19)

8.8 ± 1.7 (2 –
19)

9.7 ± 2.2 (4 –
25)

9.2 ± 1.3 (2 –
25)

0.08 0.42 0.25

Number of CLs 7.0 ± 1.4 (0 –
17)

7.2 ± 2.1 (0 –
18)

7.1 ± 1.2 (0 –
18)

6.0 ± 1.4 (1 –
15)

7.9 ± 1.4 (3 –
15)

6.9 ± 1.0 (1 –
15)

0.82 0.69 0.37

Number of regressing CL 0.5 ± 0.3 (0 –
3)

2.4 ± 1.0 (0 –
11)

1.4 ± 0.6a (0
–11)

0.0 ± 0.0 (0 –
0)

0.0 ± 0.0 (0 –
0)

0.0 ± 0.0b (0
– 0)

0.01 0.09 0.09

Total number of luteinized
structures

15.2 ± 1.7 (4
– 23)

14.5 ± 2.5 (2
– 26)

14.9 ± 1.5 (2
– 26)

14.8 ± 1.8 (6
– 24)

17.6 ± 2.0 (9
– 30)

16.1 ± 1.4 (6
– 30)

0.49 0.75 0.37

a,b Different letters in the same row differ statistically (P<0.05).
* Ewes received a conventional superovulatory protocol: 14 days (Day − 16) of progesterone device (replaced by a new one on Day − 9), and 256 mg

FSH (decreasing doses every 12 h, from Day − 4 to Day − 1), plus 200 IU eCG at device removal (Day − 2), and 0.1 mg GnRH on D-1.
** LAF: luteinized anovulatory follicles.
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premature CL regression increase motility in the female reproductive tract. This leads to the early migration of oocytes/embryos,
placing them in an unsuitable environment, which negatively impacts the recovery rate (Souza-Fabjan et al., 2017). In this context, the
flunixin meglumine treatment used in the present study successfully blocked premature CL regression. By maintaining high P4 con-
centrations instead of high estradiol concentrations, observed in sheep and goats with premature CL regression, the treatment enabled
the high number of structures recovered.

In the present study, the flunixin meglumine protocol tested (2.2 mg/kg administrated once a day for three consecutive days) was
based on previous studies. To the best of our knowledge, however, results as satisfactory as ours have not been reported and, no
standardized protocol has been effectively established. Battye et al. (1988) evaluated in superovulated goats, the twice-daily dosing of
2.2 mg/kg i.m. flunixin meglumine from Day 3 to Day 7 and reported that the P4 level of goats treated rose from two days after the
sponge removal (Day 0) and continued high until the end of the experiment. Conversely, the control goats presented a slight increase
between Days 2 and 5 followed by a decrease in basal levels of P4 on Day 6. With this study, the authors demonstrated the role of
prostaglandin in early luteal insufficiency in superovulated goats. Ten years later, Salles et al. (1998) compared the use of 1.1 mg/kg
(once or twice a day) and 2.2 mg/kg (once a day) for four days in goats and reported that the lower dosage, when administered twice a
day, reduced the number of premature CL regression, however, differently from our results, the average number of recovered embryos
and their viability did not differ between the treatments. Aké-López et al., (2005) used 2.2 mg/kg of flunixin meglumine twice a day,
from Day 11–18 after natural mating, however, the objective of the study was to increase the lambing rate and prolificacy of ewes. The
authors highlighted that the two variables studied were similar between the treated and the control ewes, and they concluded that the
moment of flunixin meglumine application was late, probably after the beginning of the luteolytic process, leading only to a pro-
longation of the luteal phase and the estrous cycle. Bergstein-Galan et al. (2020) tested 1.1 mg/kg of flunixin meglumine in five
administrations at 24-hour intervals. The authors reported no differences in the percentage of ewes with premature CL regression,
embryo recovery, or pregnancy rates after embryo transfer. As unsatisfactory results were also verified by Salles et al. (1998), we can
speculate that either the dosage was insufficient, or the frequency and day of administration were inadequate, since with our protocol
it was possible to reach better results.

In addition to the data obtained by measuring P4 concentration, the occurrence of premature CL regression was also verified in high
percentages in the untreated group, by ultrasound and laparoscopy. Although it was not the main objective of this study, the methods
of evaluation of premature CL regression used showed some equivalence, with important consequences for the decision-making of
whether to harvest the embryos or not, in view of the high probability of low or null recovery of embryos and the reduction of the
potential response after successive surgical recoveries. Interestingly, the US combining B-mode and color Doppler showed a similar
correlation coefficient with the number of viable embryos compared to laparoscopic evaluation, probably due to the possibility of CL
blood perfusion assessment. The use of this tool is reliable for selecting donors, minimizing interventions in animals with an insuf-
ficient response (Pinto et al., 2018; Figueira et al., 2020), and may serve in future works as a criterion to prioritize donors without
premature CL regression on the day of recovery, since laparoscopy besides its invasiveness is performed just before the collection when
the ewe has been already prepared for the procedure.

