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ARTICLE INFO ABSTRACT
Keywords: During sow parturition, there is need for an alternative uterotonic to oxytocin with less potency
Pigs so piglets are not at risk of hypoxia and stillbirth. In this study, there was examination of car-
Carbetocin betocin, a longer lasting analogue of oxytocin, and whether the lesser contractile force and
Oxytocin

duration resulting as a consequence of this treatment would improve piglet survivability.
Following delivery of the first piglet, sows were serially assigned by parity to receive injections of
10 IU oxytocin (n = 35), 0.07 mg carbetocin (n = 36), or serve as a non-injected control (n =
30). The incidence of dystocia and stillbirths was recorded. To estimate liveborn piglet viability,
umbilical cord blood samples were obtained from pigs 1, 2, 3 and 8, 9, 10, and lactate content
was quantified to assess hypoxia during delivery. A blood sample collected at 24 h was assayed
for total protein in plasma (%) as an indicator of colostrum intake. Treatment with oxytocin and
carbetocin reduced farrowing duration (P = 0.023) and sows treated with carbetocin had piglets
with the least umbilical cord blood lactate (P = 0.008) and plasma protein (P = 0.005) con-
centrations. These data indicate carbetocin has the efficacy to accelerate piglet delivery and
reduce piglet hypoxia, although the reason for reduced plasma protein with this treatment re-
mains unexplained.

Farrowing
Hypoxia

1. Introduction

Along with appropriate management and nutrition, breeding sows for larger litter size is the primary means to improve overall
production yield by increasing the total number of piglets born per sow (Rojo-Gimeno et al., 2016). Although increasing litter size has
long been a breeding goal of producers, it has resulted in serious implications for piglet welfare (Rutherford et al., 2013). Larger litter
size may result in a prolonged duration of farrowing, which has been associated with an increased incidence of piglet hypoxia (Mota-
Rojas et al., 2002) and stillbirths (Oliviero et al., 2010). In attempts to improve farrowing supervision and thereby reduce neonatal
piglet mortality (Holyoake et al., 1996; Le Cozler et al., 2002), it is common to administer prostaglandin F2a (PGF) to induce
farrowing (Kirkwood, 2015). Additionally, producers often administer oxytocin 24 h after treatment with PGF to induce an earlier
delivery of the first piglet (Kirkwood, 2015).

Even though there is the current use of oxytocin as a reproductive aid, the rate of piglet mortalities during and immediately after
farrowing is enhanced as a result of this treatment (Mota-Rojas et al., 2005a). The extent of oxytocin-induced contractions is greater
which results in a restriction of blood flow to the uterus, impairing placental perfusion and increases the incidence of fetal hypoxia
(Mota-Rojas et al., 2005a). Furthermore, the routine administration of oxytocin 24 h after PGF treatments often results in interrupted
farrowing, whereby the first piglet is delivered promptly but subsequently there is a delay or cessation of the farrowing process
(Kirkwood, 2015). Even though there are these problems, oxytocin continues to be used in pork production enterprises because it is
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inexpensive and more widely known by producers than other potential uterotonic compounds. A suitable alternative to oxytocin
would be a treatment which reduces farrowing duration but does not result in the risk of dystocia and stillbirth.

Carbetocin (one-deamino-one-carba-two-tryosine (O-methyl)-oxytocin) is a long acting analogue of oxytocin formulated to sti-
mulate uterine contractions of less intensity and duration. Carbetocin has a similar chemical structure to oxytocin, but with al-
terations so there is a longer half life in circulation than occurs with oxytocin (Meshykhi et al., 2016). Structural differences to
oxytocin include a methyl group in place of a di-sulphide bond and replacement of cysteine with a hydrogen bond. These molecular
differences between carbetocin and oxytocin result in carbetocin to having a greater stability and lesser susceptibility to catabolism of
the molecule by disulphide and aminopeptide enzymes (Meshykhi et al., 2016). Carbetocin, therefore, has approximately 50% less
myometrial contraction efficacy as oxytocin and has a half-life of 41 compared to 1-5min for oxytocin (Engstrom et al., 1998;
Meshykhi et al., 2016). The structural differences in carbetocin results in prolonged uterine responses compared to oxytocin in both
frequency and amplitude of contractions (Su et al., 2012). The aim of the present study is to test the hypothesis that treatment with
carbetocin, compared to oxytocin, would accelerate farrowing without resulting in the adverse effects of oxytocin on piglet viability
and survival.

