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RESUMEN 

En este estudio, se hace una breve revisión de los conceptos básicos 

relacionados con la Neurobiologla del Desarrollo, y de los hallázgos más 

relevantes obtenidos por nuestro grupo de investigación en esta área. El tejido 

cerebral en desarrollo, se ensambla y organiza por la influencia de factores 

genéticos programados, en asociación con diversos factores perinatales no 

programados como la privación parcial de alimento, los niveles plasmáticos de 

hormonas y fármacos en el medio interno y diversas rutinas de privación o de 

estimulación sensorial. En esta área del conocimiento se emplea comúnmente a 

los roedores como modelo experimental, ya que éstos al Igual que el hombre, 

presentan un desarrollo de tipo elidal. Para la evaluación de los efectos 

causados por diferentes influencias no programadas, se emplea frecuentemente 

el enfoque experimental multidisciplinario, en el cual se combinan el análisis 

citoarquitectónico fino de áreas especificas del cerebro,. con sus correlatos 

neurofislológicos, neuroqulmicos y conductuales. A lo largo de este trabajo y a 

manera de ejemplo, se consignan algunas de las alteraciones morfológicas, 

conductuales y electrofisiológicas provocadas por la administración neonata, de 

hormonas neurotrópicas como la T4 y los corticoides suprarrenales. Estas 

hormonas al acelerar o retardar respectivamente el desarrollo cerebral, nos han 

permitido utilizarlas 	como herramientas para interferir con los procesos 

ontogenéticos del desarrollo neural y de este modo, analizar los cambios que se 

dan en la plasticidad cerebral bajo esas circunstancias. Asimismo, los modelos 

experimentales que hemos desarrollado para su evaluación, por su confiabilidad 

se siguen empleando para analizar otras influencias, o para probar nuevas 

hipótesis. La identificación de las acciones hormonales también ha sido de gran 

utilidad, para generar nueva información acerca de los mecanismos de regulación 

de la ontogenia cerebral y su relación con el desarrollo de la función neural en el 

hombre. Nuestro grupo ha hecho contribuciones relativas a cómo la privación 

parcial diaria de alimento durante la etapa critica del desarrollo cerebral, deteriora 



el crecimiento de los árboles dendriticos de poblaciones neuronales que 

participan en el control de la información sensorial. En efecto la corteza cerebral, 

la amígdala temporal, los núcleos talámicos, la substancia gris central y el 

complejo olivar superior, muestran una reducción significativa en el crecimiento 

dendritico, lo cual sugiere que los procesos de recepción, integración y 

elaboración de respuestas neuronales están seriamente alterados. Así, hemos 

contribuido a definir la existencia de un substrato neuronal permanentemente 

dañado, que va asociado usualmente a una función cerebral deteriorada. 

Nuestros estudios en el modelo de la rata, nos han permitido indagar acerca de 

los mecanismos básicos a través de los cuales podría generarse el retardo mental 

asociado a las alteraciones hormonales perinatales, a la desnutrición y a la 

reducción de estímulos sensoriales, Asimismo, que mediante la rehabilitación 

nutricional o bien del empleo de diversas rutinas de estimulación sensorial 

durante el periodo neonata!, es posible revertir algunos efectos deletéreos 

provocados por la desnutrición perinatal sobre la arquitectura y la función 

cerebrales. Nuestro grupo ha correlacionado las alteraciones en la 

citoarquitectura cerebral 'asociadas a la desnutrición neonatal, con los efectos a 

largo plazo sobre distintos patrones conductuales. Particularmente hemos 

comprobado que la conducta de autoaseo, se encuentra sistemáticamente 

incrementada, posiblemente por el daño causado a los mecanismos cerebrales 

que participan en su regulación. De la misma manera que la capacidad 

exploratoria, la habituación, la atención selectiva y la conducta maternal, se 

reducen significativamente en animales adultos bién nutridos, que fueron 

desnutridos en etapas tempranas de su desarrollo neonatal. Estas alteraciones 

adquieren gran significación, porque dan evidencia directa de la reducida 

capacidad cerebral del individuo desnutrido durante la etapa neonatal, para 

interaccionar con el medio ambiente, para el aprendizaje y para la deficiente 

atención maternal hacia las crías recién nacidas. 

En los últimos años, nuestro grupo ha estudiado los efectos producidos por 

la desnutrición neonatal sobre el desarrollo morfológico, electrofisiológico y 



conductual de la rata. Algunos de nuestros hallazgos han sido pioneros en este 

campo y han servido de gula para generar nuevo conocimiento a partir de los 

conceptos que hemos establecido. Asimismo, otros han sido novedosos por las 

metodologlas relativamente sencillas que hemos utilizado para evaluar la función 

cerebral deteriorada por la desnutrición perinatal. 
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ABSTRACT 

During neural ontogeny the cytoarchitectonic arrangement of various brain 

structures are primarily dependent on genetic infiuences in association with 

nonprogrammed eplgenetic factors. In this regard it is generaily accepted that the 

events in the interna, and externa! environments are continuously providing a 
stream of information that pours through the sense organs into the brain. Thus, 

evidence indicating the fundamental role of hormones or other chemical 

compounds during early stages of neural development, has been reported. It is 

also known that external environmental Influences like handling and nutrition 

during early life are also basic factors underlying the maturation of the nervous 

system and which will determine its futuro functional pluripotential flexibility. To 
evaluate the effects of these Influences a multidisciplinary approach is commonly 

employed, including the fine cytoarchitectonic analysis of different brain areas in 
association with their electrophysiologlcal, neurochemical and behaviora! 

correlates. In the present study I MI discuss those relevant findings generated by 

our research group in the Universidad Nacional Autónoma de México that have 

been contributing to the knowledge of brain ontogeny in the rat. Particularly, how 

neonata' undernutrition interferes with brain growing and its function by using 

different experimental models. The data here presented provide Information that 

early undernutrition la one of the externa! environmental factors which, Interacting 

with the growing neurons affects the neural substrate maturation, the capacity to 
generate electrical activity and the neural mechanisms underlying brain plasticity. 

These deleterious effects could impede the newborn in receiving and using novel 

environmental cues for neuronal growth and in the acquisitIon of new cognitive 

processes. Present findings provide also evidence of how altéred brain processes 

following neonata! undernutrition can be ameliorated by exposing the newborns to 
different early dietary and sensorial rehabilitation procedures. 



INTRODUCCION 

En las últimas 5 décadas, se han generado numerosas contribuciones acerca 

de los mecanismos que controlan el desarrollo postnatal del cerebro en los 

mamíferos, y sobre las posibles implicaciones que éstos tienen para explicar los 

cambios funcionales en el corto y en el largo plazo. Asimismo, poco se ha hecho con 

respecto a la evaluación de las influencias ambientales que afectan el curso del 

desarrollo cerebral en el periodo previo al destete. Un factor del medio ambiente 

externo que contribuye.  importantemente al desarrollo postnatal, es el aporte de 

nutrimentos a los tejidos en fase de crecimiento, que puede tener una gran 

significación para entender las alteraciones funcionales vistas en el individuo adulto 

desnutrido durante la etapa perinatal. 

En el animal maduro los cambios de funcionalidad cerebral en respuesta a las 

continuas demandas de los estímulos ambientales, son realizables sobre la base de 

la existencia de fenómenos plásticos en el sistema nervioso central (SNC), que 

adquieren su máxima expresión durante esta etapa de la vida. En el cerebro 

Inmaduro por el contrario, conforme los procesos de neurogénesis, migración, 

diferenciación, crecimiento y conectividad van sucediéndose en el tiempo, se va 

adquiriendo gradualmente el substrato nervioso del que dependerá la plasticidad 

cerebral futura. 

Los hallazgos previos de nuestro laboratorio, sobre los efectos a largo plazo 

provocados por la privación neonatal de alimento en la rata, nos han permitido 

avanzar en la hipótesis de que la desnutrición neonatal, pudiera interferir en mayor 

grado con el crecimiento, conectividad y funcionalidad de sistemas polisensoriales en 

el SNC que poseen un alto grado de plasticidad, en comparación con los efectos 

sobre los sistemas constituidos por escaso número de neuronas. Esta hipótesis 

parece tener apoyo tanto en los resultados que hemos obtenido con la evaluación de 

los componentes de la conducta refleja, como con la deficiencia en los procesos 

nerviosos de gran complejidad, del tipo del aprendizaje, la emotividad, la atención 
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selectiva y la capacidad exploratoria, que se han observado en el animal adulto 

desnutrido durante la infancia. 

En el presente trabajo, me permitiré realizar una breve revisión acerca del 

impacto que tienen algunos factores epigenéticos del tipo de las hormonas, el aporte 

de nutrimentos y la estimulación sensorial, sobre el desarrollo cerebral, destacando 

cuando sea pertinente algunos de los hallazgos experimentales sobre la ontogenia 

neural, con los que nuestro grupo de investigación ha contribuido al conocimiento de 

esta área. 

El análisis formal de la ontogenia del SNC en los mamíferos, data de finales 

del siglo pasado cuando por primera vez se llevaron a cabo estudios sistematizados 

del desarrollo postnatal de la conducta (Smali, 1899). En el comienzo de este siglo 

con el surgimiento de las técnicas morfológicas se llegó al conocimiento de que 

durante los perlados prenatal y postnatal, ocurren cambios progresivos en la 

organización citoarquitectónica de las estructuras cerebrales y su funcionamiento. 

Asimismo, se estableció que las neuronas siguen patrones secuenciales de 

desarrollo y conectividad, que son típicos de cada especie y modalidad sensorial 

(Cajal, 1899 a, b, 1900; Sugita, 1918; Lorente de N6, 1941;Eayrs y Horn, 1955). En 

los últimos años con el advenimiento de las técnicas electrofislológicas y 

bioquímicas, se ha dado también un gran avance en este campo, al saberse de la 

existencia de cambios funcionales dependientes de poblaciones reducidas de 

neuronas y de cómo éstos contribuyen a la maduración neuronal. 

Resultado de todos estos estudios ha sido la acumulación de un gran número 

de evidencias experimentales relacionadas con los procesos de maduración 

estructural y funcional del SNC, con la ontogenia de su composición bioquímica, con 

el desarrollo del repertorio conductual del Infante y la capacidad del organismo para 

responder y aprender tanto en situaciones naturales como experimentales (Ver, 

Himwich y Himwich, 1964). Asimismo, han surgido una serie de conceptos básicos 

que incluyen a los siguientes: 1) La relativa complejidad de los mecanismos 



cerebrales durante etapas tempranas del desarrollo, permite un análisis más claro y 

simple de la secuencia con que las diferentes partes del SNC maduran e intervienen 

progresivamente en la función. 2) Se facilita el estudio sucesivo de las relaciones 

entre varias estructuras cerebrales, que son la base morfológica de procesos 

homeostáticos y conductuales a través de todo el desarrollo ontogenético. 3) Es 

posible aplicar estos estudios al conocimiento de las causas que modulan o dañan el 

crecimiento del SNC en el hombre, El SNC del infante es muy vulnerable durante el 

periodo perinatal, lo cual es causa de una alta tasa de deficiencia mental y de 

mortalidad infantil. Esta.  problemática pudiera quizás atenuarse o corregirse por el 

empleo adecuado de los conocimientos generados acerca de los procesos de la 

maduración neuronal. 4) Finalmente porque según estudios recientes, la interacción 

entre el organismo en desarrollo y su ambiente, tiene efectos a largo plazo sobre el 

proceso de conectividad del SNC y también consecuencias decisivas para la vida 

futura del hombre y de los animales. 

Factores genéticos y desarrollo cerebral 

Hace más de 200 años existía la creencia de que el individuo adulto era 

preformado en el esperma o en el huevo y que su desarrollo, consistía simplemente 

en el desdoblamiento de esas características en el útero materno. En cierta forma 

los hallazgos recientes en genética molecular han conducido a revivir nuevamente 

este pensamiento preformístico. Así el código genético se considera como un 

sistema biológico molecular que guarda la información vital para la supervivencia de 

la especie en su ambiente natural. Esta información se decodifica progresivamente 

dentro del organismo durante su desarrollo ontogenético. Aunque ciertamente se 

conoce que los factores genéticos influyen sobre el crecimiento y la diferenciación 
ag 	

celulares, sin embargo, actualmente se acepta que el desarrollo postnatai, también 

depende en gran medida del impacto que los estímulos medioambientales no 

programados, ejercen sobre las neuronas durante su fase de mitosis, migración, 
1 á 	

crecimiento y diferenciación. En los últimos años, esta área de la ontogenia neural, 
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ha tenido un avance explosivo, de tal modo que su revisión por si sola, ameritaria un 

verdadero tratado y que desde luego no es el propósito de esta revisión. 

Desarrollo y sistemogénesis 

Es difícil dar una definición de desarrollo que satisfaga e incluya los usos de 

este término en diferentes campos. Sin embargo, referido a los procesos biológicos, 

el término se puede considerar como la serie de cambios secuenciales que 

transforman cualquier sistema biológico de organización relativamente simple, en un 

sistema de complejidad y diferenciación progresivas, hasta que se alcanza un estado 

de relativa estabilidad. Esta definición también pudiera en cierta forma corresponder 

al término de ontogenia. 

Al nacimiento la mayor parte de los mamíferos presenta una notable 

inmadurez motora, sensorial y homeostática (Adolph, 1957). Esta condición pone en 

un serio compromiso su supervivencia, ya que con una notable inmadurez los recién 

nacidos, tienen que enfrentarse a diversos cambios medioambientales del tipo de las 

carencias nutricionales, los cambios térmicos, la agresión de los depredadores, las 

variaciones climatológicas, la desnutrición, el dolor de diferentes origenes, etc. El 

desarrollo ontogenético en cualquier especie, sigue un patrón determinado que le 

permite al recién nacido un máximo de supervivencia en la naturaleza. Así, aquellas 

partes o estructuras del sistema nervioso que son necesarias para el control de las 

funciones vitales en el momento del nacimiento, maduran significativamente más 

rápido que el resto. Este es el concepto de "sistemogénesis" introducido al campo de 

la Biología del Desarrollo por Anokhin (1964a), quien señala por ejemplo, que las 

estructuras nerviosas que gobiernan los reflejos de prensión y de succión están ya 

bastante desarrolladas al nacimiento, con lo cual se asegura que las necesidades de 

acercamiento y contacto con la madre y las de nutrición sean ampliamente 

satisfechas (Fig. 1). Si la visión es esencial desde el nacimiento para el patrón de 

vida de la especie en su habitat natural, los infantes nacerán con los ojos abiertos y 

funcionalmente activos. De igual manera, si la función olfatoria es de capital 



Fig. 1. Reflejo de prensión en el nifto recién nacido y en el infante de gibdn. En 

ambos casos, el cuerpo de éstos puede suspenderse en el aire mediante la prensión 
11; 

con los dedos de sus extremidades superiores, a puntos de apoyo en el espacio. El 

vigor de la respuesta refleja permite al lactante, sujetarse a la madre para favorecer 

su nutrición y su transporte en el medio ambiente. 
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importancia para el reconocimiento de la madre y del ambiente del nido, los sujetos 

nacerán con parte de dicha función desarrollada mientras que otros sistemas 

sensoriales de importancia secundaria se desarrollarán más lentamente. No 

obstante que durante el desarrollo postnatal algunas estructuras nerviosas avanzan 

a otras en su desarrollo (heterocronia), el cuidado maternal durante esta etapa juega 

un papel fundamental para el crecimiento ulterior del recién nacido, hasta que éste 

es capaz de bastarse a si mismo. 

Periodo critico 

Se conoce ampliamente que en la etapa perinatal de la mayor parte de los 

mamíferos, hay un periodo breve durante el cual, diferentes tipos de estímulos 

ambientales, provocan marcados cambios en la morfología y el funcionamiento del 

SNC en desarrollo, los cuales se hacen evidentes cuando el organismo es adulto. A 

este período de mayor vulnerabilidad del SNC se le ha llamado "periodo critico", 

"periodo sensitivo" o "periodo de rápido desarrollo cerebral", dado que un mismo tipo 

de estirnulación, antes ó después de este intervalo, tiene escasos o nulos efectos 

sobre los centros nerviosos en desarrollo (Dobbing, 1972; Morgane, 1992). 

La idea de la existencia de periodos críticos durante el desarrollo cerebral, 

deriva de algunos conceptos etológicos y neurobiológicos como el fenómeno de la 

impronta (imprinting), que se observa en las aves recién nacidas, en las cuales 

ocurre una fijación conductual usualmente dirigida hacia un miembro o a los 

miembros de una misma o de diferente especie (Lorenz, 1935). Asimismo, este 

concepto posiblemente sea análogo al "periodo de socialización" que ocurre en el 

desarrollo postnatal de algunos mamíferos como el perro (Fox y Stelzner, 1966; 

Scott, 1968). Por otra parte en Neurobiologia, se habla del "periodo critico" para 

describir un estado de desarrollo en el que diversos fenómenos físicos tales como la 

apertura de los párpados y los meatos auditivos externos, el inicio del EEG y la 

actividad eléctrica provocada, etc., aparecen bruscamente y en forma significativa 

(Flexner, 1955). Diversos estudios de la literatura han establecido que la causa de 
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esta vulnerabilidad cerebral, obedece a la concurrencia temporal de factores 

programados corno los procesos de sinaptogénesis, migración, diferenciación, 

mielogénesis, gliogénesis y mielinización con los factores no programados (Morgane, 

1992). Así, si los estímulos medioambientales o epigenéticos actúan cuando estos 

procesos citogenéticos son más intensos, entonces la posibilidad de interferencia en 

el desarrollo cerebral y funcional será mayor; la inversa también es cierta (Fig. 2), 

Al nacimiento hay diferencias importantes en la conducta de los animales que 

reflejan su distinto gradó de maduración. En general la mayoría de los mamíferos se 

pueden clasificar en dos grandes grupos: a) los que nacen relativamente maduros 

(precociales) y son capaces de defenderse y enfrentarse al ambiente por sí solos; y 

b) los que nacen inmaduros (altriciales) y necesitan de un gran cuidado materno para 

sobrevivir. Así por ejemplo es bien conocido que al nacimiento, los infantes del 

caballo, el cuyo, la cabra, la vaca y otras especies son capaces de moverse 

libremente, sus ojos y oídos están abiertos y funcionalmente activos, En estas 

especies bajo circunstancias favorables y con un cuidado materno relativamente 

escaso, los Infantes se bastan por si solos para sobrevivir. En cambio, la rata, el 

ratón, el conejo, el perro, el gato y otras especies, incluyendo el hombre, al nacer, 

tienen una marcada inmadurez homeostática, motora y sensorial y requieren de un 

cuidado materno muy estrecho para alcanzar su completo desarrollo (Adolph, 1957). 

El hombre está incluido dentro de este último grupo y por esta razón, la información 

experimental derivada de estas especies, suele ser de gran utilidad para la mejor 

comprensión de las causas que afectan el desarrollo cerebral del ser humano. 

Conducta y adaptación 

Desde el punto de vista funcional la conducta es la expresión, en mayor o 

menor grado, de la actividad de las estructuras biológicas que constituyen al 

organismo. La mayoría de los patrones de conducta animal tienen como finalidad la 

supervivencia del individuo y de la especie en la naturaleza. Ejemplos claros de este 

objetivo son la huida de una presa ante su depredador, la función reproductora cuya 
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Fig. 2. Macroneurogénesis y microneurogénesis en distintas estructuras del SNC 

durante el período prenatal y postnatal en la rata. La macroneurogénesis ocurre 

durante la etapa prenatal, mientras que la microneurogénesis y la gliogénesis, son 

eventos que se inician al final del periodo prenatal y culminan durante el postnatal; la 

mielinización se ubica durante la etapa postnatal. El esquema muestra el carácter 

heterocrónico de las estructuras neurales durante el proceso del ensamblaje 

cerebral en la ontogenia. Modificado de P. M. Rodier y S. S. Reynolds, Exper, 

Neurol., 57: 81-93, 1977. 

1NTERNEURON; 
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capacidad generalmente es muy grande en especies dotadas con frágiles 

mecanismos de defensa o con deficientes mecanismos adaptativos hacia el 

ambiente, etc. La supervivencia de cualquier especie en su ambiente natural implica 

el desarrollo, a través de la evolución, de variados mecanismos de adaptación que 

permiten su existencia en el ambiente. Esta adaptación es continua y es la que 

determina el ajuste del organismo como un todo, no sólo a los estímulos del 

ambiente exterior, sino también a los requerimientos de su medio interno. 

Hay dos mecanismos por los que la adaptación se lleva a cabo: a) aquel en el 

que la especie, a través de los procesos de mutación y selección natural, logra la 

adaptación asegurando así su supervivencia. La información ambiental obtenida por 

estos procesos, se transmite de padres a hijos entre los miembros de una misma 

especie por medio de los genes en los cuales está codificada. b) El segundo 

mecanismo consiste en la acción recíproca instantánea entre el individuo y los 

estímulos provenientes de sus alrededores. Por este mecanismo, se logra la 

adaptación instantánea de la conducta del individuo a los requerimientos 

momentáneos de su medio circundante. 

En los últimos años se ha puesto de manifiesto que la interacción que 

determina la adaptación instantánea en el adulto, durante el periodo postnatal 

inmediato juega, un papel fundamental en los procesos de organización morfológica 

y funcional del SNC del infante. La versatilidad y la eficiencia de funciones complejas 

del SNC tipo aprendizaje, memoria, reactividad emocional, estados de conciencia, 

etc., que caracterizan a un organismo adulto, dependen posiblemente de los límites 

de crecimiento y complejidad del SNC, establecidos por la acción de diversos 

factores ambientales sobre las neuronas en desarrollo, en conjunción con la 

información genéticamente transmitida para cada especie. 
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Efectos de las hormonas neurotrópicas 

Durante la ontogenia, el desarrollo del tejido cerebral es altamente 

dependiente de la acción de varias hormonas denominadas neurotrópicas, que 

incluyen a las hormonas tiroideas, la hormona de crecimiento, las hormonas 

gonadotrópicas y los corticoides suprarrenales, que por diferentes mecanismos son 

capaces de interferir con la organización citoarquitectónica y la función cerebral. 

Enseguida se mencionan las acciones mejor conocidas de las alteraciones en la 

concentración de las hormonas mencionadas durante el periodo perinatal. 

Hormonas tiroideas y desarrollo neural 

El nivel de las hormonas tiroideas circulantes en el medio interno, es una de 

las influencias del ambiente que más se ha estudiado y que se sabe afecta 

seriamente el desarrollo cerebral. Asi, de los estudios clásicos de Eayrs y sus 

asociados (1955, 1960, 1961, 1964; Eayrs y Taytor, 1951; Eayrs y Horn, 1955), se 

conoce que una deficiente secreción tiroidea durante el periodo de rápido desarrollo 

cerebral en la rata, provoca un marcado retraso en el desarrollo morfológico y 

electrofisiológico del SNC y por lo tanto de la conducta. En el hipotiroidismo las 

neuronas de las diversas áreas corticales son comúnmente pequeñas, con escasas 

y delgadas ramificaciones dendriticas, un reducido número de espinas dendriticas 

(Fig. 3) y neuronas que muestran un claro retardo en el depósito de la mielina axonal 

(Eayrs, 1960; Hamburgh, 1966, 1968; Hamburgh y col., 1977; Ruiz-Marcos y col., 

1979, 1982). La amplitud y la frecuencia del electroencéfalograma están reducidas, 

la actividad eléctrica cortical provocada por la aplicación de estímulos sensoriales se 

caracteriza por la presencia de potenciales provocados pequeños de gran latencia y 

fácil fatigabilidad a la estimulación iterativa (Bradley y col., 1960). La excitabilidad 

cerebral se encuentra alterada, presentando ciertos grupos neuronales una 

reducción en el umbral para provocar crisis convulsivas por estimulación eléctrica, 

Estas alteraciones en la excitabilidad, van asociadas a cambios en la actividad de la 

bomba sodio/potasio en el tejido cerebral, que interfieren con los procesos de 
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Fig. 3. Desarrollo de la densidad de espinas dendriticas en la prolongación apical 

(segmentos de 50 p) de neuronas piramidales grandes de la V capa cortica! 

(derecha), a lo largo de su trayecto por las capas 11, 111 y IV de la corteza visual 

primaria de la rata. Las neuronas de las ratas hipertiroideas (linea punteada en las 

gráficas ), tienen un menor número de espinas a lo largo del desarrollo con respecto 

a sus testigos (lineas continuas). Modificado de M. Salas y col., Ontogenia Neural. 

177.198, 1991. 
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polarización y repolarización de las membranas neuronales (Valcana y Timiras, 

1969). La reacción de orientación y sobresalto as) como otros patrones conductuales 

también se retrasan notablemente en el desarrollo (Bradley y col., 1960). Sin 

embargo, una vez que ha transcurrido el periodo de rápido desarrollo cerebral, la 

tiroidectornía y la deficiencia tiroidea no producen ningún efecto significativo o bien 

las alteraciones morfológicas y funcionales son mínimas (Eayrs, 1964). 

Por el contrario un exceso de tiroxina (1 pg/gr de peso corporal) administrado 

intraperitonealmente dukante los 4 a 5 primeros días postnatales de la rata, acelera 

la aparición y la maduración de algunos de los indices empleados para valorar el 

proceso de desarrollo (Schapiro, 1968; Salas y Schapiro, 1970; Schapiro y col., 

1973; Davenport y Gonzalez, 1973; Salas y col., 1976, 1977, 1993), tales como el 

número de espinas dendriticas de las células piramidales corticales (Schapiro y col., 

1973), el proceso de mielinización y la concentración de colesterol y de 

acetilcolinesterasa cerebrales (Hamburgh, 1966; Schapiro, 1968; Hamburgh y col., 

1977). Asimismo, existe un desarrollo precoz de la actividad electrocortical 

espontánea y también de la provocada por la aplicación de estímulos sensoriales 

(Schapiro y Norman, 1967; Salas y col., 1977), así como de la actividad de nado 

(Schapiro y col., 1970), la reacción de orientación, de sobresalto y el aprendizaje 

(Eayrs, 1964; Schapiro, 1968). En estudios posteriores, se ha señalado que en la 

rata, la maduración precoz del SNC producida por un exceso de tiroxina, solamente 

se presenta hasta los 20 días del nacimiento y que a partir de esta edad, se 

observan efectos completamente opuestos debido posiblemente a la reabsorcIón de 

espinas, dendritas y de neuronas en diversas áreas corticales y subcorticales (Eayrs, 

1964; Schapiro, 1968; Salas y col., 1977, 1993). Este doble efecto provocado por la 

tiroxina aplicada en etapas tempranas del desarrollo en los mamíferos, parecería ser 

una reminiscencia de los efectos observados durante el fenómeno de la 

metamorfosis de los anfibios (Hamburgh, 1968; Grave, 1977). A pesar de todo este 

conjunto de evidencias experimentales, el efecto dual de las hormonas tiroideas 

sobre el SNC en crecimiento y sus mecanismos de acción, aún son motivo de 

intenso estudio. 
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Efectos de las hormonas gonadales 

En el sistema gonadal se ha señalado que un exceso de esteroides durante el 

periodo neonata!, altera el patrón de desarrollo de la conducta sexual y 

probablemente también la cantidad de hormonas secretadas en el estado adulto. Se 

ha sugerido que en el infante, los esteroides tienen un papel organizador de 

feminización o de masculinización sobre los centros nerviosos hipotalámicos que 

controlan la conducta sexual, mientras que en el adulto tienen solo un carácter 

excitador sobre estas mismas estructuras (Harris, 1964; Young y Goy, 1964). Por 

ejemplo, la administración de estrógenos o de progesterona en ratas adultas macho, 

castradas inmediatamente después del nacimiento, provoca la conducta sexual típica 

femenina. Esto no sucede en el caso de animales que son castrados después de los 

5 primeros días del nacimiento. La administración de grandes dosis de testosterona 

o de estrógenos a ratas hembra durante las primeras 12 horas después del parto, 

impide la respuesta normal a las hormonas sexuales femeninas durante la vida 

adulta (Harris y Levine, 1965). Paradójicamente las hembras tratadas con 

estrógenos en la infancia, pueden mostrar tanto patrones de conducta sexual 

masculina como respuesta a la administración de testosterona durante la vida adulta. 

En cambio los animales no tratados con estrógenos solamente muestran conducta 

de monta cuando se les inyecta la misma cantidad de testosterona (Levine y Mullins, 

1968). Asociado a estos efectos de las hormonas gonadales sobre la conducta 

sexual, se ha descrito que la administración de dosis altas de estrógenos pudieran 

acelerar el desarrollo del SNC. Así por ejemplo tomando a las respuestas 

transcallosas y a los potenciales de la pirámide bulbar como criterios para valorar la 

maduración del SNC, se ha, encontrado que , las ratas tratadas con estradiol en los 

primeros días del nacimiento, presentan respuestas de !Menda corta y de gran 

amplitud en comparación con las ratas testigo. Estos hallazgos sugieren que el 

estradiol pudiera acelerar los procesos de mielinización o de las conexiones 

sinápticas aumentando así la excitabilidad y la conducción de impulsos nerviosos en 

el cerebro (Valcana y Timiras, 1969; Curry y Timiras, 1972; Arai y col., 1986). 
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Hormona del crecimiento (GH) y desarrollo cerebral 

La GH es uno de los reguladores primarios del crecimiento cerebral, que a 

dosis farmacológicas durante la preñez de la rata, estimula el crecimiento del cerebro 

de las crías. En este sentido se ha encontrado que ocurre un incremento del peso y 

del contenido del DNA cerebral. También se ha descrito que la somatotrofina puede 

afectar el peso corporal solamente en las madres y progenie de bajo peso . Por esta 

razón para estudiar el efecto de la hormona GH sobre el desarrollo cerebral, se ha 

empleado el modelo de la restricción nutricional de ratas embarazadas. Asi, 

conociendo la participación de la GH en el metabolismo de los carbohidratos y la 

importancia de la glucosa como fuente de energía para el feto, Zamenhof y 

asociados (1971), evaluaron el efecto de la restricción calórica en ratas 

embarazadas y el efecto de la administración de GH sobre el desarrollo cerebral 

prenatal. Los hallazgos mostraron que la restricción calórica en ratas gestantes 

durante los días 10 al 20 de la gestación, resulta en una reducción significativa en el 

peso corporal, en el peso de la placenta, en el peso cerebral y en el contenido del 

DNA y proteínas cerebrales de las crías recién nacidas. Estas reducciones no se 

presentaron si las madres con dieta restringida, se trataban concomitantemente con 

GH de bovino. Los autores postularon que debido a que la GH no cruza la barrera 

placentaria, entonces un posible efecto de la hormona seria a través de la 

movilización de reservas nutricias de la madre hacia sus crías. Sin embargo, la 

progenie de ratas mantenidas bajo una dieta normal no mostraron ningún aumento 

significativo en el contenido de DNA cerebral cuando se trataron en forma 

semejante. 

