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A B S T R A C T

Adipose tissue produces hormones, such as leptin and adiponectin, that are key factors in energy metabolism.
The aim of this study was to assess the endocrine role of the adipose tissue in controlling intrauterine growth, so
we evaluated the relationships among maternal adiposity, leptin and adiponectin-pregnancy trends and foetal
growth in 48 Large White x Landrace crossbreed sows. Two groups of sows were designated based on backfat
(BF) depth at the end of the lactation phase: a Low Fat group (LF, 11.60mm; n=24) and a High Fat group (HF,
18.20 mm; n=24). During the subsequent pregnancies, the same level of feed was provided to both groups. The
BF values of the sows were recorded, and blood samples were collected to assess the concentrations of leptin and
adiponectin at mating and during gestation. The weights and temperatures of piglets were recorded at farrowing
and after 24 h, and their body mass index and ponderal index values were calculated at farrowing. Before the
piglets suckled colostrum, blood samples were collected, and the leptin, adiponectin and IGF-1 plasma levels
were analysed. The observed differences in backfat depth between the LF and HF groups at mating persisted
during pregnancy, and a decrease in adiponectin and an increase in leptin plasma levels were observed
throughout gestation in both groups. Plasma adiponectin was lower in the HF group than in the LF group, but
plasma leptin did not differ significantly. Compared to HF sows, LF sows gave birth to lighter piglets (P=0.014).
In addition, the weights of 27% of the piglets in the LF group and 14% in the HF group fell within the first 25th
percentile (weight ≤ 1 kg). A positive correlation between offspring weight and maternal adiposity at mating
(r=0.149; P=0.020) and a negative correlation between offspring weight and adiponectin-leptin ratio at
mating (r = −0.198; P=0.022) were observed. The morphometric parameters (body mass index, ponderal
index) and thermoregulatory abilities of the piglets were unaffected by maternal adiposity. In terms of hae-
matology, differences were found in the IGF-1 level, which was lower in piglets born from LF than HF sows
(P< 0.001). The knowledge gained from this study suggested that differences in maternal adiposity, which were
due to individual variability and not feeding strategies, influence the plasma concentration of adipokines, thus
affecting offspring weight.

1. Introduction

Birthweight is an important indicator of postnatal performance, and
foetal growth and development result from the balance between foetal
demand and maternal substrate availability (Jansson and
Powell, 2006). During pregnancy, the regulation of glucose metabolism
varies in the sow, which leads to a state of relative insulin resistance.
This regulation is affected by placental hormones, and it plays an im-
portant role in ensuring the provision of nutrients to the foetus
(Père et al., 2000). The development of an insulin-resistant state

increases hepatic gluconeogenesis and reduces glucose uptake in ma-
ternal skeletal muscle and maternal adipose tissue. In addition, the
insulin-resistant state, which promotes lipolysis in maternal adipose
tissue, increases the availability of glucose and lipids to the foetus. This
complex system is modulated by several factors, including the body
condition of the mother, the utero-placental blood flow and the ex-
pression and function of trophoblast nutrient transporters (Aye et al.,
2013). As a reflection of the nutritional status of the sow, maternal
adiposity is one of the main factors programming nutrient partitioning
and foetal growth (Amdi et al., 2014; Redmer et al., 2004). Adipose
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tissue is a specialised endocrine and paracrine organ that modulates
energy metabolism via the secretion of circulating adipokines, such as
leptin and adiponectin, that are involved in the regulation of body
fatness and energy expenditure (Ahlsson et al., 2013). Adiponectin and
leptin are key modulators of insulin action and glucose metabolism, so
they can be considered potential candidates for intrauterine foetal de-
velopment. Studies refer that serum leptin concentrations are positively
correlated with backfat depth in sows (De Rensis et al., 2005). High
leptin levels were reported from the end of mid-pregnancy to farrowing
in breeding sows whose gestational hyperphagia was managed through
dietary strategies (Saleri et al., 2015), but the increase in maternal
leptin levels during pregnancy might also be a consequence of placental
production. Indeed, the expression of the short form of the leptin re-
ceptor in the placental tissue of the sow at farrowing has been observed
(Ashworth et al., 2000; Saleri et al., 2015). Conversely, the course of
adiponectin in pregnant sows is not known. In pregnant women, an
inverse correlation between adiponectin and fat mass and between
adiponectin and the body mass index have been reported
(Skvarca et al., 2013). Furthermore, it has been shown that longitudinal
changes in serum adiponectin concentrations occur in pregnant women;
the lowest adiponectin levels have been observed in late pregnancy
when insulin levels rise (Fuglsang et al., 2005).