2. Matherials and methods
2.1. Animals and management

The study was conducted at the University of Adelaide swine research facility and was approved by the university Animal Ethics
Committee. In four replicates, 102 mixed parity Large White x Landrace sows were housed in individual farrowing crates 5 days prior
to the due date. The farrowing rooms were maintained at a temperature of 25 + 2 °C and prior to farrowing sows were fed 3 kg/d of
a commercial lactation diet and had free access to fresh water. At 2 days before the expected farrowing date, there was induction of
parturition with two 100 pg injections of the PGF analogue, cloprostenol (Juramate®, Jurox Pty, Ltd, Rutherford, NSW, Australia),
administered into the vulva 6 h apart. Starting 24 h after the initial PGF treatment, sows were observed continuously until farrowing
was complete

2.2. Treatment

At delivery of the first piglet, sows were assigned serially by parity to receive an intramuscular injection of 10 IU oxytocin
(Syntocin, Troy laboratories, Glendenning, NSW, Australia; n = 35) or 0.07 mg carbetocin (Duratocin®, Ferring Pharmaceuticals,
Pymble, NSW, Australia; n = 36), or served as non-injected controls (n = 30).

2.3. Data collection

Obstetric assistance was provided for sows when the piglet delivery interval exceeded 45 min and was recorded as a dystocia
event. The percentage of sows that required this assistance was termed mean dystocia events. For any piglet, where there was an
obvious need for assistance (e.g., piglets delivered within foetal membranes), there was respective assistance provided depending on
the type of problem and the piglet was placed under a heat lamp. At delivery, piglets were recorded as liveborn or stillborn.
Immediately after birth, umbilical-cord blood samples from the first three piglets and piglets eight, nine, and ten in the litter were
assayed for lactate concentration as an indicator of peri-parturient hypoxia. Blood lactate concentrations were measured using the
EDGE™ handheld blood lactate monitor (Ryan Sports Marketing, Forbes, NSW, Australia). This procedure of choice was determined
based on a literature comparison of different machines which resulted in the EDGE™ device having the least total error for quan-
titation (0-2 mM) of lactate concentrations of less than 15 mM (Bonaventura et al., 2015). At 24-30 h post-farrowing, single blood
samples were collected from the same pigs by vena cava puncture into heparinised tubes for determination of total protein con-
centration. Samples were centrifuged for 10 min at 3000 rpm and total protein content in plasma (%) was determined using a
handheld PAL-IOS™ refractometer (Atago PAL-11S, Starr Instruments, Dandenong South, Vic, Australia). In the laboratory where the
procedures for the present research was conducted, there is a 98.8% correlation between refractometer values and the total protein
percentage in the samples (Majarin et al., 2018); henceforth, refractometry data will be referred to as plasma protein (%).

2.4. Statistical analysis

Data were analysed using IBM SPSS 20.0 (Amarok, NY USA) using linear mixed models. The models included the random terms
replicate (1-4) and farrowing location (Room 1-5), and the main fixed effect of treatment (oxytocin, carbetocin and control). Litter
size and parity were fit as covariates. All normal data were analysed using a general linear mixed model, binomial data analysed using
a generalised linear mixed model with binomial distribution, and count data as a generalised linear mixed model with poisson
distribution. The sow was considered the statistical unit for all measures. Piglet, therefore, was considered the repeated term for
analysing cord lactate and plasma protein concentrations. In addition to the random terms, covariate and fixed effects as previously
described in this manuscript, these analyses also considered the fixed effects of birth order (one-three; early, and eight to ten; late),
litter size (=10; small, 11-12; medium and > 12 large) and all interactions were fit, but only main effects were significant and
retained in the final model. Data are tabulated as least squares means + the standard error of the mean. Pairwise comparisons were
conducted using the LSD post hoc test when P < 0.05.

