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A Short-Term Altrenogest Treatment Post-weaning Followed by Superovulation Reduces Pregnancy Rates and Embryo Production Efficiency in Multiparous Sows
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Although embryo transfer (ET) is a biotechnology ready for the swine industry, there are factors to be solved, the availability of embryo donors as one. Multiparous sows as donors ought to be considered since weaning is a natural and efficient method for estrus synchronization. In addition, superovulation treatments at weaning are effective in increasing the efficiency of donor embryo production. However, ET programs typically require more donors than those available from a single weaning, imposing grouping several weanings to establish a batch for ET. Since short-term administration of Altrenogest is effective in delaying estrus after weaning without effects on ovulation and embryo development, we investigated how Altrenogest combined with superovulation would affect reproductive parameters and embryo quality and quantity of weaned multiparous donor sows. The sows were administered Altrenogest from the day of weaning for 14 (SS-14 group; N = 26), 7 (SS-7 group; N = 31) and 4 (SS-4 group; N = 32) days. The sows were superovulated with eCG 24 h after the last administration of Altrenogest and with hCG at the onset of estrus. Sows not treated with Altrenogest that were superovulated with eCG 24 h post-weaning and hCG at the onset of estrus (SC group; N = 37) and sows with natural estrus after weaning (C group; N = 34) were used as control groups. The percentage of sows showing estrus within 10 days was not affected by the treatment, but the interval from Altrenogest withdrawal to estrus was longer (P < 0.05) in the SS groups than the interval from weaning to estrus in the controls. SS treatments increased (P < 0.05) the percentage of sows with ovarian cysts and the development of polycystic ovaries. The pregnancy and the fertilization rates, and the overall embryo production efficiency were also negatively affected by the SS treatments (P < 0.05). Interestingly, almost 70% of the structures classified as unfertilized oocytes or degenerated embryos in sows from the SS groups were immature oocytes. In conclusion, although superovulation of weaned sows was highly efficient, short-term administration of Altrenogest in combination with superovulation had negative effects on most of the reproductive parameters assessed, particularly affecting the overall efficiency of pregnancy and embryo production.
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INTRODUCTION

Embryo transfer (ET) is atechnology that is in high demand by the swine industry because its commercial use could have unprecedented sanitary, productive, and economic impacts on the pig sector. However, pig ET has been considered impractical for many years, primarily because of the surgical procedures required to obtain and transfer embryos, in addition to the difficulties in preserving embryos from this species. These circumstances have changed considerably in recent years, as recent advances now allow nonsurgical ET with short- (liquid state) and long-term (vitrified) preserved embryos (1–7).

To achieve optimal reproductive outcomes after nonsurgical ET, a high number of embryos (> 25 embryos) must be transferred into each recipient. Although there is a large individual variability in ovulation rates (8, 9), pigs typically ovulate between 15 and 25 oocytes, meaning that the number of donors per recipient would be between 1 and 1.5:1. However, in practice, there are factors that increase this number to 2.5–3.5:1 (10), resulting in an increased cost per ET. One way to reduce this ratio is to superovulate the donor females, which must be synchronized to group the animals efficiently and to facilitate and maximize the effectiveness of embryo collection.

Superovulation with 1,000 IU equine chorionic gonadotropin (eCG) and 750 IU human chorionic gonadotropin (hCG) 24 h post-weaning and at the onset of estrus (72–96 h posteCG), respectively, markedly increase the number of ovulations and the number of viable and transferable embryos, with no effect on fertilization rates or embryo quality (11). Moreover, no differences in fertility or prolificacy were observed after nonsurgical ET of superovulated and control embryos (11, 12).

Primiparous and multiparous sows are an interesting source as embryo donors since most of them undergo a fertile estrus within seven days of weaning. Weaning is therefore an extremely effective natural method of estrus synchronization in sows. However, ET programs often require more donor sows than are available from a single weaning, making it necessary to combine several successive weanings to obtain the number of donor sows sufficient to establish a batch for ET. Several studies have indicated that estrus after weaning can be delayed by short-term administration of the synthetic progestogen Altrenogest (13). This method of synchronization could be very interesting for ET programs. Delaying the onset of estrus by a week or two after weaning would allow the required donor sows to be obtained from several weanings. Since ET programs exclusively use donor sows with a weaning to estrus interval of 3–5 days for logistical reasons (7), Altrenogest treatment for short periods could also be beneficial to reduce the number of unavailable donor sows due to post-weaning estrus outside the appropriate range. This treatment has been shown to be effective in grouping the estrus of weaned sows without adverse effects on ovulation and embryo-fetal development (14, 15). However, the effects of combined short-term synchronization and superovulation treatment on reproductive parameters in weaned sows are still unknown.