On the basis of the endocrine role of adipose tissue, we focused our
attention on the evaluation of plasma levels of the two major adipo-
kines, leptin and adiponectin in pregnant sows with the aim of study the
link between maternal adiposity and offspring growth.

2. Materials and methods

2.1. Animals

The research protocol and animal care were in accordance with EC
Directive 2010/63/UE on animal husbandry and guidelines of the
Italian law on animal welfare for experimental animals (Legislative
Decree 26/2014).

Forty-eight multiparous Large White x Landrace crossbreed sows
were randomly selected based on P2 backfat (BF) depth at the end of
lactation and parity order. Backfat depth was measured by a single
operator on both the left and right sides of standing sows using an ul-
trasound scanner (Lean-Meater, Renco Corporation, Minneapolis,
Minnesota, USA), and the mean value was utilised (Maes et al., 2004).
Based on the BF mean (± SD) values, two groups were formed: Low Fat
(LF, 11.60 ± 1.51mm; n=24) and High Fat (HF, 18.20 ± 2.05mm;
n=24). Mean (± SD) of parity order was 4.0 ± 2.1 and 3.6 ± 1.2
for the LF and HF groups, respectively. Sows were identified and moved
in individual pens in the same gestation room, and at the onset of
standing oestrus (mean ± SD: 4.75 ± 0.95 days after the end of
lactation), they were artificially inseminated twice, at day 0 of gestation
and again 24 h later using semen pooled from five Large White x Duroc
crossbreed boars. Twenty-eight days after mating, the sows were eval-
uated by ultrasound (Aloka SSD 500®, Hitachi Medical System SpA,
Milano, Italy; 5.0-MHz linear probe) to determine the state of preg-
nancy. One of the sows in the LF group was not pregnant and thus
removed from the study. From day 29 until day 109 of gestation, the
sows were kept in a group housing system, and at day 110 of gestation,
they were moved to individual farrowing pens. Parturition was induced
on day 113 of gestation by deep intramuscular injection of 0.7 mL of
cloprostenol sodium per head (PGF VEYX ®, Veyx-Pharma GmbH,
Söhreweg, Germany), so all sows gave birth at day 114 of gestation.
Gestation took place in a climate-controlled room with an average
temperature of 20 °C, but the room temperature was raised to 23 °C on
the day of farrowing. Floor heating and an infrared lamp were used to
create a microclimate for the piglets. Twenty-four h after birth, litter
sizes were standardised by cross-fostering within groups. During ge-
station and the transition period (from day 110 of gestation to day 3
after farrowing), all sows received the same standard diets offered twice

a day at 0800 h and 1600 h, and water was available ad libitum. The
ingredients and chemical composition of the diets are shown in the
Table 1, and the daily feed intake of the sows is presented in Table 2.

2.2. Measurements

The BF of the sows was evaluated at days 0, 28, 85 and 113 of
gestation, and blood samples from all sows were collected before the
morning meal at the same time-points by jugular venepuncture in 10-
mL vacutainer tubes with lithium heparin. Samples were immediately
centrifuged (1327 × g for 10min), and plasma was collected and stored
at −20 °C until analysis.