89



S.A. Ward, et al. Animal Reproduction Science 205 (2019) 88-93

P=0.023

150

100

50

FARROWING DURATION (MINUTES)

Control Oxytocin Carbetocin

TREATMENT

Fig. 1. Farrowing duration (min) of sows treated with either a single dose of oxytocin or carbetocin immediately after the birth of the first piglet, or
no treatment. Farrowing duration was defined as the interval between delivery of the first and last piglet.

3. Results
3.1. Sow performance

Treatment had an effect on the duration of farrowing, with carbetocin and oxytocin treated sows farrowing in a shorter time
interval than sows of the control group (P = 0.023; Fig. 1.). On average, the duration of farrowing was 87 min shorter in carbetocin-
treated sows and 64 min shorter for oxytocin treated sows as compared with the sows of the control group (Table 1). There was no
significant difference for average farrowing duration between oxytocin- and carbetocin-treated sows. No significant differences were
observed between mean number of dystocia events (P = 0.338), or number of stillbirths per litter (P = 0.233; Table 1). Parity was
evenly distributed across treatments as was total piglets born alive in the litter (P = 0.84; Table 1).

3.2. Piglet performance

Birth order affected piglet cord lactate concentration (P = 0.001; Table 2), with piglets born later in the birth order having greater
concentrations. Birth order also affected plasma protein concentrations, with those born early in the birth order having greater
concentrations than those born later (P = 0.005; Table 2).

3.2.1. Lactate concentration of piglet cord blood

Umbilical cord lactate concentration was greater in sows of the oxytocin-treated and control groups when compared with the
carbetocin group (P = 0.008; Fig. 2.). The average blood lactate concentration of piglets from sows in the control and oxytocin
groups was not different (Fig. 2; Table 2).

3.2.2. Plasma protein (%) in piglets 24 h after birth

Piglets from carbetocin-treated sows had lesser protein concentration in their blood than piglets from oxytocin-treated or control
sows (P = 0.001; Fig. 3.). Piglets from oxytocin-treated and control sows had similar protein concentrations in their blood (Fig.3;
Table 2).

4. Discussion

Compared to controls, carbetocin was effective as a uterotonic agent by reducing farrowing duration by more than 1 h. There have
been few investigations where there was examination of the effectiveness of carbetocin on sow farrowing duration, although results
from a recent study are inconsistent with those from the present study (Boonraungrod et al., 2018). Experimental design differences

Table 1
Treatment (control, oxytocin and carbetocin) effects (means + SEM) on farrowing assistance (dystocia) and sow performance (litter size and
stillbirth).

Control Oxytocin Carbetocin P-value
Parity 2.7 £ 05 2.3 + 0.5 24 + 0.5 0.84
Farrowing duration 243.5% + 26.1 179.8° + 25.2 155.9" + 25.2 0.023
Mean dystocia events 1+02 1.1 = 0.2 0.8 £ 0.2 0.338
Number of stillbirths per litter 0.7 £ 0.2 0.5 £ 0.1 0.7 £ 2 0.223
Piglets born alive 12.5 + 0.4 12.4 = 0.4 12.6 + 0.4 0.87
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Table 2
Effect of treatment, piglet birth order and litter size on umbilical cord lactate concentrations and piglet plasma protein percent at 24 h post-partum
(means = SEM).

Cord lactate (nmol/1) P-value Plasma protein (%) P-value
Treatment 0.008 0.005
Control 5457+ 1.9 5.8+ 0.1
Oxytocin 54.6 * + 1.9 5.8 + 0.1
Carbetocin 50.0 ® 1.7 5.2°+ 0.1
Birth order 0.001 0.005
Early (1-3) 4542+ 2.4 57%+0.1
Late (8-10) 56.6 ° + 2.2 54°+0.1
Litter size 0.018 0.667
Small (< 10 piglets) 47.3° + 4.6 5.6 + 0.2
Medium (10-12 piglets) 54.7* + 1.7 55 + 0.2
Large (> 12 piglets) 51.12° + 1.8 5.3 * 0.1
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Fig. 2. Umbilical cord blood lactate concentrations (nmol/L) of piglets from sows in the oxytocin, carbetocin and control treatment groups im-
mediately after birth.
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Fig. 3. Percent plasma protein of piglets 24 h after birth from sows in the oxytocin, carbetocin and control treatment groups.

