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ABSTRACT

Caffeine has been demonstrated to have a protective effect on neonatal viability of piglets. In order
to assess whether caffeine, administered to parturient sows, also affects maternal behaviour,
respiratory rate, and dopamine, nitric oxide and serotonin plasma levels, 20 sows, with induced
parturition, received orally 27 mg/kg of body weight of caffeine (T group; n = 10) or not (NT
group; n = 10), on day 113 of gestation. Treatment did not affect the farrowing length. There were
less stillborn piglets in T group than NT group (0.67 vs 2.44; P < 0.05), whereas no differences in
dead piglets at 24 h from birth was observed. Caffeine did not affect physiological parameters of
sows, as the behaviour score of sows laying on belly was reduced (P < 0.05). In conclusion,
although the present study was carried out with a limited number of sows, administration of caffeine

to parturient sows has the potential for reducing the number of stillborn.
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Neonatal piglet mortality remains a major and multifactorial issue in pig farming (Decaluwé et al.,
2014). Nutritional or management strategies that can increase piglets’ neonatal survival have been
developed (Herpin et al., 2001; De Vos et al., 2014; Theil et al., 2014). Treatment of neonatal
asphyxia has involved the oral or subcutaneous use of caffeine in newborn infant (Schmidt et al.,
2006; Orozco-Gregorio et al., 2011) and piglets (Orozco-Gregorio et al., 2010; 2012).

Caffeine, plays effects on various central and peripheral human tissues, arising primarily from
antagonism of adenosine’s actions via blockade of adenosine receptors (Magkos and Kavouras,
2005). By antagonizing the effects of adenosine in rats, caffeine can facilitate dopaminergic

neurotransmission (Solinas et al., 2002). After oral administration in humans (Mose et al., 2008)



and pigs (Mazzoni et al., 2012), it is found in colostrum and breast milk. A study of Superchi et al.
(2013) showed that oral administration of caffeine to sows at parturition contrasts the effects of
perinatal hypoxia in piglets, which can improve their adaptation to extra-uterine environment and
reduce ischemic brain damage. It is unknown if hyperactivity in the dopamine system induced by
caffeine is associated with an increase in aggressive behaviour in sows, as observed in humans (Seo
et al., 2008). Central and non-central effects of caffeine are mostly due to antagonism between
adenosine and dopamine receptors, induced by caffeine (Solinas et al., 2002; Ferre, 2008).
Dopamine activity is mediated by nitric oxide (NO), whose synthesis is favoured by build-up of
cyclic adenosine monophosphate induced by caffeine. Functional interactions between
dopaminergic and serotonergic systems were also observed. In humans, the impairment of the
serotonin system function can lead to deregulation of the dopamine system (Seo et al., 2008). In
general, serotonin has an inhibitory action in the brain, contributing at prefrontal regulation of
emotional responses by influencing inhibitory synaptic transmission and causing, among other
consequences, anxiety (Yan, 2002).

Hyperactivity in the caffeine-induced dopamine system can affect the maternal behaviour in mice
and rats; the impulsive aggressions, though stimulating effects, or depression would depend on the
dose administered (Kayir and Uzbay, 2004; Solinas et al., 2005). In caffeine-treated sows, an
increase in restlessness and aggressiveness, could interfere with the maternal performance at
farrowing and be a direct (crushing) or indirect (delayed colostrum intake) cause of post-natal
mortality of piglets (Edwards, 2002; Janczak et al., 2003).

In view of this, it was investigated whether caffeine administration, besides the positive effects on
newborn piglet viability, has effects on physiological changes and on maternal behaviour of sows at
farrowing.

All the experimental procedures were approved by the Ethics on Animal Experimentation

Committee of Parma University.