En otros estudios (Sara y col., 1974), se han analizado los efectos de la GH 

sobre el crecimiento fetal y placentario cuando la hormona se administraba bajo 

condiciones de control nutricional, para determinar el mecanismo de acción de la 

hormona. Los resultados indicaron que la GH, incrementó el peso cerebral y el 

contenido de neuronas cerebrales, sin cambios en el peso corporal fetal, lo que 

sugirió una acción selectiva de la hormona sobre el crecimiento cerebral. Por lo 
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tanto, este efecto no pudo ser atribuido a la movilización de los nutrimentos 

provenientes de la madre. Sin embargo, en la madre se pudo reconocer un 

crecimiento de la placenta, lo cual apoyó la idea de una regulación placentaria del 

crecimiento fetal. Con fundamento en estos hallazgos puede existir la alternativa de 

que un mensajero secundario como la somatomedina o una substancia trófica 

similar, posiblemente de origen placentario, sea capaz de mediar el crecimiento 

cerebral del feto. 

En otros experimentos se ha mostrado un incremento en el peso cerebral y en 

el número de neuronas corticales, determinado por la incorporación de timidina 

marcada al DNA, seguida de autorradiografía. En el estado adulto de estos mismos 

animales, se encontró que el desempeño en el aprendizaje de una serie de tareas de 

discriminación, aumentó significativamente con respecto a los animales testigo cuyas 

madres no fueron tratadas con la GH durante la gestación (Sara y Lazarus, 1975). 

El retardo en el crecimiento corporal del ratón enano hipofislario (dw, Snell) es 

producido generalmente por la deficiencia de GH y de otras hormonas similares. En 

este modelo se ha encontrado una deficiente mielinización asociada al enanismo 

caracteristico, la cual es producida por una reducción en la proliferación de 

oligodendrocitos (Noguchi y col., 1982). Estos efectos se han, asociado a una 

reducción significativa en la velocidad de conducción de los impulsos nerviosos a lo 

largo de los nervios, que interfiere con la descarga neuronal aferente hacia las 

estructuras nerviosas supraespinales (Fuhrman y col., 1986). 

Corticoldes suprarrenales y desarrollo cerebral 

Varios estudios han señalado que la administración de una dosis de 1 mg de 

acetato de cortlsol por vía subcutánea en la rata recién nacida, provoca como 

alteraciones principales las siguientes: retardo en el depósito de la mielina, reducción 

en el número de las espinas dendriticas de las neuronas piramidales corticales y 

decremento en la concentración de colesterol y acetilcolinesterasa cerebrales 
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(Schapiro, 1968). Asimismo, origina un retardo en la maduración de la actividad 

eléctrica espontánea y de la provocada por la aplicación de estímulos sensoriales 

(Salas y Schapiro, 1970). Todos estos cambios están asociados a un bajo 

rendimiento en pruebas de condicionamiento y también en una alterada reacción al 

estrés (Schapiro, 1968; Salas y Schapiro, 1970; Peruzovic .y Milkovic, 1986). Con 

respecto a la conducta refleja se sabe que se produce un retardo en el desarrollo de 

la conducta de nado (Schapiro y col., 1970) y que la reacción de sobresalto se 

encuentra incrementada, 

Factores de Crecimiento 

Los postulados de. la doctrina de la neurona establecidos por Cajal, indican 

que las neuronas constituyen la unidad trófica que mantiene la integridad de los 

circuitos en los que se ubican. Sin embargo de la información generada en los 

últimos 25 años, se sabe que durante el desarrollo ontogenético, los impulsos 

nerviosos que se transmiten a lo largo de las neuronas en crecimiento, liberan en sus 

axones terminales factores tráficos que promueven el crecimiento neuronal. Estos 

factores son péptídos de bajo peso molecular producidos endógenamente, que 

estimulan el desarrollo neuronal. Dentro de este grupo de factores destaca el factor 

nervioso de crecimiento (NGF), identificado inicialmente por Bueker en 1948 y 

después caracterizado por Levi-Montalcini y Hamburger, 1951, 1953. De estos 

estudios se pudo establecer que tanto las células de los ganglios sensoriales como 

las del sistema simpático, creclan exageradamente cuando se colocaban en la 

vecindad de células tumorales de sarcoma. Con posterioridad se identificó que el 

NGF, también era secretado en el veneno de serpientes, así como en las glándulas 

submaxilares del ratón y otras especies (revisado por Purves y Lichtman, 1985). 

La purificación y caracterización del NGF, la identificación del gen que lo 

genera, así como los receptores de baja y de alta afinidad a los cuales se une este 

factor, han hecho avanzar enormemente nuestro conocimiento sobre sus acciones 

promotoras del crecimiento neural (Guroff, 1993). Por otra parte, su localización en 
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cantidades minúsculas en casi todos los tejidos del organismo y en cantidades 

mayores en las neuronas ganglionares del simpático y sensoriales y sus órganos 

blanco, indican que este factor es esencial para la maduración y la supervivencia de 

las neuronas de la médula espinal, de las células de la médula suprarrenal y de otras 

neuronas de diversas regiones del SNC (ver Purves y Lichtman, 1985; Guroff, 1993). 

El hecho de que en aquellas regiones del SNC donde el NGF no actúa, sea 

posible el mantener las neuritas y la reparación en la conectividad neuronal que 

sigue a la degeneración, indica que es posible que existan otros factores similares al 

NGF que desempeñen funciones tróficas, tal podría ser el caso de los factores de 

crecimiento que actúan en el sistema parasimpático (Barde y col., 1983). 

Otra familia de péptidos involucrados en el desarrollo neuronal, es la de los 

factores de crecimiento de tipo insulínico (IGF), los cuales se encuentran constituidos 

por la insulina, el IGF-1 y el IGF-II. Comúnmente a la Insulina se la relaciona con el 

metabolismo de los carbohidratos, mientras que a los IGFs se les asocia con los 

procesos de crecimiento y diferenciación celulares. La mayor parte de los IGFs se 

sintetizan principalmente en el hígado y actúan por mecanismos parecidos a las 

hormonas. Aunque otros tejidos también los producen, éstos a diferencia de los 

anteriores, actuán a nivel local y de manera autócrina o parácrina. Los receptores a 

la insulina y al IGF-1 estructuralmente son muy similares, a pesar de estar 

producidos por distintos genes. Están formados por 2 subunidades (a y13) unidos por 

puentes disulfuro. Las subunidades a son extracelulares y son las responsables de 

la unión con los factores, mientras que las B son transmembranales y contienen un 

dominio a tirosina cinasa en sus porciones intracelulares. La unión del ligando a la 

subunidad a, activa a la tirosina cinasa de la subunidad 13. Los receptores a IGF-lt 

difieren de los ínsullnicos y los IGF-1, en que constan de un dominio largo 

extracelular y de un dominio corto intracelular que no tiene la actividad tirosina 

cinasa. Paralelamente, los receptores IGFs se expresan en estadios tempranos de la 

embriogénesis, lo cual indica que participan en los procesos de diferenciación neural. 

Los receptores IGF-1 son los más abundantes durante el desarrollo neural, lo cual 
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sugiere que son esenciales para la supervivencia neuronal. Paralelamente se ha 

establecido que el IGF-i, estimula la síntesis de DNA y RNA en las neuronas de 

cultivo de tejidos, apoyando lo anterior la supervivencia de las neuronas y el 

crecimiento de las neuritas (Recio-Pinto e Ishi, 1988; Bondy y Wei-Hua, 1993). 

Efectos de la estimulación sensorial en la ontogenia neural 

En los pasados 50 años, se ha hecho evidente que algunos estímulos del 

medio ambiente tales como el sonido, la luz, la estimulación vestibular, la 

propioceptiva, la somestésica, la olfatoria, etc., desempeñan un papel importante en 

el proceso de maduración del substrato neural. Hebb en 1949, desarrolló el concepto 

de que el mayor número de Interconexiones neuronales, podía ser la base 

estructural de una mayor capacidad funcional del cerebro. De sus estudios surgió la 

hipótesis de que un exceso de información, provocado por un exceso en el manejo 

de los animales durante el periodo neonatal, podría acelerar la maduración tanto de 

los relevos sinópticos como de las áreas de integración sensorial del SNC. En otras 

investigaciones se ha sugerido que esta aceleración en el crecimiento neuronal, 

podría ser el resultado de un incremento en el metabolismo neuronal provocado por 

el exceso de impulsos nerviosos, aferentes. Este incremento metabólico produciría un 

aumento en el flujo sanguíneo cerebral, que al aumentar el aporte de nutrimentos al 

tejido neuronal inmaduro, permitiría un mejor crecimiento y capacidad para el 

establecimiento de las interconexiones neuronales (Schaplro y Vukovich, 1970). 

Apoyan esta hipótesis, diversos estudios conductuales en los cuales se ha reportado 

que los animales adultos que fueron estimulados por medio de manoseo durante la 

infancia temprana, son emocionalmente más estables (orinan y defecan menos), 

exploran más libremente cuando son colocados en un ambiente novedoso y 

aprenden mejor ante diversas pruebas de condicionamiento (Denenberg, 1964). 

Asimismo, la respuesta adrenocortical también se reduce como resultado de la 

manipulación sensorial previa (Waiker y Aubert, 1988). 
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En un estudio realizado en niños lactantes africanos, que por razones 

económicas y sociales, viajan por periodos prolongados sobre las espaldas de sus 

padres y reciben una gran estimulación vestibular y propioceptiva, al año de vida ya 

son capaces de caminar, correr y realizar diversas maniobras de equilibrio sobre una 

superficie pequeña, que requiere de una avanzada coordinación muscular y 

habilidad motora (Newton y Levine, 1968), Esto contrasta con el comportamiento de 

los niños europeos y de los africanos extraídos del mismo núcleo social pero 

crecidos en Europa, en los cuales esas mismas maniobras requieren de mayor 

tiempo para realizarse. Por otra parte, diversos estudios morfológicos muestran que 

los animales manipulados antes del destete, presentan un mayor grosor y peso de la 

corteza cerebral, así como un aumento en el número de las dendritas y de los 

procesos espinosos de las neuronas piramidales grandes de la neocorteza (Diamond 

y col., 1964; Rosenzweig y col, 1969; Ruiz-Marcos y Valverde, 1969; Schapiro y 

Vukovich, 1970; Green y col., 1983; Pascual y col., 1993). Esta aceleración en el 

crecimiento neuronal, va asociada a un incremento en el desarrollo de los 

potenciales provocados por la aplicación de estímulos sensoriales (Leah y col., 

1985). En experimentos de privación sensorial en la rata, cuando se les coloca en 

espacios físicos reducidos con ausencia de luz y sonido por varios días, se han 

encontrado cambios morfológicos opuestos, particularmente en el área visual 

(Valverde, 1967; Rosenzweig y col., 1969). A pesar de lo consistente de estos 

resultados se requiere de una mayor información morfológica, electrofisiológica y 

bioquímica que complemente y de bases más firmes a esta hipótesis. 

Privación perinatal de nutrimentos y ontogenia neural 

La desnutrición como resultado de la deficiente ingestión en la cantidad y 

calidad del alimento, es el factor del ambiente externo que más frecuentemente 

afecta el desarrollo cerebral y que a su vez, es causa primordial de los altos índices 

4 

	

	 de mortalidad infantil en el mundo. Según la opinión más generalizada, cuando se 

habla de desnutrición se está considerando aquella condición en la que existe una 

notable reducción en la ingestión de proteínas fundamentalmente (McCance y 
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Widdowson, 1968). Aunque si bien es cierto que la desnutrición como cuadro clínico, 

usualmente implica el aporte reducido de varios elementos de la dieta que le dan el 

calificativo de síndrome pluricarencial. Parecerla ser entonces que la privación 

parcial de alimento, podría ser la condición más común que se da en los países 

pobres y en vías de desarrollo, y no la desnutrición de un sólo elemento de la dieta 

que parecerla ser quizás el tipo más frecuente en los países desarrollados en los 

que la demanda por el alimento "chatarra" o de elaboración rápida, prevalece sobre 

la ingesta de una alimentación balanceada. 

Por estudios llevados a cabo en niños, se sabe que el cerebro presenta una 

gran vulnerabilidad a los efectos de la desnutrición y que el crecimiento cerebral no 

sólo se retrasa sino que también puede detenerse (Mourek y col., 1967; Von Muralt, 

1972). De las lamentables experiencias obtenidas durante la segunda guerra 

mundial, se sabe que los individuos que murieron por la falta de ingestión de 

alimento en los campos de concentración, presentaban una pérdida del 3% del 

tamaño del cerebro y del corazón, Asimismo, los músculos esqueléticos, el hígado y 

el bazo se encontraban reducidos en un 31%, 54% y 67% respectivamente (Von 

Muralt, 1972). De estos estudios se ha concluido que los órganos que son esenciales 

para la supervivencia, son poco afectados en comparación con los restantes, es 

decir, que los tejidos son sacrificados en proporción inversa a su importancia 

funcional para el mantenimiento de la homeostasia. Esta circunstancia pudiera 

explicarse debido a que existen mecanismos homeostáticos que protejen al cerebro 

y al corazón durante la privación aguda o crónica de alimento, justamente debido a 

su alta vulnerabilidad. Otra posibilidad es que esta secuencia de efectos pudiera ser 

mayor en el hígado y el bazo y menor en el corazón y el cerebro. Esta condición 

cierta en el adulto, opera aparentemente dentro de límites más reducidos en el 

infante, cuyos mecanismos homeostáticos están aún en fase de desarrollo y tal 

situación determina una mayor posibilidad de daño cerebral. 
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HALLAZGOS MORFOLOGICOS 

Mediante experimentos realizados en ratas, ratones y cerdos, se conoce que 

la restricción en la ingesta de alimento desde el nacimiento hasta el momento del 

destete, produce en general una reducción permanente en el peso cerebral y en el 

contenido de agua corporal (Culley y Lineberger, 1968). Asimismo, diversos 

experimentos han sugerido que la privación neonata' de alimento reduce 

importantemente el depósito de la mielina en el SNC (Davison y Dobbing, 1966; 

Bass y col., 1970). Estudios de autorradlografía han mostrado que la desnutrición 

impide también la diferenciación y la migración de los oligodendrocitos que están 

involucrados en el proceso de la mielinización. En casos de desnutrición perinatal las 

neuronas permanecen acumuladas en las cercanías de las paredes ependimarias de 

los ventrículos cerebrales, o bien se encuentran diseminadas en el trayecto de sus 

rutas de migración, y en las áreas en las que ellas normalmente se distribuyen (Bass 

y col., 1970). 

Impactos sobre la neocorteza 

Actualmente, son bien conocidos los cambios que ocurren normalmente tanto 

en las células como en la red de fibras nerviosas de las áreas sensoriales de la 

corteza cerebral durante el desarrollo de la rata (Bass y col., 1970; Jacobson, 1970; 

Salas y col., 1974). Al nacimiento, esta área del telencéfalo de la rata tiene un grosor 

promedio de 900 micras, contiene núcleos de neuronas indiferenciadas y aún no se 

inicia el proceso de la mielinización, A los 10 días de edad, la corteza de las ratas 

normalmente nutridas tiene un espesor promedio de 1650 micras, las 6 capas 

corticales clásicamente conocidas están bien definidas y la densidad neuronal está 

reducida en comparación con la que se observa al nacimiento. Las ratas desnutridas 

durante un periodo de 21 días a partir del nacimiento, presentan al día 10 de edad 

un decremento del espesor corticas que sólo alcanza 1220 micras como promedio. 

Las células por unidad de volumen están estrechamente agrupadas y la 

estratificación de las capas aún es escasa como ocurre normalmente en un animal 
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de menor edad (Bass y col., 1970). Entre los 10 y los 30 días postnatales, la corteza 

de estos mismos animales continúa aumentada en densidad por la escasa migración 

celular y el patrón de conectividad aún se encuentra desorganizado a pesar de que 

el espesor cortical se aproxima al valor normal. El espesor alcanza los valores del 

animal normal entre los 10, 40 y 50 días de edad cuando el peso corporal se 

recupera (Bass y col., 1970). Sin embargo, el citoplasma aún es hipercromático en 

muchas neuronas y las dendritas apicales y el cuerpo celular están poco 

desarrollados (Cragg, 1972). Las fibras aferentes a las sinapsis axodendriticas 

corticales están pobremente impregnadas de mielina y las células gliales también 

notablemente reducidas (Wiggins y col., 1982; Fuller y Wiggins, 1984). La marcada 

celularidad de la zona germinal cercana a las paredes ventriculares, normalmente 

desaparece alrededor de los 20 días postnatales, pero en las ratas desnutridas aún 

es visible a los 50 días de edad (Bass y col., 1970). 

El estudio del efecto de la desnutrición sobre el tejido nervioso en crecimiento 

se ha hecho también en componentes celulares más finos y así en algunos estudios 

(Cragg, 1972), se ha descrito que en las ratas desnutridas desde el nacimiento hasta 

el destete (24 ó 25 días de edad), presentan un 22% de aumento en la densidad 

neuronal, juzgada ésta por el número de nucléolos de las células correspondientes a 

la corteza visual. Asimismo, hay un número menor de ramificaciones neuronales 

circundando cada neurona y además, los axones terminales están reducidos en un 

38% como promedio (Horn, 1955; Cragg, 1972). En otras estructuras del SNC como 

el cerebelo, el hipocampo y el tallo cerebral se han encontrado resultados muy 

similares a los mencionados (Chase y col., 1969; Mc Connell y Berry, 1978; Díaz-

Cintra y col., 1981, 1984, 1991). Dado que los axones terminales forman parte de las 

sinapsis, el número de circuitos neuronales que pueden formarse en la corteza, está 

notoriamente reducido y por consiguiente, los procesos dependientes del 

funcionamiento de éstos pueden alterarse permanentemente. 
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Efectos sobre las espinas dendríticas 

Tanto los estudios con microscopia de luz como los de microscopia 

electrónica, han revelado que las espinas dendríticas constituyen una característica 

morfológica distintiva de la membrana postslnáptica en la corteza cerebral, cerebelo, 

tallo cerebral y médula espinal (taray, 1959; Globus y Scheibel, 1967 a, b), Estas 

extensiones laterales de las dendritas fueron inicialmente descritas por Cajal (1899 

a, b, 1900) y aunque él mismo las consideró como artefactos de fijación o de tinción, 

hoy día son considerádas como estructuras postsinápticas especificas en las 

dendritas, que incrementan las superficies de contacto sinóptico y la efectividad en la 

transmisión interneuronal (Globus y Scheibel, 1967 a,b; Peters y Keiserman-

Abramof, 1970). En el gato recién nacido, las dendritas corticales no tienen espinas y 

los estudios cuantitativos disponibles, indican que ellas surgen lentamente durante el 

desarrollo en estrecha asociación con la aparición de los patrones de la conducta, de 

la actividad eléctrica cerebral y de los procesos bioquímicos (Giobus y Scheibel, 

1967b). En la rata, las espinas también están ausentes al nacimiento y adquieren los 

valores del animal adulto, 20 ó 25 días después (Globus y Scheibel, 1967a). La 

identidad de estas estructuras como unidades funcionales de las sinapsis y su 

aparición gradual durante el desarrollo, sugiere que su ontogenia puede estar 

relacionada en alguna forma, con los eventos fisiológicos que ocurren durante la vida 

adulta. 

Dado que otros autores han descrito que bajo los efectos de diversas 

influencias ambientales del tipo de la privación o del exceso de estimulación 

sensorial, ocurren cambios en el número de espinas, pensamos que la privación 

perinatal de alimento podría igualmente alterar el número de las espinas en las 

dendritas de las células piramidales grandes de la corteza cerebral. Con esta idea en 

mente, hicimos cortes del área somatosensorial correspondiente en ratas privadas 

de alimento durante 12 a 14 horas diarias, durante el periodo comprendido' entre el 

cuarto y el veinteavo días del nacimiento. Los resultados de esta investigación 

mostraron que tanto en los animales testigo como en los desnutridos, las espinas 
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dendriticas de las neuronas piramidales de la V capa de la corteza cerebral, aumenta 

de número progresivamente hasta el día 15 en que su valor se aproxima al de los 

animales adultos. Asimismo, en los animales desnutridos se apreció una reducción 

estadísticamente significativa en el número total de espinas, así como del grosor de 

los diversos tipos de dendritas y de la densidad del campo dendritico 

correspondiente a las porciones basales (Salas y col., 1974; Salas y col, 1977; 

Salas, 1980) (Fig. 4). 

Dado que las neuronas piramidales grandes representan uno de los sitios más 

importantes de entrada de los impulsos aferentes transmitidos a través de los 

sistemas tálamocorticales específico e inespecífico y del sistema calloso (Lorente de 

Nó, 1941), se sugirió que la desnutrición neonatal, reduce el establecimiento de 

nuevas interconexiones y la interacción neuronal que constituyen la base de los 

procesos fisiológicos complejos dél tipo de la memoria, el aprendizaje, la conducta 

emocional, etc. 

En años recientes se han estudiado los cambios histológicos que ocurren en la 

médula espinal de cerdos y perros desnutridos (Dickerson y col., 1967; Stewart y 

Platt, 1968). De este modo en cerdos mantenidos con dietas hipoprotelnicas por 

espacio de 2 -3 semanas, se han creado fenómenos claros de cromatólisis en las 

motoneuronas grandes del cuerno anterior de la médula espinal, así como también 

un incremento en el número de oligodendrocitos perineurales. Dado que estas 

alteraciones no se manifestaron o fueron menos pronunciadas en animales 

rehabilitados nutricionalmente, se ha pensado que estos cambios son reversibles. 

Los extensos estudios bioquímicos y morfológicos llevados a cabo por Winick 

y sus asociados (1977), han mostrado que la desnutrición detiene los procesos de 

división celular en el cerebro durante el periodo de proliferación celular activa y que 

esta reducción en el número de células también es permanente. Los mismos autores 

han encontrado marcadas diferencias en la susceptibilidad a la desnutrición en 

diversas regiones del cerebro y además, que cuando se combina la desnutrición 
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Fig. 4. Los árboles dendriticos de las neuronas piramidales de la V capa de la 
corteza cerebral (esquema), obtenidos de animales desnutridos durante el periodo 

neonata!, presentan una reducción sugnificativa en el valor medio de sus espinas, en 
la densidad y en el grosor dendriticos durante el desarrollo con respecto a sus 
testigos. El daño provocado por la desnutrición, afecta mayormente la zona del árbol 

dendritico que recibe a la proyección inespecifica, comparada con la callosa y la 

especifica. Modificado de M. Salas. 0ev. Neurosci., 3: 109-117, 1980 ; M. Salas y 
col., Brairi Res., 73: 139-144, 1974. 
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prenatal y la postnatal, se produce una reducción mayor en el número de neuronas 

que cuando se provocan separadamente. 

Desnutrición y contenido de ácidos nucléicos 

Por estudios de tipo bioquímico se ha encontrado que normalmente la 

cantidad total de ADN en el cerebro de la rata se incrementa progresivamente 

durante el periodo prenatal, alcanzando una meseta transitoria al nacimiento 

(Zamenhof y col., 1968). Este efecto parece ser uno de los parámetros de desarrollo 

más constantes, que a menudo se ha tomado como un indicador aproximado de la 

población total de neuronas generadas durante el desarrollo ontogenético. Esta 

correlación ha derivado en observaciones de microscopia de luz que sugieren que en 

la rata recién nacida, la corteza cerebral presenta predominantemente neuroblastos 

(Brizzee y col., 1964). Estudios pbsteriores han mostrado que la desnutrición de la 

rata antes y durante el embarazo, reduce significativamente el contenido de ADN 

cerebral de la rata recién nacida (Zamenhof y col., 1968) y ésto se ha Interpretado 

como un reflejo en la reducción de la población final de neuronas. Sin embargo, 

dado que en los especímenes empleados para el análisis del contenido de ADN, se 

incluye además de las neuronas a la substancia blanca y a otros tipos celulares 

como la glia y las células endoteliales de los vasos sanguíneos, el contenido de ADN 

puede considerarse como un parámetro poco preciso para inferir acerca de la 

población total de neuronas.. 

Respecto a la posibilidad de que la reducción en la cantidad de neuronas que 

se aprecia en el animal desnutrido (Bass y col., 1970; Cragg, 1972; Lewis y col., 

1975), pudiera determinar una alteración del SNC, la mayoría de los estudios al 

respecto concuerda en señalar que en estos casos, si existe una alteración de dicho 

funcionamiento, aunque en ocasiones sea difícil demostrarlo (Dobbing, 1972). Esta 

situación es congruente con el hecho de que aún se desconoce cual es el número 

mínimo de elementos neuronales que se requiere para realizar adecuadamente una 

función. Así, por ejemplo en monos infectados experimentalmente con el virus de la 
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poliomielitis no se altera la función motora no obstante que en estos casos, se 

destruye hasta en un tercio la población normal de las motoneuronas 

correspondientes a las extremidades inferiores. En el gato, el síndrome de 

espasticidad agudo provocado por la lesión de la corteza sensitivomotora, ya es 

imperceptible a los 3 meses posteriores a la lesión y este hecho podría explicarse 

sobre la base del establecimiento de un efecto plástico compensador. Sin embargo, 

es posible que el establecimiento de las ramificaciones dendríticas y de las 

conexiones sinápticas durante el crecimiento neuronal, sea más importante que el 

considerar sólo el númeio de neuronas. 

Mediante estudios realizados con técnicas cltoquimicas, se ha mostrado que 

en condiciones normales hay una Intensa acumulación de ARN y de proteínas en las 

motoneuronas del cuerno anterior de la médula espinal de la rata, que comienza 

durante la vida fetal y continúa después del nacimiento (Sourander y col., 1974). 

Esta acumulación alcanza su mayor grado en el periodo postnátal comprendido entre 

los 5 y los 15 días de edad. En cambio en los animales desnutridos el peso seco y el 

contenido de ARN de las motoneuronas espinales, permanece significativamente 

reducido. En todas las ratas desnutridas, estudiadas a diversas edades, el valor del 

contenido de ARN decrece un 50% más que el correspondiente al peso seco de las 

motoneuronas en las ratas rehabilitadas, que muestra valores ligeramente inferiores 

a los de la ratas normales; en cambio, el contenido de ARN permanece notoriamente 

reducido (Haltia, 1970), Según ésto hay un efecto neuronal permanente de 

significado aún no bien comprendido. 

De todas estas experiencias se desprende que la desnutrición llevada a cabo 

durante las 3 primeras semanas de la vida, causa un daño permanente al SNC, que 

contrasta con el poco o nulo efecto producido en edades posteriores a este periodo. 

En esta última condición, cuando cesa la denutrición, el cerebro es capaz 

aparentemente de recuperarse del daño histológico y bioquímico si el peso corporal 

se restituye (Sourander y col., 1974). De estos hallazgos puede concluirse que 

mientras más temprano en el desarrollo se establece la desnutrición, los efectos son 
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más severos y las oportunidades para la recuperación morfológica y funcional son 

menores. 

Efectos de la desnutrición perinatal sobre el desarrollo de los nervios 

periféricos 

Mlelinización 

Recientemente se ha corroborado mediante estudios de microscopla 

electrónica que la desnutrición neonata! en la rata, provoca un retraso en el depósito 

de la mielina, un decremento en el diámetro de los axones (Sima y Sourander, 1974 

b) y un retraso en el desarrollo de las vainas perineurales de nervios periféricos 

(Sima y Sourander, 1973,1974 a). En términos generales la mielinización del nervio 

ciático se retrasa más que el crecimiento circunferencia! del mismo. El retraso en el 

proceso de la mielinización causado por la falta de alimento de los 4 a los 12 días de 

edad, es aún evidente a los 26 días pero no a los 34 días postnatales, mientras que 

el retraso en la mielinización, después de una desnutrición de los 4 a los 18 días de 

edad, persiste hasta los 46 días postparto. Se ha mencionado que el progresivo 

crecimiento axonal, es uno de los factores que controlan la formación de la vaina de 

mielina (Friede y Samorajski, 1967). Sin embargo, se ha descrito que a los 12 días 

de edad, en el nervio ciático de ratas desnutridas, los axones de 3 a 7 micras de 

diámetro no guardan relación con el grosor de la vaina de mielina (Clos y Legrand, 

1970). En el presente se desconoce cual pudiera ser el significado funcional de estos 

hallazgos, para la transmisión sensorial en etapas criticas del desarrollo. 

Diversos estudios han corfirmado que en el animal normal, participan las 

células de Schwann en el depósito de la mielina en los nervios perféricos y 

asimismo, que sus mitosis continúan por lo menos hasta los 6 días postnatales 

(Dickerson y col., 1967). En cambio, en ratas desnutridas desde el nacimiento hasta 

los 12 días de edad, las células de Schwann se fragmentan y pierden la organización 

de su reticuloendoplasma granular (Clos y Legrand, 1970). Estos hallazgos sugieren 
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que la desnutrición puede reducir el número de las mitosis de estas células y 

consecuentemente interferir con el depósito de la mielina. Sin embargo, en 

experimentos similares llevados a cabo en conejos, esta posibilidad no pudo 

confirmarse (Hedley-White, 1973). Las evidencias obtenidas en experimentos acerca 

de la denervación de fibras del músculo sóleo, han mostrado que las células de 

Schwann desempeñan un papel relevante al hipertrofiarse y permitir a través de sus 

procesos, que colaterales de los pies terminales de las fibras nerviosas vecinas 

intactas, se guien hacia las placas musculares denervadas, para propiciar su 

reinervación (Son y ThoMpson, 1995). Sin embargo, se desconoce la relevancia que 

estos hallazgos puedan tener, en relación a los efectos de la desnutrición neonata' 

para el crecimiento neural. 

Desarrollo del diámetro axona! 