The total number of piglets born, born alive, and born dead within
the first 24 h of life as well as their genders were recorded. Piglets were
individually weighed (electronic dynamometer; Wunder Sa. Bi. srl,
Trezzo sull’ Adda, MI, Italy) within the first 2 h of life (BW0) and at 24 h
after the birth of the first-born piglet (BW24). The body mass index
(BMI) and ponderal index (PI) of all piglets were calculated from the
crown-rump length and birthweight (Baxter et al., 2008), and body
temperature was assessed at birth and at 24 h using an infrared ear
thermometer with accuracy of 0.2 °C (GIMA, Gessate, MI, Italy). Before
they began suckling colostrum, the first six piglets born alive from each
litter, half males and half females were chosen, held in dorsal

Table 1
Ingredients and chemical analysis of diets fed to sows during pregnancy (on air
dry basis).

Gestation diet (g/kg) Transition diet (g/kg)

Ingredients:
Wheat bran 240 –
Barley 230 267
Corn 180 310
Unmolassed sugar-beet pulp 147 150
Sunflower meal 137 –
Soybean meal – 135
Fish meal – 46
Soybean protein – 10
Soybean oil 15 20
Dextrose – 40
Rapeseed meal 20 –
Ground limestone 15 –
Dicalcium phosphate 10 15
Sodium chloride 4 4
Lysine HCl 0.5 1
Vitamins and mineralsa 1.5 2.0
Chemical analysisb:
Dry matter, g/kg 878 872
CP, g/kg 141.2 153.6
Crude fibre, g/kg 82.2 58.4
Crude fat, g/kg 38.2 42.1
Digestible energy, MJ/kg 12.9 13.5

a Supplied per for kg of diet: Cu: 40mg, Zn: 80mg Fe: 150mg, Se: 0.2 mg, I:
0.6 mg, Mn: 50mg, vitamin A: 12,000 IU, vitamin D3: 1000 IU, vitamin E:
100 IU, vitamin K: 20mg, vitamin B12: 55 μg, vitamin B1: 2 mg, vitamin B2:
5mg, vitamin B6: 1.5mg, nicotinic acid: 12mg, pantothenic acid: 10mg, folic
acid: 5mg, choline chloride: 500mg, biotin: 200 μg.

b Proximate analyses of diets were performed according to the Commission
Regulation (EC) 152/2009 laying down the methods of sampling and analysis
for the official control of feed (Annex III).

Table 2
Feed intake of the sows during pregnancy (kg/day).

Gestation diet Transition diet

From mating to day 10 1.5 –
From day 11 to day 28 2.0 –
From day 29 to day 109 2.5 –
From day 110 to day 114 – 2.5
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recumbency, and 5mL of blood was collected from the external jugular
vein into vacutainer tubes with lithium heparin. Mean body weight
(± SD) of the chosen newborn piglets was 1183 ± 180 g and
1290 ± 136 g for the LF and HF groups, respectively. The blood
samples were processed in the same way as mentioned above for sows.

2.3. Blood hormone assays

The adiponectin plasma concentration was determined using a
species-specific commercial kit (Porcine Adiponectin ELISA, BioVendor,
Brno, Czech Republic). The sensitivity of the method was 0.03 ng/mL,
and the intra- and inter-assay CVs were 6.7% and 8.2%, respectively.
The leptin plasma concentration was assessed using a commercial kit
(Multispecies Leptin RIA, Linco Research, St. Louis, MO, USA). The
sensitivity of the method was 100 pg/mL, and the intra- and inter-assay
CVs were 4.7% and 9.1%, respectively. Plasma IGF-1 content was
evaluated using a multispecies IGF-1 ELISA (Alpco Diagnostic, Salem
NH, USA), according to the manufacturer's instructions. The intra- and
inter-assay CVs were 7.8% and 5.3%, respectively, and the minimal
detection limit was 30 pg/mL. All samples were analysed in duplicate.

