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ABSTRACT

Research on the foetal nutritional origins of adult onset disease in rodents have uncovered a 
plethora of programming effects on adult metabolic and cardiovascular health. This relationship is a 
consequence of disordered foetal growth and alteration of the programmed development of various 
homeostatic control points. Until recently, applicability of early nutritional programming to livestock 
species has received little attention. An overview is given on the evidence of foetal programming 
effects brought about by global and protein under- and overnutrition in rodents and sheep. Maternal 
and foetal endocrine alterations of glucocorticoids, insulin and the insulin-like growth factor system 
related to maternal malnutrition during pregnancy are discussed.
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INTRODUCTION

Foetal growth is controlled by the interaction of the genome and the availability 
of essential substrates (glucose and amino acids). Maternal adaptation to pregnancy 
involves redirection of oxygen and nutrients to the gravid uterus, and subsequent 
placental delivery to the foetus. This modulation occurs directly, as well as indirectly 
via endocrine mechanisms. The placenta and its capacity to transfer substrates, to 
utilize and modify these substrates integrates foetal and placental metabolism 
through a number of substrate exchanges. 
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The concept that maternal nutritional imbalances or under- and overnutrition, 
and thus an inadequate nutritional environment for the developmental stage of 
the foetus could program gene expression for life and predispose the individual 
to a range of adult metabolic and cardiovascular disorders has been proposed on 
the basis of a series of epidemiological human studies. Considering the evidence 
led Hales and Barker (1992) to formulate the ‘thrifty phenotype’ hypothesis, 
which implies that individuals who survived nutrient deficits during early life 
are likely to experience health disorders in adult life when they consume a 
postnatal diet adequate in nutrients and energy, and especially when they have 
access to hypercaloric or highly palatable diets. In many populations worldwide 
epidemiological evidence relates low birth weight to increased risk for syndrome 
X, insulin resistance, coronary heart disease, and high blood pressure in adult age 
(Hales and Barker, 1992; Barker et al., 1993; Law and Shiell, 1996; Hofman et 
al., 1997; Eriksson et al., 1999; Godfrey and Barker, 2000; Mi et al., 2000). This 
relationship is a consequence of disordered foetal growth and alteration of the 
programmed development of various homeostatic control points. Recent research 
on the foetal nutritional origins of adult onset disease in rodents have uncovered 
a whole plethora of programming effects on adult metabolic and cardiovascular 
health including low birth weights due to a maternal deficiency in protein or 
energy.

Until recently, applicability of early nutritional programming to livestock 
species has received little attention. So far efforts to manipulate maternal 
nutritional status centred on short periods before mating because a moderately 
high level of nutrition results in a maximized rate of ovulation. Since the 1970’s 
it is also known that litter size and birth weight of pigs are relatively insusceptible 
to varied levels of maternal dietary protein intakes during gestation (Mahan 
and Mangan, 1975; Gatford et al., 2004) but it is uncertain whether gestational 
protein levels below or above sows’ requirements have effects on performance 
traits later in life. In this context it is of interest that lower birth weight piglets 
(< 1.2 kg) from otherwise normal litters have later on lower daily gains, higher 
body fat contents, lower muscle mass and higher drip losses (Kuhn et al., 2003). 
Up to now systemic studies in farm animals of long-term effects of early life 
nutrition on adult performances, such as growth rates, body composition, meat 
quality, immune status or stress resistance are scarce. If future studies indicate that 
phenotypes caused by foetal (i.e. maternal) malnutrition as described in the rodent 
model are equally relevant in farm animal species early nutritional programming 
could represent the next frontier in animal science as earlier pointed out by Cronjé 
(2003). 

The purpose of this article is to give an overview on the available evidence of 
foetal programming effects brought about by maternal global or protein under- and 
overnutrition in rodents and sheep, two species for which a relatively large body of 
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evidence does exist. Maternal and foetal endocrine alterations of glucocorticoids, 
insulin and insulin-like growth factors (IGF) related to maternal malnutrition 
during pregnancy are discussed as mediators of foetal growth retardation and 
programming of later impaired performance or health disorders.