The aim of this study was to determine the effects of a short-term protocol for synchronization of estrus combined with conventional superovulation in weaned multiparous sows on estrus and ovulation responses, ovarian characteristics, reproductive parameters, and the quantity and quality of preimplantation embryos produced.



MATERIALS AND METHODS

All chemicals used in this experiment were purchased from Sigma-Aldrich Química S.A. (Madrid, Spain) unless otherwise stated.


Animals

This field study was carried out in a pig production farm (Agropor SL, Murcia, Spain). Multiparous Landrace x Large-White sows with a lactation period of 21–24 days were randomly selected on the day of weaning. Animals were assigned to individual crates under ambient conditions of controlled humidity and temperature facilitated by a forced ventilation system. Duroc boars (2 to 3 years old) housed in a boar station producing seminal doses for artificial insemination (AI) (AIM Iberica, Murcia, Spain) were used as semen donors.

The animals had ad libitum access to water and were fed according to their nutritional requirements. The experiments were carried out following the Directive 2010/63/EU on animal experimentation and in accordance with the requests of Spanish legislation in the field of research on the care and use of experimental animals (32/2007, of November 7, and RD 1201/2005, of October 10) for the protection of animals used for experimental and other scientific reasons. The study was reviewed and approved by the Ethics Committee for experiments with animals of the University of Murcia (Code: 486/2018).



Experimental Design

To group the estrus and superovulate sows weaned on different days, we evaluated the effect of a short-term synchronization treatment combined with superovulation on reproductive parameters and the quality and quantity of the embryos produced. For this, the sows were administered Altrenogest for 14 (SS-14 group; N = 26), 7 (SS-7 group; N = 31) and 4 (SS-4 group; N = 32) days, beginning the treatment on the day of weaning. Sows were superovulated with eCG (Foligon, Intervet, Boxmeer, The Netherlands) 24 h after the last administration of Altrenogest and given hCG (Veterin Corion, Divasa, Farmavic S.A., Barcelona, Spain) at the onset of estrus. Altrenogest nontreated sows superovulated with eCG 24 h after weaning and hCG at the beginning of estrus (SC group; N = 37) and sows with post-weaning natural estrus (C group; N = 34) were used as control groups. At weaning, healthy sows were selected by body condition (between 2.8 and 3.2 on a five-point scale), parity (between 3 and 7), and reproductive performance (previous farrowing rate and prolificacy > 85% and 10.5 piglets born, respectively), with no differences among the groups.

The interval between the end of synchronization treatment (SS groups) or weaning (SC and C groups) to estrus was assessed. Sows that showed signs of estrus were inseminated and subjected to laparotomy on day 6 (day 0 = onset of estrus) for examination of their ovaries and the collection of embryos. During laparotomy, the number of corpora lutea and the number and size of ovarian cysts in each ovary were assessed. After collecting the uterine washings, the number of viable embryos, unfertilized oocytes, degenerated embryos, and the stage of embryonic development were also recorded. Finally, the recovery rates (total number of structures collected divided by the total number of corpora lutea present) and fertilization rates (total number of viable embryos divided by the total number of structures collected) were determined. To determine the quality of the embryos, the inner cell mass (ICM) and trophectoderm (TE) cell ratio, apoptosis index and cryotolerance were assessed. Sows that showed no signs of estrus 10 days after the end of Altrenogest treatment or weaning also underwent laparotomy to evaluate the status of their ovaries.

In each replicate, 25 sows (N = 5 sows per group) were used, and these sows were all inseminated with seminal doses from the same boar. This experiment was repeated six times to evaluate a total of 160 sows (26 to 37 sows per group).