Con el propósito de investigar si la desnutrición temprana afecta el desarrollo 

de los nervios periféricos, se ha estudiado la distribución de la frecuencia de los 

diversos diámetros de los axones, a diferentes niveles del SNC (Sima y Sourander, 

1974 b; Sourander y col., 1974). En el nervio ciático por ejemplo, se ha encontrado 

un notable retraso en el desarrollo del grosor de las fibras de gran diámetro y de las 

fibras delgadas, aunque no en la misma proporción. Normalmente, la distribución 

del calibre de las fibras del nervio ciático alcanza una configuración bimodal a los 15 

días de edad y a los 30 días, cambia a una configuración trimodal. En las ratas 

desnutridas durante el periodo perinatal, la aparición de la configuración bimodal 

sufre un retraso en su aparición de 10 días aproximadamente y además, no se llega 

a presentar la configuración trimodal característica del animal normal. Si las ratas 

son rehabilitadas nutricionalmente, el estudio de sus nervios periféricos muestra una 

restitución en el calibre de las fibras nerviosas correspondientes (Sourander y col., 

1974). 
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Desarrollo de las raíces de la médula espinal 

Mediante el estudio del calibre de las raíces de la médula espinal de la rata, se 

ha visto que la desnutrición retrasa más el crecimiento de las raíces dorsales que el 

de las ventrales (Sourander y col., 1974). La rehabilitación nutricional llevada a cabo 

en varias edades del desarrollo hasta los 90 días, muestra que el calibre de las fibras 

se recupera en mayor grado en las raíces ventrales. Asimismo, la evaluación 

estadística de las mediciones, indica que la rehabilitación no restaura el calibre de 

las raíces dorsales de los animales previamente desnutridos. A partir de estos 

estudios puede decirse que la desnutrición impide el aumento del diámetro en las 

fibras nerviosas mielinizadas en diversos niveles del sistema nervioso. El significado 

funcional de estos cambios estructurales queda aún por aclararse. Sin embargo, es 

posible que estas alteraciones modifiquen la transmisión de los impulsos nerviosos 

desde la periferia que, según se señaló previamente, desempeñan un papel 

importante en el desarrollo de la conectividad neuronal con la consecuente alteración 

de la funciones integrativas del SNC. 

Desarrollo de las vainas perineurales 

Estudios previos han mostrado que los nervios Periféricos están protegidos 

contra diversos agentes nocivos mediante fibras elásticas que conectan las células 

endotellales de los capilares sanguíneos con las láminas celulares Internas de las 

vainas perineurales que circundan a los nervios periféricos (Feng y Lleu, 1949; 

Thomas, 1963; Olsson y Reese, 1971; Key y Retzius, 1976). Estas fibras son 

importantes componentes de la organización estructural del sistema nervioso 

(Kristensson y Olsson, 1973; Sima y Sourander, 1974 a). La idea de que la 

desnutrición ocurrida durante etapas tempranas del desarrollo pudiera alterar la 

integridad de estas barreras protectoras y facilitar así la entrada de gérmenes del 

tipo del los virus, fue inicialmente sugerida por Sabin (1941). En los animales adultos 

normales, la barrera perineural es efectiva para impedir la difusión de substancias 

macromoleculares fluorescentes y de las proteínas marcadas aplicadas a la 
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superficie de los nervios expuestos (Sima y Sourander, 1974 a, b). Esta barrera está 

ausente en la rata recién nacida y no aparece sino hasta las tres semanas de edad. 

Si se emplea albúmina sérica marcada con azul de Evans, y se aplica por 24 horas 

en la superficie del nervio ciático de una rata normalmente nutrida y menor de 4 

semanas, se observa que la albúmina penetra al perineuro y se difunde en los 

espacios endoneurales. El mismo fenómeno se observa en las ratas prenatalmente 

desnutridas mayores de 4 semanas, En los animales desnutridos no se desarrolla 

aparentemente ninguna barrera a la difusión de proteínas exógenas, aún durante el 

periodo de observacióñ de 4 meses (Sima y Sourander, 1973). Esto abre la 

posibilidad de que en los organismos desnutridos haya potencialmente una vía de 

entrada a los gérmenes, lo cual explicaría en gran parte su gran susceptibilidad a las 

infecciones (Sima y Sourander, 1974 a). 

Efectos sobre los mecanismos del control oferente 

En los mamíferos es un hecho establecido 'que la aplicación iterativa de 

estímulos sensoriales provoca inicialmente la reacción o reflejo de orientación hacia 

la fuente de estimulación y posteriormente el fenómeno de la habituación 

(Hernández-Peón, 1956; Hernández-Peón, 1957; Guzmán-Flores y col., 1962). 

Durante la reacción de orientación el individuo se moviliza hacia el sitio del estímulo, 

mueve sus orejas, busca con la mirada y olfatea cualquier señal que' le indique la 

localización y el carácter de la estimulación. Si se registra la actividad eléctrica 

cerebral, el EEG se desincroniza y los potenciales sensoriales provocados, poco o 

no relacionados con la fuente de la estimulación, reducen notoriamente su amplitud. 

En cambio en la vía sensorial relacionada con la estimulación que desencadenó la 

respuesta de orientación, los potenciales eléctricos provocados incrementan su 

amplitud en todos sus relevos sinópticos. 

El fenómeno de la habituación, se inicia gradualmente conforme transcurre la 

aplicación repetitiva de estímulos sensoriales. Durante este proceso el sujeto 

muestra gradualmente indiferencia progresiva hacia los estimulas, se recuesta en el 
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piso, e inclusive llega a conciliar el sueño. El registro de la actividad eléctrica cerebral 

muestra sincronización en el EEG, actividad de somnolencia o bien de sueño. En 

cuanto a los potenciales eléctricos provocados, éstos reducen gradualmente su 

amplitud en todos los relevos sinápticos e incluso llegan a desaparecer. En la vía 

sensorial involucrada con el fenómeno de la habituación, los potenciales eléctricos 

provocados van reduciendo gradualmente su amplitud y su desaparición ocurre 

primero en aquellos relevos sinápticos alejados de la fuente de estimulación y 

después en los que están más cercanos a la misma. En cuanto a los mecanismos 

electrofisiológicos que participan en estos fenómenos cerebrales, se sabe que ellos 

tienen un carácter modulador o bien facilitador de las señales eléctricas que 

ascienden bajo la forma de patrones espaciotemporales en las vías sensoriales en 

ruta hacia la corteza cerebral. 

En los últimos años nuestro grupo de Investigación ha comprobado que la 

desnutrición neonata!, provoca un deterioro significativo en el desarrollo neuronal de 

aquellas estructuras que participan en la modulación de las señales sensoriales. Así 

las neuronas de los núcleos inespecificos del tálamo como el núcleo reticular lateral, 

reuniens y medial, reducen el tamaño de sus árboles dendríticos, el número y la 

extensión de sus ramas y del área del pericárion. Estas alteraciones en cambio son 

mil-limas en el caso de las neuronas de núcleos específicos del tálamo del tipo de los 

geniculados lateral y medio (Salas y Torrero, 1980; Salas y col., 1986). En estudios 

más recientes empleando el mismo modelo de desnutrición en la rata, hemos 

identificado que ocurre un efecto similar en fas neuronas bipolares del núcleo medial 

de la oliva superior del tallo cerebral (Salas y col., 1994) y de las neuronas 

multipolares del claustrum (Escobar y Salas, 1995). Todas las estructuras antes 

mencionadas, forman parte de circuitos neuronales diversos que en distintos niveles 

del SNC, modulan el ingreso de las señales neurales sensoriales generadas en la 

periferia. 

De la evidencia experimental antes mencionada, resulta claro que la 

transmisión de la información sensorial se encuentra modulada por una red neuronal 
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extraordinariamente compleja, de manera que los hallazgos que indican la existencia 

de una reducción significativa en el tamaño neuronal, del campo dendritico y del 

número de ramas dendriticas neuronales en distintas edades del desarrollo 

postnatal, puede ser relevante para la comprensión del proceso de la transmisión 

sensorial especifica e inespeclfica del cerebro tempranamente dañado. 

Debido a que el campo dendritico y el número de sus procesos están 

reducidos en los animales desnutridos, particularmente para el caso de los núcleos 

inespecificos, podría inferirse que la capacidad de estas estructuras para recibir 

relevar y modular el ingreso sensorial, podría verse trastornada. Por otro lado, de 

diversos estudios se sabe que las conexiones de los axones aferentes sensoriales 

con las células de los núcleos sensoriales, son de tal naturaleza, que constituyen un 

substrato básico para la integración de patrones temporales de información 

ascendente (Scheibel y Scheibel, 1967a). El hallazgo de que la reducción neonatal 

del aporte de alimento afecta las neuronas de relevo sensoriales de los núcleos 

inespecíficos más que las neuronas de los específicos, ofrece apoyo adicional a la 

hipótesis de que las influencias nocivas perinatales ejercen un mayor efecto sobre 

los circuitos polisinápticos, comparados con los oligosinápticos (Salas y Cintra, 1973 

b; Forbes y col., 1975; Escobar y Salas, 1993; Escobar y Salas, 1995). 

Estos resultados reflejan la gran vulnerabilidad de las neuronas en crecimiento 

a las diversas influencias perinatales. En efecto, la desnutrición neonatal 

aparentemente afecta más el crecimiento neuronal cuando ocurre en un momento 

critico de su desarrollo, conduciendo así a un efecto final de reducción en el 

contenido de las sinápsis neuronales y de su actividad global desencadenada por los 

impulsos nerviosos. 

Tomando en cuenta que la maduración del tejido cerebral puede considerarse 

como el producto de la interacción de varias influencias que contribuyen al desarrollo 

de la plasticidad que se ve en el cerebro adulto, es posible entonces que cuando uno 

de éstos se altera, como parece ser el caso de la nutrición deficiente, dicha 
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influencia modifica el desarrollo cerebral. Así este efecto, pudiera impedir en el 

• 

	

	 recién nacido la percepción y manejo adecuados de los estímulos ambientales que 

son necesarios para su propio crecimiento neural. 

ESTUDIO ELECTROFISIOLOGICO 

El efecto producido por la desnutrición neonata! sobre el tejido nervioso en 

desarrollo, también se ha valorado mediante el análisis de la actividad eléctrica que 

el mismo genera. Dos son los tipos de actividad que esencialmente se han 

estudiado: la actividad eléctrica espóntanea de la corteza cerebral (EEG y ECoG) y 

el registro de la actividad eléctrica sincronizada y provocada por la aplicación de 

estímulos sensoriales. 

Desarrollo del ECoG 

El estudio de la maduración del ECoG se ha llevado a cabo en diferentes 

especies y condiciones experimentales, en las cuales se ha intentado establecer una 

estrecha correlación entre los fenómenos eléctricos y el desarrollo de las estructuras 

nerviosas corticales y subcorticales, y de los procesos bioquímicos que en ellas 

ocurren a lo largo del desarrollo (ver Purpura, 1962; Anokhin, 1964b; Ellingson y 

Rose, 1970). 

Se ha descrito que en la rata antes de los 5 primeros días de edad, no existe 

en la mayoría de los casos actividad eléctrica cortica! detectable y que en otros, la 

escasa actividad de ondas lentas que puede registrarse, se piensa que es una 

propagación de la actividad generada en estructuras subcorticales del tallo cerebral y 

del diencéfalo que poseen un mayor grado de maduración. A la edad de 5 a 6 días, 

el ECoG está representado por prolongados periodos de ondas lentas de muy bajo 

voltaje y larga duración. Sin embargo, después de los 6 días de edad, el ECoG se 

hace regular y se caracteriza por la presencia de ondas lentas de bajo voltaje y baja 
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frecuencia (60-80 pv y 2-10 cps respectivamente). Estas ondas van modificando sus 

características eléctricas rápida y progresivamente hasta la edad de 15 días, en que 

ya son muy semejantes a las del animal adulto (80-150 pv y 6-28 cps). De ahí en 

adelante el voltaje y la frecuencia se modifican muy poco, alcanzándose los valores 

del animal adulto entre los 25 y 30 días de edad aproximadamente (80-200 pv y 8-31 

cps) (Deza y Eidelberg, 1967). 

Desnutrición y desarrollo del ECoG 

En experimentos llevados a cabo en nuestro laboratorio (Salas y Cintra, 1975), 

hemos observado que las ratas privadas parcialmente de alimento durante las 

primeras dos semanas de vida, muestran un retraso de 1 a 3 días con respecto a 

sus testigos en la aparición de la actividad del ECoG. En estos animales los periodos 

de silencio eléctrico son más prolongados y las ondas de menor voltaje que en el 

caso de los animales testigo, A los 7 días de edad, la actividad se hace consistente 

aunque el voltaje y la frecuencia de la actividad eléctrica aún son inferiores a los del 

animal normal. Después de los 16 días de edad, es dificil por la simple observación 

de los registros, apreciar diferencias entre los trazos de los animales control y los 

correspondientes a fas ratas desnutridas. 

Midiendo la frecuencia promedio del ECoG de las ratas testigo y de las ratas 

desnutridas durante el desarrollo postnatal, hemos encontrado que desde las 

primeras edades estudiadas, los animales desnutridos presentan una mayor 

proporción de ondas lentas y asimismo, que esta diferencia generalmente tiende a 

desaparecer hasta los 16 días de edad (Salas y Cintra, 1975). Durante la edad 

adulta el ECoG correspondiente a las áreas frontal y occipital de la corteza cerebral, 

no muestra diferencias significativas en cuanto a la distribución de sus frecuencias. 

Sin embargo, en el área temporal existe un predominio significativo de la actividad 

lenta (Fig. 5). Los resultados de este estudio están acordes con aquellos reportes 

que sugieren que la falta de un aporte adecuado de nutrimentos durante las estapas 
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Fig. 5. Histogramas de frecuencia promedio del ECoG, obtenidos de la corteza 

temporal de ratas normales y desnutridas durante el desarrollo neonata'. Nótese que 

en el grupo desnutrido (D), hay un predominio de las frecuencias lentas cuando se 

compara con los histogramas de sus controles (C) correspondientes. Modificado de 

M. Salas y L. Cintra. Physiol. Behav., 14: 589-593, 1975. 
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iniciales del desarrollo, afecta el patrón de maduración de los ritmos espontáneos 

electrocorticales (Engel, 1956; Nelson, 1959; Nelson y Dean, 1959). 

Diversos estudios morfológicos y electrofisiológicos, han establecido la 

especificidad de las conexiones sinápticas a una zona restringida de la neurona 

(Andersen y col., 1963, Blackstad y Flood, 1963). Así en las células piramidales 

grandes de la capa V de la corteza cerebral, las sinapsis excitatorias se localizan 

principalmente en las prolongaciones dendriticas y sus espinas; mientras que las 

conexiones inhibitorias se localizan en la base de las dendritas basales y en el 

cuerpo neuronal (Eccles, 1964; Purpura y col, 1965). En otros estudios hemos 

observado que en ratas desnutridas durante la edad temprana, hay una marcada 

reducción en el número total de los procesos espinosos, sin alterarse aparentemente 

la proporción de los diferentes tipos de espinas (Salas y col., 1974; Salas, 1980). 

Estos hallazgos, pueden explicar parcialmente el predominio de las frecuencias 

lentas en las ratas desnutridas, debido posiblemente a una reducción en la 

proporción de las conexiones sinápticas tanto excitatorias como inhibitorias. Esta 

posibilidad adquiere aún mayor significado, si se considera que el ECoG se genera 

principalmente por un proceso de sumación de los potenciales eléctricos de las 

dendritas apicales y en parte, por los potenciales de campo propagados desde las 

prolongaciones basales (Purpura, 1962), Por otra parte la persistencia de las ondas 

lentas en el electrocorticograma de la corteza temporal de las ratas desnutridas, 

apoya la idea de que esta estructura es particularmente sensible durante el periodo 

neonatal, a los efectos nocivos producidos por la falta de alimento (Taori y Pereira, 

1974; Salas y Cintra, 1975). Asimismo, estos resultados podrían tener relación con 

un estudio electrofisiológico previo que muestra que las ratas que son desnutridas 

durante las tres primeras semanas de la vida, presentan una marcada 

susceptibilidad a las crisis convulsivas provocadas por la estimulación eléctrica 

(Stern y col., 1974; Forbes y col., 1978). 
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Desarrollo de los potenciales eléctricos provocados 

Los potenciales eléctricos provocados por la aplicación de estimulas 

sensoriales debido a su relativa constancia y a su dependencia de la intensidad y 

frecuencia de la calidad de la estimulación, se han empleado frecuentemente para 

explicar la organización y funcionamiento del substrato neural, la naturaleza de los 

potenciales cerebrales en general y la generación de la actividad eléctrica de la 

corteza cerebral en. particular. 

Se ha sugerido que durante la ontogenia neural, los potenciales provocados 

se generan sobre la base de un doble mensaje de activación ascendente (Anokhin, 

1964 b), El primer mensaje está formado por impulsos que se propagan a través de 

una via de conducción larga, que madura relativamente pronto y que envía sus fibras 

directamente a la capa plexiforme y a las dendritas apicales de las neuronas 

corticales. Un ejemplo típico de estas vías lo constituye la radiación talámica 

inespecIfica (Nauta, 1954; Purpura, 1962; Anokhin, 1964 b). Los impulsos del 

segundo mensaje, viajan a lo largo de una vía corta de maduración lenta que termina 

fundamentalmente en la base de las dendritas apicales, dendritas basales y en el 

soma neuronal de las células piramidales de la capa IV cortical. Dentro de este tipo 

de vías se encuentra la radiación talámica especifica (Anokhin, 1964b; Nauta, 1954; 

Globus y Scheibei, 1967 b; Szentágothai, 1969) (Fig. 6). 

Efectos sobre los componentes de la respuesta eléctrica 

El daño provocado por la desnutrición neonata' sobre las neuronas en 

desarrollo, se ha valorado mediante el empleo de la técnica de los potenciales 

provocados. De esta manera se ha reportado que como resultado de la desnutrición, 

los componentes primarios de los potenciales provocados en las áreas somestésica, 

visual y auditiva de la corteza cerebral, alargan su latencia y reducen su amplitud 

(Mourek y col., 1967; Callison y Spencer, 1968; Salas y Cintra, 1973b). Sin embargo, 

estos cambios van desapareciendo progresivamente hasta que a los 16 días de 
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Fig. 6. Latencias al pico principal de los potenciales provocados en el área 

sensitivomotora de la corteza cerebral de ratas normales (C) y desnutridas (D) 

durante el desarrollo, por la aplicación de estímulos eléctricos umbral al nervio ciático 

contralateral. En la parte inferior puede observarse que cuando se superponen 10 

respuestas sucesivas, en los animales desnutridos hay una marcada inconsistencia 

en la presencia y configuración de los componentes tardíos de los potenciales 

provocados. Calibraciones, 100 mseg y 50 pv. Modificado de M. Salas y 1. Cintra. 

Physiol. Behav., 14: 589-593, 1975. 
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edad no difieren de los correspondientes a los animales testigo. Estos cambios en 

los componentes primarios del potencial provocado, se han tratado de explicar como 

una consecuencia del retraso en el proceso de la mielinización, de la reducción del 

diámetro axonal de las aferentes sensoriales y de las alteraciones en la conectividad 

cortica! a nivel del sistema inespecífico (Salas y Cintra, 1973b; Sima, 1974 b; Salas, 

1980; Fuller y Wiggins, 1984). 

En un estudio electrofisiológico realizado en nuestro laboratorio (Salas y 

Cintra, 1973b), hemos visto que además de estos efectos en los componentes 

primarios, los potenciales secundarios de larga latencia que siguen a tos 

componentes primarios decrecen en su número y amplitud. Este hecho sugiere que 

el sistema de proyección inespecífico involucrado en la génesis de tos potenciales 

secundarios, aparentemente se halla más dañado por la desnutrición que el sistema 

específico, relacionado a su vez con el origen de las respuestas primarias de latencia 

corta (Lindsley, 1970). Es de interés hacer notar, que los efectos de la desnutrición 

neonata, sobre el sistema de proyección inespecífico, repercuten en mayor grado 

sobre el desarrollo del SNC, que los efectos de la desnutrición sobre el sistema 

especifico. Esta observación es muy significativa desde el punto de vista funcional, 

dado que está bien establecido que el sistema inespecífico juega un papel 

fundamental en el origen de los estados de conciencia, de la atención selectiva, la 

percepción y la conducta emocional, así como en el control de los ritmos eléctricos 

neocorticales (Lindsley, 1970). Siguiendo esta idea es posible que la baja capacidad 

de aprendizaje (Barnes y col., 1966; Slmonson y Chow, 1970; García-Ruiz y col., 

1994), las alteraciones del ciclo sueño vigilia (Jacobs y Mc Ginty, 1971; Cintra y col., 

1988) y los trastornos de la conducta emocional que se presentan en las ratas 

adultas durante la privación de alimento (Franková, 1973 a y b), pudieran ser 

debidos a las alteraciones que ocurren principalmente en el sistema de proyección 

inespecífico. Esta interpretáción se ha confirmado por otros estudios morfológicos y 

electrofisiológicos posteriores (Forbes y col., 1975; Salas y Torrero, 1980; Escobar y 

Salas, 1993). 
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Efectos sobre la variabilidad y la duración de la postdescarga electrocortical 

En observaciones electrofisiológicas preliminares sobre la variabilidad y la 

duración de las postdescargas provocadas en la corteza cerebral por la estimulación 

sensorial, hemos comprobado que los animales desnutridos desde el nacimiento 

hasta los 25 días de edad, presentan mayor variabilidad y duración de las ondas 

repetitivas que aquellos animales que no fueron desnutridos. Estos hallazgos 

confirman nuestras observaciones anteriores que nos han llevado a sugerir la 

existencia de una deficiencia en el desarrollo de los mecanismos cerebrales 

inhibitorios y excitatorios (Salas y Cintra, 1975), como la causa del predominio de las 

ondas lentas en los animales desnutridos. Además esta hipótesis concuerda con 

estudios previos realizados en niños retrasados mentales en los que se ha mostrado 

que algunos componentes de los potenciales provocados, aumentan su amplitud 

como consecuencia de un desarrollo insuficiente de posibles mecanismos 

inhibitorios (Barnet y Lodge, 1967; Ornitz y col., 1968). 

ESTUDIO CONDUCTUAL 

De enorme importancia ha sido conocer los efectos que la, desnutrición 
perinatal ejerce sobre el desarrollo de la conducta, y sobre todo de los efectos que 

ejerce a largo plazo sobre las funciones complejas que implican grandes cambios 

plásticos en el SNC. 

Dos son los tipos de patrones conductuales más estudiados 

experimentalmente sobre los cuales influye la desnutrición neonatal; (a) la conducta 

refleja y (b) los procesos conductuales complejos del tipo de la memoria, la atención 

selectiva, la habituación, el aprendizaje, etc. 
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Conducta refleja 

Efectos sobre diversos patrones reflejos 

En estudios relacionados con la conducta refleja de la rata, se ha puesto en 

claro que la desnutrición perinatal produce un notable retraso en el desarrollo de 

dichos patrones (Altman y col., 1970; Salas, 1972; Salas y Cintra, 1973 a; Salas y 
col,, 1991). Asi los efectos de la desnutrición se han valorado mediante el empleo de 
diversos tipos de actividad refleja tales como la deambulación, los reflejos de 

enderezamiento, los movimientos de pivoteo, el desarrollo del husmeo y otras 

actividades motoras provocadas en el animal experimental como es inducirlo a 

colgarse y moverse sobre una cuerda horizontal, a sujetarse y descender por 

cuerdas de diferentes calibres, etc, También se ha valorado la capacidad de las 

ratas infantes para regresar al nido y para la locomoción (Altman y col,, 1970, 1975; 

Clarke y col., 1992; Gramsbergen y Westerga, 1992). 

Tanto en los animales testigo como en los desnutridos perinatalmente, los 

reflejos de enderezamiento no se presentan antes del quinceavo día de edad. Sin 

embargo, en los animales desnutridos disminuye en forma significativa la amplitud de 

estos reflejos. Con respecto a movimientos oscilatorios de la extremidad cefálica 

(pivoteo), los animales desnutridos reducen significativamente esta actividad hasta el 

décimo día de edad. Este decremento de los movimientos de pivoteo persiste 3 ó 4 

días más, que en los animales testigo. En relación con el husmeo, tanto los animales 

testigo como los desnutridos, incrementan progresivamente esta actividad hasta los 

11 y 12 días postnatales. De esa edad en adelante, las ratas desnutridas presentan 

una disminución significativa que persiste hasta los 15 6 16 días de edad (Altman y 

col,, 1970). 

En relación con la actividad motora provocada, se ha descrito que entre los 5 y 

11 días de edad los animales desnutridos disminuyen significativamente su 

capacidad para permanecer colgados en una cuerda horizontal en relación con los 
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animales testigo. Esta diferencia desaparece entre los 15 y 20 días de edad. La 

medición de la habilidad para trepar o para descender por una cuerda colocada 

verticalmente, indica que después de la primera semana de edad, los animales 

desnutridos tienden a sujetarse durante periodos más largos que los animales 

testigo. Esta diferencia desaparece a los 25 días de edad. A partir del veinteavo dia 

de edad, los animales desnutridos presentan un decremento significativo de la 

capacidad para trepar por una cuerda vertical y esta diferencia persiste hasta los 26 

días de edad. Finalmente, los animales desnutridos emplean significativamente 

mayor tiempo en regresar ,al nido y presentan alteraciones en la locomoción y en el 

desarrollo muscular en comparación con los animales normalmente nutridos, esta 

diferencia persiste hasta el día 21 y 22 de edad (Altman y col., 1970). Paralelamente, 

se conoce de la persistencia de alteraciones en la locomoción asociadas al daño de 

motoneuronas espinales y al desarrollo de los músculos esqueléticos (Altman y 

Sudarshan, 1975; Bedi y col., 1982; Clarke y col., 1992; Gramsbergen y Westerga , 

1992; Wilson y col., 1988; Westerga y Gramsbergen, 1990). 

Desarrollo del patrón reflejo de nado 

Estudios previos en nuestro laboratorio han establecido que el desarrollo de la 

conducta rafieja de nado, constituye un modelo experimental adecuado para valorar 

los efectos producidos por diversas influencias perinatales sobre la maduración del 

SNC (Salas, 1972; Salas y Cintra, 1973 a). En un estudio previo (Schapiro y col, 

1970), observamos que de los diversos patrones de movimiento que los animales 

realizan durante la actividad de nado, los cambios en la posición de la cabeza con 

respecto a la superficie del agua y los movimientos de los miembros anteriores 

resultan ser los más factibles de ser medidos. 

Normalmente la rata, antes del quinto día de edad, es incapaz de nadar. A 

esta edad el animal sólo flota, manteniéndose parcial o completamente sumergido 

en el agua; comúnmente presenta arqueo y torsión del dorso del cuerpo y mantiene 

las extremidades, cuello y cola en hiperextensión. Entre los 5 y los 15 días de edad, 
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mejora la habilidad para nadar, la cabeza que en un principio se mantenía bajo la 

superficie del agua, progresivamente se va levantando hasta que el animal la 

mantiene erguida sacando la nariz y parte de la cabeza fuera del agua. En relación 

con los movimientos de los miembros anteriores, desde los 5 a los 16 días de edad, 

el animal presenta movimientos vigorosos de flexión y extensión. Sin embargo, de 

los 17 a los 21 días de edad, estos movimientos progresivamente van decreciendo, 

tanto en su número como en su amplitud, hasta desaparecer. De esta edad en 

adelante, los miembros se mantienen en hiperextensión y sólo se mueven 

ligeramente para permitir cambios en la dirección del nado. Asimismo, desde el 

nacimiento hasta los 5 días de edad, los animales sólo flotan en el seno del agua, de 

los 6 a los 11 días, nadan describiendo círculos en ambos sentidos y de los 12 días 

en adelante, nadan casi exclusivamente en línea recta. 

En las ratas normales y en las desnutridas por un periodo de 10 días, desde el 

nacimiento por el método de la separación parcial de las crías (12 h) en una 

incubadora, hemos medido los citados patrones de movimiento, durante el nado. Los 

resultados de este estudio Indican que los animales desnutridos, en comparación 

con sus testigos, presentan un retraso de 2 a 3 días en el desarrollo de la habilidad 

para erguir la cabeza fuera del agua y en alcanzar el patrón de hiperextensión de los 

miembros anteriores. Además flotan y nadan en círculos durante 2 a 3 días más que 

los animales testigo (Fig. 7). Asimismo, experiencias aún no publicadas, sugieren 

que el reflejo de escape del agua hacia una plataforma, presentan un retraso de 2 a 

3 días en las ratas desnutridas. 

Todas estas experiencias sugieren que la desnutrición ocurrida durante la 

etapa neonata', interfiere severamente con el desarrollo de las estructuras del SNC 

involucradas en la coordinación e integración de las diferentes actividades reflejas. 

Este punto de vista está de acuerdo con experiencias previas en las que se sabe que 

la corteza sensitivomotora, el cerebelo, el vestibulo y posiblemente otras áreas del 

SNC que controlan el movimiento, son afectadas por la privación neonatal de 

alimento (Schapiro, y col., 1970; Bass y col., 1970; Salas, 1972). 



45 

$ 
	

IQ 
	

1$ 
	 1$4 

11-11 CONTROL 

co. --0 DESNUTRIDO 

21 

15 	• 110 lp 

4 	 3 	 2 

ut) 

EDAD (días) 

Fig. 7. Actividad de nado obtenida en ratas control y desnutridas durante el 

desarrollo neonatal. Tanto la capacidad para sacar la cabeza fuera del agua, como la 

habilidad para reducir los movimientos de flexión y extensión de los miembros 

anteriores, se ve retardada significativamente en los animales desnutridos. Las 

flechas indican el tiempo en días requerido para que se desarrollen ambos patrones 

conductuales en los dos grupos experimentales. Modificado de M. Salas, Physiol. 

Behav., 8: 119-122, 1972. 
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Plasticidad potencial para la conducta refleja 

Con base en nuestros experimentos (Schapiro y col., 1970; Salas, 1972; Salas 

y Cintra, 1973a) así como en el de otros autores (Altman y col., 1970), puede 

afirmarse que el retraso en el desarrollo neuromuscular que se ve en el infante, es 

imperceptible cuando el sujeto alcanza los 30 días de edad, debido probablemente a 

que el propio SNC compensa el dado cerebral. Sin embargo, el hecho de no 

encontrarse anormalidades en el sistema neuromuscular durante la vida adulta, no 

excluye la posibilidad de que persistan deficiencias funcionales, que las técnicas 

actuales de medición de la conducta no permiten aclarar. Por esta razón y debido a 

que en otros procesos más complejos como la locomoción, el aprendizaje, la 

memoria y la conducta emocional si se manifiestan deficiencias funcionales durante 

la vida adulta, tiene gran interés el estudio de los cambios producidos por la 

desnutrición neonatal sobre estos procesos fisiológicos. 