2.4. Statistical analyses of results

Litter size data were analysed by one-way ANOVA using the GLM
procedure in SAS® software version 9.4 (SAS Institute, Inc., Cary, NC,
US) according to a model including the sow group (LF, HF) as a fixed
factor and the parity order as a covariate. Similarly, piglet data were
processed via ANOVA according to a model that corrected for the fol-
lowing fixed factors: sow group (LF, HF) and piglet sex (M, F), and the
random factor of sow within the group. The sow data were analysed
according to a repeated measures model using the GLM procedure in
SAS software and including the group (LF, HF) as a fixed factor and the
parity order as a covariate. Time was added to the model, and the in-
teraction between time and group was considered. A Pearson correla-
tion analysis was performed among maternal adiposity and adipokines
and offspring weight. Residuals were checked for normality by the
UNIVARIATE procedure in SAS software, and when not normally dis-
tributed, the data were log transformed. Based on birthweight, piglets
were divided into percentile classes using the UNIVARIATE procedure
in SAS software as follows: 0–25th percentile, 0.55–1.05 kg; 25th–50th
percentile, 1.06–1.30 kg; 50th–75th percentile, 1.31–1.50 kg; and
75th–100th percentile, 1.51–2.00 kg. The chi-square test was applied to
the observed and expected frequencies of piglets in the percentile body
weight classes relative to the adiposity of the sows. Mortality, assessed
per group before the litter size was standardised, was evaluated by the
chi-square test. The significance level was set at P≤ 0.05.

3. Results

3.1. Sow parameters

The observed differences in backfat depth between the LF and HF
groups at mating (P < 0.001) persisted during the entire pregnancy (28
d: P=0.003; 85 d: P=0.013; 113 d: P < 0.001), and no differences in
backfat depth gain (P=0.358) were observed between the two BF
groups (Table 3). The concentration of adiponectin decreased from 0 to
113 days of gestation (P=0.008): at these point times, the mean values
(± SD) were 195.85 ± 21.5 and 61.67 ± 7.4 μg/mL for the LF group
and 98.19 ± 10.5 and 19.87 ± 2.4 μg/mL for the HF group, respec-
tively (Fig. 1A). Plasma adiponectin was lower in the HF group than the
LF group at the following time-points: mating (P=0.044), day 85 of
gestation (P=0.027) and farrowing (P=0.048). After the first month
of gestation, plasma leptin increased in both groups (Fig. 1A) to reach
the highest concentration at farrowing (P=0.004). No differences in
plasma leptin were observed between groups throughout gestation
(P > 0.05). At conception, at 85 and 113 days of gestation, the

adiponectin-leptin ratio (Fig. 1B) was lower in the HF than LF group
(P=0.025, 0.036, 0.044, respectively). The adiponectin-leptin ratio
was negatively correlated with offspring weight at mating (r=−0.198,
P=0.022), at 85 (r=−0.189, P=0.028) and at 113 days of gestation
(r=−0.178, P=0.040). The total number of piglets born (P=0.327)
and born alive (P=0.424) (Table 3) were the same for both groups.

3.2. Newborn piglets performance and hormone plasma levels

The body mass index (P=0.384) and ponderal index (P=0.599)
(Table 4) were not affected by maternal BF depth. In the first 24 h of
life, thermoregulatory ability was the same in both groups (P=0.608).
Conversely, maternal adiposity affected foetal growth; piglets born
from HF sows showed a higher BW0 (+7%; P=0.014) and BW24
(+4%; P<0.001) than those from LF sows. A positive correlation
between offspring weight and maternal adiposity at mating (r=0.149;
P=0.020) was observed. In addition, significant differences were ob-
served in percentile weight grouping (Table 5); 26.8% of piglets in the
LF and 14.4% in the HF group exhibited weights that fell in the first
25th percentile (weight ≤ 1 kg; P=0.030); 20.5% of piglets in the LF
and 33.6% in the HF group exhibited weights that fell between 50th
and 75th percentiles (weight from 1.31 to 1.50 kg; P=0.037). Piglet
mortality from 0 to 24 h of life was 9.6% and 2.5% for the LF and HF
groups, respectively (P=0.035). Plasma adiponectin (P=0.339) and
leptin levels (P=0.096) were not affected by maternal adiposity, but
higher IGF-1 plasma levels (P<0.001) were recorded in piglets born
from HF sows than from LF sows (Table 6).