exist, however, between the previous and the current study. Boonraungrod et al. (2018) administered the carbetocin as part of an
induction protocol prior to the onset of farrowing which probably contributed to the marked incidence of dystocia. The aim of this
previous study was to induce sows to farrow within the timeframe during the day when there were personnel present to observe
farrowings. In the present study, carbetocin was administered during the period when farrowing was occurring to assist in the
farrowing process with the aim of improving piglet viability. Thus, the inconsistent results between the present and previous study
are not unexpected. When results from previous and present studies are considered collectively, carbetocin appears to be an ac-
ceptable alternative to oxytocin with regards to both facilitating farrowing induction and decreasing the duration of the farrowing
period.

There were no treatment effects on the incidence of dystocia in the present study. Results of earlier research indicated a dose
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dependant association between oxytocin treatment and the need for manual intervention during farrowing (Welp et al., 1984). The
absence of adverse effects in the present study may be due to the use of a relatively smaller dose of oxytocin (10 IU) combined with it
being administered after the delivery of the first piglet. Because there was no increased need for farrowing assistance in the oxytocin-
treated group in the present study as compared with the control group, the expected positive effect of carbetocin on incidence of
dystocia could not beascertained.

The uterotonic effect of carbetocin in the present study was not different to that of oxytocin with regards to farrowing duration
and need for manual assistance during farrowing. Results of previous studies indicate oxytocin administration before delivery of the
first piglet resulted in longer farrowing durations and increased numbers of stillbirth piglets (Kirkwood and Thacker, 1995). When
oxytocin was administered after one piglet was born, the overall duration of farrowing was reduced, although number of stillbirth
piglets were similar when oxytocin was administered before or after the birth of the first piglet (Mota-Rojas et al., 2002).

In the current study, piglets from carbetocin-treated sows had the least cord blood lactate concentration compared with oxytocin-
treated and control sows. With relatively greater concentrations of cord blood lactate being an indicator of hypoxia during parturition
(Kraut and Madais, 2014), this finding indicates carbetocin treatment had a significant uterotonic effect without there being a
compromising of uterine blood flow. Presumably, the absence of adequate myometrial tone, which may occur in sows as a result of
successive parities was responsible for the relatively greater cord blood lactate in sows of the control group as compared to what was
expected.

A relatively lesser uterine tone prolongs the time of parturition for the entire litter, thus extending both farrowing duration and
incidence of piglet hypoxia. As for oxytocin-treated sows, there would be piglet transport to the cranial cervical area without enough
myometrial contractile force occurring to propel the foetus through the cervical lumen leading to an accumulation of piglets in the
caudal uterine area resulting in anoxia conditions for the piglets. Even when there has not been compromising of a sow’s uterine tone
as a result of multiple parities, the uterine contractions induced by oxytocin can be marked to the extent there is traumatising of the
foetus or rupture umbilical cords and an increase in the incidence of piglet hypoxia.

The differential effect that occurred when there was treatment oxytocin as compared to carbetocin is perhaps further evidence
that perinatal oxytocin treatment frequently results in an increased piglet meconium staining suggestive of intrapartum hypoxia
(Mota-Rojas et al., 2002; Alonso-Spilsbury et al., 2004; Kirkden et al., 2013). The results of the present study indicate that there
should not be use of oxytocin in sows that are farrowing because of the risks of piglet hypoxia. Consistent with this recommendation
with regards to stillbirths, treatment with carbetocin consistently resulted in the lesser piglet cord lactate concentrations and,
therefore, there should be further investigation of this compound as a possible alternate farrowing aid.