The US evaluation performed on Days 3 and 6 revealed a similar number of CL, LAF, and total luteinized structures in FLU and
CONT. The number of regressing CL, however, differs (P<0.05) between treatments during the evaluated period. While the FLU group
did not present any animals with premature CL regression, six animals in the CONT treatment underwent premature luteal regression
as indicated by the drop in P4 concentrations to baseline levels between Day 4 and Day 6. These animals had CL regressing on lap-
aroscopy on Day 6, although one of them also had normal-appearing CL simultaneously in the same ovary at the same time, char-
acterizing partial regression, as described by Saharrea et al. (1998). Data from the present study corroborate Okada et al. (2000), who
suggest that premature CL regression in superovulated ewes may be due to the formation of abnormal CL with inadequate luteini-
zation. According to Bevilaqua et al. (2023), the presence simultaneously of both normal and regressed CL in sheep, confirms that the
early release of prostaglandin may not be the only mechanism related to premature CL regression. This phenomenon may also be
associated with the individual characteristics of the animals concerning the pre-ovulatory follicles, CL development, and its respon-
siveness to luteolytic events. In the present study, the laparoscopy evaluation performed on Day 6 and the US assessments on Days 3
and 6, demonstrated, that the regressing CL was mostly found in the group of untreated ewes.

The need to find a strategy to overcome the abnormal CL function observed in ewes submitted to conventional superovulatory
protocol followed by laparoscopic evaluation and embryo recovery was evidenced after finding a rate of ~25 % of premature CL
regression in a four-year study conducted on the same sheep farm (Rocha et al., 2022). Thus, the result of 0 % premature CL regression

Table 3
Embryo recovery variables of Dorper ewes treated with three doses of 2.2 mg/kg flunixin meglumine (FLU) or 1.5 mL saline solution (CONT) once a
day, starting 96 h after the removal of the progesterone device*. Data are expressed as a percentage or mean ± SEM. Minimum and maximum values
are presented in parentheses when applicable.

Parameters CONT (n=11) FLU (n=11) TOTAL P-value

Number of total recovered ova/embryos 3.7 ± 1.3b (0–13) 9.1 ± 2.1a (0–26) 6.4 ± 1.4 (0–26) <0.01
Recovery rate (%) 41.3 ± 15.0b 79.5 ± 9.6a 60.4 ± 9.6 <0.01
Number of viable embryos (Grade I to III) 2.6 ± 1.2 (0–11) 5.1 ± 1.1a (0–14) 3.9 ± 0.8 (0− 14) <0.01
Number of nonfertilized oocytes 0.7 ± 0.4 (0–4) 1.1 ± 0.6 (0–6) 0.9 ± 0.4 (0− 6) 0.38
Number of degenerated embryos (Grade IV) 0.1 ± 0.1b (0–1) 2.4 ± 1.5a (0–16) 1.2 ± 0.8 (0–16) <0.01
Viability rate (%) 45.5 ± 16.1 60.7 ± 10.5 53.9 ± 8.7 0.12

a,b Different letters in the same row differ statistically (P<0.05) *
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and good embryo yield obtained in the present study, demonstrated the feasibility and efficacy of the proposed protocol. Although the
number of viable embryos collected was higher in the treated group (as expected), it was below the average of eight viable embryos per
ewe obtained in previous collections by the same technician (Rocha et al., 2021). This fact may be related to the stress caused by the
experiment when an increase in the number and handling of the animals by strangers and several simultaneous evaluations occurs. In
these cases, there is a need for a period of adaptation to different conditions and even after this period, the animals may remain
sensitive to small changes and stimuli (Pearson and Mellor, 1976). In stressful situations, the GnRH/LH pulse rate may be sufficient for
follicular growth and development to occur. Interruptions or variations in pulse rate, however, can compromise granulosa cell integrity
and oocyte quality. Although estrus and fertilization occur, the conceptus will not be competent enough to maintain the pregnancy and
embryonic loss occurs (Dobson and Smith, 2000).

5. Conclusions

The flunixin meglumine was able to prevent the occurrence of premature CL regression in Dorper ewes after imposing a super-
ovulatory regimen using pFSH and eCG, increasing the P4 concentrations, recovery rate, and embryo yield. Considering the financial
impact of premature CL regression and the low cost of treatment, the flunixin meglumine administration strategy is recommended as
and valuable tool for improving the results of MOET programs.
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