Malnutrition and neural programming: electrophysiological and histochemical evidences.
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Malnutrition early-in-life constitutes a frequent human situation, which affects a number of organs, including the brain. The long-term neural consequences of early nutritional deficiency have led a growing number of authors to postulate an alteration of the neural programming function. Here we present –and discuss- some electrophysiological and histochemical evidence of such programming alteration, experimentally obtained in animal models. In a first set of experiments, the nutritional status of suckling rat-pups was altered by suckling them in litters formed by 3, 6, or 12 pups (called respectively small (S), medium (M) and large (L) litters). The brain electrophysiological phenomenon known as cortical spreading depression (CSD) was recorded at the cortical surface when the pups became young (30–40 days old) or adult (90–120 days). In both ages, and in the 3 nutritional groups, body weights varied in an inverse way, and CSD propagation velocities significantly changed in a direct way, in relation to the litter sizes. This investigation provided the first systematic description of the effectiveness of favorable and unfavorable lactation conditions (respectively suckling in S and L litters) in long-lastingly altering CSD-propagation. The results confirm previous evidence in favor of permanent or at least long-lasting CSD-changes associated to the prevailing nutritional status during the period of fast brain development.
In another set of experiments, we investigated the histochemical positivity to NADPH-diaphorase, which reveals nitric oxide synthase activity, in area 17 of weaned rats previously malnourished during lactation, both in the immediate post-weaning period (group M1), and in adulthood after nutritional recovering (group M2). Control pups (C1 and C2 groups) received ad libitum after weaning the same diets as their mothers. Rats of group M2 were nutritionally recovered by receiving the control diet from post-natal day 42 until adulthood. Aldehyde-fixed sections (200-mm thick) through area 17 were processed for NADPH-diaphorase histochemistry following the malic enzyme indirect method. The features of NADPH-diaphorase-containing neurons of area 17 of malnourished young (M1) and adult (M2) rats were analyzed quantitatively in comparison to the matched groups C1 and C2. Permanent changes, represented by increase in the density and dendritic field areas of NADPH-diaphorase-positive cells, and transitory ones, represented by decreased values of soma areas, were observed in area 17 of the M1 and M2 cases. However, some other features, such as dendritic branching angle and number of dendrites per cell in the gray matter, remained unchanged after malnutrition. The findings indicate a possible relationship between early malnutrition and late alterations in nitric oxide synthase-containing cells in the visual cortex.
It is reasonable to postulate that at least part of the mechanisms underlying nutritional effects on neural programming could be based on electrophysiological and structural changes such as those described in the present study. Physiological implications of these data may be related to synaptic plasticity and refinement of developmental brain circuits. The complete understanding of brain plasticity in conditions of nutritional alteration –either malnutrition or “overnutrition”- is a relevant task waiting for further clinical and experimental investigation.
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