FOETAL AND POSTNATAL CONSEQUENCES OF MATERNAL MALNU-
TRITION

Energy or global undernutrition and overnutrition

Studies in rodents show that various degrees of maternal global undernutrition 
during gestation lead to development of an adult offspring phenotyp similar 
to syndrome X in humans. A food intake levels of 30% of an ad libitum diet 
throughout gestation in rats resulted in foetal growth retardation reflected by 
decreased offspring body weight at birth (Vickers et al., 2000). At weaning 
offspring was assigned to either a control or a hypercaloric diet. At 125 days of 
age offspring of undernourished (UN) mothers were shorter in body length but 
had larger retroperitoneal fat pads. Systolic blood pressure in offspring of UN 
mothers was elevated and increased further with the hypercaloric diet. In addition, 
these animals were hyperinsulinemic and had higher fasting leptin concentrations 
(Vickers et al., 2000). Other rat studies have also shown that maternal malnutrition 
during pregnancy results in adult adiposity in the offspring (Anguita et al., 1993; 
Jones et al., 1995). In rats, not only adiposity but also behavioural aspects may 
have a prenatal origin. Vickers et al. (2000, 2003) reported that offspring of 
undernourished rat dams was less active (voluntary locomotor activity) and 
hyperphagic at adult age.

In sheep, a 50% maternal undernutrition (UN) during the last 30 days of 
pregnancy (days 115-145), i.e. the period of rapid foetal growth, caused no 
difference in foetal body mass or placental weights at days 144-145 between 
the UN and control groups (Edwards and McMillen, 2001). However, foetal 
plasma glucose and insulin concentration were lower (Edwards and McMillen, 
2001; Yuen et al., 2002), and arterial blood pressure at days 115-125 of 
gestation was higher in UN foetuses. Although no difference between foetal 
plasma cortisol concentrations was found between the two groups, combining 
UN and control groups a positive correlation between foetal plasma cortisol 
and arterial blood pressure became evident (Edwards and McMillen, 2001). A 
40% maternal undernutrition during the main period of placental growth (days 
28 to 80 of gestation) in ewes and then either fed to appetite or corresponding 
to requirements resulted in higher foetal adipose tissue mass at day 140 while 
no difference in foetal weight was observed indicating a programming effect 
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on adiposity independent of any effect on birth weight (Bispham et al., 2003). 
Adipose tissue of UN foetuses between 28 and 80 days gestation had an 
increased IGF type-1- and IGF type-2-receptor mRNA abundance which has 
an anabolic effect on foetal adipose tissue and appears to explain higher fat 
deposition in the UN foetuses.

With periconceptual undernutrition in ewes (60 days before mating until 
30 days after) followed by maintenance level feeding thereafter, foetal plasma 
cortisol concentrations at days 127-128 were higher in UN foetuses while 
maternal cortisol did not differ between groups at this time (Bloomfield et 
al., 2003). Also, like in other studies of prenatal undernutrition foetal weight 
between groups did not differ. However, in another study chest girth increment 
was reduced in UN foetuses until delivery, indicating that periconceptional 
undernutrition alters growth trajectory (Oliver et al., 2005).

Intuitively, one relates foetal growth retardation with maternal undernutrition. 
However, overnourishing adolescent sheep throughout pregnancy results in 
restriction of placental mass by about 45% in late pregnancy, which leads to 
a significant reduction of birth weight relative to adolescent dams receiving 
a moderate nutrient intake (Wallace et al., 1997). Placental and foetal growth 
restriction was associated to reduced uterine and umbilical blood flows, resulting 
in hypoxic and hypoglycemic foetuses (Wallace et al., 2004). However, placental 
glucose transport capacity was not different between the overnourished and the 
control ewes when expressed on a placental weight-specific basis, indicating 
that the small size of the placenta per se is the major limitation to placental 
glucose transfer (Wallace et al., 2002). In contrast, increased nutrient intake 
during the second half of gestation in adult ewes resulted in greater foetal body 
mass but less perirenal adipose tissue at day 140 of gestation in the well-fed 
dams as compared to the control (Budge et al., 2000).

Protein undernutrition and protein excess

A widely established model to study foetal programming by maternal 
malnutrition and exploring mechanisms responsible for the development of 
adult degenerative disease is the maternal low protein (MLP) model in rodents. 
Usually an isocaloric casein-based semi-synthetic diet of about 40-50% protein 
restriction during pregnancy is compared with an adequate maternal diet of 180-
200 g protein/kg diet. 