Hormonal Treatments, Estrus Detection and Artificial Insemination

Sows were synchronized by oral administration of Altrenogest (Regumate®, Merck Sharp & Dohme Animal Health, S.L., Salamanca, Spain) at a dose of 20 mg per sow per day. Sows were superovulated with 1,000 IU eCG (i.m.). Detection of estrus was performed by trained personnel in the presence of vasectomized boars once daily, starting on the day of the end of synchronization treatment or the day of weaning. At the onset of estrus, the sows were treated with 750 IU hCG (i.m.) and inseminated. Standard AIs were carried out 6 and 24 h after the onset of estrus with fresh or stored for 24 h at 18°C AI doses containing 3 × 109 spermatozoa extended in 90 mL of BTS extender (Beltsville thawing solution) (16). Motility and sperm morpho-anomalies of the AI doses were >70 and <15%, respectively, at the time of insemination.



Surgical Procedure and Embryo Recovery

Surgical and embryo recovery procedures were performed as previously reported (17). Briefly, sows were sedated and then anesthetized with azaperone (i.m.; 2 mg/kg body weight; Stresnil®, Landegger Strasse, Austria) and sodium thiopental (i.v.; 7 mg/kg body weight, intravenous; B. Braun VetCare SA, Barcelona, Spain), respectively. Anesthesia was maintained with isoflurane (3–5%; IsoFlo®, Madrid, Spain). After exposure of the reproductive tract, the ovaries were examined to determine their response to the hormone treatments. The ovulatory response of the sows was assessed by counting the corpora lutea in both ovaries. The presence of follicular cysts (ovarian structures filled with a transparent fluid without ovulatory signs and with a diameter of > 1 cm at the time of laparotomy) and polycystic ovaries (ovaries with more than four large follicular cysts, without visible corpora lutea formations) was recorded in each sow. Embryos were recovered by washing the tip of each uterine horn with 30 mL of modified Tyrode's lactate-HEPES-polyvinyl alcohol (THP) medium (7, 18) at 37°C, and the number of unfertilized oocytes and viable and degenerated embryos was recorded for each sow.



Evaluation of Oocytes and Degenerated Embryos

For nuclear assessment, unfertilized oocytes and degenerated embryos were fixed, stained with lacmoid, and assessed microscopically, as previously reported (19). Oocytes with chromatin enclosed by a nuclear membrane were considered immature oocytes at the germinal vesicle (GV) stage, and oocytes with chromosomes organized in metaphase and with the presence of an extruded first polar body were considered mature oocytes at the metaphase II stage. Degenerated structures with multiple stained nuclei were considered degenerate embryos.



Embryo Quality Assessment

Embryo quality evaluation was conducted by studying the morphology, differential staining (number of ICM and TE cells), apoptosis and cryotolerance.


Morphology

The embryos were assessed for their stage of development and quality under a stereomicroscope. Unicellular eggs were considered oocytes. Insufficiently or poorly developed embryos were considered degenerate embryos. Embryos that exhibited an appropriate developmental stage for age (day 6: morulae and blastocysts) and good or excellent morphology following the International Embryo Transfer Society criteria (20) were considered viable. These criteria included embryos with a spherical shape, an intact zona pellucida, no or few extruded blastomeres, compact blastomeres (for morulae), or a discernible blastocoele and ICM and TE cells (for blastocysts).



Cell Number in the Blastocysts: Differential Staining

Total cell number (TCN) and the numbers of ICM and TE cells were counted in the blastocysts following an immunofluorescence procedure (21). Briefly, viable embryos were fixed in paraformaldehyde, permeabilized with Triton X-100 and Tween 20 and incubated sequentially in HCl and Tris-HCl. Embryos were then washed, placed in blocking solution, and washed again before incubation with a primary antibody (CDX-2) that specifically binds to TE cells. Next, the embryos were washed, incubated with Alexa Fluor® 568-donkey anti-mouse IgG secondary antibody, transferred to microdroplets containing Vectashield-Hoechst 33342 solution, and examined under a fluorescence microscope to count the Hoechst-stained nuclei (TCN; blue fluorescence) and the TE cells (red fluorescence) at excitation wavelengths of 330–380 and 536 nm, respectively. The ICM was calculated by subtracting the number of TE cells from the TCN.