Twenty Large White x Landrace crosshbred sows were introduced to farrowing crates 4 days before
they were due to farrowing (day 114 of gestation) and were assigned to two groups (n = 10/group),
named T and NT. Mean (+ sd) BW and parity order were, respectively, 238 + 30 kg and 3.89 + 1.32
in NT group and 224 + 26 kg and 3.00 £ 0.85 in T group. Sows were fed 2.5 kg/day of a diet
(15.36% crude protein; 9.57 MJ/kg NE, as fed basis), twice a day. On day 113 of gestation, T group
received, once 27 mg/kg BW of caffeine (Sigma-Aldrich, St. Louis, Mo) mixed with 200 g of feed,
before the morning meal (Mazzoni et al., 2012). The same amount of feed, without the addition of
caffeine, was administered to NT group. Parturition was then induced by intramuscular injection of
cloprostenol (0.175 mg/sow) (PGF VEY X ® forte, Veyx-Pharma GmbH, S6hreweg, Germany). At
the day of farrowing, feed was withdrawn. The farrowing duration was calculated as the time
interval between birth of the first and the last piglet, born alive or stillborn or mummified. The
number of piglets, born alive, stillborn, mummified and dead within 24 h of life was registered.
Data on postures and aberrant behaviours were recorded at the onset of labour and for 5 min every
20 min during the farrowing by the same observer by visual recording. The recorded postures were
the following: standing (when all legs were perpendicular to the floor), lying on side (when one
shoulder touching the floor), lying on belly (when the sternum or abdomen touched the floor), and
sitting (when the rump was in contact with the floor with front legs extended perpendicular to the
floor) (Jarvis et al., 2006). For each posture a score 0 (no position), 1 (posture lasting from 0 to 75
sec), 2 (76 - 150 sec), 3 (151 - 225 sec) or 4 (226 - 300 sec) was assigned. No recording of postural
changes was done. The individual behaviours were averaged to a mean score/observation
session/sow. The recorded aberrant behaviours (biting cage and piglets) were ranked, according to a
score 0 (absence), 1 (1-25% of biting behaviour of the sow), 2 (26-50%), 3 (51-75%), 4 (>75%).
Respiratory rate (breaths counted/min) was evaluated using the average of two measurements made
for each session. Blood samples were collected at 113 days of gestation (before the morning meal)

and one hour after the beginning of the farrowing. Plasma was obtained by centrifugation at 1800 x



g for 10 min at room temperature and then stored at -20°C until analysis. The analysed parameters
were dopamine, NO and serotonin.

Dopamine was assessed by Dopamine ELISA (IBL International, Hamburg, Germany). The
sensitivity was 0.4 pg/ml. The intra- and inter-assay coefficients were 5.3% and 8.7%, respectively.
Nitric oxide was assessed by measuring nitrite levels in plasma by the microplate method (Ding et
al., 1988). The absorbance was determined (VICTOR3, 1420 multilabel counter, PerkinElmer,
Milano, Italy) using a 540 nm against 620 nm filter. The absorbance at 620 nm was subtracted to
eliminate the yellow interference. The standard curve was performed using serial dilutions of
sodium nitrite (50—0.39 uM; linear regression: y= 0.0223x + 0.102; r = 0.99). The interassay
variability was less than 5%. Serotonin content was performed using a multispecies colorimetric
competitive enzyme immunoassay (Serotonin EIA, Enzo Life Science, 3V Chimica S.r.l., Roma,
Italy). The sensitivity of the method was 0.293 ng/ml and the variability coefficients within and
among samples were 3.7% and 6.9%, respectively.

Data were analysed using a GLM procedure in SAS 9.4 (2012). The model included the group (two
levels: T and NT) as a fixed factor. The basal values recorded before the caffeine administration and
the number of total born piglets were used as a covariate. Behavioural data were analysed by the
repeated measures procedure. Statistical significance was reached for P < 0.05. Differences among
groups were considered significant if P < 0.05, and as a trend to significance when 0.05 <P < 0.10.
Caffeine mixed with the feed was quickly consumed by sows. Data on farrowing length (mean + sd
249 + 187 min) and litter performance are summarized in Table 1. Caffeine affected the number of
stillborn piglets, which was 73% lower in T group than in NT (P < 0.05). At 24 h from birth, no
differences in the number of dead piglets was observed (P > 0.05). Also score of physical activity of
sows and aberrant maternal behaviour (mean number of scan behaviour/sow: 12) are reported in
Table 1. All sows spent the greatest proportion of the observation periods in lying on side. The
lying on belly was more prevalent in NT group (P < 0.05), while the sitting position tended to be

higher in T group than in NT (P < 0.10). In both groups differences in aberrant behaviour were not
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observed (P > 0.05). Treatment did not affect the respiratory rate and dopamine, NO, and serotonin
plasma levels of sows (P > 0.05) (Table 2).