In many studies it has been shown that a low protein intake throughout 
pregnancy in rats and mice results in foetal growth retardation, selective organ 
growth, and accelerated catch-up growth (Desai et al., 1997; Petrie et al., 2002). 
El-Khattabi et al. (2003) reported reduced foetal liver weight and IGF-1 levels 
in plasma whereas the abundance of IGFBP1 and IGFBP2 was augmented. Even 
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a low protein diet during the last week of pregnancy only led to an impaired 
pancreatic beta cell mass (Bertin et al., 1999). In adult offspring increased 
hepatic glucose output, age-related loss of glucose tolerance, hyperinsulinaemia, 
insulin resistance, altered brain development and hypertension was observed 
(Ozanne et al., 1996, 2001, 2003; Gardner et al., 1997; Bennis-Taleb, 1999; 
Fernandez-Twinn et al., 2005). Langley et al. (1994) demonstrated that low 
protein intake during pregnancy compromises the immune system in the young 
adult offspring. 

There are only few studies in which postnatal body mass gain and body fat 
mass was investigated in offspring born to mothers fed low protein diets during 
pregnancy. Ozanne et al. (2004), recently reported in mice that this phenotype 
was characterized, although small at birth, by increased catch-up growth during 
lactation and post-weaning and higher body weight at 10 weeks of age. 

Not only protein malnutrition results in low birth weight in rats. We have 
shown that also maternal isocaloric high protein diet during pregnancy was 
followed by a reduction of body weight at day of life 2 (Figure 1) but a higher 
body weight than controls at weaning and up to week 6 in the offspring (Metges, 
2001; Daenzer et al., 2002). Incidentally, in women high protein intake during 
pregnancy was also associated to low birth weight (Sloan et al., 2001). Exposure 
to high protein diets during pregnancy plus lactation resulted in a moderately 
decreased body weight of pups until weaning as compared to maternal low 
protein diet (Gambardella et al., 1987; Daenzer et al., 2002; Daenzer, 2003). 
Furthermore, the offspring from maternal high protein feeding had a reduced 
total energy expenditure and a higher body fatness at week 9 (Daenzer et al., 
2002). In contrast, postnatal protein overnutrition only did not lead to an obese 
phenotype (Daenzer et al., 2002). This suggests that upon prenatal high protein 
exposure offspring overcompensated in terms of catch-up growth which was 
followed by increased body fat in young adults which provides first evidence 
that in utero high protein exposure can predispose offspring to adult adiposity.

Figure 1. Body mass and body length of rat offspring at age day 2. Pregnant mothers were fed either 
isoenergetic low protein (11%; black bars), high protein (39%; grey bars), and control diets (20% 
protein; empty bars). P<0.05 (Daenzer, 2003)
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MECHANISMS OF NUTRITIONAL PROGRAMMING

Generally, foetal growth can be divided in three main periods: early embryo 
growth until implantation, placental growth, and foetal growth. In the sheep, as 
in most other mammals, the major phase of placental growth occurs during the 
first half of pregnancy, while the foetus accumulates more than three quarters 
of its eventual mass during the final trimester of gestation. Absolute placental 
and foetal, and thus maternal nutrient requirements are at a maximum in late 
pregnancy. Effects of maternal nutrition, i.e. prenatal nutritional imbalance can be 
exerted at many stages of development, from prior to conception until after birth 
and may be expressed at the time of the nutritional insult or much later. 

The signals by which maternal nutrition affects the offspring must be related 
to maternal nutritional state and must have the capacity to reach the embryo/
foetus, to be ‘read’ by it and to modify expression of selected genes. Maternal 
hormones such as insulin, IGFs, growth hormone and thyroid hormones do not 
cross the placenta in physiologically important quantities (Brown and Thorburn, 
1989) but may indirectly regulate nutrient partitioning between the maternal, 
placental and foetal compartments. Maternally derived endocrine regulators of 
nutrient partitioning may operate via secondary changes in maternal or placental 
metabolism, utero-placental blood flow or nutrient transport functions. The size 
and nutrient transfer capacity of the placenta play a central role in determining 
the prenatal growth trajectory of the foetus and hence directly influences its birth 
weight and postnatal viability (Schneider, 1996; Bell et al., 1999). Placental 
hormones such as progesterone, oestrogen and placental lactogen are mainly 
secreted in the maternal circulation in order to alter maternal physiology to benefit 
the growing foetus (Anthony et al., 1995).