It was hypothesised in the present study that compromised uterine blood flow in oxytocin-treated sows would reduce piglet
vitality, and this would not occur following carbetocin treatment of sows. Even temporary hypoxia can cause permanent damage to
the central nervous system of piglets, which may disrupt normal suckling instincts (Mota-Rojas et al., 2005b). Colostrum is rich
source of immunoglobulins, thus total protein in plasma was measured in piglets to estimate colostrum intake as an indicator of piglet
vitality. While piglets from carbetocin- as compared with oxytocin treated sows did have lesser blood lactate concentrations, the
plasma protein concentrations were consistently less. The immunoglobulin content in sow colostrum is highly variable (Declerck
et al., 2015), and this may have been a confounding factor in using protein in piglet plasma as an indicator of pig vitality in the
present study.

Another possible reason protein concentrations were less with carbetocin treatment could be the piglet’s capacity to transfer
protein from its gut to the bloodstream. Bland et al. (2003) reported there was a substantial variability between piglets in the capacity
to transfer immunoglobulins from the gut to the bloodstream. Even though piglets may have ingested a large amount of colostrum
post-partum, it is the capacity to transport immunoglobulins across the intestinal wall that determines how much of the im-
munoglobulins enters into the blood. Pacha (2000) reported that immunoglobulins in colostrum are transported from the gut lumen
into the blood through specific and non-specific pathways, however, there was not assessments in the present study about how or if
sow treatments affected transport of molecules across the gut wall.

Taken together, blood protein content in isolation is likely a poor indicator of colostrum intake and consequently piglet vitality,
therefore, piglet weight gain during the period of colostrum production would likely be a more reliable indicator of pig viability.
Boonraungrod et al. (2018) reported that there was similar colostrum intake, as measured by 24 h weight gain, of piglets from
carbetocin-treated and control sows, which is consistent with the results of the present study for total plasma protein concentrations.
There was speculation as a result of results from this previous study that there was reduced immunoglobulin absorption due to
reduced milk intake. This line of thought existed because of the reports of Mota-Rojas et al. (2005a) in which it was suggested that
increased foetal hypoxia during parturition was responsible for reduced piglet colostrum intake. The results of the current study are
not consistent with this line of thought (the least concentrations of cord lactate were observed with the carbetocin treatment), and so
further research should be conducted to identify whether there are any sow factors that explain this difference in either piglet
colostrum intake or the transmural transport of macromolecules.

In conclusion, carbetocin administered after the birth of the first piglet reduced farrowing duration, resulted in the least incidence
of stillborn piglets and reduced liveborn cord lactate concentrations across parities. These findings indicate carbetocin is a preferred
alternative to oxytocin when administered near the time of initiation of farrowing. The reduction in total plasma protein con-
centrations in piglets from carbetocin-treated sows is concerning, and future research examining the underpinning mechanisms of a
potentially reduced sow colostrum output is required before carbetocin can be included as part of a farrowing management regimen
for sows.

92



S.A. Ward, et al. Animal Reproduction Science 205 (2019) 88-93

Conflicts of interest

None
Acknowledgements

We gratefully acknowledge the University of Adelaide and the Pork CRC for their financial support.
References

Alonso-Spilsbury, M., Mota-Rojas, D., Martinez-Burnes, J., Arch, E., Mayagoitia, A.L., Ramirez-Necoechea, R., Olmos, A., Trujillo, M.E., 2004. Use of oxytocin in
penned sows and its effect on fetal intra-partum asphyxia. Anim. Reprod. Sci. 84, 157-167. https://doi.org/10.1016/j.anireprosci.2003.11.002.

Bland, I.M., Rooke, J.A., Bland, V.C., Sinclair, A.G., Edwards, S.A., 2003. Appearance of immunoglobulin G in the plasma of piglets following intake of colostrum, with
or without a delay in sucking. Anim. Sci. https://doi.org/10.1017/5175173111100067X.

Bonaventura, J.M., Sharpe, K., Knight, E., Fuller, K.L., Tanner, R.K., Gore, C.J., 2015. Reliability and accuracy of six hand-held blood lactate analysers. J. Sci. Med.
Sport 14, 203. https://ncbi.nlm.nih.gov/pubmed/25729309.