During farrowing, an increase of postural changes and activity of sows promotes the crushing of
piglets (Edwards, 2002).

Furthermore, anxiety by mothers has been shown to have important effects on their offspring's later
physiology and behaviour (Rutherford et al, 2014). In our study, farrowing was tackled mainly
lying on side, according to sow physiology, and the postures that do not allow the piglets’ full
access to teats (standing, lying on belly, sitting) were not affected by caffeine administration.

As previously observed, stillborn piglets number in caffeine-treated sows decreases (Superchi et al.,
2013). We can speculate that caffeine may reduce the risk of intra-partum mortality, acting on
myometrial contractility in sows. Actually, the caffeine role in smooth muscle is inconsistent
(Savineau and Mironneau, 1990, Tazzeo et al., 2012). In porcine myometrial cells, it was assumed
the presence of different cell types that have different Ca2+ release mechanisms. This may imply
various role for caffeine-sensitive Ca2+ stores in excitation-contraction coupling of smooth muscles
(Zhuge and Hsu, 1995). Interestingly, caffeine has an indirect effect on uterine contraction,
stimulating the synthesis and the release of PGF2a (Naderali and Poyser, 1994). Prostaglandin in
turn, stimulating the formation of myometrial gap junction, that enables the rapid and efficient
distribution of electrical impulses through the uterine muscle, promotes strong coordinated
contractions, typical of active labor (Mitchell and Taggart, 2009). In fact, in our study, farrowing
was induced by cloprostenol, that has a great affinity for PGF2a receptors and a long half life in the
circulation (De Rensis et al., 2012). Thus, caffeine can be stepped in the synchronization of the
contractions, physiologically important for maintaining the normal functions of hollow organs.
Although the present study was carried out with a limited number of sows, these findings allow us
to emphasize that oral administration of 27 mg/kg BW of caffeine the day before the projected time

of farrowing does not worsen the discomfort of parturient sows.
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Table 1 Least squares means of farrowing length, litter performance and active behaviour scores of

parturient sows treated or not treated with caffeine

Group'
Item NT T SEM? P-value
Farrowing length (min) 262.14 238.44 193.25 0.811
Litter size:
- born® n. 15.56 13.56 441 0.351
- born alive n. 12.67 13.00 3.55 0.845
- stillborn n. 2.44 0.67 1.80 0.042
- mummified n 0.44 0.22 0.60 0.444
- dead within 24 h n. 0.75 0.15 0.32 0.320
Active behaviour scores *:
- standing 0.63 0.44 1.64 0.620
- lying on side 3.75 3.89 0.43 0.156
- lying on belly 0.88 0.00 0.12 0.003
- sitting 0.00 1.00 1.68 0.075
- biting cage 0.00 0.22 0.60 0.108
- biting piglets 0.00 0.11 0.46 0.289

1 NT= sows treated with 0 g caffeine; T= sows treated with 27 mg/kg BW of caffeine on day 113 of
gestation

2 Pooled standard error of the mean.

% value used as a covariate for other litter size parameters

* the reported figures refer to scores obtained from a 0-to-4 scale (see text for details)
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Table 2 Least squares means of respiratory rate and dopamine, nitric oxide, and serotonin plasma

levels in parturient sows treated or not treated with caffeine

Group®
Item NT T SEM? P-value
Respiratory rate (breaths/min) 43.46 38.11 13.62 0.449
Dopamine (pg/mL) 44.89 51.01 36.80 0.820
Nitric oxide (umol/L) 8.25 5.73 3.47 0.176
Serotonin (ng/mL) 1.05 151 0.69 0.166

1 NT= sows treated with 0 g caffeine; T= sows treated with 27 mg/kg BW of caffeine on day 113 of
gestation

2 pooled standard error of the mean.
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Highlights

- Caffeine orally administered to parturient sows;
- Caffeine does not cause behavioural changes in farrowing sows;
- Caffeine does not affect plasma levels of neurotransmitters of farrowing sows;

- Caffeine reduces stillbirth rate
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