Cellular Apoptosis

Apoptosis was determined in morulae using the APO-BrdUTM TUNEL Assay Kit (A23210; Invitrogen, Oregon, USA) as previously reported (22). Briefly, viable embryos were fixed in paraformaldehyde and permeabilized with Triton X-100 and Tween 20. Positive control embryos were incubated in Dnase I. Then, control and experimental morulae were transferred to PBS-BSA medium containing Tween 20 and incubated in TUNEL reaction medium. Finally, the embryos were washed, placed in microdroplets of Vectashield-Hoechst 33342 solution, and examined by fluorescence microscopy. Cells with green fluorescent nuclei (465 to 495 nm excitation wavelength) were classified as TUNEL+. The proportion of TUNEL+ cells to total Hoechst-stained nuclei (blue fluorescence; 330 to 380 nm excitation wavelength) was the apoptotic index.



Cryotolerance

Cryotolerance was used as a marker of embryo quality and as a potential predictor of embryo developmental ability. Morula stage embryos from each treatment group were vitrified within 3 h of embryo recovery using the procedure described by Cuello et al., 2016 (5). Briefly, embryos were washed in THP medium and incubated in THP containing 7.5% dimethyl sulfoxide (DMSO) and 7.5% ethylene glycol (EG) and then in THP containing 16% DMSO, 16% EG and 0.4 M sucrose. Groups of 5–6 embryos were loaded into super open pulled straws and placed in liquid nitrogen. After storage (1 month), the embryos were warmed in THP medium supplemented with 0.13 M sucrose and cultured for 24 h in NCSU-23 medium (23) containing bovine serum albumin (0.4%) and fetal calf serum (10%) at 38.5°C in 5% CO2 in air. The embryos were examined morphologically to determine their viability and developmental stage. Morulae that reached the blastocyst stage with excellent or good morphology at the end of culture were considered viable. The survival rate was defined as the proportion of postwarming viable embryos out of the total number of embryos cultured.




Statistics

Statistical analysis was performed using the statistical package IBM SPSS 24.0 (IBM, Chicago, IL, USA). The chi-square test with Yates correction when necessary was used for comparisons of the percentage data. Continuous variables were analyzed using the Shapiro-Wilk test to check the normality assumption and compared with ANOVA. The Bonferroni test was performed when necessary for post hoc analysis. For statistical analysis, the embryo development stage was scored subjectively on a scale of 1–4 as follows: 1, morula; 2, early blastocyst; 3, blastocyst; and 4, hatching or hatched blastocyst. The end of Altrenogest treatment or weaning to estrus intervals and the embryo development stage were compared with the nonparametric Kruskal-Wallis test, and when necessary, two-by-two comparisons were performed with the Mann–Whitney U test. A P < 0.05 was considered significantly different. All data are expressed as the mean ± standard deviation (SD) and percentages.




RESULTS

There was a significant effect of treatment on the interval from Altrenogest withdrawal (SS groups) or from weaning (SC and C groups) to estrus and on the potential pregnancy rate relative to sows that showed estrus or relative to all sows in each group. The percentage of sows that showed estrus within 10 days was not statistically affected by the treatment but ranged from 80.8 to 87.5% in the SS groups and 93.7–94.1% in the control groups (Figure 1A). The interval from weaning to estrus was shorter (P < 0.05) for the control sows (SC and C groups) (3.8 ± 0.7 and 4.2 ± 0.7 days, respectively) than the interval from Altrenogest withdrawal to estrus (5.2 ± 1.1, 5.3 ± 0.6, and 5.1 ± 0.8 days, for SS-14, SS-7, and SS-4 groups, respectively) (Figure 1B). The estimated pregnancy rate in sows that showed estrus was affected by the duration of Altrenogest treatment. Fewer (P < 0.01) sows from the SS-14 group were pregnant on day 6 of the cycle (66.7%) compared with the control groups (97.2 and 96.9% for SC and C groups, respectively) (Figure 1C). Overall, the estimated pregnancy efficiency, i.e., the percentage of pregnant sows relative to the total number of weaned sows in each group, was negatively affected by the Altrenogest treatment. The efficiency was <75% for SS sows (range 53.8–73.3%), a percentage that was significantly lower (P < 0.05) than for control sows (94.6 and 91.2% for the SC and C groups, respectively) (Figure 1C).
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FIGURE 1. Occurrence of estrus and pregnancy rates in weaned sows superovulated after Altrenogest treatment for 14 (SS-14 group; N = 26), 7 (SS-7 group; N = 31) and 4 (SS-4 group; N = 32) days. Superovulated weaned sows without prior Altrenogest treatment and weaned sows with natural estrus were used as controls (SC group, N = 37 and C group, N = 34, respectively). (A) Percentage of sows in estrus within 10 days of the end of treatment or weaning. (B) Box plots showing the interval from the last Altrenogest feeding (SS-14, SS-7, and SS-4 groups) or weaning (SC and C groups) to the onset of estrus. Values are given as medians (thick lines) and interquartile ranges (boxes, Q1–Q3); triangles and circles represent the mean and outliers, respectively. a,b Different letters indicate significant differences (p < 0.01). (C) Pregnancy rates 6 days after the onset of estrus in sows from the different groups. Sows with at least four viable embryos were considered potentially pregnant. The pregnancy rate was calculated as the ratio of the number of pregnant sows to the number of sows in estrus or to the total number of sows used. a,b Different letters within each variable indicate differences (p < 0.05).