Privación neonatal de alimento y procesos conductuales complejos 

Las primeras experiencias en relación con el efecto de la privación perinatal 

del alimento y el aprendizaje, datan del principio de este siglo (Riel, 1938, 1939). En 

estos estudios se sugirió que las ratas desnutridas cometían, en relación con las 

testigo, un mayor número de errores para alcanzar la meta cuando eran colocadas 

en un laberinto múltiple en forma de T. Estos resultados se han corroborado tanto en 

la rata como en otras especies, incluyendo al hombre (Barnes y col., 1966; Cravioto 

y Robles, 1965; Franková, 1973b). 

Paralelamente a estos hallazgos, se ha puesto de manifiesto que la conducta 

aprendida puede ser modificada por diversos factores ambientales y este hecho, 

dificulta la interpretación de los efectos producidos por una sola maniobra 

experimental como es la desnutrición. Los datos de la literatura, acerca de los 

efectos de la privación de alimento sobre el aprendizaje muestran una gran 

variación, lo cual no es más que un reflejo de la multidependencia en el 
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determinismo de la conducta (García-Ruiz y coi., 1994). Así por ejemplo, se ha 

encontrado que no existe ninguna correlación entre la desnutrición moderada 

después del destete y el grado de aprendizaje que los animales adquieren en la 

prueba de Hebb-Williams (Cowiey y Griesel, 1963). Por el contrario, ratas macho 

privadas severamente de proteínas en la dieta durante los 11 días subsiguientes al 

nacimiento, presentan una pobre discriminación y cometen mayor número de errores 

durante el aprendizaje en un laberinto con agua en forma de Y (Barnes y col., 1966; 

Tonkiss y col., 1991). Se ha reportado también que aquellas ratas adultas que fueron 

alimentadas cuando infantes por madres que sufrieron severa desnutrición durante 

la lactancia, tardan más tiempo en iniciar y realizar la prueba de condicionamiento en 

un laberinto en forma de T (Simonson y Chow, 1970), De estudios similares se ha 

,descrito que las ratas desnutridas no presentan ningún cambio en la discriminación 

visual o en la habilidad mostrada durante la inversión del aprendizaje (Rajalakshmi y 

col., 1965). En el ratón alimentado con una dieta hipoproteínica hasta antes del 

destete, no se modifica su capacidad para realizar el mismo aprendizaje que los 

animales testigo. En otro estudio se han descrito hallazgos semejantes en ratas 

adultas desnutridas perinatalmente (Howard y Granoff, 1968). 

Durante el condicionamiento de evitación a un choque eléctrico, se ha 

encontrado que normalmente el número de respuestas motivadas por el "miedo" 

aumentó gradualmente a pesar de que la estimulación nociva sea mínima (Franková, 

1973 b). Al respecto, se ha sugerido que la experiencia al estrés provocada por la 

primera prueba, deja una huella intensa en el SNC del animal, en tal forma que en 

pruebas ulteriores la sóla exposición al ambiente del condicionamiento provoca la 

respuesta emocional (Franková, 1973 b). Durante el proceso de condicionamiento 

las ratas testigo, aprenden a calcular el intervalo de tiempo entre un estimulo y otro 

para evitar el choque eléctrico. Sin embargo, en los animales desnutridos se altera la 

capacidad para realizar este tipo de condicionamiento. 

Se ha señalado que las ratas desnutridas son más susceptibles a las 

influencias del ambiente exterior. Así, la presentación de un estímulo acústico en 
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estos animales, provoca una respuesta emocional mayor y una extinción más lenta 

en comparación con los animales testigo (Barnes y col., 1966; Franková, 1973 b). 

Asimismo, la familiaridad con la situación experimental parece favorecer el 

aprendizaje de evitación (Franková, 1973 b). En cambio en los animales testigo, 

aparentemente, no parece haber ninguna relación con el grado de aprendizaje que 

alcanza el animal, lo cual sugiere que las ratas desnutridas son más susceptibles a 

los cambios del ambiente circundante. 

De todos estos hallazgos parece concluirse que existen diversos factores 

metodológicos que pueden influir sobre los resultados individuales del aprendizaje 

tales como el tipo de prueba experimental, la magnitud y la duración del periodo de 

privación de alimento, la manipulación temprana, la edad de los animales, el sexo, el 

horario al cual se realiza la prueba, la estimulación sensorial dada por el 

experimentador, etc., que deben tenerse en cuenta para valorar e interpretar 

adecuadamente no sólo los efectos de la desnutrición, sino también el efecto de 

otras influencias sobre el aprendizaje. La falta de una adecuada valoración de estos 

factores, posiblemente pueda explicar en algunos casos la ausencia de efectos y en 

otros, los hallazgos contradictorios reportados en diferentes estudios (Franková, 

1973 b). 

Desnutrición neonatal y desarrollo de la conducta social 

El estudio de patrones conductuales complejos ha tenido un gran impulso en 

el curso de los últimos años, particularmente, en relación con el desarrollo de la 

conducta social entre miembros de pequeños y de grandes grupos (Franková 1972, 

1973 a). La madre y su carnada constituyen un grupo social pequeño, que a menudo 

se ha empleado como modelo experimental para él estudio de las influencias que 
modifican la conducta social. 

Generalmente la conducta materna se valora: midiendo la capacidad de la rata 

para reunir en el nido a los miembros de su carnada, intencionalmente dispersados 
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por el experimentador, midiendo su habilidad para construir y mantener en buenas 

condiciones el nido, o bien midiendo el tiempo que ocupa la madre en lamer a sus 

crías, en acicalarse o en amamantar a sus recién nacidos, etc. 

En diversos estudios (Franková, 1972, 1974; Smart y Preece, 1973) se ha 

descrito que las ratas adultas que han recibido una dieta pobre en proteínas durante 

los últimos 6 días del embarazo, se mantienen indiferentes ante sus ratas infantes 

previamente dispersadas, o bien presentan una prolongada latencia para recogerlas 

y depositarlas nuevamente en el nido. En estos mismos casos las dimensiones del 

nido son pequeñas, parte del material de éste aún está disperso, pudiendo el nido en 

su construcción ser amorfo, o bien circular o semicircular. Asimismo, pasan mayor 

tiempo realizando actividades no exploratorias y escasa actividad maternal 

(Franková, 1971,1972). Estos efectos sugieren que la dieta reducida en proteínas, 

deteriora la expresión de la conducta maternal y asimismo, que la cantidad de leche 

producida por fa madre se reduce, con lo cual se modifica también el crecimiento y la 

conducta del lactante y la relación social de éste con su madre. 

Conducta maternal 

Como se mencionó en secciones anteriores el hombre y los roedores, nacen 

con una inmadurez tan marcada que se requiere de una importante participación de 

la madre para asegurar la sobrevida del recién nacido. En los últimos años el estudio 

de los distintos componentes de la conducta maternal, ha tenido un enorme avance, 

particularmente en cuanto a la repercusiones que ésta tiene para el desarrollo de la 

conducta futura de los miembros de la carnada. En efecto está claro que cuando la 

respuesta materna hacia la cría se ve interferida, entonces estas últimas muestran 

en el corto o en el largo plazo conductas anormales que afectan al individuo en 

particular o al grupo social en lo general. Por este motivo el empleo de modelos 

animales para el estudio de las alteraciones de conducta asociadas a la conducta 

maternal, reviste hoy en dia una gran importancia. 
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La conducta maternal en los mamiferos como la rata aparece alrededor de 

una semana antes del parto, particularmente desencadenada por cambios de tipo 

endocrinológico que concurren hacia el fin del embarazo. Durante este periodo la 

conducta maternal se manifiesta por la construcción del nido y el incremento de 

autolamido dirigido hacia la región perimamaria, abdominal y perigenital. Tales 

cambios se ha mostrado que tienen como propósito, obtener un espacio seguro y 

adecuado para la protección de la madre y su futura carnada. Asimismo, promover el 

desarrollo mamario y estimular los mecanismos que desencadenan la producción 

láctea (Roth y Rosenblatt, 1968). 

Siguiendo al parto, a los cambios conductuales anteriormente mencionados, 

se asocian otros componentes de la conducta maternal que incluyen al 

amamantamiento o alimentación de la carnada, al autolamido corporal y anogenital 

de la crías y al acarreo de las mismas hacia el nido. La respuesta maternal hacia los 

recién nacidos se establece importantemente alrededor del día cuarto postnatal, 

manteniéndose así hasta el día 14 postparto, después del cual declinan todos los 

componentes conductuales hasta cerca del día 30 postnatal. Tanto en la iniciación 

como en el mantenimiento y la declinación de la conducta maternal, las crías 

desempeñan un papel fundamental como fuente de estímulos que modifican 

progresivamente la respuesta maternal (Rosenblatt y col., 1988), 

Los mecanismos neurohumorales específicos Involucrados en el inicio de la 

conducta maternal aún se encuentran en estudio, existiendo en el presente 

evidencias experimentales que reconocen el papel esencial de la relación 

estrógenos- progesterona, de la prolactina, la oxitocina y las endorfinas en el control 

de la respuesta maternal (Rosenblatt y col., 1988). Paralelamente en otra linea de 

investigación se ha establecido que otras regiones del SNC que incluyen al área 

preóptica media, la amígdala temporal, la vía olfatoria accesoria y el complejo 

habenular, son relevos esenciales del substrato neuronal involucrado en la 

regulación de la conducta maternal (Numan y col., 1977; Del Cerro y col., 1991; 

Corodimas y col., 1993). 
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Estudios previos han mostrado que la desnutrición en la rata adulta lactante, 

deteriora severamente la respuesta maternal hacia las crías recién nacidas. Asi, el 

tiempo de amamantamiento a la carnada, el lamido de las crías, el acarreo de los 

recién nacidos hacia el nido y la construcción de este último sufren un deterioro 

significativo (Franková, 1972; Smart y Preece, 1973; Smart,1976; Massaro y col., 

1977). En estudios posteriores se ha establecido que la desnutrición neonatal, 

provoca serias alteraciones de la conducta maternal en el estado adulto, valoradas 

por la medición del tiempo que la madre permanece alimentando a sus crías, la 

construcción del nido 'y la latencia en el acarreo de las crías previamente 

dispersadas. Paralelamente ocurre un incremento del autoaseo y de movimientos 

circulares compulsivos (Salas y col., 1984). Debe destacarse que estas alteraciones 

representan un efecto de- largo plazo, ya que en este estudio, las madres lactantes 

no se encontraban ya bajo los efectos de una deficiente alimentación. Estudios 

complementarios han mostrado que la privación sensorial que resulta de la 

interferencia en la relación madre-crías, parece desempeñar un papel importante en 

las alteraciones a largo plazo en la conducta maternal (Salas y col., 1984). En efecto, 

se sabe que cuando a las crías recién nacidas desnutridas se les estimula 

sensorialmente a través del manoseo y de la exposición a cajas con ambiente 

enriquecido conteniendo juguetes, es posible atenuar las alteraciones en la conducta 

maternal futura de las mismas (Regalado, 1993). 

A pesar de todos estos antecedentes, se desconoce por completo si la 

alterada conducta maternal de ratas tempranamente desnutridas, se atenúa o 

compensa como resultado de la experiencia dejada por partos sucesivos. Asimismo, 

si otros componentes de la conducta maternal como el acarreo de las crías, el 

lamido anogenital, el movimiento circular y el análisis de la vocalizaciones emitidas 

por las crías, también pudieran modificarse a través de partos sucesivos. En relación 

a este último punto los estudios preliminares de nuestro grupo, han mostrado que la 

experiencia dejada por partos sucesivos, minimiza los efectos dejados por la 

desnutrición temprana. Asimismo, que cuando la desnutrición neonatal se acompaña 

de privación sensorial, los efectos sobre la conducta maternal se corrigen poco o 
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bien requieren de la experiencia de más de 3 partos sucesivos para revertirse. El 

hallazgo de reversión de efectos, pudiera no ser el que las madres se vuelvan más 

eficientes, sino más bien que su respuesta de emotividad, pudiera ser menor 

mostrando la madre un comportamiento más relajado para atender a las demandas 

de sus crías. 

Desnutrición, conducta y manipulación sensorial 

En un estudio previo (Franková, 1972) se han descrito los efectos de la 

desnutrición sola, asi como de la desnutrición asociada con privación sensorial 

durante la fase del desarrollo cerebral. De acuerdo a estos hallazgos, cuando se 

estudió en un campo abierto la actividad exploratoria de las ratas adultas que 

únicamente hablan sido desnutridas, se observó un decremento de la actividad 

exploratoria. Este efecto fue mayor en aquellos animales que además de la 

desnutrición, se les habla reducido la información sensorial. En otros trabajos se ha 

mostrado que los efectos de la desnutrición en el recién nacido, pueden 

compensarse mediante la aplicación de un exceso de estimulación sensorial 

(Franková, 1972; Levitsky y Barnes, 1972; Escobar y Salas,1987; Regalado, 1993). 

Estos resultados han tenido un fin práctico en el caso del hombre y asi, en algunas 

instituciones de salud en donde se asiste a niños con retraso mental de diferentes 

grados, éstos son sometidos a sesiones diarias de hiperestimulación sensorial, con 

el propósito de mejorar su deficiencia mental. Esta práctica hospitalaria, parece ser 

de gran utilidad mientras más temprano se establezca como terápia rehabilitadora. 

Desnutrición y conducta emocional 

En experiencias de nuestro grupo de trabajo, hemos medido la respuesta 

emocional de ratas adultas que fueron desnutridas durante el periodo perinatal. La 

medición de la conducta emocional la hemos realizado mediante el canteo del 

número de cuadros cruzados en un campo abierto, del número de cuadros que 

fueron orinados, de los bolos fecales eliminados y la respuesta de inmovilización o 
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"congelamiento" durante 3 minutos de observación. Estas mediciones usualmente se 

han considerado como indicadores confiables de la respuesta simpático-adrenal, que 

se desencadena durante la adaptación a un ambiente novedoso (Levitsky y Barnes, 

1970). Los resultados muestran que en general los animales desnutridos de ambos 

sexos, deambulan menos y presentan respuestas de inmovilización, defecación y 

micción en mayor grado que aquellos animales normalmente nutridos. Asimismo, la 

mayor parte del periodo de observación los sujetos lo emplean en actividades no 

exploratorias como el acicalamiento, el rascado, etc. Estos resultados sugieren que 

como consecuencia de lá desnutrición neonatal, se altera la conducta emocional y la 

capacidad de adaptación hacia ambientes novedosos, debido posiblemente a un 

daño en las estructuras del sistema limbico que están involucradas en esta conducta 

como es el caso de la amlgdala temporal y el hipotálamo. En un estudio reciente 

nuestro grupo de trabajo ha mostrado que las neuronas de la amígdala temporal, 

muestran alteraciones significativas de empobrecimiento en el desarrollo del árbol 

dendrítico. As1 estos hallazgos, pudieran constituir parte de la base estructural para 

explicar las alteraciones en la conducta emocional de la rata neonatalmente 

desnutrida (Escobar y Salas, 1993). Al mismo tiempo, los hallazgos conductuales 

sugieren la posible existencia de un deterioro del eje hipotálamo-hipófisis-adrenal, 

que participa también en el desarrollo de los diversos componentes hormonales que 

integran la conducta emocional. 

Los siguientes hechos experimentales dan apoyo a la hipótesis de que la 

desnutrición neonatal daña al eje hipotálamo-hipofislario. En las ratas privadas de 

alimento se reduce el tamaño de la glándula hipófisis y su contenido de hormona de 

crecimiento. Esta deficiencia hormonal guarda una estrecha correlación con el 

enanismo que acompaña al síndrome de desnutrición en sus diversos grados 

(Stephen, 1940). Tanto en el hombre como en los animales desnutridos, se ha 

observado un marcado retraso en la maduración de los órganos reproductores, asi 

como en la apertura vaginal y en el inicio de la pubertad (Calixto, 1994), Este último 

hecho también sugiere que la falta adecuada de nutrimentos, provoca una 

deficiencia en la secreción de las gonadotrofinas hipofisiarias (Kennedy y Mitra, 
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1963), o bien que señales endógenas de tipo metábólicas, causadas por la baja de 

peso, de la talla corporal ylo de la composición de los tejidos también pudieran ser 

las responsables del retardo en la maduración gonadal (Cameron, 1991). 

Alteraciones en el desarrollo de la conducta de autoaseo 

Dentro del amplio repertorio conductual que presentan los roedores, destaca 

de manera sobresaliente la conducta de autoaseo. En efecto de diversos estudios se 

ha establecido que durante la fase de vigilia, esta conducta ocupa alrededor del 

60% con respecto a otros componentes conductuales. Este hecho y las 

modificaciones que sufre el autoaseo en diferentes estados funcionales, revela la 

gran variedad de efectos que promueve este comportamiento. 

En este contexto se ha establecido que el autoaseo, desempeña un papel 

central en la eliminación de ectoparásitos de la piel de los flancos, del vientre, de la 

cabeza y de las extremidades lo cual permite mantener la limpieza y lozanía de la 

piel (Borchelt y col., 1976; Patenaude y Bovet, 1983). Por otro lado se conoce que 

tiene un papel importante para permitir la eliminación de energía calórica, ya que 

dentro de cierto limite el humedecimiento de la piel a través del lamido libera calor al 

medio ambiente por radiación y evaporación, permitiendo así regular la temperatura 

(Hainsworth y Stricker, 1970). En otros estudios se ha reconocido que el autolamido 

tiene un papel promotor del desarrollo, onadal en animales prepúberes (Moore y 

Rogers, 1984), del crecimiento mamario y de su secreción en los últimos citas del 

embarazo de la rata (Roth y Rosenblatt, 1968). Asimismo, el autolamido se 

Incrementa cuando los sujetos son expuestos a un ambiente novedoso, extraño o 

estresante (Jolles y col., 1979; Gispen y col., 1988) y también se incrementa por 

razones desconocidas durante el proceso del envejecimiento en la rata (Kametani, 
1988). 

En estudios recientes de nuestro grupo de investigación hemos encontrado 

que las ratas adultas bien nutridas que fueron desnutridas sólo durante el periodo 
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neonata!, presentan invariablemente un exceso de autoaseo. Así, cuando a estos 

animales se les expone en días sucesivos al ambiente novedoso de un campo 

abierto o en las madres neonataimente denutridas durante el periodo postparto, 

incrementan tanto la frecuencia como la duración del autoaseo (Salas y Cintra, 1979; 

Salas y col,, 1984). En otros estudios hemos confirmado que el incremento del 

autoaseo que se ve en las ratas neonataimente desnutridas, se da a expensas del 

lavado de la cara, lavado de la cabeza, lamido de la piel y del rascado del cuerpo 

con los miembros posteriores (Salas y col., 1991), mientras que el lamido de los 

genitales y el de los dedos de los miembros anteriores resulta poco modificado (Fig. 

8). 

Los resultados del último estudio, sugieren que la desnutrición neonata! 

posiblemente interfiere con la maduración de los circuitos neurales involucrados en 

la regulación del autoaseo tales como la substancia gris periacueductal (Berridge y 

Fentress, 1987), el neoestriado, el núcleo acumbens y la vía nigro-coliculo-

substancia gris central que participan en la modulación del autoaseo (Gispen y col, 

1988; Spruijt y col, 1986). Sin embargo, se requerirá en el futuro de más estudios de 

tipo morfológico de las poblaciones neuronales de estos relevos sinópticos, que den 

mayor sustento a esta hipótesis. 

En el presente se ha hecho evidente el tremendo avante que ha tenido el 

estudio de la ontogenia del. SNC y de los mecanismos a través de los cuales los 

factores epigenéticos, interfieren con la organización citoarquitectónica del cerebro y 

su función. Asimismo, de que manera los trastornos en la organización del substrato 

neuronal, son relevantes para alterar las funciones plásticas del cerebro y las 

alteraciones a corto y a largo plazo en la conducta. Sin embargo, a pesar de lo 

mucho que se ha conocido acerca de los factores externos que regulan el 

crecimiento del cerebro, desconocemos casi por completo todo el conjunto de 

factores endógenos que están asociados a la ontogenia neural. Los años venideros 

serán ricos en este tipo de información y hasta entonces, tendremos la posibilidad de 
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prevenir y revertir los efectos de agentes nocivos perinatales, que deterioran el 

substrato neuronal y la potencialidad de sus funciones. 

EDAD (dios/ 

Fig. 8. Registro de los movimientos ocurridos durante la conducta de autoaseo 

(espacio entre las flechas), y duración media del mismo en ratas control (C) y 

desnutridas (D) durante el periodo neonata', Nótese que después del día 23 de edad 

en el grupo desnutrido, los valores del autoaseo son significativamente mayores 

cuando se les compara con los del grupo testigo. Modificado de M. Salas y col., 

Physiol. Behav., 50: 567-572, 1991, 
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CONCLUSIONES 

El desarrollo y la organización citoarquitectónica del SNC, se encuentran 

determinados tanto por la información genética programada, como por la influencia 

de factores epigenéticos medioambientales. 

El cerebro de la mayoría de los mamíferos pasa durante su desarrollo por una 

etapa de alta vulnerabilidad (periodo critico), dependiente de la concurrencia 

temporal de diversos procesos citogenéticos con la influencia de factores 

medioambientales, que establecen ciertos límites de sus propiedades plásticas de 

funcionamiento. 

La privación neonatal de alimento, interfiere más con el desarrollo neuronal de 

estructuras cerebrales conectadas con la esfera sensorial, que con las de la motora. 

Estas alteraciones estáriprincipalmente localizadas a nivel de los árboles dendríticos 

(órdenes dendriticos, espinas sinápticas y amplitud de los campos dendriticos) y por 

lo tanto se ven interferidas, la integración y la elaboración de las descargas 

neuronales. 

La desnutrición neonata, retarda la aparición y el desarrollo de la actividad 

eléctrica cerebral espontánea y de la provocada por la aplicación de estimulos 

sensoriales. Asimismo, a través del análisis de ellas, es posible detectar que son los 

circuitos polisinápticos los que se afectan en mayor grado, comparados con los 

oligosinápticos. 

Las alteraciones morfológicas y electrofisiológicas provocadas por la 

desnutrición perinatal, guardan una estrecha correlación con el retardo y el desarrollo 
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de la conducta refleja y con las alteraciones a largo plazo en procesos fisiológicos 

complejos como la conducta social, la exploratoria, el aprendizaje, la memoria, la 

respuesta emocional y el autoaseo entre otras, 

Algunas de las alteraciones morfológicas y funcionales asociadas a la 

desnutrición neonatal y a otras influencias nocivas perinatales, pueden ser 

atenuadas o revertidas a través de la rehabilitación nutricional o de la exposición a 

distintas rutinas de estimulación sensorial. 

1 

1 

4 
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Effects of Early Malnutrition on the 
Development of Swimming Ability 

in the Rat' 
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SALAS, M, Effecfs of eariy maInutrition on the development of swfmmIng abillty in the rat. 
119422, 1972.—The ontogeny of swimming ability was studied In norman>,  red and In chronically starved rata to asgas the 
elTect of eariy mainutrIllon on CNS development. Swimming tests were performed on adult ami !dant rata from 4-30 days 
oid In an aquarium. Scoring according to position of the note and movement of !tont lees, Maturatlon of awimmire 
performance was delayed 2.3 days in the chronlcally starved rata as comparad to controla. The hIgh setuttivity of nervous 
tiasue during critica' penada of maturation and the relationship between maInutrillon and the development of some 
pattems of maromera during Swimming are considerad. 

Early malnutrition 	Neurophysiolog 'cal development 	Neo natal behavior 

1T la generally accepted that the events In the internal and 
externa environments are continuously providing a stream 
of Information that pours through the tense organa loto the 
CNS. Thus, evidence indicating the fundamental role of 
hormones or other chemical compounda during early atages 
of neuronal development, has been reported (3, 15,161. le 
la aleo known that externa! influences Ilke handling and 
nutrition during early Life are aleo basic factor' controlling 
the maturation of the CNS and which will determine its 
futuro functbnal pludpotential flexibilIty (1, 4, 6, 171. 

Coser packing and a decrease in aire of cortica] 
rteurones [1, 121, retarded myelination [5], abnormal con-
figuration of the EEG and evoked potentials [9, 14], u 
well as, behavioral and biochenfical changes [2, 71 in the 
courae of acute or chronlc undernutrition were previously 
reponed. From these resulta It was shown that 'hese 
deleterious afecta appear to depend on the timing of the 
mainutrition in relation to the period of development of 
the neural substrato. 

There are few syetematic studies &Ming with the normal 
sequence of awimming development in the rat and 
mouse (10, 13, 161. Recentty, lt was shown that ewimming 
ability and its maturation Is a imitable biological tool to 
aseen CNS development and to analyzo the integration of 
the neuromuscular mechanl.sm generaily studied In isoIation 
from a completely developed neuromuscular system [16]. 
In view of the clase relationship between nutrition and CNS 
maturation, the :dm of this report la to investigate the role  

of atarvation on the ontogeny of this complus pattern of 
behavior. 

METHOD 

Experimenta were carriod out in 64 infant (1-30 days of 
irgo) and 8 adult Wistar rata of both sexes, bred In out 
laboratory and reared under standard conditlons of manage-
ment and nutrition, Each titter wae reduced to elite rata, 
tour were usad as control and four as experimental. Chronlc 
atarvation waa achleved by maintalning the infant rata 
separated from the mother and tater-mates in an incubator 
at 29°C for a period of 12 hr dally from 4-13 days of 
postnatal Ufo (the Day 4 was taken as the firat day of the 
atarvation period). After Ibis starvatlon penad, the rata 
were returned to their emes with the mother and litter-
mates. 

Daily ewimming tests were performed on rata ranging in 
age from 4-30 days and In adulta (120 days). These tests 
consisted of dropping each rat listo the water, width was 20 
cm deep and heid at 27°C, of en aquarium 25 by 50 by 30 
cm. The animals were left In the water for 5.10 sec. The 
procedure to assess the awimming ability by measuring the 
nose position and movement of the front lega has been 
previoualy described [16]. Photographic record' of most 
awimming tests were siso taken. The swImming ability atore 
was graphed as the average of 32 individuals for each 

!This investlgation has been aided by a &rent from the Foundation', Fund for Relearch in Psychiatry, 

119 



stals441 	seircerthr 
100 

00 

C041441, 
Fr--4 00144114414t1ers; 

/2.4 C 
IP •••••••4 

c  

40 

S
W

ei
th

O
te

.5
 a&

T
T

L
OP

tw
S

 

aat < 44)0 

P
t  I

I  
e

l  
le

rA
ti
 t 

00 

120 	 MANUEL SALAS 

developmenial ego. Statistical analysis was done by using 
the Mann-Whitney U test. Ilody weight was taken daily and 
the resulta were cvaluated. 

RESULTS 

Before 4 days of age both experimental and control 
animals were unable to swim. They usualty displayed 
uncoordinated movements, floated motionless, partially or 
entirely submerged, arched their backs, turned their bodies 
and showed hyperextensive ralee activity in the extremi-
líes, toas and tal When the animara head was maintained 
under the water, flexor-extensor hcad movements were 
occasionally observed. At this age there was no difference 
between control and undernourished animals in displaying 
Uds poorly coordinated activity, In general, most of the 
animal: romained floating motionless (Fig. 1), during this 
period of maturation, 

From 4-13 days of age both control and undernourished 
animals tended tu intprove their swimming abiUty. At the 
beginning of ibis period (Days 4.10), the control animals 
were able to maintain equilibrium although they still kept 
the nose under the water. The poor coordinatlon of reflex 
movements Itindering the propelling straight line mon 
menta of tho anímela However, at ibis timo, the rata 
generally swam ín circtes showing occastonally random 
directionless movements. Swimming circling movements 
appeared from 4-12 days of postnatal Ufo, and Ihey were 
overlapped with the end of the floating activity (Fig. 1). 
From 11 days of ego onward the rata maintained the nose, 
taco and a part of the head out of the water as adulto (Fig. 
2). At this same developmental age they started to awlin in  

straigitt Ilne, although Uds motor activity was still mixed 
with circting movements (Fig. 1). After 12 days of age the 
straight fine_ movements were consistent as in the adult rata. 

A similar sequence of maturation was observed in the 
atarved rata, except that it was delayed by 2-3 days as 
compared lo controls. The starved rata were unable to 
maintain their noses out of the water unta about 13 days of 
age (Fig, 2). Most of the differcnces observed In the nose 
position acotes between Chis group and controls at different 
ages were statistically significant (p < 0.05), The floating 
movements were similar in both experimental groups. The 
disappearance of circling movements ami the appearance of 
straight line swimming activity were delayed two days in 
the starved animals (Fig. 1). In general, the swimming tests 
Indicated that controls tended to behave more actively iban 
the undernourished. 

Figure 3 summarizes the changing characteristica of 
front leg movements during the development of swimming 
ability of both control and experimental entolda From 
11.13 days old in the normaliy developed rata, the front leg 
activity consisted of active and weli coordinated flexor-
extensor movements, but from this time onward the 
movements progresslvely decreased until they ceased at 
about 21 days of ego. In the undernourished group a two 
day retardation in the development of ibis pattern of motor 
activity was observed. Figure 3 siso shows that In most of 
the cases, the atore differences between undernourished 
and controls were statistically significan! (p <0.05). This 
period of progressive cessation of foreleg activity lasted 8 
days in controla (from Days 13-21) and 10 days in underfed 
rata (from Daya 13-23), 

The control rata were significantly heavier and largor 
than the undernouriahed after 6 days of postnatal tifo. A 

FIG. 1. Resulta of changIng characterlAtIn of motor activity during 
development of normal and chronlcaily matnourished rata. Points 
differing from controla at a levet of signiftource of p <0.05 are 
marked with a cross, 



• 

1 

1 ' 

• • 4 

ML me. 

ro 

la 130 e* 
	

15 	 10 

101 idelell 

• 

SWIMMING ONTOGENY AND EARLY MALNUTRITION 
	 121 

FIG. 2. Resuita of swimming maturallon in normal and ma1-
nourished huid rata at different mes. lacte point in the graphs 
representa the average of 32 values. Horizontal Unes represent the 
number of (laya over »hiel swimming behavior atzwined atable 
characteristice. Points difteria); from controls at a !crol of signift-
COCO of p <0.05 are marked with a croas. 