4. Discussion

Foetal development is the result of the interaction among different
factors, including the maternal nutrition status, the foetal nutrients
supply and the metabolic hormone activity (Aye et al., 2013). We fo-
cused on the endocrine role of maternal adipose tissue during preg-
nancy with the aim of investigate how different adiposity at mating
influence the course of pregnancy, both in terms of maternal hormone
levels and the weight and size of the newborn piglets.

4.1. Maternal backfat depth and its relationship with piglet birthweight

Pregnancy is a dynamic anabolic state during which nutritional
needs increase due to both the foetal growth and the development of
associated maternal tissues. In sows, as in other species, the changes in
body weight and fat deposition during gestation are physiological
events of maternal adaptation and they are linked to metabolic hor-
monal changes, i.e., progesterone, leptin, prolactin and cortisol
(Saleri et al., 2015). Maternal backfat depth at mating has a greater

Table 3
Changes in backfat depth during pregnancy in sows considered Low Fat or High
Fat at the end of the previous lactation and litter size (least squares mean
values ± SEM).

Parameters Groups SEM P-values
LF HF

BF depth
day of mating, mm 11.9 17.1 1.69 <0.001
day 28 of gestation, mm 12.4 17.3 1.77 0.003
day 85 of gestation, mm 13.9 18.9 1.47 0.013
day 113 of gestation, mm 14.6 19.7 1.47 <0.001

Δ BF (mating – day 113 of gestation), mm 2.7 2.5 0.48 0.358
Total born, n 17.2 15.7 3.16 0.327
Born alive, n 15.1 14.1 1.94 0.182

LF (Low Fat, 11.6 ± 1.5mm; n=24) and HF (High Fat, 18.2 ± 2.0mm;
n=24) indicate the backfat depth (mean ± SD) of sows recorded at the end of
the previous lactation. One of the sows in the LF group was not pregnant and
thus removed from the study; BF = backfat.
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influence on offspring growth than the amount of feed during gestation
(Amdi et al., 2014). In our study, overall, the increase in maternal fat
stores during pregnancy was the same, but LF sows gave birth to lighter
piglets. In addition, the percentage of piglets with a birthweight lower
than 1 kg in the LF group was almost double compared to the HF group.
Recently, a positive correlation among maternal body condition,
uterine artery pulsatility and foetal growth was found (Caradeux et al.,
2016). In fact, the uterine artery pulsatility modulates the placental
efficiency and therefore the ability to transfer resources to foetus. The
foetus itself can use in a different manner the nutrients in function of
environmental conditions. Poor maternal body condition at conception
or in early pregnancy is signalled to the foetus. As a consequence, the
foetus promotes peripheral glucose utilisation, which is essential for
brain and heart development, and reduces the demand for amino acids
to maintain a sufficient energy supply at the expense of growth
(Bloomfield et al., 2013). This might be understood as a result of

Fig. 1. The trend in adiponectin and
leptin (A) and the adiponectin/leptin
ratio (B) during gestation relative to
the backfat depth of sows at mating
(mean ± SD of LF: Low Fat,
11.6 ± 1.5mm; n=24 and of HF:
High Fat, 18.2 ± 2.0mm; n=24).
One of the sows in the LF group was not
pregnant and thus removed from the
study. The blood sampling period
started at the day of mating (0) and
ended at day 113 of gestation. Error
bars indicate the standard deviation.
Significant differences between groups
within each sampling time are labelled
* (P < 0.05), and significant differ-
ences among sampling times within
groups are labelled a, b, and c
(P < 0.05).