Boonraungrod, N., Sutthiya, N., Kumwan, P., Tossakui, P., Nuntapaitoon, M., Muns, R., Tummaruk, P., 2018. Control of parturition in swine using PGF2a in com-
bination with carbetocin. Liv. Sci. 214, 1-8. https://doi.org/10.1016/j.1ivsci.2018.05.012.

Declerck, 1., Dewulf, J., Piepers, D., Decaluwe, R., Maes, D., 2015. Sow and litter factors influencing colostrum yield and nutritional composition. J. Amim. Sci. 93,
1309-1317. https://doi.org/10.2527 /jas.2014-8282.

Engstrgm, T., Barth, T., Melin, P., Vilhardt, H., 1998. Oxytocin receptor binding and uterotonic activity of carbetocin and its metabolites following enzymatic
degradation. Eur. J. Pharmacol. 355, 203-210. https://doi.org/10.1016/50014-2999(98).

Holyoake, P.K., Dial, G.D., Trigg, T., King, V.L., 1996. Reducing pig mortality through supervision during the perinatal period. J. Anim. Sci. 73, 3543-3551. https://
doi.org/10.2527/1995.73123543x.

Kirkden, R.D., Broom, D.M., Andersen, I.L., 2013. Piglet mortality: the impact of induction of farrowing using prostaglandins and oxytocin. Anim. Reprod. Sci. 138,
14-24. https://doi.org/10.1016/j.anireprosci.2013.02.009.

Kirkwood, R.N., 2015. Induction of Parturition in sows. Thai J. Vet. Med. 45, 487-490. https://tci-thaijo.org/index.php/tjvm/article/view/43517.

Kirkwood, R.N., Thacker, P.A., 1995. Effect of propranolol on the onset and duration of parturition in sows. Can. Vet. J. 36, 238-239. https://aasv.org/shap/issues/
v13n2/v13n2p8l1.

Kraut, J.A., Madais, N.E., 2014. Lactic acidosis. N. Engl. J. Med. 371 (24), 2309-2319. https://doi.org/10.1056/NEJMral309483.

Le Cozler, Y., Guymarch’H, C., Pichodo, X., Quinio, P.Y., Pellois, H., 2002. Factors associated with stillborn and mummified piglets in high prolific sows. Anim. Res. 51,
261-268. https://doi.org/10.1051/animres:2002017.

Majarin, R., Monato, Y.A., Kirkwood, R.N., Bennet, D.C., Petrovski, K.R., 2018. Effect of piglet separation from dam at birth on colostrum uptake. Can Vet. J. Res. 82,
239-242. https://www.ncbi.nln.nih.gov/pmc/articles/PMC6040012/pdf/cjvr_07_239.pdf.

Meshykhi, L.S., Nel, M.R., Lucas, D.N., 2016. The role of carbetocin in the prevention and management of postpartum haemorrhage. Int. J. Obstet. Anesth. 28, 61-69.
https://doi.org/10.1016/j.ij0a.2016.10.003.

Mota-Rojas, D., Martinez-Burnes, J., Trujillo-Ortega, M.E., Alonso-Spilsbury, M.L., Ramirez-Necoechea, R., Lopez, A., 2002. Effect of oxytocin treatment in sows on
umbilical cord morphology, meconium staining, and neonatal mortality of piglets. Am. J. Vet. Res. 63, 1571-1574. https://doi.org/10.2460/ajvr.2002.63.1571.

Mota-Rojas, D., Martinez-Burnes, J., Trujillo, M.E., Lopez, A., Rosales, A.M., Ramirez, R., Orozco, H., Merino, A., Alonso-Spilsbury, M., 2005a. Uterine and fetal
asphyxia monitoring in parturient sows treated with oxytocin. Anim. Reprod. Sci. 86, 131-141. https://doi.org/10.1016/j.anireprosci.2004.06.004.