FIG. 3. Chames in front paw activity during development of normal 
and chrvnically mainowished rata. Horizontal Unes repruent the 
nwnber ed days from the beginning to the and of the progresivo 
inhibition of front paw actlyity. Points differing from controla at a 
lord of signiticance of p <0.05 are marked with a croza. 

mean difference of about 10 g between the two groups all 
over the experimental period wat observed, 

DISCUSSiON 

lt is established that malnutritIon produces a elower CNS 
maturation and rernarkahle deficits in Intelectual capactty 
at a tater age (1, 41. The present report gives evidente that 
cbxonlc undernutrition affects the maturation of the neund 
iubstrate controlling the complex neuromuscular adaptive 
mechanbmt involved in awimming. Thus, rata which have 
been atarved for a period of 10 days in early life ahowed a 
algnificant delay in the maturation of the ability to lceep 
the nose and the head out of the water, in the progreasive 
ceasation of foreleg activity and in the devetopment ot 
motor patterna during swimming u comparad to controls. 

During normal development, it is olear that an adequate 
supply of different nutritional factor* ti essential for the 
multiptication, differentiation and olanization of the 
neural aubatrate (1, 71. The neural structures Controlling 
the neuromuscutar mechanisma of swimming are unclear. 
Swimming appeant lo be purely reit« in the lower 
mammala (81. In the rat thia activity la presumably 
determinad by the somatosensory cortex, labyrinthIne 
estructures and cerebellum. Thus, in adult animals, It la 
known that these arcas maintain wide connections with 
each other to coordinate space orientatIon, postura, volun-
tary movements and equilibrium (81. Furthermore, the 
vestibular nuclei have excltatory and inhibitory axons 
projecling to the cervical and lurnbosacral motoneuronea 
that determino the podtion of the head and timba (11, 181. 
Unfortunately, the morphologicat devetopment of the 
vestibular mechanlams to coordinate the position of the 
head and the fondeo activity during swImming are un-
known. In the pment resulta, the undernutrition delayed 
by 3 days the ability of rata to keep the head and the nose  

out of the water as well as, to progressiveiy tease the 
foreleg activity; this delay «luid be interpretad as a 
consequence of the morphophysiological disorganization 
produced by malnutrItIon on both cortical and brain stem 
vestibular mechanIsms. In fact, a record study employing 
histological and microchemical techniques bu demon-
strated that the somatosensory cortex of the rat la severely 
affectcd by undemutrition during ita phase of rapid 
growth (11, and preliminary resulta in filia laboratory 
indícale that bilateral lesions to the somatosensory cortex 
in the adult rat severely affect the ability to awim. 

In the present resulta both control and experimental 
anímela exhibited during development three euccessive 
patterns of motor activity; flotation, circling and straight • 
line movernenta. Thb aequential come of development 
may alzo have a ralationshIp with the progtesalve morpho-
physiological development of cortical and breln stern 
mechaniams. Undernutrition does not chango this sequen-
da! course, but produces a delay in its rato of development. 

In concluelon these data provide additional informatton 
that early malnutrition affecta the.neuronal development of 
the mechaninns Involved In swimming. Purthermore, re. 
!Abarco the general agreement that undernutrition is one of 
the external environmental factor% which, interacting with 
the growing neuron In the ad),  postnatal life affects the 
rete of the CNS development on which the later behavioral 
repertoire is basad. In addition, since it la poasible in young 
anímala to observe well defined patterna of movement, 
swimming and 'te development may be a suitable model to 
use in studying functional IntegratIon of reftex activity. 
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Nutritional Influences Upon Somatosensory 
Evoked Responses During Development 

in the Rat' 
MANUEL SALAS AND LEON CINTRA 

Department of Playsiology. /1151111110 de Investigaciones Biomédieas, 
Universidad Nacional Atablan:a de México, México 20, D.F. México 

SALAS, 1.1. AND L. CINTRA. Nutricional Influences upon somatosentory erolitrl responses during dere:opima Ar ihr rol. 

pilvstot.. 	1001 1019-1022, 1973.—Taking the evoked responses as indleators of CNS maturation, the effects 
of neonata' SlarlitiOn on cortical evuked attivity sute studied in tau al different egos duting development. Eatty 
malnutrition delayed the eleettophysiologleal development of both pritnary and secondary responses, wilh the effects upon 
the mondan' slow POIendAls bcing mote uvera that) on the priman,  responses. These dala suggest a differential effeet of 
malnutrition upan the proJecting system to the nectrottex. The possible connection of these mutis with impaíted nervous 
and mental processes fallowing early malnutrition are diseusted. 

Neonata! malnutrition 	Electrlcal activIty devetopment 	Affetent projecting system 

1T 1S well established that undernutrition In the early 
postnatal tifo pisys a fundamental role in the developing 
nersouo system. Recent studles on the effects of malnutri-
tion upan brain growth have Indicated that the sornatosen-
sory cortex of the rat is severely affected (3,6). Thus, 
persisten? and progressive histologle and biochemical ;Mor-
Inalities despite subsequent recovery of body weight are 
generalty sean after a perinatal chronic starvation pelad 

Recently, It has eso demonstrated that severely 
undernourished anímelo showed a delay in the appcarancc 
and development of diffcrent behavioral locomotor pat-
terns (1, 15). liowever, it appears that most of these 
locomotor Impairments progressivety disappear at later ages 
with the apparent persistente of behavioral and learning 
deficits. 

It is widely known that in response to afferent stimuti 
the sensory cortex shows electricel responses consisting of a 
fast primary potential anda series of rhythmlc secondary 
slow waves. These responses have been usad very commonly 
as Indicators of CNS maturation: In the study of the effects 
af food deprivation upan locomotor and behavioral devel-
opment we were Interested In determining if the action of 
malnutrition would haya a d1fferential effect on the 
maturation of the specific and nonspecific evoked sornato-
sensory responses in the rat. To Investígate this possibility 
evoked cortical responses to sciatic nerve atimulation were 
studied in rata' that were undernourished at different ages. 
during development.- 

METHOD 

A total of 85 laboratory-bred Wistar rata between 5 and 
45 days of age were usad throughout experimento. In atI 
cases split litters were used, half receiving the experimenta) 
treatment and half serving as controls. The procedure used 
lo undernourished infant rata usas described in detall in a 
previous publication (15). Briefly, litter sise was kept 
constant from the day of birth al 8 pupa per mother, The 
control pupa were freely nursed by mothers. The under-
nourished animals .  were isolated from the 'mother and 
littermates and kept in conditions simulating those in a rat's 
nest. They were placed In an tncubator and heid at a 
temperature of 29°C for a period uf 12 hr daily from Days 
4-13 postnatal life. 

Recording of evoked responses was done on Days 5, 7, 
9, 11, 16, 18 and 45 days of age. in the acote experiment 
surgical procedures were performed under ether anesthesia. 
In order to permit direct recording from the somatoscnsory 
'corte; .the infant anímelo were Immobilized with 0.001 mg 
iP 	Icholitte chloride, while adulto rccelvbd 0.004 mg, 
Artificial respiratIon was employed with short bursts of air 
from a mechanical pump connected to a tracheal cannula. 
The sciatic nerve was preparad for electrical atimulation in 
its pelvic trajectory. The operative cites were kept moist at 
all times with mineral oh and thé animare body tempera-
ture 'was maintained by . an enclosed circulating water 
heating pad. 

Portions of the scalp were removed so that recording 

IThls tnvestigation has baca aidedly a grant from the Foundation's Funiffor Restarch In Psychlatty, 
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vlek.trode., colad he insetted Ilrt. t h the %kWi and meninges 
inakc duces contact with the surface of the btain The 

int,:rele‘trodc di,tance rarivd from 2 3 mtn 111C jIli111.11.5 

head %di tlien furnly xlainped in a specially madi: tirad 
holder. and the pressure points were infiltrated with loval 
anestliesia. the eteetrodes were liad in place hy the 
surrounding bono and reinained fixed throughout the 
expeninent. Eleetrodes wcrc Sharpenuti stAlteSS SiCel insect 
plus (sine Ou), insulated exeept for 1 mm at the tip. r1 pan 
of electrodcs was placed in the somatosensory cortex from 
which evoked potentials wcrc recorded following sciatic 
nerve stimulation„ the electrical stimull were obtained from 
J 51U5 stitilUius isolation unir connected tu a 58 Grzss 
model stimulator and vrinsisted oí monophasic square 
pulses oí 0.5 nisec duration and 1-2 V intensity, one 
stimulus was presentad every 5 sec. 

Lvoked potentials were amplified and recorded with 
standard neurophysiological equipment including type.1 22 
low levet Tektronix preamplifier, 502A Tektronix oseillo-
,cope anda model C4K Grass camera. lo 411 the experi-
ments 50-60 single evoked iespunses as well as, severa\ 
pictures of 5 and 10 superiinposed sucressivc, potentials 
were tecorded. 'the mean peak latency wat measured and 
graplied and the 1-test applied. To analyze the eh:nal:ter-
istics of secondary responses, 30 single sweeps were 
nianually superimposed and the pereentage of animals 
showing consistent seeorsdary responses were cakulatcd in 
inch experimental group during development. Before acule 
experiments the hody weight was taken and tiren the mean 
vague in culi age group was cakulated and graphed (Tahle 
2). 

TA LE 1 

PERGENTAGE OF CONTROL AND UNDERNOURISIIED AMI. 
11ALS AT D1FFERENT AGES (DAYS) EXHIDITING SECCIN. 
DARY RESPONSES AFTER SCIATIC NERVE hitt:TRIGAL 

STISIULATION 

Ages 
(days) 

Number of aninials 

Control 	Undernutrition 

Percentage of 
seeondary responses 

Control 	Undernunition 

5 5 (6)* 2 (6) 83.3 33.3 
7 7 (7) 2 (7) 100 28.5 
9 6 (6) 3 (6) 100 $0 

11 5f6) 4 (6) 83.3 66.6 
16 5 (5) 5 (6) 100 83.3 
18 5 (6) 4 (6) 83.3 66.6 
45 4 (5) 4 (7) 80 57.1 
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'Total nonsher of anintals 

RESULTS 

Figure 1, illustrates the maturation of somatosensory 
evoked potentials in normal and undernourished anis-kph, in 
normally develo ping rats, eontralateral seiatie nerve stimula• 
tion elieited responses tan the ("trua postnatat day, the 
earliest time period studkd. At Ibis age the primaty 
response consisted of a long latency prominent positiva 
component. With inereasing age the waveform of chis 
response changad to a hiphasie configuration at afmtlt I I 

0)' 

T.113LL 

ItNUIRITIoN ()N li(31)Y v,!.11;11 I 01. lzKIS 
.1r DIFI 1.1t1SN T 

..11;t 1lesn botly +%IntrIti ol aninuls 

Control 	 Cruitimitritson 

S 11 9 

7 15 11 
9 20 14 

11 23 16 
14 30 20 
18 31 22 
45 72 53 

45s 1..111 

FIG. 1. Development uf sotrutusensory evoked responses In controls 
and nialnourislted Mulos, Control rail show shorter mean peak 
(Mendes bufare 16 days uf aire tiran statved tau. 011 polo' In the 

giuup represents Ilte average of 250 responses. 

days of uge. Caneerning the seeondary response, ft was 
consistently prescnt and atto ehanging in configuraban at 
all mea testad (Figs. 1 and 2). II is interesting to note that 
al I I and 16 postnatal days, hoth primary and seeundary 
contpunettis of the evoked response exhihited higher 
amplitude and varlability than as otiwr ages during develop-
ment (Fig. 1). 

In 'tse group of underfed a:11111.)k at the ages of 5, 7, 0 
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FIG. 2. Projected oseillograms ~any taken from records and oriemed In time with respeet lo initial primary response recorded In maximaI 
potential segion. Arroya at 5,7 and 9 days «ase indleate the absence of responses; from 11 days onward these responses %ve consisten( but 

stül smaller iban controls. In each filme 30 suecessive responses were superimposed. Cantonan: 30 mor and 20 IN. 

and 11 days alter birth, there was a statistically significan( 
prolongation (p< 0.05) in the mean peak latency of primary 
response; however at 16, 18 and 45 days of postnatal life 
this prolongation in latency was not statistiertIty significant 
(Fig. 1). At 5, 7 and 9 days of age the secondary response 
was severely affected in its appearance (Fig. 2). However, 
from 11 days onward there was a tendency to Increase the 
number of secondary responses, Notwithstanding, this 
response was smaller in amplitude (han in controls. The 
increment in amplitude and varlabllity of both primary and 
secondary responses leen in the controls at I I and 16 
postnatal days was also observed in these animals. 

Table 1 surnmarizes the percentage of total number of 
control ,and undernourished animals at different develop. 
mental ages In which primary evoked responses were 
followed by secondary responses. In the control group the 
proportion of secondary responses was higher Iban In 
underfed raes. 

DISCUSSION 

Thc foregoing data have Indicated that there is a definite 
sequence In the development of sornatosensory responses 
with age in the rae. Thus, control animals exhibited long 
latency monophasic positivo primary responses from the  

earliest time period studied; there was a progressive 
reduction in mean peak latency of primary responses with 
age achieving the adult values at 18 days old; and waveform 
gradually changed from monophasic lo a biphasie configur• 
ation (11 days old), attaining adult eharacterlstles et about 
16 days old. Furthermore, from 5 days onward there was 
progressive tendency for consistent secondary slow waves 
to opimas following the primary responses. in the group of 
underfed tras the primary responses were monophasic arad 
of longer latencies (han those of controls. With increasing 
age their latencies were progresslvely reduced, and the 
waveform changed toa bipliasic configuration, as oceurrel' 
in normany dcvelopcd raes. Furthermore, the percentage 
and consistency of secondary responses were smaller Iban 
controls, 

ir is generally accepted that the cortical evoked 
responses are the resuit of neuronal proccsses in response to 
two different af(erent message% to the neocortex 121. Thc 
first message is developed through the specific projcction 
system, and the second message relayed vía collateral 
afferents from the lateral sensory pathways to the multi-
neuronal nonspecific system. The present results indicate 
that early malnutrition affects the development of hoth 
specific and nonspecIfic thalamocortical projection systems. 
ConcernIng the increase in mean peak latency of primary 
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re.,130014  and ,c.,,olidary response alteutions prukluLed 
3t4rvation, these díc.:1s might be duo isot only to a delay in 
the procesa uf myclination (3,71. number of 4,10TIS 

MI11111.115 (61, but utso tu a deficien4 ot proteins and 
delayed 	 maturation oí the synaptie trans- 
mission in the young animals ( 3, 6, 121. Thcsc data siso 
ataree with pu:vicias reports that early mainutrition delays 
the latency of the first positivo campan-esti and the 
waveform of visual and auditory evoked cortica! potentiais 
development ín the rat (5, 11, 12) liowever, our results 
nos oniy empliasize abuut the changes írt primary repsonses 
hui alsa in the secondary slow waves, wisich is wideiy 
known play a- fundamental role for nervous activity 
integraban at neocortical structures.12,101. 

Wc would hice to emphasize that the effects of early 
mainutrition upan nonspecific projection system seem to 
be more impetant and presumably more fundamental for 
the futuro C(S capabihties, than the effects on the specific 
system. This observation is functionally very significant 
since it is well cstablished that the nonspecific system play: 
a fundamental role in the elaboration of arousal, !camina, 
attention, perceplion, emotional behavior as well as, in the 
control of electrical ricocortica1 rhythms 1101. I'oftowing 
this idea it might be possible that the low learning capacity 
(41, acute wakefulness and slcep effects (8,91 and pre-
sumably the eniotional disturbanees seen In adult tau 
during starvation may be duo in part to disruption of the 
nonspecific system. In Ibis regad preliminary results in this 
laboratory indicate that adult rata deprived of tood during 
early infancy, exhibit Icss varlability in the secondary peaks  

uf their evoked responses as tvett .15, showing fess expiara 
tion and urination when placed in a novel enviruriment. 
Allhougli. out results are very suggestive that early 
trillan would differentially affect the deselopine lit of the 
speLifte and nonspecific systems, al this lime we eannut 
conclude that the nonspecific system datnage is the only or 
even the ntost important explanation of the low behavioral 
capabilitles exhibited by rats as a consequence of perinatal 
mainutrition 14,131. 

The classic work a Small 1161 indicates that at about 
14 days of age, rats exhibil a rcmarkablc locomotor 
development; they are Ale to waik, jume and climb oser 
considerable obstactes. Thou motor skills improve at 15 
and 16 days of age when car and oye-opening oceurs. ln our 
results at 11 and 16 days of age a considerable visriabilíty of 
evoked somatosensory responses was observed. This vari-
ability might indicate increased excitabílity of central 
motor structures zis a result of the increment in rutina-
muscular activity during development. This observation is 
strenghtencd by a previous report [14) suggesting that the 
stímulation of muscle nerve produces large evoked secan. 
dary dlscharges in the somatosensory afea, 

in onclusion, the present dectrophysioiogical results 
nave a clase relationship with prevlous morphological, 
electrophysiological and behavioral changes produccd by 
mainutrition during development. 
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1 

SUMMARY 

The largo cortical pyramidal cells of Iayer V of the frontal and occipital arcas 
have leen exarnined with Golgi staining in normal and malnourished infant raes. 

The number of spines, the basilar dendritic density and the dendritic thickness 
wcre significantly reduced in the group of starved raes. The functional significance 
of these findings is discussed in relation to other morphological and eleetrophysio-
logical changes in cortical structures, and their possible implications opon the physio-
logical integrative processes of the CNS at later agá in life. 

1NTRODUCTION 

It is well documented that malnutrition at critical stages of development may 
altect the mammalian brain adversely. Thus, inadequnte nutrition of newborn rats 
reselles in reduction of brain weighto, delayed myelination5.7, close packingof cortical 
neurons and loss of axon terminals in the cortex0.9. These morphological impairmentS 
are correlated with a defleient behavioral, electrical and biochemical development2A. 
5,14,10-18.  

	

The dendritic spine is a distintivo structure of the postsynaptic, 	apparatus 
allowing the dendrite to synapse with axon terminalsni12. Observations. of rats and 
kittens show that in these species the cortical dendrites lack spines at birth. The 
development of dendritic spines with increasing age is elosely correlated with the 
development of behavioral and neurophysiological characteristics, and it has there-
fore been suggested that the growing spines may provide a morphological foundation 
upon which later physiological capabilities are establishedig. 	. 	• 

The present study was undertaken to investigate the caces of malnutrition on 
the development of dendritic spines, and the dendritic prolongations in the large 
pyramidal celis of cortical layer V of the rut. 
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MEI I IODS 

For this study 4 split litters of both sexos of infant Wistar rats bred in this 
laboratory were used throughout. In order to standardize the conditions of manage- 
ment and nutrition each litter was reduced at birth to 8 pups/mother. 	rats of 
each litter were used as controls and 4 as experimentals. The controls were left 
untouched until they were sacrificed while experimentals were gently removed from 
their cages to an incubator maintained at 27-28 'C, for a 12-h period of food depriva-
tion. The condition of undernutrition was maintained between day 4 and day 13 of 
postnatal life. 

At 7, 9, 12 and 15 days of age each member of the litter was weighed and killcd. 
After that, a 3-mm wedge of brain through the frontal and occipital cortical arcas 
was removed and placed in a solution of osmio acid and potassium dichromate. 
Two brains of controls and 3 of malnourished rats were chosen at random for the 
morphological analysis. The sections were stained by a. variant of the rapid Golgi. 
technique20. After the cortical wedges were fixed and stained with silver nitrato, 
20-30-pm transverse sections of the brain were progressively washed in water and 
dehydrated in 4 different concentrations of alcohol, and xylene. After this procedure 
they were mounted under neutral natural resin. Slides were coded and blind counts 
were tabulated at x 785.5 magnification. A minimum of 10 cortical pyramidal 
neurons/cortical area were studied on each animal. The number ofspines was counted 
in apical, terminal, obligue and basilar dendrites in a 69-pm extent/dendritic prolonga-
don. The dendritic density was estimated at the levet of the basilar dendrites. Counts 
were made by a sampling method using a grid of 100 small squares placed in the 
ocular of the microscope so that the image of the section 111 in the grid at a x 500 
magnification. The cell body was then placed in the center of the grid and from the 
30 squares surrounding the cell body the number of fibers falling within 6 squares 
selected at random were counted. Thus fibers in 60 small squares on a total of 10 
neurons were counted and the average number was taken for comparative analysis 
as an indicator of the dendritic density. 

The dendritic thickness in micra was determinad by sampling in the' different 
dendritic prolongations with an ocular micrometer. Since the dendritic thickness 
normally decreases from the origin of the dendrite to the periphery, the counts were 
performed in the first 25 pm close to the orlgin of the dendritic branch. From a total 
of 20 neurons 16 different samples in each cell were selected from the different 
dendritic prolongations indicated aboye. 

The experimental data were analyzed by the't test to estimate the validity of the 
differences between means resulting from the experimental treatment. 

RESULTS 

Both groups of rats showed an increasing number of spines in the frontal and 
occipital arcas with advancing age (Fig. 1). Compared to the controls, however, the 
malnourished rats showed a lower number of spinal processes (P < 0.05). It is 
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Fig. 1. Effect of early mainutrition upon spine development of the largo cortical pyramidal cella. 
A: frontal cortex. 11: occipital cortes, Each point in the curves represents the average of the counts 
obtained in a minimum of 9 neurons. Solid fine, control rata; broken line, malnourished rata. 

intcresting to note that the reduction in number of spines took place without any 
change in the distribution of the various forms of spines on the dendritic tree, e.g., 
the majority of the stubby spines occurred clase to the cell body while the thin spines 
were mostly round in the periphery of the dendrites, In addition, at 12 days of age, 

1 $1 12 

AGE (dan) 

Fig. 2. Effect of ~natal mainutrition upan dendritic density developrnent alarga cortical pyramidal 
A: frontal cortex. U: occipital cortes. Each point In the curves representa the average of 60 

samples obtained in a total of 10 neurona. Salid line, control rata; broken lino, malnourished rata. 
Fig. 3. Effect of early mainutrition upon dendritle thickness of the largo cortical pyramidal cells. 
A: frontal cortex. 13: occipital cortex. Each point in the curves representa the average of 160 samples 
takert In a total of 10 neurona. Solld lino, control rata; broken line, mainourished rata. 
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TA13LE 1  

LFTECTS UF MALNUTIUTION ON UODY WIMIT UF RATS DURING DEVLLOPMENT 

Age (days) 
	

Mean body 	(g) 	 Weight derrease in 

Control 	Experitnental 
	experimental rais (% 

7 13.8_L0,16 11.2_, 0.28 18.9 
9 21.7 ± 0.25 17.0 :t.:  0.40 21,7 

12 23.0 ± 0.40 15.5 ± 0.47 36,1 
15 31.2 :E 2.31 21.7 ± 0.86 30.5 

the frontal arca exhibíted a marked reduction in the number of spines compared to 
controls. A similar tendency was observed in the occipital arca at the same age. 

Fig. 2 shows the progressive increase with age of the complexity of the basilar 
dendritic network, and Fig. 3 shows the variations occurring in the thickness of the 
dendritic prolongations. Comparing the two groups of animals the starved rats 
showed a reduced complexity of the basilar dendrites (P < 0.05) and reduced thick-
ness of the dendritic prolongations (P < 0.05). Particularly marked was the reduction 
taking place in the thickness of the dendritic extensions in the frontal cortex of the 
starved rats at 12 days of age. 

The average body weight of malnourished littermates was 19-36% below that 
of the normally fed littermates (Table 1). Moreover, the size of malnourished rats was 
reduced at al' ages when compared with controls. 

DISCUSSION 

Early malnutrition was observed to result in reduction of the total number of 
dendritic spines, a decrease in the density of the basilar dendritic network and a 
reduction of the thickness of the dendritic prolongations of the large pyramidal cells. 
Thesc etfects might primarily be due to direct lack of dietary nutrients and paule-
ularly toa deticiency of protcins which according to several authors could be re-
sponsible for the limítation on brain growth54.16. The morphologfcal deficiencles 
observed may, however, also be an indirect result of starvation. One possibility is 
that the dclayed development was due to a loss of cortical affcrcnts in the mal-
nourished ratsa. This assumption is supported by previous morphological observa-
tions which suggest that both subcortical and cortical neurons may normally develop 
dendritic prolongations and farm synapses as a result of intercellular contacts with 
the growing afferent axons1.3.13. Another possibility is that the starvation produced 
a dclayed development of the sensory systems which, in turne  reduced the traffic of 
sensory impulses reaching the large pyramidal 'cells, thercby decreasing the stimula-
tion necessary for the normal development of dendritic branches and spines. Studies 
of effeets of light deprivation and handling uloil the number of cortical dendritic 
spines in mice and rats, give some support to this assumptionmuut. A third possi-
bility is that neonatal malnutrition represents a stressor agent that stimulates filial 
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cell proliferation, which may interfere mechanically with the growth and distribution 
of pyramidal dendritic branches and with spine proliferation. This possibility is 
supported by studies showing that various stress conditions such as dehydration, 
inereased sensory and motor activity in both adult and infant result in an increase 
in the rafe of gliai multiplication at different leveis of the brain8,12,15.  At the present 
time no choice among these various possibilities can be made. 

Finally, we would like to emphasize the physiological significance of the present 
data. it has been suggested that basic CNS patterns of interconnection among neurons 
in early life provide a neuroanatomical basis upon which more complex physiological 
phenomena are based at later ages". Furthermore, it is generally accepted that the 
CNS integrative processes in response to afferent stimulation, occur within arcas of 
widely interconnected neurons such as the neocortical structures. Our results indícate 
a significant red uction in the number of spines, and in the thickness and density of 
the dendritic tree, which may diminish both the capacity for new interconnections, 
and the possibility for potential neuronal interactions. The reduced complexity of 
neocortical structures might be partly responsible for the diminished learning capac-
ities and the reduced adaptive behavioral pattcrns generally seen in adult mammals 
deprived of food during early life4. 
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SALAS, Ni. AND L. CINTRA. Development of the eleetrocorticogram during starvation in the rat. PIIYSLOL. DEHAV. 
14(5) 589-593, 1975. — The effeci of eariy mainutriliun on the eiectrocorticograrn (ECoG) of the tal was sludied at eight 
different developmental stages. Cross observatlons of the ECoG records indicated that the normal ECoG activity developed 
from the nrih day; lis characteristics consisted of tow amplitude slow waves in the 1-15 cps range with a domirtant 
frequency tanging from 6 lo 8 cps. From the 71h to 1 1th pottnatal days the proportion of fast activity In the 10-20 cps 
unge progressively increased. 'This increment was associated with an augmentation In amplitud°. The adult ECoO chateo• 
teristics were achieved at the 181h postnatal day. In malnourished rata, a similar sequence of deveiopment was leen; 
comparad to the controls, however, the malnourished rata showed an increment In the proportion of alow waves and a 
reduced voltage of ECoG up lo 16 days when the differences disappeared. An average frequency analysis of the tapad 
ECoG data indicated that in normally fed rata there was a rapid increment in the range and mode of frequency distribution 
from Sto 16 days of ase. From 18 to 30 days Chis increment followed a slowly aacending cauro, and by 30 days the 
averaged activity was similar to that of adulta. Frequency distribution histograma of atarved rata followed a similar 
sequence of development except that al ali developmental ases (5-180 days) they exhibiled slower frequencies. 

Electrocortical development 	Neonata' malnutrition 

DIFFERENT investigations on growth of the brain of the 
rat have established that food deprivation during the first 
thrce weeks of Ilfe resulta in long•term cerebral lesions [5, 
8, 9, 10, 221. These morphological abnormalitles have been 
correlated with marked entretiene in the behavioral, bio-
chemical and electrical characteristica of the nervous tissue 
[1, 5, 7, 13, 20, 211. 

Reporta of EEG disturbances under severe malnutrition 
have been reponed, mostly in humana [12, 1.5, 161. The 
cortex wan observed to exhIbit a decreased responsiveness 
to photic stimulation, and the EEG activity was greatiy 
diminished In voltage and frequency. It was suggested that 
severe undernutrltion In childhood provokes an Impeding 
effect on the normal development of brain electrical 
rhythms, and that recovery from atarvation 1s paralleled by 
a partial renroval of this Influence. To our knowlcdge, no 
experimental work on animal° has been performed on ef• 
recto of neonatal undernutrition upan the development of 
the brain electrical activity, 

The present study was undertaken to Investigate the ef-
fects of neonatal undernutrition upen the electrical activity 
of the developing rat brain as measured by the ECoG. 

METUOD 

Animal' 

Acute electrophysiological observations were nada of 96 
mate Wistar rata bred in this laboratory. At each develar,-
mental age 6 animal, conatituted the experimental group 
and 6 the control. The procedure employcd In produclug 
undernourlshed rata' has been described elsewhent [201. 
Briefly, littera were equallzed to 8 at birth, 4 rata being 
usad as controls and 4 as experimentals. The control pupa 
were freely nursed by the monter whereaa the malnourished 
rata were Iaolated from the rnother as watt as from their 
littermates and kept under conditions shnulat ing those of a 
rat's nest. They were placed in an incubator and held at a 
temperatura of 27-28°C for a period of 12 hr daily from 
Days 4-13 postnatal life. After the atarvation period was 
ended rata were maintained on ad lib water and Purina food 
peUets. Body weights are showed in Tabla 1. 

Procedure 

surgical procedures were perfornted under ether anea-
thesia. The animals were allowed to recover from the ancs- 

This investigation has been aided by a rant from the Foundation's Fund for Research in Psychiatry. 
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TAIILE I 

13:FECTS OF FOOD DEPR1VATION ON BOUY WEIGHT OF RATS DUR1NG DEVELOPMENT 

Agc 
(brys) 

Men ti S.E.) Body Weighi 
Control 	# 	Sturved 

% Weighi Decrease 
In Experimental liuts 

5 9,68 t 	0.47 7.66 t 	0.28 20.82 

7 13.20 t 	0.70 10.11 t 	0.98 23.35 

9 17.60 t 	0.37 13.61 t 	0.47 22.63 

tl 19.11 t 	0.81 12.75 k 	1.60 33.30 

16 23.30 r 	1.48 17.61 t 	1.47 24.39 

18 34.61 * 	3.05 24.45 I 	1.93 29.37 

30 70.43 t 	5.03 56.55 * 10.43 19.71 

180 305.31 t 16.76 290.58 t 14.72 4.82 

Hieda before startIng the experimenta. Succinylcholine 
chloride (0.001-0.004 mg/Kg, IP) was used to immobilize 
the animals in order to permit direct recording of electrice' 
activity from the specific neocortical arcas. Artificial respi-
ration was administered with short bursts of air from a 
mechanical pump connected to a tracheal cannula. Respira-
tIon thythrn was adjusted to approximately. 50/min and 
pulmonary excursions were maintained within physiological 
ranges as determinad by direct observatlons. The good con-
dition of the preparations wcre basad on the assessment of 
the ECoG, the cortica] responsiveness of the animal to audi-
tory and visual stimulation, body temperature and the ani-
mal's skln color. The operativo sites were kept moist at &II 
times with mineral oil and the animai's body temperature 
was kept constant by an enclosed circulating water heating 
pad. The ECoG was recorded from 5, 7, 9, 11, 16, 18, 30 
and 180 days of age. The technical procedure followed in 
order lo hoid the animara head and to ampllfy and record 
the ECoG from the frontal (FR), temporal (TR) and occipi-
tal (OR) reglons was similar to that previousIy describa 
(211. The scalp,'Inclsion sites and the pressure points were 
in filt rated with local anesthesla (1% xylocaine). 