Table 4
Effects of maternal backfat depth on the growth performance, morphometric
parameters and body temperature of piglets (least squares mean
values ± SEM).

Parameters Groups SEM P-values
LF HF

Piglets, n 347 339
BMI, kg/m2 20.9 20.6 2.09 0.384
PI. kg/m3 84.0 84.4 6.74 0.599
Body temperature,°C
at birth 37.9 37.8 0.95 0.267
at 24 h 38.8 39.0 0.50 0.608

BW0, g 1 244 1 334 278 0.014
BW24, g 1 310 1 360 85 <0.001

LF (Low Fat, 11.6 ± 1.5mm; n=24) and HF (High Fat, 18.2 ± 2.0mm;
n=24) indicate the backfat depth (mean ± SD) of sows recorded at the end of
the previous lactation. One of the sows in the LF group was not pregnant and
thus removed from the study; BMI = body mass index; PI = ponderal index;
BW0 = birthweight; BW24 = body weight at 24 h of life.

Table 5
Distribution in percentile classes of piglet birthweight and mortality at 24 h
after birth.

Parameters Groups Χ2 P-values
LF HF

Percentile weight classes
0 – 25th % 26.8 14.4 4.71 0.030
25th –50th % 26.8 22.6 0.47 0.496
50th – 75th % 20.5 33.6 4.37 0.037
75th –100th % 25.9 29.4 0.29 0.588

Mortality % 9.6 2.5 4.43 0.035

LF (Low Fat, 11.6 ± 1.5mm; n=24) and HF (High Fat, 18.2 ± 2.0mm;
n=24) indicate the backfat depth (mean ± SD) of sows recorded at the end of
the previous lactation. One of the sows in the LF group was not pregnant and
thus removed from the study; 0 – 25th percentile, 0.55 – 1.05 kg; 25th – 50th
percentile, 1.06 – 1.30 kg; 50th – 75th percentile, 1.31 – 1.50 kg; 75th – 100th
percentile, 1.51 – 2.00 kg.

Table 6
Plasma adiponectin, leptin and IGF-I in newborn piglets in relation to the
backfat depth of sows (least squares mean values ± SEM). Each sample was
analysed in duplicate.

Parameters Groups SEM P-values
LF HF

Piglets, n 138 144
Adiponectin, μg/mL 14.3 14.9 1.66 0.339
Leptin, ng/mL 3.0 3.3 0.57 0.096
IGF-I, pg/mL 4.4 5.6 1.00 <0.001

LF (Low Fat, 11.6 ± 1.5mm; n=24) and HF (High Fat, 18.2 ± 2.0mm;
n=24) indicate the backfat depth (mean ± SD) of sows recorded at the end of
the previous lactation. One of the sows in the LF group was not pregnant and
thus removed from the study.
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intrauterine growth restriction in piglets born from LF sows. However,
we think that birthweight differences are not enough to claim the
presence of intrauterine growth restriction in piglets. As reported by
Amdi et al. (2013), other parameters (BMI, PI), based on head mor-
phology, must be abnormal to call for intrauterine growth restriction.
We found that BMI and PI of both piglet's groups are consistent with
values of normal subjects (Amdi et al., 2013). These findings lead us to
believe that maternal adiposity is an important, yet not the only factor
affecting foetal growth.

