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This article reviews several aspects of prenatal programming in the Iberian pig. Research on
factors affecting adult phenotype and homeorhesis in di%erent species has addressed both genetic
predisposition and the determinant role of nutrition during the prenatal period. Both over- and un-
dernutrition (this latter by maternal malnutrition or by placental insufficiency) may alter the genome
expression and the components and functions of different body systems in the offspring, resulting
in modifications of body development and composition, metabolic disorders and increased health
risk. This article reviews how in swine, and specifically in the Iberian breed, the exposure of fetuses
to malnutrition, commonly by maternal undernutrifion or placental insufficiency, is very frequent at
advanced pregnancy. Offspring exposed to maternal undernutrition during the two last thirds of
gestation are smaller at birth since they are affected by infrauterine growth retardation (IUGR). In lean
breeds, both males and females have compromised postnatal growth and increased fat accumulation
and metabolic disorders during fattening periods. In the Iberian breed, postnatal growth in case of
prenatal exposure to low-energy diefs depends on sex, with the postnatal growth in males being
affected similarly to lean breeds, whilst their sisters evidence a compensatory growth as early as
during the suckling period. After that, in response to high-energy diets during the fattening period,
both males and females show increased adiposity at subcutaneous, visceral and intramuscular
locations, high incidence of metabolic disorders and significant changes in intramuscular fatty-acid
composition, when compared to piglets that did not suF?er undernutrition during the intrauterine life.
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INTRODUCTION

El presente articulo revisa diversos aspectos de la programacién prenatal en el cerdo ibé-
rico. La investigacién sobre los factores que condicionan el fenotfipo adulto y la homeorresis en
diferentes especies ha abordado tanto la predisposicién genética como el papel determinante
de la nufricién durante el periodo prenatal. Tanto la sobrenutricién como la subnutricién en la
etapa fetal (la segunda por subnutricién materna o por insuficiencia placentaria) pueden alterar
la expresién del genoma y los componentes y funciones de los diferentes sistemas en la des-
cendencia, lo que da lugar a alteraciones en el desarrollo y composicién corporal, aparicién
de trastornos metabdlicos y un mayor riesgo para la salud. En los cerdos, y especificamente en
la raza ibérica, la exposicién de los fetos a la sub/desnutricién, cominmente por desnutricion
materna o insuficiencia placentaria, tiene una alta incidencia en fases avanzadas de gestacién.
Los lechones expuestos a desnutricién materna durante los dos Gltimos fercios de la gestacion
son mds pequefios al nacer, ya que se ven afectados por un proceso denominado ‘refraso del
crecimiento infrauterino’ o IUGR por sus siglas en inglés. En razas magras, tanto los machos
como las hembras ven comprometido su crecimiento postnatal y se produce un aumento de la
acumulacién de grasa y aparicién de trastornos metabélicos durante los periodos de engorde.
En la raza ibérica, el crecimiento postatal en el caso de la exposicién prenatal a dietas de baja
energia depende del sexo. Asi, el crecimiento postnatal en los machos se ve afectado de forma
similar a las razas magras, mientras que sus hermanas muestran un crecimiento compensatorio
muy temprano, durante el periodo de lactacién, antes del destete. Posteriormente, en respuesta
a las diefas con alfo contenido energético que se utilizan durante el periodo de engorde, tanto
los machos como las hembras presentan aumento de adiposidad a nivel subcutdneo, visceral e
inframuscular, presenfan una mayor incidencia de frastornos metabdlicos y presentan cambios
significativos en la composicién inframuscular de dcidos grasos, con respecto a los lechones que
no habian sufrido subnutricién durante su vida intrauterina.

oped a thrifty genotype for the accommodation to sea-

sonal cycles of feasting and famine to which they are

Mediterranean pigs have been reared in semi-feral,  exposed in their environment. However, currently, the
free-ranging conditions for centuries and have devel-  traditional management of the Iberian pigs is chang-
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ing to production systems that are more intensive,
including strategies for increasing prolificacy. Iberian
pig production is characterized by a lower prolificacy
than modern commercial breeds (Lopez-Bote 1998) and
diminishing production costs by reducing food intake
during pregnancy.

Prolificacy in swine, as in other multiparous spe-
cies, depends on the number of ovulations and on
the incidence of embryo losses during pregnancy. The
selection of highly-prolific dam lines has been mainly
focused in the selection of genotypes with high ovula-
tory rate. However, when ovulatory rate is high, the in-
creases in the number of ovulations fail to correspond
with proportional increases in the number of newborns
(Freking et al. 2007, Rosendo et al. 2007). In this case,
the rate of embryo losses is the determinant factor for
prolificacy.

The rate of embryo losses is determined by embryo
viability and uterine capacity. The number of ovula-
tions corresponds to the number of preimplantational
embryos (leaving aside a small percentage of fertiliza-
tion failures, around 5%; Whittemore & Kyriazakis
2006). Later on, prolificacy in females with high ovula-
tory rate is modulated by embryo losses at implanta-
tional and early post-implantational stages (Foxcroft
et al. 2006; Freking et al. 2007), partly due to embryo
viability and partly due to competition for the uterine
space available for implantation (uterine capacity). Af-
terwards, in uteri, with a high number of developing
embryos, placental growth is jeopardized due to the
limited space (Town et al. 2004; Van der Waaij et al.
2010). Deficiencies in placental growth affect conceptus
development by deficiencies in the supply of nutrients
and oxygen, causing foetal losses and compromis-
ing the growth of some of the surviving foetuses in
a process referred to as ‘intrauterine growth retarda-
tion” (IUGR). In fact, occurrence of IUGR is commonly
found in many littermates of high-prolific lines (Ash-
worth et al. 2001; Foxcroft et al. 2006; Wu et al. 2006).
Incidence of IUGR may be also increased by maternal
nutritional deficiencies (Metges et al. 2012), hamper-
ing the nutrient supply of the foetuses. In Iberian pigs,
there are emerging evidence of a high IUGR incidence
in larger litters or in case of nutritional limitations
(Gonzalez-Anover et al. 2011; Gonzalez-Bulnes et al.
2012). Thus, the present article reviews several aspects
of prenatal programming in the Iberian pig.