The ECoG was amplified and recorded on a Grasa 79C 
EEG polygraph and stored en a SP-300 FM Ampex tape 
recordor when the preparations were in an apparent alert or 
semialert state. The time constant used for these experi-
menta was 0.02 sec couplcd with a low frequency filler of 8 
cycles. In all experiments the ECoG was also monitorcd on 
an oscilloscopo (Tektronix 502-A).. The taped data of 6 
control and 6 experimental animals In each devclopmental 
age were subJected lo an average frequency analysis by 
using a 5321-B electronic counter (Hewlett-Packard). In all 
records the counter was set to analyze at I V of input anal-
tivity, 50 successive samples of 1 sec duration at intervaIs of 
4 sec. From these dala, frequency distribution histograma 
in both normally fed or malnourished rats were obtained. 
The difference betwccn the total amount of samples taken 
in 6 control vs 6 malnaurished rata at each devclopmental 
age was aleo statIstically analyzed by the t test. 

RESULTS 

Cross' observations of records Indlcated that neither in  

controls nor in malnourished rats could consistent electro-
cortical activity be detected•before .5 days of age..Most of 
the activity consisted of prolongued periods of silente with 
very low amplitud° slow waves, Nevertheless, from 5 days 
onward, consistent electrice' activity was recorded from 
each of the cortica' reglons studied. At this age, the ECoG 
of normally red rats exhibited lowatnplitude, slow waves In 
the 1-15 cps rango with a dominant frequency rangIng 
from 6 to 8 cps. From the 7th te 1,1th postnatal days the 
proportion of fast activity in the 10-20 cps rango progres-
sively increased. This increment In frequency was associatcd 
with en augmentation In amplitude. Aftcr 18 days of age 
the ECoG has assumed adult appearance. In the group of 
malnourished rata a similar sequence of development was 
obscrved. Compared to the controls, however, the malnour-
ished tata showed an increment in the proportion of slow 
waves and a reduced voltage up to 16 days when the differ-
entes dlsappeared. 

Analysis of the taped data confirmad the aboye flndings 
as far 111c general features of the development alterations 
are concerncd. However, a more detalled quantitative analy-
sis revealed group dIfferences in the behavior of the control 
and the malnourished animal: which to some extcnt sil! 
remained in adult age, The main results of thlianalysis are 
presented In Figs, 1, 2 and 3. Between the Sth and 16th day 
the control rato exhibited a significant proportion of raster 
frequencies than the atarved animals (p<0.001).. In this age 
rango, the atarved rats showed a dorninance of slow fre-
quencies, With increasing age, however, both groups, show-
ed a progressive Increment of fest frequencies. Between 
16-30 days of age, the rete of increment was slowed clown, 
although a considerable overlapping perslsted during this 
period (p<0.001). In adult anímela the controls atila showed 
a significant proportion of raster frequencies (p<0.001). 
However in the temporal reglan the deviatIons in the elec-
trice] activity where higher than in the frontal and occipital 
reglons (FR, t 	5.64, p<0.001; OR, t a 3.57, p<0.001; 
TR, r d  9.62, p<0.001). 

DISCUSSION 

The data presented in this papen are in general agreement 
with previous reporta en humana (12, 15, 161 and anímela 



5 
60 * 60 

40 1 	40 

20 20 

O
5 10 15

0  

N
o.

  O
F

 S
A

M
P

L
E

S
 

7 

20 

O 
10 15 

9 
" 60 

40 

20 

10 15 20 25
o 

' 60 

I. . 	40 
1 

10 15 20 25 

180 
' 60 

40 

20 

16 
60 

40 

20 

O 
10 15 20 25 30 11 20 25 30

o 

FREQUENCY 

-0 
20 25 30 35 	20 25 30 35 

(cp8) 

591 ECOG IN NIALNUTRITION 

FR 

FIG. 1. Average trequency distribution histograma obtalned from the frontal cortica! region (PR) during development. There is a hal 
increment In the mode and range of histograma from 5 to 16 days of age, and Ihereafter this effect la progressively attenuated until 30 days 
when adult characteristics are apparently attained. Shaded histograma, control rata; white histograma, malnourished rata. Starved rata 
histograma differing from controls at a leve! of lignificance of p<0.001 are marked with a black square. Each hhtogram representa the 

aummatlon of 300 samples. 

properties of excitable cortfcal neurona and this, in turn 
may produce correspondtng changes in the ECoG of the rat. 

Morphologleal and electrophyalological studies [2, 3, 61 
have established the specificity of axonal connections to a 
restricted parí of the neuron. Thus In the cortica! pyramidal 
calla the cxcitatory synapsea are mainly restricted to the 
dendritic opines, whereas inhibitory connectlons occur on 
dendritfc bases and on the cell body [11,19]. In a reccnt 
publication we have reportad that in rata deprived of food 
early In lite there fa a marked reduction in total number of 
pyramidal cortica! si:diles ,f 221. These findings may partly 
explafn the predominante of slow frequencies in the starved 
rata. Presumably a considerable decrement both of excita-
tory connectIons and inhibitory synapses occurred in our 
animala. 

Finally, it is of interest to mentlon that, although grogs 
observations on the ECoG of both groups of rata exhibited 
no differences alter 18 days oí age, the frequeney analysis 
indicated that the afecte of starvation were still present 
oven at 180 days of age. The persist erice of a hfgher propor-
tion of alow frequencies in the temporal ECoG of adult 
starved rata, supporta the vlew that the temporal lobo la 
particularly sensitivo in the early postnatal perlod to the 
noxious physiological disturbancea provoked by food depri-
vation (12,251. 

Purther support of this suggestion comes from atudies of 

[14,181 that early malnutrition may exert impeding cffects 
on the dcvclopment of apontaneous cortica! rhythms. Cross 
observations of the ECoG of malnourished rata showed the 
occurrence of a marked mercase of the proportlon of slow 
waves and a reduction of the voltage before 16 days of age. 
By 18 days the adult characteristics seem to have been 
attained. Average frequency analysis of the ECoG in starved 
rata indicated that at all developmental ages (5-30 days) 
there was a marked increment in the proportion of slow 
frequencies comparad to controla. These effects were clear. 
ly observad from 5 to 16 days of age. Thcy were thercafter 
gradually attenuated until 30 days of age, In adult starved 
rata statlstically significant differences in the average fre. 
quency analysis still were obtafned, exhlbiting the temporal 
cortica! region a hlgher proportion of alow frequencfes (han 
frontal and occipital cortica! arcas. 

According to previous observations, malnutritfon of 
newborn rata resulta in retardad myelination [91, reduction 
of brain weight [81, delayed cortica! lamination [51, clase 
packing of cortica' neurona [101, loas of axon terminals in 
the cortex [81, reduction In number of spines, bollar den. 
dritic densIty and dendritic thickness [221, retardad caber 
growth and irreversible impairment in the perineurial diffu-
sfon barrier of peripheral nerves [23,241. Maturational 
changas produced by rnalnutrition may result in profound 
alterations in the cell interactions and in the membrana 
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mcntaily retarded children 14,171 and from our own obser. 
vations oí underrtourished rats showing that the late com-
ponents of evoked responses have a lamer amplitude the-
sumably because of a defect in the maturation of the CNS 
Inhibltory mechanIsm. 
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SALAS, M., C. TORRERO AND S. PULIDO. Lonverm alio-altota in ¡he maternal belinvior neonnially under-
nourithed vats. PHYSIOL. BEllAY 33(2)273-278, I984.—The effect of early food and sensory deprivadon un the maternal 
responsiveness of female rata was investigated. Animals that were neonatally undemourished by daily mother4itter 
separation (involving both food and sensory deprivation) ahowed significant deficits in maternal cure, consisting of a 
reduction in nest rnting, nursing time, and retrieving responses. Moreover, they exhibited exaggerated grooming and 
circling movements in compulsan with the controls. Dams neonatally undernouriahed by the nipple4Igation of their 
mothers mediad that minimizcs sensory deprivation) displaycd loas altcrations in maternal behavior, and no significant 
differences in grooming and circling from the controls. Thc data suggest that nest rating, nursing time, and retrieving 
lateny are closely related lo food restriction, while the frequency of grooming and circliag behavior are primarily associ-
ated with sensory deprivation. Thesc resulta support the vicw that environmental Influences relate(' to food intake and 
sensory stimulation, interacting nt critical llagas ofbrain development, are essential for the maturation of adult behavioral 
pattems, 

Neonatal undemutrition 	Sensory deprivation Maternal response 	Rats 

M'ERAL studies have suggesied that undernutrition 
throughout gestado!' and/or suckling has lasting effects on 
the social behavior [8,33], responsivcness to noveity [131 and 
aggressiveness [8,13] of the progeny, A variety of methods of 
food deprivation have been usad in diese experimenta such 
as reducing the time pups spend with their mothers, inereas-
ing the litter size, and restricting the food intake of the dama 
[20,34]. Although the behavforal alterations noted in these 
studies are associated with the nutritional state of the mother 
and/or the young, there are disruptive environmental infla-
onces present as well, such as irnpaired mother-intant inter-
actions [II, 15, 17], reduced sensory cues given by the 
underfed young that norrnally elicit maternal behavlor [12, 
29, 33, 34], and bchavioral changes in the mother [7, 24, 28, 
34]. Few altempts have been mode to separate the influence 
of sensory stimull Issuing from the mother and littermates 
from that of nutritional factors on the tater behavior of ro-
dents [14], 

The maternal response is an adaptive behávior that can be 
elicited in *gin females by repeated exposure to newborn 
rata, and which normally is manifested during the perinatal 
period by lactating rats and mace [5,21]. In an attempt to 
differentiate the Igng-term effects of environmental atimuli 
from those of nutrition, the maternal behavior of adult 
female rata which were neonatally well-fed or under-
nourished was investigated. Thc latter were deprived of food 
eithcr by daily separation from their mothers and littermates  

(Experiment I) or by the nipple-ligation of their mothers 
(Experiment 2) during the lactation podad [14]. Thus, Exper-
iment 1 explores the combinad «facts of carly food and sen-
sory deprivation on subsequent maternal responsiveness, 
while Experiment 2 attempts to minimizo the effecls of sen-
sory deprivation. 

EXPER1MENT 1 
MRTHOD 

Animas 

Thírty-two female »tu rata and their first !litem (culled 
to 8 pupa cach on postpartum day, 1), housed in wire mesh 
maternity cages (20 x40 x16 cm), served as subjects. Sixteen 
of these mothers had been neonatally undernourished by 
daily removal from the nest along with half of the litter (4 out 
of 8 pupa) to an incubator maintained at 29°C for 12-hr 
(0800-2000) from postnatal day 1-23. Thesc mothers were 
marked when pupa by clipping a digit un the right fore-paw. 
The other 16 waters constituted the control group and were 
among Ihose pupa that had remained in the nest with their 
mothers and littermates from postnatal day 1-23, cxccpt for 
a daily 3-min perlod when they were placed in the same 
1ncubator as the experimental group. The control and exper-
imental females were 'chosen al random from a total of at 
least 40 littera that had been routinely atandardized to 8 pupa 
per mother an postpartum day 1, 
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TA111.1.: 
tittlYy wiiuii 1S 1L SEM, s1'01: PUPS DIA WEEN 1 AND 20 DAYS Ql AGE UI CON11101 AND 

NEONATALLY 1,7NULKNODRISIIED FEMALE KATS 

Age 
(Pa») 	Control Undernourisha 

Number 
Animals 

(/j) 
1' 

 

Experintent 1 

1 5.23 t. 0.10 5.16 t 0.12 52 0,074 0,24) 0.783t 
5 8.91 t 0.26 6.89 .t 0.14 52 15.095 11.24) 0.009 

10 14.01 :.t 0.47 12.67 t 0.52 52 0.988 41,241 0.6681 
15 21.03 t 0.51 18.30 t 0.63 52 3.753 (1,24) 0.061t 
20 26.18 x 0.63 22.53 t 0.75 •32 5.008 (1.24) 0.032 

Experiment 2 

1 4.59 ± 0.06 4.56 t 0.07 48 0.059 (1,10) 0.8061 
5 9.66 t 0.16 7.78 t 0.21 48 9.842 11,101 0.010 

IU 15.79 t. 0.36 11.98 ± 0.42 48 7.560 (1,10) 0,019 
15 22.09 t 0.32 15.25 t 0.33 48 31.759 (1,10) 0.0004 
20 29.04 2 0,29 18.17 :t. 0.53 48 51.060 (1,10) 0.0001 

(ExporIntent I Undemourished vs. Experiment 2 Undernourished) 

1 5.16 t 0.12 	52 4.56 t 0.07 48 2.625 (1,17) 0.121t 
5 6.89 t 0.14 	52 7.78 	0.21 48 3.064 (1,17) 0,096t 

10 12.67 t 0.52 	52 11.98 t 0.42 48 0.185 11,17) 0.6731 
15 18.30 t 0.63 	52 15.2.5 t 0.33 48 2.918 (1,17) 0.1021 
20 22.53 t 0.75 	52 18.17 t 0.53 48 3.841 11,17) 0.0641' 

(Experiment 1 Control vs. Experiment 2 Control) 

5.23 t 0.10 	52 4.59 t 0.06 48 11.759 (1,17) 0,003 
5 8.91 t 0.26 	52 9.66 t 0.16 411 1.309 (1,17) 0.267) 

10 14.01 t 0.47 	52 15.79 t 0,36 48 1.782 (1,17) 0.1971' 
15 21.03 t 0.51 	52 22.09 ± 0.32 48 0.961 (1,17) 0.6561 
20 26.18 t 0.63 	52 29.04 ± 0.29 48 7.419 (1,17) 0.015 

•p Values were calculated usIng a 2 way ANOVA. 
tNot significant difterence. 

The two groups were weaned and weighed al 25 days of 
age, alter which they were alluwed free access lo water and 
food (Purina chow). The females were kept in groups of 4-5 
until reaching 110-120 days of age when they were meted 
with neonatally well-fed malo rats of similar age, and subse-
quently tested for maternal behavior. All subjects were kept 
in an air-conditloned colony room maintalned at a constant 
temperature and humidity, and a 14-hr light (0700-2100)40-
hr dark (2100-0700) illumination cycle. Food and water were 
available ad lib. 

Procedure 

Approximately 3 days before parturition, nulliparous 
females were placed individually in wire-mesh maternity 
cages (20 x40 x16 cm) provided with forty paper strips (ca. 
12 g) as nesting material. Water and food were placed in the 
front of the cages and, in oil cases, the female chose either of 
the back tornera of the cage as her nest cite and used the 
paper strips to construct a nest. Daily 10-min observadons of 
maternal behavior were carried out between 1000 and 1200 
hr from day 1-21 of the lactation period. The observer re•  

mained quietly !meted in the animal roorn, approximately 1.5 
m from the cage, and scored visually the duration of nursing, 
and the frequency of sellgroorning and circling by thc 
mother. Nursing and grooming generally appcarcd inde-
persdently; however, when they were concurrent both the 
number of grooming bouts and the nursing duration were 
scored. Circling behavior was not observed concurrently 
with any othcr behavior. A nest rating was made im-
mediately following each 10-min observation perlod. The 
first of the 21 dally observations besan within 16-hr alter 
1114 (first observation ..postpartum day 1). A rctricvfng test 
was performed on days 4, 8 and 12, after the nest rating had 
been made at the end of the 10-min observation perfad. This 
test was performed on only three days, to limit interference 
with mother-infant interactions. For the test, the mother was 
taken out of the heme cage and all pups viere removed 10-15 
cm from the nest, and then the mother was replaced on thc 
empty nest. 

Behavior 

The behaviors studied were categorizad as follows: 
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a 
FR3. 1. Alean nest ratings (iSEM) obtaincd from lactating control 
(e) and neonatally undernourished (U) mothers. Scoring was made 
as follows: 3, round well-madc nest of approximatay 3-4 cm in 
height; 2, partially destroyed oval-shaped nest; I, nearly dcstroyed 
nest of amorphous shape. Undernourishment was carried out by (A) 
daily separation from thc mother and littermates or (13) nipple-
ligation of the mother. Asterisks indicate days on which diffcrences 
betwecn U and C incuben were statistically significante (p<0.03). 

Nes: Ming. This was ecored dally on the basIs of the 
shape and dimenslons of the ncst. A score of 3 was assigncd 
to a round well-made ncst of approximately 3-4 cm in height; 
2, (o a partially destroyed oval nest; and 1, to a nearly de. 
stroycd nest of amorphous shape. The nest retinas were 
made without disturbing the mother and her tater. 

Nursing tinte. Nursing béhavior was defined as the main-
tenance of a crouching posture on the part of the mother over 
the pups, permitting theta easy access to her nipples for 
suckling. The female usually had her hindlegs stretched out 
over the pups and her back arched. 

Frequenry of grouming. The frequency of self.grooming 
bouts defined as face washing, fur licking, and ecraiching 
was recorded daily during the 10-min observation period. 

Grating behaviur. Thc frequency of the initiation of cir-
cling behavior (walking or running in a circle while trying to 
bite or reach the tan for a total of 3-20 complete rounds until 
the tail was held in the mouth and then meted on the ncst) 
was recordad during the 10-min observation spatt. 

Re:devil:u latency. The latency of retrieval was defined 
as the time which elapaed between the mother being placed 
on her empty neat and the retrieval of the first of her pupa. 

Because little variation was observed in the values of thc 
nest-rating, nursing time, grooming and circling from one 
day to the other, it was arbitrarily decided to analyze each 
behavior every other day (days 1, 3, . . 21). Thcse scares 
were competed in a 2 (Nutritional Regimes) x 11 (Days) 
ANOVA with repeated measures on time [351. A similar 
analysis of variance, 2 (Nutritional Regimes) x 3 (Days) was 
computed for scares of retrieving latency. Additionally, a 
one-way analysis of variance of behavioral data on each day 
postpartum was piso performed. Fifty-two pupa of each ex-
perimental group were initfally selected at random and were 
weighed on day 1 and every five days thcreaftcr. These 
animais were marked for identification by ink-coloring a part 
oribe nepe, Body weights were analyzed on each day with a 
threc-factor "nested" analysis of variance with offspring 
"nested" within huera within treatment groups. 

MUTAS 

At weaning undernourished females to be meted in adult-
hood exhibitcd slgnificantly lower body weights (mean tSE:  
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FIG. 2. Mean nursing time (±SEM) in scconds of lactating control 
and neonatally undcrnuurished mothers observed over a 10-min 
periad. See Fig. I for experimental conditions and symbols. 

1 	 e 

FIG. 3. Mean frequency (±SUM) of self•grooming (face washing, fur 
licking, scratching) by lactating control and neonatally under-
nourished mothers observed over a 10 min perlod, See Fig, i for 
experimental conditions and symbols, 

31.91 g±0.63) competed to their controls (49.61 g±0,139), 
p <0.001 (Nes°. Although the weights of these females were 
not recorded at the time of mating in the present experiment, 
we have observed a significant reduction in the weight of 
adult mate rata undernourished by the same procedure used 
in other experimenta [23). On posinatal Day 1, the body 
weights of the pupa from the previously undernourished and 
control mothers were very similar (Tabla 1), indicating that 
they differed little at the time of birth, though the weights of 
their mothers may have differed. Although not systemati-
cally determinad, it appears that there were no differences in 
the number of pupa born to the two groups of mothers. 

Pupa from early undernourished mothers had a tendency 
to weigh leas than "paha of normally fed rata throughout 
the experimental period (Table 1). However, the analysis of 
variance on each day revealed that body weights were sIgnif-
icantly lower only on days 5 and 20, F(1,24).015.095, 
p<0.0009 and F(1,24)ie5.008, p<0.032 respectively. This 
tendency to reduced weight of the pupa might suggest a de-
fictency in the maternal cate of early undernourished dama 
that atunted thc growth of the young. 

Analysis of the mean nest-rating scores of early under-
nourished and control females yielded the main effect of Nu-
tritional Regime, F(1,30)4.251.32, p<0.000002. Additionally, 
no significant interaction was observed. The analysis of vari-
ance in each of the days of study revcaled aignificantly lower 
neat ratings (p<0.05) for carly underfed mothers (Fig. 1A). 
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FIG. 4. Frequency of eircling movements morded over the lacta. 
tion periud mude by control and neonatally undernourished 
mothers. Sre Fig. 1, for experimental eunditions and symbols. 

Control mothers spent more time nursing than did carly 
underfed mothers, F(1,30) 60.63, p <0.000002 (Fig. 2A). No 
significant interaction was observed. Time spcnt nursing by 
carly underfed mothers changed little over the first 17 days 
of lactation, whcreas that of control mothers increased bc-
tween days 1 and 5 and then decreased markcdly. Nursipg 
time differed significantly between groups cm each of days 1, 
3, 5, 7, 9. 11, and 15, bul not therearter. 

Mean grooming scares are given in Fig. 3A. Group differ-
erices were statistically significant, F(1,30) ul 11.68, p <0.002, 
with early underfed scares high, control scares law. 
Morcover, a significant Nutritional Regime x Days interac-
tion, F(10,300).21.82, p<0.05 was observed, Analysis of 
variance at each day during lactation revealed that grooming 
behavior uf underfed mothers did not differ from control 
mothers during the early days postpartum, but the underfed 
dams groomed significantly more (p <0.05) en Days 7, 11, 15, 
17 and 21 postpartum (Fig. 3A). 

Circling behavior has not been reponed in previous 
studíes of early undernutrition and maternal behavior te our 
knowledge. This stereotyped pallen* of movements was 
manifested by 14 of the 16 neonatally undernourished 
mothers and by 4 of the 16 normally fed dama, When pres-
cal, Chis activíty continued for 5-30 scc, with a total of 3-20 
complete circular movements. This behavior appeared en 
days 1-13 in early underfed rats and peaked en day 1, while 
in the control rata it was manifested en days 1-5 and en day 9 
with less intensity and duration (Fig. 4A). Analysis of the 
mean number of circular movements per day yielded a main 
effect of Nutritional Reglme, F(1,30)i=6.65, p<0.014. No 
significa:1t interaction was observed. The analysis of van. 
anee on each day of the study revealed significant dilTer- 

• erices (p<0.02) only on Day 7 postpartum. 
Lady undernourishcd mothers were• slow in retrieving 

pups when compared to control mothers, F(1,30)*.15.32, 
p<0.00074. No significant interaction was observed, The 
analysis of ~lance en each day of the study showed that 
early underfed rats were significantly (p<0.02) slower te 
start retrieving each day (Fig. 5A). 

EXPER1MENT 2 

While the previous experiment Indicates the presence of 
severo alteratfons in the maternal behavior of mothers 
neonatally deprived of food and sensory stImulation, ft is 
difficult to determine to what extcnt they are due to the 

FIG. 3. Mean lateney (-iSEM) in seeonds, for the retrieval of the 
First pup alter plarement of the mother on an empty nest. exhibited 
by factating control and acanalan),  undernourished dams. Ser Fig. 1 
for experimental condítions and symboll. 

long.term effects of early rolad restriction, neonata! sensory 
deprivation, andier altered patterns of behavior exhibited by 
pups reared by such mothers which affcct the maternal per-
formance (20,34). Nipple-ligation of the mothers, known lo 
minimizo the advcrse effeets of sensory deprivation inherent 
In uther underreeding techniques [14), was used in this exper• 
iment tu undernourish infant rata. 

METIIOD 

Su bjec is 

Eight of the 16 Wistar rata (100-120 days of age) used in 
Chis experiment carne from 2 paired littera that had been un• 
dernourished during the carly postnatal period by means of 
the subcutaneous nipple-ligation of one of the mothers [14). 
The paired Huera were alternated between the nonligated 
and ligated mothers every 12-hr, from postnatal day 1-23. 
Pupa were marked by the right car elipping procedure, The 
eight controls also carne from 2 paired littera that were alter. 
nated between two nonligated mothers. The females from 
!hese litters were weaned, reared, and mated in the colony 
room as In Experiment 1. The Huera In both the parental ami 
filial generations were standardized te 8 pupa. 

Procedure 

The procedures used to assess materna) behavior were 
Identical to !hose used In Experiment 1. The 48 pups in each 
group were weighed as In Experiment 1, 

RESULTS 

At weaning, the early underfed females (later to be 
mothers) weighed significantly feta (25.15 gt 1.19) compared 
to their controls (51.15 gt1.76) p<0.001 (r-test). The 
analysis of variance performed on each of the days of body 
wcight determination showed that pupa from early underfed 
dama weighed significantly leas (p<0.05) than Pues raised by 
normal mothers from Day 5-20 postpartum (feble 1). The 
compulsen of body weights between offspring of formenly 
undernourished animais of Experiment 1 and 2, did not re. 
vea! significant Mermes (rabie 1). Moreover, the com- 
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parison of Lady weight measurements between controls of 
Experiment I and 2 showed signiticant diffcrences only on 
Days 1 and 20 postnatally, F(1,17)=11.759, p <0.003 and 
F(1,17)wp<0.015 respectively (feble 1). 

Thc analysis of the mean nest-rating scores revealed a 
significant main Wat of Nutritional Regime, F(1,14)=26.99, 
p<0,0002, and a significant Nutritional Regime x Days in-
teraction, F(10,1414:23.95, p <0.0002. Overall, control 
mothers made bettcr ncsts. Thc interaction componcnt is 
explained by the finding that the ncst ratings of the two 
groups were similar carly in lactation but that those of carly 
underfed mothers started to deteriorate about a week beforc 
those of control mothers (Fig. 113), resulting in significant 
differences between groups only on Day 5 and Days 9•-13 
postparturn (p <0,05). 

The signiticant main effect of nursing time of Nutritional 
Regime, F(1,14)=329.48, p <0.0002, indicales that neonatally 
food deprived rato spent fess time feeding their young. The 
Nutritional Regime x Days interaction was not signfficant. 
The analysis of variance en each day of the study showed 
significara differences en Day 7 and Days 11--13 postpartum 
(p<0.05) (Fig. 213). 

Underfed dams when compared to their controls did not 
show significan! differences in grooming throughout the ex-
perimental period. Additionally, no interaction was ob-
served. The analysis of variance in cach of the days of the 
study did not show significant differences (Fig. 313). 

The riman number of circling movements of early under-
fed dama was indistinguis hable from controls throughout the 
experimental period (Fig. 413). No significant interaction was 
detected. The analysis of variance in each of the days of thc 
study did not reveal significant differences. 

Analysis of the retrieving latency scares indicated that 
carly underfed mothero were slow when compared to the 
controls, F(1,14)=6.88, p <0.01, throughout the experi-
mental period. There was no significant interaction. Addi-
tionally, thc analysis of variance in each of the days of lacta-
!ion revealed significant differences (p<0.05) only on Day 8 
postpartum (Fig. 513). 

GENERAL DISCUSSION 

Thc resulta of Experiment I indicare that early undernu-
trition by separation of pupa from the mother and Iittermates 
has long-lasting effects on the maternal behavior of the 
progeny, consisting of a reduction in ncst rating and nursing 
time, and Iengthy retrieval latencles. Although studies have 
consistently shown that acule mainutrition of mother rats 
during the gestation and/or lactation period (sec) severety 
interferes with maternal responsiveness [7,15], we have pre-
sented evIdence of altered maternal behavior in well-fed 
adult female rata that were underfed only during the early 
postnatal parlad. 

Many of the short and long-terco effects of early malnutri-
don appear to be produced by both nutritional and non-
nutritional factors, including the concentmtion of protein or 
essential fatty acida in the diet, the amount of handling, and 
the mother-infant rclationship [8, 18, 20, 28]. The procedure 
used in Experiment I to undernourish dama early in tife 
combined both food restriction ami sensory deprivation. The 
!atter alone has been shown to interfere with ernotional [2] 
and exploratory [13] responses. Our data support the hy-
pothesis that the effcct of food and sensory deprivation are 
potentiated when thcy are simultaneously present [13]. Tu 
our knowledge, no studies have been carric(' out on the ef- 

Uds of early undernutrition en later maternal behavior in 
luctating ruta. It has been demonstrated that virgin females 
that were subjccted to protein deficiency in early life show a 
reduction in both the number of contact.s and total time spent 
with pupa, and long retrieving latencies [9]. However, due to 
diffcrences in the endocrinological mates of females, proce-
dures used to undernourish the infant rata, and tests for ma-
temal responsiveness, it is difficult to compare thosc resulta 
with ours. 

The linding of a high levet of grooming behavior in the 
neonatally malnourished mothcrs In Experiment 1 is consis-
tent with studies showing exaggernted sclf-grooming in 
underfed mothers concomitant with the acule period of food 
restriction [7,15]. Similar behavior has also been obscrved in 
malnourished nonlactating adult animals [23]. A tendeney to 
show high levels of grooming was cxhibitcd by the control 
rats in both Experiments I and 2 during the first day of the 
lactation period, perhaps related to the licking of membrane 
and removal of liquido from the genital ami abdominal re-
glarla, behavior that norman},  accompanies birth. Thus, our 
results suggest that neonatally well-fed rats are initially more 
active in cleaning the genital and ventral abdominal regions 
Iban early underfed dama. Whatever the causes of self-
grooming, It is a persistent and compulsive behavior that 
appcars to compete with the maternal responsiveness of the 
neonatally undemourished mothcrs. 

The compulsive clan behavior that was displayed by 
females that had been underfed during early infancy by re-
moval from the nest was unexpected. This type of activity 
has been observed in dogo that were sensorially deprived 
early in life [31], and also in rata without previous hoarding 
experience [32], or in response to chemical or electrical 
stimulation of the brain [4,19]. The neonatally under-
nourished dama In Experiment 1 appear to be prone to this 
response, which is Interesting in view of the reponed 
heightening of nervous system cxcitability in malnourished 
rata [6,24]. Seveml studies in both man and taboratory 
animals have suggested that the temporal lobo structures are 
very sensitive to severo perinatal undernutrition, manifested 
by EEG abnormalities [23,30]. However, the greater inca• 
dence of circling and grooming responses are probably 
primarily related lo early sensory deprivation, since low 
levels of these behaviors were observed in rata that had been 
neonatally undernourished by the nipple-ligation technique 
(Experiment 2) which minimizes sensory deprivation. 