During foetal life the ovine adrenal gland has three phases of activity. Early 
in gestation it is capable of secreting cortisol but then goes through a quiescent 
stage between about 90 and 120 days (Glickman and Challis, 1980). After this 
period there is a gradual increase in cortisol production. Periconceptual (days -60 
to +30), mid (days 28 to 80), and late gestation undernutrition (days 115 to 145) 
in sheep leads to different maternal plasma cortisol levels which may be related 
to differences in foetal nutrient demands in the course of gestation (Edwards and 
McMillen, 2001; Bispham et al., 2003; Bloomfield et al., 2004). In all species 
studied there is a surge in circulating foetal cortisol concentration before birth. 
This cortisol increase is critical for the maturation of many organs in preparation 
for extrauterine life such as the growth and development of the lung, the brain, 
skeletal muscle and the kidneys (Meyer, 1985). In sheep and in pigs the cortisol 
surge is essential for the initiation of normal parturition, and activation of the 
foetal hypothalamic-pituitary-adrenal (HPA) axis is a central mechanism by 
which the foetal influence on gestation length is exerted (Kattesh et al., 1997; 
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Challis et al., 2000). It was found that in late gestation foetal plasma cortisol of 
ewes undernourished during periconceptual period increased earlier which was 
followed in many cases by preterm delivery (Bloomfield et al., 2003). In contrast, 
a 50% reduction in maternal nutrient intake during the last 30 days of gestation 
when foetal nutrient demands are highest, does not alter foetal plasma cortisol 
concentration until the end of pregnancy as compared to control (Edwards and 
McMillen, 2001).

The placenta modulates the exposure of the foetus to maternal glucocorticoids 
and prevents an excess of glucocorticoids in the foetal circulation by an enzyme 
regulating the biological activity of glucocorticoids. This enzyme, which is 
present also in other tissues, occurs in two isoforms: 11ß-hydroxysteroid-
dehydrogenase (HSD)1 (11ß-HSD1) and 11ß-HSD2 (Bertram et al., 2001; 
Whorwood et al., 2001; Klemcke et al., 2003). The 11ß-HSD2 inactivates 
cortisol to cortison while 11ß-HSD1 catalyzing the conversion of cortisone to 
bioactive cortisol (Figure 2). Consequently, the downregulation of 11ß-HSD2, 
an upregulation of 11ß-HSD1 or an upregulation of glucocorticoid receptor 
would lead to an overexposure of the foetus to cortisol. Untimely high 
levels of cortisol in foetal plasma therefore reduce foetal growth or cause 
disproportionate growth as shown in rats (Lesage et al., 2001). In the porcine 
foetus plasma cortisol and foetal weight on days 65 and 100 of gestation was 
inversely related (Ashworth et al., 2001). Further, in pigs an inverse relation 
between foetal plasma cortisol and birth weight was shown (Wise et al., 1991).

Figure 2. Hypothalamic-pituitary-adrenal (HPA) axis: schematic representation of the regulation of 
glucocorticoid effects
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Bertram et al. (2001) demonstrated in rat dams fed low protein diet throughout 
gestation that placental 11ß-HSD2 mRNA expression was reduced which leads to 
an overexposure to maternal cortisol. In subsequent postnatal life of rat progeny 
11ß-HSD2 mRNA was also reduced while glucocortiocoid receptor mRNA and 
protein was increased indicating an enhanced glucocorticoid effect. 

Maternal undernutrition during early to midgestation increased glucocorticoid 
receptor mRNA in adrenal, kidney, liver, and perirenal adipose tissue of neonatal 
sheep. In parallel, there was higher expression of 11ß-HSD1 while 11ß-HSD2 in 
adrenals and kidneys was decreased (Whorwood et al., 2001). Furthermore, the 
maternal low protein induced hypertension in rat offspring can be prevented by 
pharmacological blockade of maternal corticosterone synthesis, an effect that is 
reversed by maternal corticosterone replacement (Langley-Evans, 1997). These 
findings indicate that the HPA axis plays a key role in foetal growth programming, 
and is regulated by nutrient availability.

There is evidence from various species that one of the dominant foetal 
endocrine influences of foetal growth is the IGF system. Deletion of IGF-1 and 
IGF-2 genes in mice results in severe growth retardation due to muscle dystrophy 
or postnatal lethality in most animals (Liu et al., 1993; Lopez et al., 1999). 
Conversely, over-expression of IGF-1 during intrauterine development leads to 
an increased muscle mass and myofibre hypertrophy, even when over-expression 
is confined specifically to muscle (Mathews et al., 1988; Coleman et al., 1995). 
Bioactivity and availability of IGFs are modulated by specific binding proteins 
(IGFBP) of which currently six are characterized (Clemmons, 1998). In contrast 
to postnatal life, in utero the predominant IGFBPs are IGFBP1 and IGFBP2 
whereas IGFBP3 is low. Determinants of foetal IGF-1 and IGFBP levels are 
nutrient availability (Bassett et al., 1990; Oliver et al., 1993) and hormones such 
as insulin and glucocorticoids (Li et al., 1993; Rivero et al., 1995; Li et al., 2002). 
In contrast, growth hormone (GH) appears to have little effect on foetal plasma 
IGF-1 levels or intrauterine growth despite high GH levels in utero (Gluckman et 
al., 1979; Fowden, 1995). 