The frequency of vaginal discharge and polycystic ovaries in sows with or without estrus after the end of treatments or weaning is shown in Table 1. Vaginal discharge was observed in some sows that showed estrus regardless of treatment. In contrast, synchronization-superovulation treatment affected the development of polycystic ovaries, which were observed only in sows from the three SS groups. None of these sows had corpora lutea on their ovaries, and most cysts were larger than 2 cm. While all control sows and sows from the SS-4 group that showed no signs of estrus had functional ovaries, with the presence of multiple corpora lutea and no alterations of the oviducts or uterine horns, 60% of the SS-14 and SS-7 sows had reproductive abnormalities in the form of vaginal discharge and/or polycystic ovaries. The percentage of sows with ovarian cysts and the number of ovarian cysts per sow in sows that showed estrus after the treatments are shown in Figure 2A. Synchronization-superovulation treatment not only increased (P < 0.05) the percentage of sows with ovarian cysts (range of 57.7–65.5%) compared with control sows (~30%) but also increased (P < 0.05) the number of ovarian cysts per sow (3.1 ± 2.2 and 3.4 ± 1.5 in SS-14 and SS-7 sows, respectively, and 1.2 ± 0.4 and 1.4 ± 0.5 in SC and C control sows, respectively). Representative images of polycystic ovaries and ovaries with numerous corpora lutea are shown in Figures 2B,C, respectively.


Table 1. Incidence of vaginal discharge and polycystic ovaries in sows that did or did not show signs of estrus within 10 days of the end of treatment or weaning.
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FIGURE 2. Reproductive disorders in weaned sows superovulated after Altrenogest treatment for 14 (SS-14 group; N = 26), 7 (SS-7 group; N = 31) and 4 (SS-4 group; N = 32) days. Superovulated weaned sows without prior Altrenogest treatment and weaned sows with natural estrus were used as controls (SC; N = 37 group and C; N = 34, respectively). (A) Percentage of sows with cysts and the number of cysts per sow in sows that showed signs of estrus after SS treatments or weaning. a,b Different letters within each variable indicate differences (p < 0.05). (B) Representative images of a polycystic ovary at day 6 after the onset of estrus with at least four large follicular cysts (asterisks) and the absence of corpora lutea. (C) Representative images of ovaries with numerous corpora lutea (arrows) and several small follicular cysts (asterisks).


