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Early protein-restriction-induced hyperphagia: a behavioural analysis
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Experimental studies in animals have shown that protein or energy restriction during gestation and/or suckling induces hyperphagia, a
preference for high-fat food and the development in the long term of obesity, glucose intolerance and hypertension(1,2). The offspring of
dams fed a low-protein diet during gestation also exhibit reduced numbers of galanin and neuropeptide Y (NPY) neurons in the arcuate
hypothalamic nucleus(3) as well as an alteration in the levels of expression of several peptide neurotransmitters that modulate feeding such
as NPY and cholecystokinin(4,5). These observations have led to the proposal that a dysfunction of the neuronal circuits regulating food
intake is a key step in the development of obesity associated with malnutrition in early life. To date, all the behavioural studies on the
developmental programming of feeding have relied exclusively on the measurement of the amount of food consumed over a 12 h or a 24 h
period. However, measurement of food intake alone does not enable the differentiation of specific and non-specific effects on feeding and
does not provide any information about the underlying mechanism by which early nutrient restriction affects the normal physiological
regulation of appetite, i.e. through changes in hunger motivation and/or satiety. The aim of the present study was to identify intrinsic
differences in feeding patterns between control and perinatally-undernourished rats.

The temporal pattern of feeding and the behavioural satiety sequence under conditions of standard chow intake were investigated in the
young offspring of Sprague-Dawley rats fed either a control (200 g/kg) or a low-protein (80 g/kg; LP) diet throughout pregnancy and
lactation. The feeding pattern and some metabolic variables were examined in control and LP rats at 240 d of age under conditions of
exposure to a high-fat (260 g/kg) diet in order to determine whether the hyperphagia observed in the offspring of malnourished animals
plays a role in determining the development of obesity and the maintenance of the obese state once established.

In agreement with previous observations(6–8), during the first weeks after weaning LP pups consumed more food than controls. This
hyperphagia was evident only when the amount of ingested food was normalised for body weight, since in absolute terms rats exposed to
an LP diet during gestation and lactation ingested less food than control animals. During a single test meal both control and LP animals
exhibited a typical behavioural satiety sequence characterised by the steady progression from an initial phase of eating through active and
grooming behaviour to a phase of resting. However, LP animals spent significantly more time (min) feeding than controls (19.8 (SE 0.74)
v. 17.0 (SE 0.86); P<0.05), which was accompanied by an increase in meal size (kJ/100 g body weight; 40.2 (SEM 2.9) v. 25.0 (SE 2.34);
P<0.01) and a delay in the transition from eating to resting. LP pups also exhibited reduced latency to eat in relation to well-nourished
pups (27.1 (SE 5.04) s v. 46.1 (SE 5.15) s; P<0.05). In contrast, no significant differences in feeding rate were observed between the two
groups. From 60 d onwards no significant differences in spontaneous food intake of standard chow were evident between control and
perinatally-undernourished animals. Unexpectedly, however, under conditions of exposure to a high-fat diet 240-d-old control animals
consumed more food than LP rats. The inspection of the circadian feeding behaviour indicated that this increased feeding took place
during the light phase of the dark–light cycle. On the standard chow the old LP rats already exhibited clear disturbances characteristic of
obese rats, including elevated plasma leptin and TAG along with increased visceral fat. Plasma cholesterol and fatty acids were also
increased after ingestion of the high-fat diet.

Altogether, these observations suggest that susceptibility to perinatal undernutrition-induced obesity is independent of the develop-
mental programming of feeding.
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