Maternal undernutrition leads to a decline in foetal IGF-1 levels, which are 
restored by glucose or insulin but not by amino acid infusion (Oliver et al., 1993). 
Restricting maternal dietary intake early in pregnancy has also been shown to 
lower IGF-1 gene expression in foetal ovine skeletal muscle near term (Brameld 
et al., 2000). Also in rats a maternal low protein diet leads to reduced IGF-1 levels 
in foetal plasma (El-Khattabi et al., 2003). These effects of nutrient availability 
may be due to changes in the foetal insulin level (Fowden, 1995). It has been 
earlier shown by foetal pancreatomy, which leads to reduced foetal IGF-1 levels 
and growth, that foetal insulin release seems to modulate foetal IGF-1 levels 
(Gluckman et al., 1987). These conclusions are supported by findings showing 
that insulin deficiency in the foetus is associated with lower growth (Menon and 
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Sperling, 1996). In contrast, in mild gestational diabetes the foetus has to deal with 
an increased glucose supply and adaptations occur in foetal insulin production 
leading to increased anabolism involving the uptake of glucose and amino acids 
and eventually foetal macrosomia. An extreme excess of glucose in the foetal 
circulation due to severe diabetes in pregnant rats results in B-cell overstimulation 
and low foetal insulin levels followed by microsomia (Aerts and Van Assche, 
2003). Overnutrition in pregnant adolescent sheep also leads to high maternal 
plasma insulin and IGF-1 levels. However, this ensures the anabolic drive to 
maternal tissue synthesis at the expense of placental growth and thus results in 
limited foetal growth due to a restriction of placental transport capacity (Wallace 
et al., 1997). Interestingly, in rat offspring with foetal growth retardation caused 
by maternal low protein diet or undernutrition IGF-1 therapy promotes postnatal 
catch-up growth, and alleviates obesity, hyperinsulinaemia, hyperleptinaemia, and 
hypertension, respectively (Muaka et al., 1997; Vickers et al., 2001).

Maternal undernutrition increases foetal IGFBP-1 and IGFBP-2 while IGFBP-3 
concentration is decreased (Gallaher et al., 1992, 1994). Similar results have been 
reported by El-Khattabi et al. (2003) with maternal low protein diet suggesting a 
modulation of IGF-1 biologic activity by IGF binding proteins. 

Glucocorticoids have a profound influence on foetal skeletal muscle IGF-1 
mRNA expression in late gestation of sheep. The ontogenic increase of plasma 
cortisol concentration in foetal sheep between days 110-145 of pregnancy 
paralleled the prepartum decline in muscle IGF-1 mRNA abundance (Li et al., 
2002). In contrast foetal adrenalectomy prevented the prepartum rise of plasma 
cortisol and abolished the decline in muscle IGF-1 mRNA abundance (Li et 
al., 2002). As shown in Table 1, a cortisol infusion for 5 days in intact and 
adrenalectomized foetus increases plasma cortisol about 6-fold, and decreases 
IGF-1 mRNA abundance in foetal skeletal muscle (Li et al., 2002). Cortisol, 
therefore, appears to downregulate IGF-1 gene expression in ovine skeletal 
muscle during late foetal development.

Table 1. Skeletal muscle IGF-1 mRNA expression in intact and adrenalectomized foetal sheep after 
5 days infusion with cortisol or saline (modified after Li et al., 2002)
Item Gestational age, days Saline infusion Cortisol infusion
Adrenalectomy 128 - 131 9.5 ± 1.0a 2.1 ± 1.1b

Intact 110 - 114 8.7 ± 0.8a 3.6 ± 1.1b

Intact 127 - 130 7.6 ± 0.5a 1.4 ± 0.4b

a,b significantly different at P<0.05

Since skeletal muscle accounts for 25 to 35% of foetal body weight during 
late gestation, downregulation of local IGF-1 expression earlier in gestation is 
likely to have effects not only on muscle development but also for overall foetal 
growth. 
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IGF-1 infusion studies show that the mode of action might be reduction of 
foetal protein breakdown, enhanced foetal substrate uptake and increased placental 
uptake of amino acids from the mother (Harding et al., 1994). Administration of 
IGF-1 in pregnant rats in late gestation (days 18 to 21) promotes placental amino 
acid supply (leucine, isoleucine, tryptophan, phenylalanine, tyrosine) from mother 
to foetuses and enhances foetal growth (Thongsong et al., 2002).