Fertilization parameters assessed in sows from the five groups are shown in Table 2. The ovulatory response was similar in the hormonally treated groups (range: 28.5 ± 6.5 to 34.1 ± 10.7 corpora lutea) and higher (P < 0.05) than in the nontreated C sows (22.2 ± 4.3 corpora lutea). There were no differences in embryo recovery rates (range: 84.0 ± 16.4 to 87.1 ± 14.5%) between groups. The mean number of recovered viable embryos (compacted morulae and unhatched blastocysts) was higher (P < 0.05) in the SC group (26.4 ± 6.1) than in the SS and C groups (~19.0). However, the developmental stage of these embryos was similar among the groups. There were differences between groups in the mean number of oocytes and degenerated embryos, which was almost 5-fold higher (P < 0.05) in the SS groups (range: 6.3 ± 5.6–7.4 ± 6.4) than in the control groups (1.9 ± 2.3 and 1.4 ± 1.4 for SC and C groups, respectively). Fertilization rates in pregnant sows were almost 20 percentage points lower (P < 0.05) (range: 72.5 ± 22.7–74.4 ± 18.3%) in sows of the SS groups than in control sows (93.5 ± 7.8 and 92.4 ± 7.1 for SC and C groups, respectively). The overall efficiency of embryo production, i.e., the mean number of viable embryos obtained from the total number of sows in each treatment, was similar in the SS groups (range: 10.0 ± 11.3–14.7 ± 11.0) and the untreated C group (16.0 ± 7.6) but much lower than in the SC sows (25.0 ± 8.4). The distribution of collected structures classified as oocytes or degenerated embryos after staining and evaluation is shown in Figures 3A–D. In sows from the SS groups, 68.1% (range: 66.7–69.6%), 8.7% (range: 8.0–9.5%), and 23.2% (range: 21.7–24.0%) of these structures were immature oocytes at the GV stage, mature oocytes at the metaphase II stage and degenerated embryos, respectively. These data were very different (P < 0.05) in sows from the control groups, where the percentage of immature oocytes was 0.0% and the percentage of degenerated embryos was 85.8%.


Table 2. Effects of combined treatments for estrus synchronization and superovulation on reproductive parameters in weaned sows.
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FIGURE 3. (A) Findings of oocyte immaturity in structures classified as unfertilized oocytes and degenerated embryos recovered from weaned sows superovulated after treatment with Altrenogest. The number of structures evaluated was 25, 23, 21, 19, and 16 for groups SS-14, SS-7, SS-4, SC, and C, respectively. a,b Different letters within each variable indicate significant differences (p < 0.01). (B) Unfertilized immature oocytes at the germinal vesicle stage (arrow). (C) Unfertilized mature oocyte with chromosomes at metaphase stage II (arrow) and the first polar body (arrowhead). (D) Embryos classified as degenerate showed irregular morphology and a low cell number after staining with Hoechst 33342.


There were no differences in embryo quality among the groups. The TCN (range: 50.5 ± 8.3–62.4 ± 10.3), TE (range: 37.7 ± 4.4–48.9 ± 12.0), and ICM (range: 12.7 ± 1.8–13.7 ± 1.8), as well as the ICM/TCN ratio (range: 20.6 ± 6.1–25.3 ± 5.0), were similar in the viable blastocysts, regardless of treatment (Figure 4). Apoptosis rates in morulae of the different experimental groups were also similar (range: 1.9 ± 2.1–3.4 ± 3.8%) (Figure 5). The cryotolerance of vitrified and warmed morulae in terms of postwarming survival (range: 81.5–87.7%) and embryonic developmental stage after 24 h of culture (range: 3.7 ± 0.4–3.9 ± 0.2) were also not affected by the treatments (Figure 6).
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FIGURE 4. Differential staining of embryos at the blastocyst stage. (A) Hoechst-stained nuclei of all blastomeres (blue) and anti-CDX2-stained trophectoderm (TE) cells (red). Merged images show inner cell mass (ICM) and TE cells with blue and pink-red fluorescence, respectively. (B) Total cell number (TCN) and ICM/TCN ratio in blastocysts collected at day 6 after the onset of estrus from weaned sows superovulated after Altrenogest treatment for 14 (SS-14 group; N = 10), 7 (SS-7 group; N = 12) and 4 (SS-4 group; N = 12) days. Superovulated weaned sows without previous Altrenogest treatment and weaned sows with natural estrus were used as controls (SC, N = 14; and C, N = 12).
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FIGURE 5. Detection of apoptosis in embryos at the morula stage collected on day 6 after the onset of estrus in weaned sows superovulated after Altrenogest treatment for 14 (SS-14 group; N = 15), 7 (SS-7 group; N = 16) and 4 (SS-4 group; N = 16) days. Superovulated weaned sows without prior Altrenogest treatment and weaned sows with natural estrus were used as controls (SC, N = 17; and C, N = 15 groups, respectively). (A) Representative fluorescence images of the TUNEL assay (including TUNEL-positive and TUNEL-negative controls). The blue Hoechst signal (left), green TUNEL staining (middle), and a merged image (right) are shown. (B) Percentage of morulae with apoptotic cells. (C) Number of blastomeres and apoptosis rates in embryos from the different groups.
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FIGURE 6. Cryosurvival and embryo development after vitrification and warming. (A) In vitro survival and embryonic developmental stage after 24 h culture of vitrified and warmed morulae. Fresh morulae were collected from weaned sows superovulated after Altrenogest treatment for 14 (SS-14 group; N = 27), 7 (SS-7 group; N = 60) and 4 (SS-4 group; N = 65) days. Superovulated weaned sows without previous Altrenogest treatment and weaned sows with natural estrus were used as controls (SC, N = 68; and C; N = 58). Developmental stage was scored according to the following classes: 1, morulae; 2, early blastocysts; 3, blastocysts; and 4, hatching or hatched blastocysts. (B,C) Representative images of morulae before vitrification and 24 h after warming, respectively.