Sensory stimulation playa a fundamental role in normal 
brain growth and in the acquisition of long-torra behavioral 
responses [1, 10, 26]. The procedure used in Experiment 2 
may be effective In at least purtially dissociating the factors 
of nutrition and sensory stimulation, which cannot be done 
with other methods of postnatal undernutrition. However, if 
neonata! malnutrition impedes the central and peripheral 
neurophysiological development of the newborn [3, 16, 22, 
25, 27], it is unclear how much the sensory input of the 
undemourished pup is reduced, and thus to what extent this 
sensory deprivation is involved with impaired maternal per-
formance. 
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A Golgi-Cox study was conductcd in neurons of the reticular and lateralis thalamic 
nuclei in normally and early undernourished Wistar rats at 12, 20, and 30 days of 
uge. In a total of 630 neurons the cell body and the dendritic field arcas, as well as the 
number ofdendritic prolongations from camera lucida drawings were quantitated. A 
general and significant reduction in most reticular thalarnic nucleus measurements 
of early-food-deprived rats was observed compared with control littermates. Addi-
tionally, reticular thalamic cells in both normal and neonatally underfed rats exhib-
ited a progressive decline, particularly in cell body arca with increasingSge. In con-
trast, the lateral thalamic nucleus did not show significant differences between groups 
when similar neuronal measurements were carried out. The reticular thalamic nu-
cleus is normally related to the control of sensory afferent transmission, and early 
food deprivation interferes with the growing process of this nucleus. Therefore the 
present data support the hypothesis that noxious perinatal environmental influences 
may result in a maturational deficiency of central nervous system modulatory 
mechanisms, ©1986 Academie Press, Inc. 

INTRODUCTION 

Studies on early food restriction and neonatal thyroxine administration in 
the rat have suggested interference by these factors with the development of 
possible central modulatory mechanisms in sensory afferent transmission. 
Evidence stems from increased amplitude of both spontaneous and pro-
voked cortical electrical activity, increased duration of repetitive afterdis- 
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charges elicited by sciatic nerve stimulation (19, 20, 22), decrease of the 
threshold to provoke convulsive seizures (6, 29), and prolongation of both 
spontaneous and provoked mitra' cell electrical responses to tetanic stimula-
tion (17). 

Morphological studies suggested that the thalamic reticular nucleus (TRN) 
might exert a modulatory influence on a large number of both specific and 
nonspecific thalamic nuclei (23). Subsequent morphophysiological studies 
provided evidence for an inhibitory influence from the TRN on the neurons 
of the dorsal thalamus, particularly those related with the control of visual 
spatiotemporal afferent messages travelling to the visual cortica' arca (8, 9, 
13, 18, 28, 33). Furthermore, additional anatomic findings showed that TRN 
neurons project to essentially all thalamic nuclei, producing a powerful in-
hibitory influence on the transmission of sensory afferent messages (9, 
13, 18). 

Little is known about the role of various perinatal influences on the devel-
opment of central nervous system structures underlying the ascending sen-
sory information. This report investigated the effects of early food restriction 
on maturation of the neurons of the reticular and lateral thalamic nuclei in 
the rat. 

MATERIALS AND METHODS 

Timed pregnant Wistar rats were housed individually in breeding cages 
with food and water ad libitum in a temperature-controlled room (24 ± 1°C). 
At birth animais of either sex were grouped finto litters of eight pups per 
mother by adding or removing extra male pups. Neonatal undernutrition 
was produced by transfering daily one-half of the litter (N = 4) from the nest 
to an incubator maintained at 29°C (0800 to 2000) for 12 h from postnatal 
days 1 to 23. In all cases underfed pups (N = 8) were placed together inside 
the incubator, so they were able to maintain certain type of physical interac-
tion during the 12-h period of isolation. The control group consisting of the 
other haif of a litter (N = 4) remained in the nest with the mother during 
postnatal days 1 to 23, except for a daily 10-min period when they were 
transferred to the same incubator as the experimental group (22). This ma-
neuver was done in order to submit the control pups .to the unavoidable 
handling effects endured by earty-underfed rats because of the experimental 
procedure. Animals were weaned at 25 days of age after which they had free 
access to water and food. All subjects were in an air-conditioned colony room 
at constant temperature and humidity, and a 14-h light (0700 to 2100):10-
dark (2100 to 0700) illumination cycle. Eight subjects per group (four con-
trols and four experimentals) were weighed and deeply anesthetized with 
ether, then intracardially perfused with salive and 10% neutral buffered For-
malin at 12, 20, or 30 days of age. After 12-h fixation, the spinal cord was 
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severed at the upper end of cervical segment C1 and the entire brain was 
removed. Coronal sections (100 to 150 pm) from the diencephalon were 
stained using the Golgi-Cox procedure. 

Location and identification of neural structures were based on the Sher-
wood and Timiras Atlas (26). Anterior-posterior coordinates to localize the 
TRN corresponded to 4.1 to 1.6, 5.3 to 2.6, and 5.9 to 3.8 mm; for the LN 
coordinates corresponded to 3.2 to 2.0, 4.2 to 2.9, and 5.0 to 3,8 mm from 
the younger to the older experimental groups, respectively. Slides were coded 
and camera lucida drawings of each neuron were obtained at X675. Sixty 
complete and well impregnated neurons were selected in each experimental 
condition and group of age as follows: 15 cells per rat were examined and 
quantitated, 5 each from the dorsal, lateral, and ventral portions of the TRN. 
Concerning LN neuronal sampling, 45 complete and well impregnated neu-
rens per experimental condition and group ofage were examined in the same 
rats used for TRN measurements. Cell body and dendritic field areas were 
measured with a Ladd graphical digitizer. Dendritic field extension was ob-
tained by measuring the area enclosed by a fine traced at the tip of all den-
dritic prolongations. Additionally the number of primary, secondary, and 
tertiary dendritic branches measured in the camera lucida drawings were 
also noted. No attempt was made to correct the compression of the three-
dimensional dendritic tree to a two-dimensional sketch. According to other 
studies the relative differences between neurons remain basically constant 
when transformed from three to two dimensions (3, 27). 

Under ether anesthesia, two additional rats per age group and treatment 
were intracardially perfused with 10% buffered Forinalin, their brains were 
serially sectioned in the frontal plane, at a thickness of 60 to 80 pm. The 
sections were stained (Nissl rnethod) and used for recognition, extension, 
and general morphology of the TRN and LN. Statistical significance between 
experimental groups and ages were compared in a 2 (nutritional regimes) 
X 3 (days) ANOVA with repeated measures on time (32). When statistically 
pertinent, t tests were also carried out for each day postpartum. Statistical 
differences between ages on cell body and dendritic field areas and experi-
mental conditions were determined using Scheffe's test. Additionally, statis-
tical comparisons on the number of dendritic prolongations were done vvith 
Mann-Whitney U tests. 

RESULTS 

Quantitative analysis of mean cell body area indicates than TRN neurons 
of early-underfed rats had undergone a significant reduction compared with 
the mean values of control cell body areas (Table 1). In addition, a significant 
decline in this parameter was also observed with age in both experimental 
conditions, although the reduction was evident mainly from 12 to 20 days of 
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TABLE 1 

Analysis of Variance of Mean Ccli I3ody and Dendritic Field Arcas in Reticular (TRN) and 
Lateral Thalamic Nuclei (LN) Neurons of Control and Early-Undcrnourished Rats at 12, 20, 
and 30 Days of Age 

Measurements Hypothesis Calcula ted F Significance 

TRN, mean cell body 
arca (N = 360) 

Nutritional regi mes (Factor A) 26.97 <0.00002 

Ages (Factor 11) 19.55 <0.00001 
TRN, mean dendritic A 16.15 <0.0002 

field (N 	360) 13 2.44 NS4  
LN, mean cell body A 0.10 NS 

atea (N 	270) 13 12.87 <0.0004 
LN, mean dendritic A 4.05 <0.0424 

field (N' 270) 13 1.07 NS 

Nonsignificant differences (P > 0.05). 

age. Comparisons between groups at each developmental age showed lower 
significant values ' in early-underfed rats only at 12 and 20 days of age 
(P < 0.05). The analysis .of cell body area values (Scheffe's test) at postnatal 
day 12 vs. 20 and day 12 vs. 30 in controls, and at day 12 vs. 20 postpartum 
in the underfed group exhibited also significant differences (P < 0.05). 

Mean cell body aria values in LN neurons were not affected by early food 
restriction diroughout the experimental period, although this parameter was 
significantly affected by age (Table 1). No significánt differences between the 
experimental groups were observed at each developmental age. 

Mean dendritic field area measurements of TRN neurons in early-mal-
nourished rats exhibited lower significant values compared with controls 
(Table 1). Concerning thé effeet of age on this parameter no significant 
differences were observed. Comparisons at each developmerital age between 
the experimental groups indicated significant reductions only on days 12 and 
20 postpartum. The Scheffe's analysis revealed a significant difference only 
when the dendritic field values between day 20 vs. 30 postpartum were com-
pared In control rats (19  < 0.05). No significant differences were observed in 
the underfed group. 

Although the LN mean dendritic field area measurements showed a sig-
nificant decrease in the undernourished group throughout the days of the 
study (Table 1), cornparisons between groups at each developmental age re-
vealed a significant reduction in. underfed rats only at 12 days of age. 

The number of dendritic branches of TRN cells exhibited significant re-
ductions (P < 0.05) in most ages and types of dendritic extérisions in the 
early-undernourished group (Table 2). However, this effect was partiCularly 
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TABLE 2 

Mean Number of Dendritic Prolongations per Neuron of the 
Reticular Thalamic Nucleus during Development 

Age Primary Secondary Tertiary Total 

12 days 
Undernourished (N = 45) 
Control (N = 43) 

3.79 ± 0.16 
5.02 ± 0.24 

6.96 ± 0.33 
9,53 ± 0.46 

7.00 t 0.52 
9.40 t 0.73 

5.91 ± 0.24 
7.98 ± 0.34 

Significance P < 0.0005* P < 0.0001* P = 0.0465* P<0.0003* 
20 days 

Undernourished (N.= 45) 4.42 ± 0.17 836 ± 0.30 7.56 t 0.57 6.77 t 0.27 
Control (N = 43) 6.20 t 0.80 9.55 t 0.38 10.22 t 0.47 8.39 t 0.29 
Significance P < 0.0125* P = 0.0485* P = 0.0057* P <0.0125* 

30 days 
Undernourished (N = 45) 4.11 t 0.21 6.73 t 0.32 6.20 t 0.51 5.76 ± 0.24 
Control (N = 43) 3.91 ± 0.20 7.67 ± 0.39 9.13 t 0.59 6.92 t 0.31 
Significance NSa NS P= 0.016* P = 0.0110* 

Nonsignificant differences (P > 0.05). 
* Significant differences, Mann-Whitney U test. 

consistent and statistically significant when the total number of dendritic 
prolongations was compared (P < 0.05). The analysis of the number of den-
dritic extensions in LN neurons in most ages and dendritic orders did not 
show significant differences (Table 3). 

Body weight comparisons between groups at each developmental age indi-
cated significantly lower values (P < 0.05) in early-underfed rats than con-
trols (Table 4). 

bISCUSSION 

Our data indicate that neonatal undernutrition produced by removing 
pups from the mother and littermates interferes with TRN development, as 
evidenced by the statistically significant reductions in the mean values of the 
cell body area, dendritic field extenSion, and number of dendritic prolonga-
tions. Previous electrophysiologic evidence suggested that the TRN is in-
volved in the modulation of sensory afferent messages ascending to telence-
phalic struétures (8, 28, 33). Our results clearly reveal an interference with 
the morphologic maturation of the TRN, compared with LN neuronal devel-
opment, This interference might presurnably produce an imbalance in the 
inhibitory action exerted by the TRN upon other thalamic nuclei for the 
filtering of spatiotemporal patterns of ascending activation. 

The results also show that the mean cell body area and the dendritic field 
extension in both the control and the undernourished groups have a progres- 
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TABLE 3 

Mean Number of Dendritic Prolongations per Neuron of Che 
Lateral Thalamic Nucleus during Development 

Age Primary Secondary Teniary Total 

12 days 
Undernourished (N = 45) 4.13±0.12 7.26 ± 0.22 7.06 t 0.41 6.15 ± 0.20 
Control (N = 43) 4.26 ± 0.27 7.73 ± 0.27 8.44 ± 0.35 6.81 t 0.22 
Significance NS" NS P= 0.0158* P = 0.0436* 

20 days 
Undernourished (N = 45) 4.00 ± 0.14 7.28 t 015 8.64 t 0.39 6.64 ± 0.23 
Control (N = 43) 4.04 t 0.12 7.44 t 0.24 7.28 t 0.34 6.25 ± 0.19 
Significance NS NS P= 0.009* NS 

30 days 
Undernourished (N = 45) 4.40 t 0.18 7.57 ± 0.26 7.37 ± 0.41 6.45 ± 0.21 
Control (N = 43) 333 t 0.11 6.64 t 0.24 8.04 ± 0.36 6.14 ± 0.21 
Significance NS NS NS NS 

Nonsignificant differences (p > 0.05). 
• Significant difference, Mann-Whitney U test. 

sive tendency to decline with increasing age, the effect being particularly sig. 
nificant for the mean cell body arca from days 12 to 20 postnatally; in addi-
tion this occurs from days 20 to 30 postpartum in the mean deridritic field 
arca of controls. These data suggest that during brain growth perhaps a re-
modelling process of the synaptic connectivity Cakes place, in arder to opti-
mize the TRN outflow. It is known that in rat and kitten the brain stem 
reticular core exhibits a progressive loss of heteromorphic protospines from 
postnatal day 11 until 20 days postpartum and longer (10, 25). Similar results 
have been noted to occur during the maturation of other neural structures 

TABLE 4 

Body Weights (g) in Control and Early-Undernourished Rats during Development 

Age (days) 

Treatment 	 12 
	

20 	 30 

Control (N = 4) 	 13.15 t 0.66 	30.72 t 0.67 
	

55.15 ± 3.61 
Undernourished (N = 4) 	11.02 t 0.40 	16.25 t 1.33 

	
36.95 t 1.98 

P values* 	 <0.05 	 <0.001 
	

<0.02 

* Student's ítest. 
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(4), or in the electric multiunit activity of the inesencephalic reticular forma-
tion in response to Iight and sound in the developing rat (30). Because the 
limited ages chosen in this study, it might be difficult to understand if the 
smaller cell body size in 12-day-old undernourished rats reflects an effect of 
early undernutrition or a suppression of cell growth. However, on the view 
that in both cortical and reticular cells, the transition of protospines to ma-
ture spines appears to begin shortly after the 10th postnatal day (10, 24, 25), 
it is possible that the cell reduction in the present study might be primarily 
related with early undernutrition. The appearance of a relative specificity of 
the TRN to control thalamic nuclei discharges toward the cortex (8, 13, 28, 
33), the progressive reduction in the subcortical sensory afferent transmis-
sion to the TRN as a result of functional specificity, and the maturation of 
some other afferent modulatory systems upon the thalamus to control the 
increasing sensory stimuli because of ear and eye opening and increased pro-
prioception, may probably induce this TRN morphologic rearrangement. 
Neonatal undernutrition apparently does not change this pattern of organi-
zation, but it severely interferes with the sequential development of the tha-
lamic substrate (21). The possibility exists of an overfeeding situation in the 
control pups because of the undernourishment procedure here used might 
complicate the interpretation of our findings. However, previous studies re-
vealed no significant body weight differences between control mate pups and 
those maintained by part-time use of an incubator, or by randomly pairing 
nipple-ligated or "aunt" nonlactating dams with normally lactating rats (5, 
22). The mechanisms through which early undemourishrnent impairs TRN 
maturation are unclear; however, the reduced amount.  of nutrients, de-
creased sensory environmental stimuli (7, 16, 22) and hormonal abnormali-
ties accompanying early food restriction (2, 14, 31) might be interfering with 
the thalamic substrate for the modulation of the sensory afferent messages 
continuously pouring into the central nervous system. 

Brain modulatory action through cortical and subcortical mechanisms is 
an active and fundamental process, necessary for the integra tion of a number 
of complex physiologic phenomena such as habituation, attention, learning, 
etc. (1, 11, 12). Our experimental data could perhaps be related with the poor 
physiologic performance cornmonly observed in subjects suff'ering from 
early undernutrition (7, 15, 16, 22). 
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SALAS, M., S. PULIDO, C. TORRERO AND C. ESCOBAR. Neonata] undernutrition and ulf-groomíng development la ¡he 
ron Lanttorm opas. PHYSIOL BEHAV 50(3) 567-572, 1991.--Tho effect of ~natal undemutrition on ala diffment *olí-
grooming componente was examined la mala tau during the pm- and posiweaning periods. Rata underfed by the maternal nippic-
ligation procedme balote weaning did npt eahiblt significant score differencts m the varían self-grooming measurementa. la 
mutat, alter weaning doy showed a significara Increment le the duration of face-waahing, head-washing, fur licking and My. 
scratching. in III cata, the total postweaning self-grooming activity wat aignificantly increued In the formerly underfed ros. 
Present data auggest that neonata! undernutrition may possurnably lamiere with the anuencia! maturational prucascs of central 
andtor peripheral mechaniarns underlying soma componenta of telf-groonting behavior. 

Early undernutritlon 	Self-groorning development 	Rata 

1T has been suggested that during brida maturation, the excita-
tory processes frequently devetop earlier Man the inhibitory ores 
(4,7). 'Mese studies suggest that structures which matute tater 	Anbnals 
may ex,ert modulatory influencea upan neural structures devel- 
oped earlier. Thus It has been suggested that a number of be- 	The subjects viere Matar suele retv(Rattus norvegleas) 
havloral patterns, such as locomotion, Emir:ming, telf-groorning, 	tatned flux' a colony maintained by the Instituto of Invutíg 
etc., are largely modulated through different dlencephalic and 	clones Blomedicas, University of Mesico. Porty-elght tralliparod 
telencephalic mechanisms (3, 7, 22, 30, 33). Moreover, data 	rata between the riges of 100-110 days were housed In 6 group 
have Also shown that oyeran tavola of behavioral emula!, are 	of 8 females with 4 males of similar ego, with food and viste 
regulated by exeltatory and Inhthitoil structures which become 	ad lib. Pregnant rata were removed from the piado breedin 
efflcient during the first monte of life In the raí (7, 8, 22. 23). 	cages and placed in individual matemity cagas (35 X27 X17 c 

Among the numerous rodera behavioral paneras, self-groom- 	wIth grill topa, 2-3 laya beton: the eadnutted date of parturit 
ing is an Important component of the repertoire that may play a 	don. The date of deliver" wat retened *o u day O of poste:nal 
central role in redueing ectoparasitiom (5), it is a menos for 	life. Within 24 h aliar birth, mate pupa were randomly redIatrib- 
evaporative coolIng (13), for deaning and maintenance of tira 	uted to 32 dama, so that each litter consisted of 8 mala pupa. 
pelage (26), It inermes with rige (13) and in unfamillax condi- 	The redistribition was Intended to balance possible ganado and 
dont (12,14) and la associated with reproduction (24,28). nora- 	prenatal blological difterences between littera. Atl rata were kepí 
fere, self-grooming may siso be a helpIkil tool to evaluare the 	on a 14-h light:10-h dad (iights on at 0700 hours) schedule In e 
effecta of palma! influences (20). 	 room themiostatIcally maintained at 22-24°C. In all cases, the 

PreVi0118 evidence has shown an Mercase in selfgrooming 	bedding constated of wood shavings. 
activity in lactationally mainounshed rata 100 to 500 days alter 	The underfed • pupa usad ln thla experiment (n eiI6) cara 
commencement of nutritional rthabilitation, and in lactating dama 	from 8 pairo of litteri which had been nema:any undernottrishik 
underfed early 1r1 life (II, 18, 20), suggesting that in the rat, 	by mesas of the subentaneous nipple.11gation of ona of the 
early food andior social deprivation, among pitear lactes, may in. • (18), In 411 cases, the nonligated and ligated hictittIng" ItiOthei 
tetíere with the ontogeny of mechanisms underlying self-groom- 	were alternated between each pair of linero 'every 12 h (at O 
ing activity. 	 and 2000 h), from postnatal day 1 to 24. Thiut, for the 8 

The ab of thia study was to perforen a longitudinal analysis 	fed pupa of one linee of each pair, undernutrition montad duk- 
of the development of different self-grooming componente in 	ing the ilght pilare (0800 lo 2000 h) and for (he 8 pupa of 11 
both normal luid underfed rata In order to detect the componente 	odiar litter of the santa n'ir: during the dark Ola» (2000 to 0800  
involved in the total seltirooming hieres:tent erabited by no> 	h). ZightY percent of underfed subjects Itere employed were un'. 
natally underfed rato, 	 dernourished during the dark pitase. Although underfed rata were 
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F10. 1. Procedure employed for the recoriling of selflrooming components of developing rata. 
fietow to the right, poiygraphlc record& of micos aelf-grooming components (iruervals between 
arrows) measured lit a 25.day oíd rat. Catibration 50 p.V and 1 second. 

smaller in sine and thus easily identified by physical explora-
dor', on postnatal day 26 Ihey were rnarked for recognition with 
the right ear-clipping procedure, to differentiate diem from the 
controls that may eventually resemble them when adults. The 
%ven fed pups were left unmarked. The controls (n le 16) also 
carne from 8 pairs of litters, alternatIng 2 nonligated dams be-
tween cach pair, The two experimental groups were wcaned at 
25 days of age, after which ley had free access to water and 
food (Purina ehow). ML hullas were checked when peninent 
for ear and eye openIng, Animal: from these littera with idead-
cal treatment were kept in groups of 4-6, and, maintained in an 
air conditioned colony room at constan( temperature and humid• 
ity, and a 14-h light (0700-2100):10-h darle (2100-0700) illund-
nadan cycle. These light:dark cycles were chosen because Ihey 
resemble the local environment and the experimental conditions 
used In oler studies; In di cases, the same animal was sciected 
from cach litter by putting an Ink mark on the tall, and tested 
for grooming activity on days 3, 5, 7, 9, 11, 13, 15, 17, 19, 
21, 23, 25, 27 4131d on days 31,40 and 60 posmatally. 

Apparaws 

A cylindric stabilimeter was used lo measure the activity of 
rats displayed during the self-grooming bouts. Thie W4$ con-
structed with translucent 1 mm plastic and measured 25 cm in 
diameter and 25 cm In height. The pla.stic cage was resting on a 
25 cm diameter speaker. The openlg of the cone of the speaker 
was covered with a pitee of aluminium paper for protection. A 
single tal was placed on thc aluminiunt paper Inside the Case. 
Thus the displacements produced by the rat during self-groom-
ing bouts modified the surface of the aluminium papar produc.- 
ing sounds which were amplifted and tecorded on a modal 79.0 
Giass pollgraph (Fig. 1). The amplitude of the spikes produced 
by the rat during the reconding sounds before a grooming bout 
ranged from 0.5-1.0 mm aboye the basarle. In coturast, duting  

the different self-grooming components, the apike enlode 
ranged from 2-20 mm in height (Fig. 1). The stabilimeter cage 
and the reconding equipment were placed in a sound-ptoof room 
sepa.rated from the ambient nolee oí the main laboratory. Light. 
ing was provided by a 25-W red lamp located 80 em aboye the 
stabilimeter. In all cases, the isolated room was maintained at 
24 ± 2°C throughout the experiments. Food and water were not 
avallable for any subjecte from 30 tilín to 1 h before the trial 
asid during the grooming test. At the and of each (riel, the ani-
mal was returned te its liorna coge. In order to minimizo odors 
remaining from the prevlous mal, the cage watt rinsed with soap 
and water and dried following each test. In addition, a fan .was 
turnad cm lo remove surrounding environmental odors. 

Procedure 

The animal was tested In the stabilimeter by platina it gently 
in the center of the coge and kavIng it undlsturbed for a 10-mln 
period. Eaelt time the subject exhibited a bout of self-grooming, 
a contínuous 60 cps signa! was manually recorded, the body ar-
cas towards which sellgroornIng was directed were simulta-
neously penciled on records by the experimentar who sat at a . 
distance of 90 cm from the cage. Beeause underfed rats were 
smaller than controls, we were unable to blind the observar to 
the Identity of, the rats for lis part of the experiment. However, 
the records were nsslgned a random number to Insure that the 
measurements were blind with, respcct to die grotairting campo-
neta, age and treatment. Moreover, the observer was also 
to the hypothesis of the experiment, and measurements of the 
duration of diffcrcnt self-groorning components recorded by the 
observer in each age and experimental eondition Viere compartid 
with the counts obtained In four animals per group randomly 
chosen for other experimenten. 

Sellgrooming was nianually measured by direct observation 
of records and by counting the duration in secan& of each of 
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TAI3LE 1 
BODY WE1GiiT s SEM i) OF CONTROL AND UNDE.RNOURISIIED 

RATS DUKING DEVELOPMENT 

TABLE. 2 

CANONICAl. DISCRIMINANT AH ALYS1S. INDIVIDUAL S ELF-GROOlstiNG 
COMI'ONENTS W1111 STANDARDIZED COIWFIC1F.NTS 

Age 	Control 	Undentourished 
(Days) 	(n a« 16) 	(n «E,  16) 	F(4) 	p* 

 

Canonice' Faclnrs Standanlited Cuelfiefenta 

   

    

1 7,33 t 1.93 7.30 t 0.09 0.01(1,301 0.90t 
5 10.90 ± 0,42 10.16 ± 0.71 2.50(1,30) 0.121.  
10 21,31 	± 0.61 15.03 ± 0.37 76.50(1,30) <0.05 
15 31.41 	t 0,78 20.30 t 0.43 151,00(1,30) <0.03 
20 36.30 ± 0.68 25.75 ,t 0.93 82.580,301 <0.05 
23 48.08 ± 	1,41 40.04 t 1.37 16.60(1,30) <0.05 
30 71.47 -± 2.09 61.53 t 2.09 11.26(1,30) <0.03 
40 99.36 t 2.37 80.30 t 3.08 24.03(1,30) <0.05 

60 129.26 z 2.54 96.91 ± 4.07 45.33(1,30) <0.05 

'p values were calculated using a one•way ANOVA. 
tNo significan( diffcrence. 

the following components: forepaw-licking, face-washing, head-
washing, fur-licking, genital-licking and body-scratching. Be-
havioral tests were perforrned between 0900 and 1300 hours. 
The celf-grooming components were defined as follows: fore-
paw-licking, included licking of the forepaw ami claws; face-
washing, Involved the washing with paws of the snout and face; 
head-washing included the rubbing of the Picad with the limbs; 
fur-licking Included the licking of the abdomen or one foot; 
genital-licking comprised the picking of genital or perianal ar-
cas; body-scratching, included the scratching of body and hcad 
with fest or slow ipsllateral hindleg movements. 

The score differences obtalned for all the self-grooming com.. 
ponents, nutritional regimes and ages were compared by using 
multivariate analysis with repeated measurements (34). More-
over, score differences for each of the self•grooming componente 
were compared in a 2 (nutricional regimes) X 16 (days) ANOVA 
with repeated measures. Additionally, post hoc Newman-Keuls 
tests were conducted when pertinent for significan( differences 
between groups. Body weight differences assessed every five 
days and on days 40 and 60 postnatally were compared with an 
ANOVA. 

RJISULTS 

On postnatal days 1 and 5 no significant differences between 
groups on body weight were observed. Thereafter, the weight of 
the undernourished animais was significantly lower dm In con-
trols (Table 1). The underfed animal' were not only smaller in 
size, but their physical development was aleo alower, and the 
car and oye-openings were delayed by 1-2 and 2-3 clays, tc-
spectively, 

The multivariate statistical analysis performed In the six self-
groorning components, experimental groups and ages to exam-
ine the relationship among them, revealed that the two nutritlonal 
regime groups were significantly different (Wilkes Lambda" 
0.848 and Foz 15.103, p<0.0001). 'This analysis does not pro-
vide infotmation about which of the sis individual variables 
contributed to the group difference nor did it shoW that self-
grooming hl the tmderfed group was greater than the controls on 
any measure, but it does show that underfed and control groups 
have different self-grooming characteristics. The two underfed 
groups (atarved during the light pitase and underfed during the 
dark parí of the cycle) did not differ statisticatly from one an-
other in the total aelf-grooming differences, F(1,239)=.0.015, 

licad-washing 	 .724 
Eace.wasidng 	 .517 
Fur-licking 	 .485 
Body-scratching 	 .483 
Genital licking 	 .272 
Forepaw-licking 	 .087 

p>0.05. Similar resulta were obtalned when their controls were 
compared, F(1,239)..1.586, p>0.05. Additionally, the body 
weight of 2 groups of 13 rata each undetfed during ene of the 
two pitases of the cycle did not exhibit significant differences, 
F(1.224)..0.233, p>0.05. Similar resulta were obtained when 
the controls were analyzed, F(1,224)=0.272, p>0.05. 

The canonice' discriminan( analysis resulted in significant 
differences among nutricional regimes (p<0.0001), and helped 
to illustrate that face-washing, head-washing, body-scratching 
and fur-)icking which liad a standardized cocflicient greater iban 
0.4, contribute more in the underfed group to self-grooming dif-
ferences among the groups (Table 2). Moreover, the univariate 
analysis of variante showed consistently the significant main ef-
fect of nutritionat regline (p<0.05) in underfed rats on all self-
groorning components excepting on forepaw-licking. Post hoc 
Newtnan-Kculs tests performed in specific days of the atudy re-
vealed that early underfed rata exhibited increased significant 
scares over controls (p<0.05)(see Figs. 2 and 3). 