INTRAUTERINE
PROGRAMMING

IUGR piglets are predisposed to high neonatal mor-
bidity and mortality rates, with early death or life-long
alterations in their development, health and welfare
(Wu et al. 2006).

In extreme IUGR individuals, deficiencies of brain
development are unavoidable and viability of the neo-
nate is strongly compromised, leading to death. In
less-critical IUGRs, health and welfare are compro-
mised by gastrointestinal, metabolic, respiratory and
immune dysfunctions. First, health of any neonate is
largely dependent on adequate gastrointestinal de-
velopment and, thus, adequate food absorption and
utilization. IUGR individuals are affected by altera-

GROWTH  RETARDATION  AND  PRENATAL

tions in development, morphology and function of the
intestine, which predispose to feeding intolerance and
digestive diseases. At the same time, an adequate liver
development is essential for the metabolism of glucose,
amino acids, proteins, lipids, vitamins and minerals.
Furthermore, piglets are born without antibodies or
cell-mediated immunity; antibodies are only obtained
from the mother through the colostrum during the first
hours of life (Rooke & Bland 2002). Hence, any prob-
lem concerning suckling or passive immunity transfer
from colostrum will increase susceptibility to infection.
Finally, IUGR foetuses are affected by abnormalities
in the airways and lungs causing impaired adapta-
tion to the extrauterine respiratory function. For these
reasons, most IUGR piglets die before weaning, whilst
the growth, health and welfare of the surviving IUGR
animals will remain hampered by these conditionings,
which exacerbate with age.

In fact, viable IUGR individuals are affected by the
process named ‘prenatal programming’, with profound
consequences on fetal and post-natal development. The
conceptus, during prenatal development, develops
through different dynamic stages, from fertilization to
implantation and later organogenesis and enlargement.
In these stages, the developing offspring is highly sus-
ceptible to changes in the intrauterine environment
and is able to modify its genome expression by epigen-
etic changes (‘prenatal programming’) for adjusting to
in utero conditions, as mediated through the placenta,
in a sex dependent manner. The main factor negatively
affecting intrauterine environment is malnutrition, due
to global, macronutrient or micronutrient excess or de-
ficiency of either maternal or placental origin.

POSTNATAL EFFECTS OF PRENATAL PROGRAMMING IN [BERIAN
PIGS

The exposure of Iberian sows to malnutrition dur-
ing pregnancy modifies offspring growth patterns de-
pending on the timing of exposure to malnutrition.

The exposure to undernutrition during the period
of fetal development (two last thirds of pregnancy), as
previously described, is related to appearance of IUGR
processes and a higher prevalence of low birth-weight
newborns (Barbero et al. 2013; Gonzalez-Bulnes et al.
2012; Ovilo et al. 2014). Subsequently, during postnatal
development, there is a noteworthy sex-related effect
in growth patterns caused by prenatal programming.
Male offspring have a compromised postnatal growth
and remain smaller than male piglets not exposed to
maternal undernutrition, like in lean breeds. How-
ever, their sisters evidence a compensatory growth
and reach weights and sizes similar to those of normal
females, as early as during the suckling period (Gonza-
lez-Bulnes et al. 2012). Such catch-up growth of females
is favored by differences in fetal development that
prioritize the growth of vital organs (brain, liver, and
intestine; Torres-Rovira et al. 2013), and also by chang-
es in the hypothalamic expression of genes, mainly
in genes coding for anorexigenic peptides (LEPR and
POMC; Ovilo et al. 2014).

In contrast, the exposure to an inadequate nutrition
during the entire pregnancy (either under- or over-
nutrition) is associated to offspring similar in birth-size
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to offspring developed under adequate nutritional
conditions (Barbero et al. 2013). Nevertheless, in case
of exposure to obesogenic diets during the juvenile de-
velopment, like in the fattening period, these individu-
als that suffered intrauterine malnutrition have a sig-
nificantly increased body corpulence and fat content,
when compared to the offspring born from pregnancies
with an adequate diet. Moreover, programmed indi-
viduals are prone to the so-called metabolic syndrome.
There is also a sex-related effect, since male piglets
from pregnancies with adequate nutritional conditions
or exposed to malnutrition during the entire pregnancy
remain larger and heavier than the females during
lactation before weaning. Afterwards, during the ju-
venile development and adulthood, the males from
pregnancies with adequate nutrition remain heavier
and larger than the females. Conversely, in litters born
from both over- and underfed pregnancies, female
piglets show enhanced growth patterns and therefore
reach similar body weight, corpulence and adiposity
to those of their male littermates (Gonzalez-Bulnes et
al. 2013). The exposure to either over- or undernutri-
tion during pregnancy has also a significant effect on
female reproductive features, with an earlier age of
puberty onset than females born from pregnancies
with adequate diets (Gonzalez-Bulnes et al. 2013). At
adulthood, females exposed to prenatal undernutrition
show a lower prolificacy, whilst no effects are found in
females exposed to prenatal overnutrition.
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