4.2. Hormone release as an indicator of piglet birthweight

Foetal growth is mediated via the foetal glucose/insulin/insulin-like
growth factor axis. Insulin is a moderate regulator of foetal growth,
dependent upon substrate supply, IGFs are thought to be the main
system involved in the foetal growth. In foetal, IGFs play a paracrine
and autocrine role at local level to ensure the availability of a nutrient
supply and to promote the functional differentiation of the different
tissues and organs (Bloomfield et al., 2013). Although IGF‐2 has some
effect on foetal and placental development, IGF‐1 showed a pre-
dominant role in foetal growth (Hellström et al., 2016). The IGF-1
production is growth hormone (GH) independent in utero life. We
found that the lighter piglets born from LF sows showed lower IGF-1
values at birth compared to the heavier ones born from HF group. Low
birthweight of piglets is primarily associated with a reduced number of
secondary muscle fibres (Oksbjerg et al., 2013). It is known that IGF-1
induces myogenin expression, thus it is important for muscle cell dif-
ferentiation (Theil et al., 2006). Therefore, we assume that the presence
of low IGF-1 levels in LF piglets contributed to the birth of light sub-
jects. The low number of muscle fibres is an important aspect in pig
production since it restricts the potential of postnatal lean growth and
have a long-term impact on the production efficiency and quality of
meat (Rehfeldt et al., 2008).

The energy balance of the foetus is also modulated by maternal
adipose tissue hormones, i.e., adipokines, which regulate insulin sen-
sitivity, appetite and lipid metabolism (Ahlsson et al., 2013). In both
groups of sows, the concentrations of the most abundant adipokines,
leptin and adiponectin, showed an inverse trend during pregnancy.
Placenta contribute to the increase in leptin in pregnant sows
(Ashworth et al., 2000). The high levels of leptin during pregnancy are
consistent with a resistance mechanism to central leptin action as
previously reported in swine (Saleri et al., 2015), humans and mice
(Trujillo et al., 2011). However, the extent to which maternal leptin per
se mediates the foetal growth and developmental remains to be clar-
ified. In this study, we did not observe an association between maternal
leptin concentration and piglet's birthweight. This finding agrees with
what has been observed in humans where the differences in infant
birthweight were not significantly associated with the magnitude of
maternal serum leptin level (Misra et al., 2013). It is highly likely that
leptin's role in foetal growth is only permissive as no major abnorm-
alities in foetal growth were observed in leptin deficient humans
(Christou et al., 2002). To clarify the role of leptin during pregnancy, it
is important to also consider the role of adiponectin. The plasma adi-
ponectin to leptin ratio (A/L ratio) has been proposed as a better
marker of insulin resistance than leptin or adiponectin alone
(Skvarca et al., 2013). Our study showed a lower A/L ratio in the HF
than the LF sows. The lower adiponectin levels detected in the HF than
the LF sows matched the higher offspring birthweight, so adiponectin
might play a role in the mechanism by which maternal energy is stored
in the fat mass, influencing the pattern of foetal growth (Zhang et al.,
2016). Since we detected the same trend in the release of adiponectin in
both groups of sows, we hypothesised that adiponectin in pregnant
animals is involved in the management of the mother energy resources
regardless of backfat depth. For its role on energy balance, adiponectin
is connected not only to growth but also to immunity (Morelli et al.,
2015). One of the most important aspect for successful of pregnancy is

the maternal immune tolerance of the foetus. The presence of adipo-
nectin and its receptors in the porcine uteri, conceptuses, and tropho-
blasts during early pregnancy was detected (Smolinska et al., 2014). In
vitro studies have shown that adiponectin arouses pro-inflammatory
cytokine production in human trophoblasts (i.e., IL-1β and IL-8) and
placenta (i.e., IL-1β, IL-6 and TNFα), so it might be detrimental to the
initiation and progression of pregnancy (Lappas et al., 2005; McDonald
and Wolfe, 2011). Further studies will investigate the adiponectin role
on maternal immune response in swine to further unravel this complex
phenomenon.

5. Conclusions

In conclusion, the results reported in this study suggest an in-
volvement of adipose tissue during the different stages of pregnancy.
We confirmed that the role of leptin in foetal growth is only permissive
regardless of a sow's adiposity. In contrast, maternal adiponectin
plasma concentration seems negatively associated with maternal fat
mass and birthweight of piglets. Thus, the adiposity at mating might be
used as an effective indicator to optimise the performance of sows.
However, further studies are needed to deepen our understanding of the
relationship between the endocrinology of maternal adipose tissue and
foetal growth.
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