In addition to alterations of glucocorticoids, insulin and IGF-1, maternal 
under- or overnutrition during gestation also was reported to result in changes of 
other maternal hormone levels such as progesterone, oestrogen, prolactin, thyroid 
hormones, growth hormone and leptin (Wallace et al., 1997, 2003; Ashworth 
et al., 2000; Budge et al., 2000; Thomas et al., 2001; Bispham et al., 2003; 
Fernandez-Twinn et al., 2003; Bloomfield et al., 2004). Whether glucocorticoids 
are primarily triggered by foetal nutrient surplus or shortage and act as master 
regulator orchestrating other endocrine systems is unclear. The importance of 
these hormones for nutrient partitioning between mother and foetus, foetal growth, 
and the programming of postnatal growth, and the potential interrelationships is 
not yet fully understood, and beyond the scope of this short review.

CONCLUSIONS

It has become evident that the maternal milieu in a growth restricted pregnancy 
is altered in many ways. Foetal growth retardation, high blood pressure, and 
adiposity can be programmed in utero by maternal protein or energy overnutrition 
as well as undernutrition. The precise mechanisms that relate prenatal nutritional 
environment to later dysregulation of growth and metabolism are not completely 
understood. It remains to be determined whether these are related to alterations of 
gene transcription, mRNA stability or nucleocytoplasmic mRNA transport. Under 
conditions of in utero nutrient restriction or possibly excess, the foetus responds, 
in the short-term, by making suitable adaptations to accommodate the disturbance 
in substrate supply. The long-term postnatal outcome of these adaptations is 
represented as a relative propensity toward a reduced performance or a diseased 
state. The nutritional insult does not need to last throughout pregnancy and foetal 
adaptations to nutrient deficiency or excess are dependent on the stage of gestation 
(embryo development, maximum placenta growth, rapid foetal growth), the 
duration and the severity of the insult, and long-term outcomes can vary. Available 
evidence suggest that the maternal and/or foetal endocrine systems facilitate such 
adaptations with the placenta mediating the cross-talk between mother and foetus 
and acting as a nutrient sensor. A key influence underlying the reprogramming of 
the foetal hypothalamic-pituitary-adrenal axis, appears to be the exposure of the 
foetus to excess glucocorticoids derived from maternal circulation (Bertram et al., 
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2001), or alternatively, a suppression of the maternal HPA axis (Bloomfield et al., 
2004). Glucocorticoid hormones are essential mediators of the somatotrophic axis, 
which regulate nutrient partitioning between the maternal, placental and foetal 
compartments, and subsequently foetal growth. 

In many nutritional programming studies in rodent and sheep models the 
degree of maternal under- or overfeeding during gestation is rather severe. It 
remains to be determined whether a more subtly altered nutrient composition 
or energy content above or below the recommended intake levels is relevant for 
foetal nutritional programming and has long-term consequences for health and 
performance traits in farm animals.
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STRESZCZENIE

Programowanie żywienia: wpływ żywienia prenatalnego na regulację wzrostu i metabolizmu

Badania nad  żywieniem  płodowym gryzoni, jako czynnikiem wywołującym choroby  
u osobników dorosłych, doprowadziły do odkrycia wielu czynników programowania,   wpływa-
jących na  metabolizm i  układ sercowo-naczyniowy. Zależność ta jest konsekwencją  zaburzeń 
wzrostu płodu oraz zmian w zaprogramowanym rozwoju  różnych  punktów kontrolnych regulują-
cych homeostazę. Do niedawna mało uwagi poświęcano zastosowaniu  wczesnego programowania 
żywienia zwierząt domowych. W referacie  przedstawiono  przykłady  wpływu programowania 
rozwoju płodowego,  przy  niedożywieniu lub  nadmiernym żywieniu  ogólnym i białkowym, 
u gryzoni i owiec. Omówiono zmiany w matecznym i płodowym  układzie  endokrynnym, obejmu-
jącym glukokortykoidy, insulinę i insulino-podobny  czynnik wzrostu, powiązane z nieodpowied-
nim żywieniem matki podczas ciąży. 