DISCUSSION

The combined short-term estrus synchronization and superovulation treatment used in this study had a negative effect on most of the reproductive parameters evaluated, particularly affecting the overall efficiency of pregnancy and embryo production.

In this experiment, we only used weaned sows of parity 3–7 because they are readily available on farms and because they are usually preferred in ET programs (3). In addition, unlike prepubertal and mature gilts (24–27), their response to superovulation treatment is very efficient in terms of embryo production and quality (11), which makes the use of these sows as embryo donors advisable. Moreover, sows of parity 1 and 2 not only have worse reproductive performance than sows of parity 3–7 (28–30) but also show remarkable differences in the interval between weaning and estrus, in the duration of estrus and the timing of ovulation (31–34), and in the response to Altrenogest treatment (35). We used an Altrenogest dose of 20 mg per sow per day, as lower doses (e.g., 16 mg) increased the incidence of ovarian cysts and polycystic ovaries (36), possibly due to inadequate treatment blockade of follicular growth (37, 38).

In the current experiment, as in other studies, treatment with Altrenogest successfully delayed estrus after weaning (14, 39, 40) and did not affect the percentage of sows that were in estrus within 10 days of treatment. However, the interval between Altrenogest withdrawal and estrus (SS groups) was longer than the interval between weaning and estrus (SC and C control groups), which is consistent with previous studies (14, 40). The reasons for the lengthening of this interval in sows treated with Altrenogest are unclear. At weaning, the resumption of ovarian activity (i.e., recruitment, development, and selection of ovarian follicles) is due to changes in the frequency and amplitude of GnRH/LH pulses in response to litter removal (41). In cycling sows, the drop in progesterone at the end of the luteal phase plays a key role in initial recruitment (42). Treatment with Altrenogest from the day of weaning blocks GnRH release and thus LH and FSH secretion (43), similar to the stimulus of sucking during lactation (41). The preceding inhibitory effects of lactation in combination with the administration of a progestogen at weaning may have exerted a higher inhibitory effect on the initiation of follicular recruitment and prolonged the interval to estrus, similar to the adverse effect of lactation catabolism or stress on the extension of weaning to the estrus interval (41, 44).

Our results clearly show that the combination of synchronization and superovulation treatments influences the occurrence of reproductive disorders. Overall pregnancy and embryo production efficiency in synchronized-superovulated sows were influenced by the presence of uterine infections and/or polycystic ovaries. In females treated with Altrenogest and eCG/hCG (SS groups), more than 13% of sows that had shown signs of estrus and more than 45% of sows that had not shown signs of estrus had uterine infections and/or polycystic ovaries. These results contrast with those observed in the control groups (SC and C groups), where no polycystic ovaries were observed and only 1.5 and 0.0% of sows with and without estrus, respectively, had uterine infections. In addition, the synchronization-superovulation treatment increased the percentage of sows with small ovarian cysts (~60%) and the mean number of these cysts per ovary (~3 cysts) twofold compared to the superovulated control and untreated control sows (~30% and ~1.5 cysts, respectively). These small cysts were present in one or in both ovaries, showed no signs of ovulation, and cohabited with normal corpora lutea. Since these data were similar between superovulated and untreated control sows, we confirmed our previous finding that single superovulation treatment at the dose used in weaned sows was not associated with the incidence of ovarian cysts (11). Furthermore, these small cysts, like the single cysts (45), had no effect on fertilization events or early embryo development, as they were unlikely to be functional, given the excellent fertilization and embryo production rates and embryo quality in sows from these control groups. In contrast, the combination of synchronization and superovulation treatments was involved in the development of small cysts and, more importantly, in the presence of polycystic ovaries, a pathology associated with infertility (46) that affected the overall pregnancy and embryo production efficiency.