Mota-Rojas, D., Rosales, A.M., Trujillo, M.E., Orozco, H., Ramirez, R., Alonso-Spilsbury, M., 2005b. The effects of vetrabutine chlorhydrate and oxytocin on stillbirth
rate and asphyxia in swine. Theriogenology 64, 1889-1987. https://doi.org/10.1016/j.theriogenology.2004.12.018.

Oliviero, C., Heinomen, M., Valros, A., Peltoniemi, O., 2010. Environmental and sow-related factors affecting the duration of farrowing. Anim. Reprod. Sci. 119,
85-91. https://doi.org/10.1016/j.anireprosci.2009.12.009.

Pacha, J., 2000. Development of intestinal transport function in mammals. Physiol. Rev. 80, 1633-1667. https://doi.org/10.1152/physrev.2000.80.4.1633.

Rojo-Gimeno, C., Postma, M., Dewulf, J., Hogeveen, H., Lauwers, L., Wauters, E., 2016. Farm-economic analysis of reducing antimicrobial use whilst adopting
improved management strategies on farrow-to-finish pig farms. Pre. Vet. Med. 129, 74-87. https://doi.org/10.1016/j.prevetmed.2016.05.001.

Rutherford, K.M.D., Baxter, E.M., D’Eath, R.B., Turner, S.P., Arnott, G., Roehe, R., Ask, B., Sandoe, P., Moustsen, V.A., Thorup, F., Edwards, S.A., Berg, P., Lawrence,
A.B., 2013. The welfare implications of large litter size in the domestic pig I:biological factors. Amin. Welf. 22, 199-218. https://doi.org/10.7120/09267286.22.2.
199.

Su, L.L., Chong, Y.S., Samuel, M., 2012. Carbetocin for preventing postpartum haemorrhage. Cochrane Database Syst. Rev. 2. https://doi.org/10.1002/14651858.
CD005457.

Welp, C., Jochle, W., Holtz, W., 1984. Induction of parturition in swine with a prostaglandin analog and oxytocin: a trial involving dose of oxytocin and parity.
Theriogenology 22, 509-520. https://doi.org/10.1016/j.theriogenology.2017.01.003.

93


https://doi.org/10.1016/j.anireprosci.2003.11.002
https://doi.org/10.1017/S175173111100067X
https://ncbi.nlm.nih.gov/pubmed/25729309
https://doi.org/10.1016/j.livsci.2018.05.012
https://doi.org/10.2527/jas.2014-8282
https://doi.org/10.1016/S0014-2999(98)
https://doi.org/10.2527/1995.73123543x
https://doi.org/10.2527/1995.73123543x
https://doi.org/10.1016/j.anireprosci.2013.02.009
https://tci-thaijo.org/index.php/tjvm/article/view/43517
https://aasv.org/shap/issues/v13n2/v13n2p81
https://aasv.org/shap/issues/v13n2/v13n2p81
https://doi.org/10.1056/NEJMra1309483
https://doi.org/10.1051/animres:2002017
https://www.ncbi.nln.nih.gov/pmc/articles/PMC6040012/pdf/cjvr_07_239.pdf
https://doi.org/10.1016/j.ijoa.2016.10.003
https://doi.org/10.2460/ajvr.2002.63.1571
https://doi.org/10.1016/j.anireprosci.2004.06.004
https://doi.org/10.1016/j.theriogenology.2004.12.018
https://doi.org/10.1016/j.anireprosci.2009.12.009
https://doi.org/10.1152/physrev.2000.80.4.1633
https://doi.org/10.1016/j.prevetmed.2016.05.001
https://doi.org/10.7120/09267286.22.2.199
https://doi.org/10.7120/09267286.22.2.199
https://doi.org/10.1002/14651858.CD005457
https://doi.org/10.1002/14651858.CD005457
https://doi.org/10.1016/j.theriogenology.2017.01.003

	Effects of oxytocin and carbetocin on farrowing performance
	Introduction
	Matherials and methods
	Animals and management
	Treatment
	Data collection
	Statistical analysis

	Results
	Sow performance
	Piglet performance
	Lactate concentration of piglet cord blood
	Plasma protein (%) in piglets 24 h after birth


	Discussion
	Conflicts of interest
	Acknowledgements
	References