These results were not unexpected. Polycystic ovaries have been associated with a low dosage of Altrenogest treatment in sows diagnosed as nonpregnant (36), and more recently, several studies indicated that treatment with Altrenogest in combination with exogenous gonadotropins causes the occurrence of a large number of ovarian follicular cysts in gilts (47, 48). Regardless of treatment, some sows (3.0–9.0%) that showed no signs of estrus within 10 days of treatment cessation or weaning were found to have normal ovaries and a good number of well-developed corpora lutea at laparotomy. Although this fact has been mainly attributed to inadequate management during estrus detection (49), it is more likely that, in our study, the main reason for the absence of typical estrus behavior was the presence of silent estrus (ovulation without visible signs of estrus) (50). In support of this speculation, our study was conducted in a production farm with more than 10,000 breeding sows, and the detection of estrus was performed in the presence of boars by the highly trained personnel of the farm.

Synchronization-superovulation treatment not only negatively affected pregnancy rates on day 6 of the cycle of sows inseminated during estrus but also decreased the overall pregnancy efficiency, fertilization rate and overall embryo production efficiency by more than 15 percentage points compared to superovulated control sows. Previous studies indicated that a short-term Altrenogest treatment (3–15 days), when administered independently, is effective for grouping the estrus of weaned primiparous and multiparous sows (14, 15, 40, 51–53). Moreover, Altrenogest treatment for 14–18 days improved the reproductive performance of gilts by increasing pregnancy and farrowing rates and litter size (35). On the other hand, superovulation with 1,000 IU eCG 24 h after weaning followed by a dose of 750 IU hCG at the beginning of estrus in sows not treated with Altrenogest markedly increased the number of corpora lutea, viable and transferable embryos and the in vivo developmental ability of the superovulated embryos without affecting the number of unfertilized oocytes (11, 12). The present study confirms these results and shows that superovulated control sows (SC group) had more corpora lutea and viable embryos and higher embryo production efficiency than the untreated control sows (C group). In addition, fertilization rates and the percentage of unfertilized oocytes were not affected by superovulation. Overall, these results suggest that the effects of combined synchronization and superovulation treatments on reproductive parameters are detrimental compared to those observed when these treatments are used independently. Although further study is needed to identify molecular changes at the ovary and genital tract levels after administration of this combined treatment, it could be speculated that its detrimental effects is related to a cumulative hormonal effect that affects ovarian and/or uterine functionality and influences oocyte maturation, sperm transport in the female reproductive tract, fertilization, and/or early embryonic development. In support of this speculation, our results confirm previous conjectures (54, 55) and show that synchronization-superovulation treatment increased the ovulatory response by releasing a large number of immature oocytes, which impaired fertilization. While nearly 70% of the structures classified as unfertilized oocytes or degenerated embryos were in fact immature oocytes in the synchronized-superovulated sows, no immature oocytes were observed in control sows. The presence of a high percentage of ovulated immature oocytes, which cannot be fertilized (56), in synchronized-superovulated sows is probably another cause of the reduced pregnancy and embryo production efficiency. Since the quality of the surviving day 6 embryos was similar among the groups, it could be speculated that events related to early embryo development were not involved in the negative effects of the synchronization-superovulation treatment.



CONCLUSION

The results of this study show that the combination of Altrenogest synchronization treatment with superovulatory eCG treatment was effective in delaying post-weaning estrus and in inducing superovulation in weaned multiparous sows. However, this combined treatment negatively affected the interval to the onset of estrus, ovarian status, pregnancy rate, most of the reproductive parameters assessed, and the overall embryo production efficiency. In addition, our data confirm previous reports on the high efficiency of a single superovulation treatment with exogenous gonadotropins in multiparous sows after weaning.
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