DISCUSSION 

Present evidente indicdtes that neonata] undernourishment of 
rata leed to Increased self-grooming activity detectable after 
weaning when rata are retumed to a nutridonally balanced diet. 
This increase In total self-grooming activity la easentlally causad 
by an increase in face-washing, head-washing, fur-licking and 
body-scratching. In Mis sense, OUT findings ate partly in line 
with previos acudías ahowing an increased total self-grooming 
activity la adult rete underfed early in lite (10, 20. 31). More-
over, (hoy provide the additional information that neonatal un-
dernutrition may presumably provoke long-lasting 'effects upan 
central and/or peripheral rnechanierna aubservIng soma self-
grooming componente, The observations siso incíteme that in 
neonratally underfed rata; self-grooming componente develop in 
a similar sequence ro normal rata, with paws, lace and head-
washing, followed by the appearance of fur.Senitablicking and 
conalstent body scratching around the second postnatal week as 
described elscwhcre (27). 	 - 

The increased self-grooming activity after weaning in nutrí-
tionally rehabilitated rata may be analyzed aecording to the fol-
towing possibilities: the first ts that although the brain cirvuitry 
underlying self-grooming componente is at present poorly under-
stood, the analysis of the mural subscrates Including lesions of 
specific brain regions (3):and neumpharmacological manipula-
done suggests that the periaqueductal grey is one of the primary 
sitas related to self-groorning stirnulated by ACTII, and that the 
activity of neostriatum and accumbens, via a nigro-collIctilus-
central grey pathway, may modulan, the display of excessive 
grooming (12,33). The postweanIng Mercase' In self-groorning 
which favor% head-washing, fur-licking and body-scratching 
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NO. 2. Mean duration time of different self-grooming component spent by control (soild linea) and 
neonatally undemourished rata (intemmted Unes) during development. Asterisks in chis and the fol-
lowing figure indiano days on whIch differences beiween groups were statistically significant. 

activities, obscrved as a result of early food restriction, may 
perhaps be the resol( of an intetference with the maturation of 
the neural structures mentioned aboye, or others related to mo-
tor coordinatIon (2,19). 
• Another posslbllily is that the procedure used lo underfeed 

neonatal rata la likely to disrupt the mother-infant-envhonment 
interaction, and ibis may in turn be affectIng behavioral devei-
opment (10, 17, 31. 32). Although the nipple-ligation method • 
minimizas some of the effects of social deprivation, and :doce • 
both the total self-grooming and some of lis component sea-
grooming wats significantly increased alter weaning, one may 
speculate that under our experimental condidons (hese effects 
load a negligible influence. Nevertheless, the role of neonata! 
social stImulation to preven: the increased self-gmoming ob-
talned in isolation, might perhaps be evidenced by assessing 
self-grooming under conditions of ri social envIronmental con-
text, or a peculiar physiological state, as described elsewhere 
(22,31). 	 ' 	 . 	 • 

Moreover, thc use of littera constituted only by control or 
underfed males may promote greater anogential lIcking fmm, the 
dama (24), and Chis in turra may Interact with the nutritional ma-
nipulation, However, the postweaning incrementa of some self-
grooming componente In carly underfed rata luggest that the 
interaction between diese two factor: is poor, The apecific loca-
tion and transitory duratIon of die anogential maternal licking 
may perhaps produce lasting consequences upen other behavioral 
pattems (25), 

Another explanation Is that alter weaning, grooming bouts of  

early underfed rata following food Web: mIght be hIgher than 
those of normally fed rail bccause of an increased postprandial 
thermogcneals, and asa mechanIsm for temperattire control (13). 
Although the factors involved in heat losa and production in rata 
are 40 unclear, the experimental evidence available shows that 
underfed adult rata during acule or chronic malnutrition (16), and 
that neonatally undernourished rata during rehabilitadon, do not 
increase their food intake (29). Baldes, carly underfed malo rata 
al the and of a 3-week period of undernutrition, and alter 9 daya 
of nutritional rehabilitation, had Iower rectal temperaturas than 
controls, but subsequent measurements al 45 and 90 days re-
vealed no significant differences (29), Additionally, neonatatly 
underfed rehabilitated rata also exhIbited elevated rutina oxygen 
consumption and greater thermogenic activity afler noradrenaline 
adminstration, auggesting that their homeothermy resulta from a 
greater heat production followed by an increased heat tosa (29). 
The increased heat losa Inight be promoted by the low fat con-
tent, and by the poor development of the pelage, as evidenced 
by the atrophy of epidermis, and the reduction In the thlckness 
and iength of the Mira obscrved In neonatally undemourished 
rata (21) and in adult underfed and rehabllitated pigs (6). 

Moreover, ít has been suggested that the increased self-
grooming of underfed rata might be the result of possible diffcr-
ences In the cara of the body pelage because of the tough 
handling related lo their hyperemotionaiity, and differences in 
skin Initation due to various levels of ¡kin infection associated 
to impaired immune response (9). In ibis atudy, gross observa-
don in the early underfed rata did not show conspicuous signa 
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F10. 3. Mean duration time of the total and several self-grooming components spent by control and 
early undemourished rata during developmerd. Cedes and symbols u in Fig. 2. 

of dishovement of the pelage, dirty skin, irritation and/or local 
Infections, and the aelf-grooming components wem selectively 
affected and not modifled as a »tole. 

Finally, the procedure employed here at weaning to Identity 
early underfed rats may have induced the mothers to give theIr 
ear-clipped pups more attention and stimuiation than they gane 
the controls (1), and Chis In turn could result in the selt-groom-
ing differences observed hele. However, because the ear-punch-
Ing has been involved in maturational behavioral effects other 
than self-grooming before werming (I). and since increased con- 

sistent self-grooming activity has been observed in both ~red 
(31) and unmarked underfed rata (11,20), Chis explaruttion aeems 
to be implausible. Although some of these peripheral possibill-
des appear to be unattractive, further experimenta are required 
to discard their potential influence upon aelf-grooming. 

ACKNOWLEDOEMENTS 

Support in part by CONACyT, grant PCEXCNA 040540. Wo thank 
Mercedes del Pozo for typing the numuscript and Isabel Plrez M. for 
editorial usistance. 

REFERENCES 

I. Damen, 3. A.; num, L Early silmullttion and maternal beheviour. 
Natura 213;150-132; 1967. 

2. Bus, N. H.; Netsky, M. a.; Young, E. Effect of neonata! malnu-
trition on the developing cerebrum. 1. Microchemical and hitt:Mogi-
cal study of cenotes' differentiation in the re. Arch. Neurol. 23:289-
302; 1970. 

3. Berridge, K. C.; Pentreas. 1. C. Disruption of natural grooming 
chaina alter striatopafildal lesiona. Psychobiology 13:336-342; 1987. 

4. Blozovski, D.; Bachevalier, O. Effect of Empine on behavioral 

anual in the developing rat. Dcv. Paychobiol. 8:97-102; 1975, 
5. Borchelt, P. t..; Griswold, I. 0.; Banchek, R. 3. An analyals of 

sandbathing and grooming in the kingsmo tal (131podamys merrf• 
amO. Anlm. Behav. 24:347-353; 1976. 

6. Cabak, M.; Orcsham, O. A.; Mc Cruce, R. A. 5evere undornutri-
non In growing and aduIt animal:, Br. 3. Nutr. 16:635-640; 1962, 

7. Csmpbell, B. M.; Lyttla, 1... D.; Fibiger, H. C. Ontogeny pf adren-
erste areusal and cholinergic inhibitory mechanisms In the tat. Sci-
ence 166:637-638; 1969. 

 



572 
	

SALAS, PULIDO, TORRERO AND ESCOBAR 

8, Campbell, 0. A.; hfabry, P. D. Grungerty of behavioral amasa': A 
cornparatiso study, 1. Comp. Physiol. Psychol, 81171-379; 1912• 

9. Chandra, R. K. Antibody humanan in first and socand gencration 
animal& of nuttitionally &privad tata. Science 190:289-290; 1975. 

10. Franková, S. Effects of protern•caloric mainutrition on the develop• 
mem of social bchavlor in rats. Doy. Psychobiol. 6:33-43; 1973. 

11. Frankovi, S. Relationship between out:ajan doñas lacution and 
maternal behavior of rats. Act, Ncrv, Super. (F.raba) 13:1-8; 1911, 

12, Cisma, W. II.; Colbern, D. L.; Sprukit, B. M. Molecular uansduc-
tion machanísms in ACflf•induccd grooming, Psychophannacol. 
Scr. 4:213-231; 1988. 

13. flainsworth. F. R.; &ticket, E. M. Saiivary cooling by rats in the 
heat. 	Hardy, J. D.; Gagge, P.; Stolwijk,1„ cds. Physiology and 
fxhavioral temporature regulaban. Springfield, IL: llamas; 1970; 
611-626. 

14. Idos, J.; Rompa•Barendregt, J.; Chapen, W. H. Noveity and groom-
in; behavior in the rat. Bobas!, Neural Dial• 25163-515; 1979. 

13, Kametanl, fi. Analysis of agc•telatcd changos in stress induced 
grooming tn thc rat, Differential bebas letal profile oí' adaptation in 
stress. Ano. NY Arad. Sol. 525:101-113; 1988. 

16. Kanatek. R. 13.; Schoenfeld, P. M.; Mnine, P. J. Maternal mai-
nutrition in the rat: Eftocts of food j'Italia and body weight. Phys 

Bebas/. 38109-515; 1986. 
17, Levítáy, D. A.; llames, R. 11. NUititiOrtal and envitortmental inter-

actions in the behavioral devclopment of the ni: Long•term cffccts. 
Science 176:68-71; 1972, 

18, Lynch, A. Postoatal underautrition; An alternativo mediad. Dev. 
Ptychobiol. 9;39-48; 1976. 

19, Mc Condi, P.; !huy; M. The etfect of refeeding alter neonata! 
«Evadan of Plakinje cela dendritic growth in the rat. 1. Comp, 
Nauta', 178:759-772; 1978• 

20, Massaro, T, P„; Levitsky, D. A.; Barnes. R. H, Early proteín mal-
nutrition in the rat Behavloral d'unges during rehabilitation. Dcv. 
Psychobiol. 10:105-111; 1977. 

21. Mathur. M. !Nades of proliferation and differentiation in the hall 
Milicia and epidermis in neonatally undentourished tau. Am. J. 

Pathol. 819-24,1975. 
22. Moorcroft, W, 	Lytle. 1.... D.; Campbell. B. A, Ontogeny of 

starvation•induccd bchavioral musai in the rat, J. Comp. Physiol. 
Psychol. 75:59-47; 1971. 

23. ',loare. C. L. Sex differences in selfiroorning of rats; Effects uf 
tonada! hormones and CofitCxl, Physiol. Behav. 36,451-455; 1986. 

24. Momo, C. L.; Rugen,. S. A. Contribution of self•gtuoming fo unser 
the pubeity in mala tau. Dcv. Psychobiol. 17:243-253; 1984, 

25, Moore, C, L.; Chadwick-Dias, A. Behavioral response of infant rats 
lo maternal licking; Variations with age and ICX, Dev. Psychobia 
19:427-438; 1986. 

24. Patenaude, F.; novel, J. Sclf•grooming and social stooming in 
Nerth Arrecian beaver (Colar canadiensú), Can. 3, Zoof, 62: 
1912-1978; 1983. 

27. Richmond, G.; Sachs, B. D. Grooming in Norway rats: The devel-
opment and *Joh expression uf a compita motor pattern. Belisviour 
75:82-95; 1980, 

28, Roth, L. L.; Rosenblatt, J. S, Seltlicking and mammary develup• 
ment during prognaney in the rat. J. Endocrina 42:363-378; 1968. 

29. Rothwell, N, J.; Stephens, D. N.; Stock, M. J. Changas in meta• 
bollo late and brown adiposo tissuc composition during nutritional 
tehabilttation of postnatally undernourished tau. Biol. Neonato 42: 
93-99; 1982. 

30, Salas, M. Ufo«, ot eariy tnatnutrition on the development uf 
%warning *Will in tho rat. Physiol. Behav. 8:119-122; 1972. 

31. Salas, M.; Tanen,* C.; Pulido, S. Long•term *horadan in the ma• 
terna! behavtor of nconataliy undemourished rats. Physiol, Behav, 
33:273-278; 1984. 

32. Smart, J. L. Undernutrition, maternal behavior, and pup develop-
ment, ln: Elwood, R. W., cd. Patenta' behaviour of rodents, New 
York: John Wilcy and Sons; 1983:205-234, 

33. Spruiji, B. M.; Cooks, A. R.; Gisp<n, W. f1. The Perfaqueducial 
gray: A prerequisite for ACTH•induced excessive gruorning. Behav. 
Drsin Res. 20.19-35; 1986. 

34, Will«, B. J. Statisticil principies in experimental design. New 
York; McGrasv 11111 Book Company; 19711518-559. 



572 	 SALAS, PULIDO, TORRERO AND ESCOBAR 

8. Campbell, B. A.; Mabry, P. D. Ontogeny of behavioral arousal: A 
comparativa atudy. J. Comp. Physiol, Psychol. 81:371-3791 1972. 

9. Chandra, R. K. Antibody funnation in first and secad generation 
offspring of nutritionally deprived rata, Science 190:289-290; 1975. 

10. Frankuvi, S. Effects of protein-calorie malnutrition on the develop-
ment of social behavlor in rata. Dcv. Psychobiol. 6:33-43; 1973. 

11. Franková, 5. Rtlationship between nutrition during lactadon and 
maternal behavior of rats. Act, Nerv. Super. (Praha) 13:1-8; 1971. 

12. Gispcn, W. 11.; Culbcm, D. L.; Spruiji, B. M. Molecular transduc-
tion mechanisms in AC111-induced grooming. Psychopharmacol. 
Sor. 4:213-231; 1988. 

13. Ilainswanh, F. R.; Stricker, E. M. Salivary {colina by rata in the 
hcat, in: Hardy, J. D.; Gagge, P.; Stolwijk, J., cds. Physiology and 
behavioral temperatura regulation. 	 IL: Thomas; 1910: 
611-626. 

14. Jolles, J.: Rompa-Barendragt, 7.; Gispen, W, 11. Novelty and groom- 
ing behav1or In the rat. Bchav. Neural Mol. 25:563-575; 1979, 

15, Kametanl, 11. Analysis of age-ralated changas in stress induced 
grooming in the rat. Differential behavloral 	of adaptation lo 
stress. Ann. NY Atad. Set. 525:101-113; 1988, 

16. Kanarck, R. B.; Schoenfeld, P. M.; Morgane, P. 1. Maternal mal. 
nutrition in the tau Effects of food intake and body weight. Phys• 
iol, Behav. 38:509-515; 1986. 

17. Levitsky, D. A.; Damas, R. H. Nutritional and environmental inter-
acciona in thc bchavioral development uf thc rat: Long-terrn affects. 
Science 176:68-71; 1972. 

18. Lynch, A. Postnatal undemutritlon: An alternativa method. Dev. 
Psychobiol. 9:39-48; 1976. 

19. Mc Condi, P.; Barry, M. The effect of refeeding "bar neonata! 
starvation of Purkinje can dandridc growth in the rat. I. Comp. 
Neurol. 178:759-772; 1978. 

20. Massam. T. F.; Levitsky, D, A.; antes, R. H. Early protejo mal-
nutridon In the rat: Behavioral changas during nthabilitation. Dev. 
Psychobiol. 101105-111; 1977. 

21. Mathur. M. Kineiles of prolifcration and differentiation In the hila 
fallida and epidermis in nconatally undemouristied rata. Am. J. 

Patito!. 81:9-24; 1975. 
22. Moorcroft, W. 11.; Lyda, L. D.; Campbeli. 13. A. Oniugeny of 

starvation-indueed behavioral armad in the rat. J. Comp. Physiol. 
Psychol. 75:59-67.1971. 

23. Moore. C. L. Sea differenccs in self-grooming of rata: Effects of 
gonadal hormones and conicat. Physiol, Behav, 36.451-455,1986. 

24. Muore, C. L.; Roger', S. A. Cuntribution of self-gruoming to onset 
the puberty in mala rata. Dev. Psychobiol. 17:243-253; 1984. 

25. Mno,e, C. L.; Chadwiek-Dias, A. Behavioral response of Infant rata 
tu maternal belting: Vanations with age and SCA. Dcv. Psychobiul. 
11427-438; 1986. 

26. Patenaude, F.; Boyar, 1. Sc1f-grooming and social grooming in 
North American bcaver (Castor canadtrnfis). Can. J. Zool. 62: 
1972-1978; 1983. 

27. Richmond, G.; Sacha, B. D. Grooming ln Norway rats: The clavel. 
opment and aduti expression of a compita motor patiern, Bchav tour 
75:82-95; 1980. 

28. Roth. L. L.; Rosenblatt, J. S. Self-lickIng and rnarnmary develop-
ment during pregnancy in the rat. 1, Endocrinol. 42:363-378; 1968. 

29. Rothwell, N. J.; Stephens, D. N.; Stock, M. J. Changas in nieta-
helio rata and brown adiposa tissue composition during nutritional 
rehabilitation of postriatally undernourished rata. Biol. Neonata 42: 
93-99; 1982. 

30. Salas. M. Effects of early malnutritIon on the development of 
swirnrnIng ability in the rat. Physlol. Behav. 8:119-122; 1972. 

31, Salas, M.; Torrero, C.; Pulido, S. Long-term altcration in the ma-
ternal behavior of neonaially undernourished rata. Physiol. Behav, 
33:273-278; 1984. 

32. Smart, J. L. Undemutrition, maternal behavior, and pup develop-
ment. In: Elwood, R. W.. cd. Pare:nal bchavlour of rodenis. New 
York: John Wiley and Sons; 1983:205-234, 

33. Spruijt, B. M.; Cooki, A. R.; Oispen, W. H. The periaqueductal 
gray: A prerequisite for ACDI-Induced eacessive &t'awning. Bchav, 
Draft: Res. 20:19-35; 1986. 

34. Winer, B. 7. Statistical principies in experimental design. New 
York: McGraw Hill Boa Company; 1971:518-559. 



EXPERIMENTAL NSUROLOGY 122, 311-318 (1993) 

Neonata! Undernutrition and Amygdaloid Nuclear Complex Development: 
An Experimental Study in the Rat 

CAROLINA ESCOBAR AND MANUEL SALAS 

Departamento de Fisiología, Instituto de Investigaciones Biornédicas, Universidad Nacional Autónoma de México, Aportado Postas 70228, 
México, D.F., C.P. 04510, México 

311 

This atudy describes the morphology of neurona from 
the baaolateral (AUL), central (ACE), and medial (AM) 
nuclei of the amygdaloid complex in neonatally under-
nourished (U) and control (C) Matar atraln rata. The 
cella were impregnated with the Golgi-Cox technlque 
and atudied at the egos of 12, 20, and 40 days postna-
'any. In the U-pupa the neurona of the three nuclei die-
played a reduced mamulle area compartid to that of the 
C-group on Days 12 and 20. liowover, at 90 days, this 
difference ditninished duo to a reduction in the somatic 
area of the C-group. The dendritio area also appeared 
reduced on Days 12 and 20 in the U-group, but on Day 
40 it reached control values. The neurona from AIII, 
and ACE suffered a significant decrease in the number 
of dendritic branchea dueto undernutrItion, bu t the AM 
nucleus did not show (bis chango. The data suggost dif-
ferent vulnerahllity of !hese amygdaloid nuclei tu neo-
natal undernutrition. The findings also suggoat that the 
ahnormal emotional responso characteristie of porina-
tal undernourished rata could have a morphological 
causo. o 1993 Academie Praia, Inc. 

INTRODUCTION 

Neonata' undernutrition mainly affects the arena of 
the nervous atructures which undergo a postnatal celé 
proliferation phaso (21, 64) such as the cerebral (5, 35, 
64) and cerebellar corticos (4, 10, 27, 59), the hippocam-
pus (1,16), and the olfactory bulb (2, 13). Moreover, the 
dendritic treea of these cerebral structures also suffer a 
reduction in the neuronal dendritic branching and den• 
dritic spinea (11, 14, 18, 25, 30, 57), hence, their connec-
tivity le severely affected. 

In addition, undernutrition delays the maturation of 
sensory systems and expression of motor patterns (3). 
Undernourished rata explore leas than controls (O, 39), 
they are slower and inefficient In acquiring discrimina. 
tory learnIng taska (6, 0, 26, 51, 61), and the adult remate 
displaya a poor maternal response (54, 66)..  

Aasociated to theae behavioral alterationa, early un-
dernouriehed rata consistently exhibit an abnormal  

emotional response and have been described as very ac-
tive (68), more reactive (34), aggreaaive (23), more re-
aponsive (65), and, in the opon-field test, they appear 
more emotional, explore leas, and defecate more Flan 
controls (19, 53). When exponed to novel or to stresafull 
situationa they aleo attain higher blood levels of cortico-
steroids (63, 67). 

lt has been proposed that inhibitory brain processes 
involved In modulatory functiona mature later than ex-
citatory proceasea (8, 55). Hence, regulatory systems of 
early ontogenetic origin may aleo be vulnerable during 
the neonatal penca duo to a late adaptational adjust-
ment to environmontal demanda, In the early under-
nouriehed rat, limbic structures, specifically the arnyg-
daloid complex, could be affected, thus reaulting in 
emotional and visceral response alterations, 

It has previoualy been reponed that the temporallobe 
structure la particularly susceptible to neonatal under• 
nutrition. Salas and Cintra (52) described a proponían 
of alow frequency waves in the temporal lobo higher 
than thoso in other cerebral zone8 of undernourisbed 
rata and also compared to controla. Additionally, other 
reporta claire morphological alterations and cielay in 
electroencephalographie maturation in the hippocam-
pus (7, 15, 44, 49). Forbea et al. (22) round that high 
stimulus thresholds elicited amygdalotd afterdischarges 
during an attempt to produce kindled motor aelzures in 
malnouriahed rata. The tener suggests that undernutri-
tion reduces the capacity of the amygdala to develop 
changea in Eta electrical discharge pattern. Preaently, no 
data describing the morphological effects of neonatal 
undernutrition en the amygdaloid neurona are available 
tu our knowledge in the literatura. 

This study attempta to aícOrtain if neonatal undernu-
trition exerts changos in the morphological structure óf 
the amygdaloid complex. Three nuclei were chosen: the 
central nucleus (ÁCE), the basolateral nucleus (ABL) in 
the basolateral subdivision, and the medial núcleus 
(AM) in the corticomedial eubdivision. Each one la in-
volved with diverso fbnctional systems but all ara re. 
lated tu the modulation of emotional and visceral re-
sponses associated with novel and stress situations. For 
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ESroilAit AND SALAti 

Chis invesiigation brains of control I11111 neonatally un-
dertiourished ras were studied at three developmental 
¡lees. 

MET1101) 

A nirnak Three groups of two adult mole and five 
female virgin \Mistar suelo rats weighing 250 to 300 g 
were housed in 50 X 40 X 20-cm coges for mating. They 
were maintained en an ad libitum diet of Purina chow 
and water, with controlled temperature of 24 ± 1°C anca 
12 h of light per doy cycle (lights en at 0700 h). Two days 
hefore delivery each female was placed in an individual 
ttcrylic coge of 45 x 30 x 20 cm, with clean shevings for 
nesting and food and water ad libitum. Twelve littera 
were tosed for this study. On Postnatal Day 1 the litters 
were adjusted te eight pupa; four females (F) and four 
males (M) and their body weight was registered. One 
haif of each inter, 2F 2M, was assigned te the under-
nourished group (U) and the other halfserved as control 
group (C). Neonatal undernutrítion was produced by 
daily removing the U-pups from the nest and plocing 
them in an incubator maintained at 29°C for 12 h 
(0800-2000) from Postnatal Days 1-23, During 011a pe-
riod the C-pups remained undisturbed with free access 
te the dam. This procedure was suspended at the ego of 
24 daya, From then on the U-pupa were exponed to nu-
trítional rehabilitation and left te remain In their homo-
cage with free access té the dam, tood, and water. In 
order te distinguish the U-pupa from their C-siblings In 
the neat, their beoda were marked with a dot of colored 
washable ink. Early weaning could damage the li-pups, 
already weakened by their limitad diet, therofore their 
any with the dam was prolongued to Postnatal Day 28. 
At this ego al! pupa were weaned and housed in groupa 
of six te eight rata of the same sex and nutrítional treat-
ment. 

Surgical and staining procedure. In arder tu avoid a 
morphological difference associated with sex, only mate 
pupa were considerad for Olía study. On Days 12, 20, and 
40, eight pupa from each condition were weighed, anea-
thetized with ether, and sacrificad by decapitation. 
Their brains were Immediately removed and weighed, 
cut hato four corona' blocks, and imrnersed in a Golgi-
Cox solution (60) for impregnation. Atter 3 weeks, the 
blocks were dehydrated and embedded in low-viscosity 
nitrocellulose. Subeequently they were cut in coronel 
sections of 100 te 160 em and mounted in serial order. 
For further identification slides were ceded te ensure 
blind observations with respect to age and experimental 
condition. Location and identification of nauta! struc-
tures were based on the Sherwood and Tímiras Atlas 
(CO). Samples of the MIL, ACE, and AM raiciei were 
taken from sections correaponding to the anteroposte- 

FIG. 1. Corona( dedican drawing (A 4.4 mm) of the amygdeloid 
compito& In a 40.day-old rat brain, with neurona correiponding to the 
A111., ACE, and AM nuelei. • 

rior coordinates A3.6-2,3 mm for 12-day-old brains, 
A6.0-3.5 mm ter the 20-day-old groups, and A5.3-4,1 
mm for the 40-day-old groups. 

Morplwmetric anatysis, Drawings from complete 
and well-impregnated neurona (Fig. 1) were obtained 
with a camera lucida adjusted te a light microscope at 
675X magnification. Twenty-five neurona from each 
age and experimental condition were examíned, result-
ing in a total of 160 neurona for each nucleus. Cell body 
and dendritic aren were mensurad with a Ladd graphical 
digitizer. For tido purpose, a line was traced connecting 
the tipa of the poripheral dendritea. The drawings were 
placed on the digital surface and the contour of the re-
aulting atea and of the soma viere retraced with a fine 
tip. The dendrlies were classified hito prirnary, second-
ary, tertiary order, and so cm conaidering their place of 
origin. According to this etrategy the number of den-
drites was counted. 

Statistics. Statistical analysis was basad upen the 
Systat Statistical Packege. The values for body and 
brain weight, for sonante and dendritic arena, and for 
every dendritic ardor were analyzed with a two-way AN-
OVA (nutritian x age). In addition the vatues for all 
dendritic orders were analyzed with a MANOVA (nutrí-
don x age X dendritic arder). The differences between 
experimental groups en particular ages were dotar-
mined with the Newman-Keuts post hoc test. 
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this invesligation brains of control and neonntally un-
dernourished rats were studiecl at three developmental 

nges. 

METIIOD 

ilnietats. Three groups of two adult malo and five 
remate virgin Wistar strain rats weighing 250 to 300 g 
were housed in 50 x 40 x 20-cm coges for inating. They 
were maintained on an ad libitum diet of Purina chow 
and water, with controlled temperature of 24 ± 1°C and 
12 h of light per doy cycle (lights on at 0700 h). Two days 
before delivery each (emule was placed In an individual 
acrylic coge of 45 x 30 X 20 cm, with clean shavings for 
nesting and food and water ad libitum. Twelve littera 
were used for this study. On Postnatal Day 1 the litters 
were adjusted to eight pupa: tour females (F) and Tour 
malea (M) and their body weight was registered. One 
heir of each litter, 2F 2M, was asaigned to the under-
nourished group (U) and the othe r hall served as control 
group (C). Neonatal undernutrition was produced by 
daily removing the U-pupa from the nest and placing 
them In an incubator maintained at 20°C for 12 11 
(0800-2000) from Postnatal Days 1-23. During this pe-
riod the C-pupa remained undisturbed with free access 
to the dam. This procedure was suspended at the age of 
24 days. Frotn then un the U-pupa were exponed to nu-
tritional rehabilitation and left to remain in their horno-
cage with free access to the dam, food, and water. In 
order to distinguish the U-pupa from their C-siblings in 
the nest, their heads were marked with a dot of colored 
washable ink. Early weaning could damage the U-pupa, 
already weakened by their limitad diet, therefore their 
stay with the dam was prolongued to Postnatal Day 28. 
At this age all pupl were weaned and housed in groups 
of aix to eight rata of the sume sex and nutritional treat-
ment. 

Surgical and staining procedure. In ordor to avoid a 
morphological difterence associated with sex, only mate 
pupa were considerod for this study. On Days 12,20, and 
40, eight pupa from each condition were weighed, enes-
thetized with ether, and sacrificed by decapitatIon. 
Their brains were immediately removed and weighed, 
cut into tour coronel blocks, and immersed in a Golgi-
Cox solution (50) for irnpregnation. After 3 weeks, the 
block& were dehydrated and embedded In low-viscosity 
nitrocellulose. Subsequently they were cut in corona] 
sections of 100 to 150 pm and tnounted in serial arder. 
For further Identification slides were ceded to ensure 
blind observations with respect to age and experimental 
condition. Location and Identification of neural struc-
tures were based an the Sherwood and Timiras Atlas 
(60). Samples of the ABL, ACE, and AM nuclei were 
taken from sections corresponding to the anteroposte- 

FIG. 1. Coronel acction drawing (A 4,4 mm) of the arnygdaloid 
compita in a 40.day-old rat brain, with neurona corresponding to the 
ABL, ACE, and AM nuclei: • 

rior coordinates A3.5-2.3 mm for 12-doy-old braina, 
A5.0-3.5 mm for the 20-day-old groupa, and A5.3-4.1 
mm for the 40-day-old groups. 

Morphometric anatysis. Drawinga from complete 
and well-itnpregnated neurona (Fig. 1) ware obtained 
with a camera lucida adjusted to a light microacope at 
675X magnification. Twenty-five neurona from each 
age and experimental condition were examined, result-
ing in a total of 150 neurona for each nucleus. Cell body 
and dendritic urea were measured with a Ladd graphical 
digitizer. For this purpose, a fine was traced connecting 
the tipa of the peripheral dendrités. The drawings were 
placed on the digital surface and the contour of the re-
sulting area and of the soma wore retraced with a fine 
tip. The dendrites were classified into primary, eecond-
ary, tortiary arder, and so on considering their place of 
°right'. According to this strategy the nurnber of den-
drites was counted. 

Statistics. Statistical analysla was based upon the 
Systat Statistical Package. The values for body and 
brain weight, for somatic and dendritic oreas, and for 
every dendritic ordar were analyzed with a two-way AN-
OVA (nutrition X age). In addition the mima for all 
dendritic orders were analyzed with a MANOVA (nutri-
tion X age x dendritic order). The differences between 
experimental groups on particular egos were deter-
mined with the Newman-Keula post hoc test. 
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TA111.1.1 1 

ANOVA Anslysia for !lady and tirajo Weight Valuea of 
Control and Undernourished Rata during Development 

Body weight 	Brain weight 

Factor 

Nutrition (1. 42) 40.18 <0.0001 12.33 <0.001 
Age (2, 42) 614.57 <0.0001 2.19,63 <0.0001 
Nutrition X age (2, 42) 5.40 <0.008 0.30 NS 

Note. NS, nonaignlficant difference. 

RESU LTS 

There were significant diet effecta on body and brain 
weight for the three age groupa studied; aleo, a reduction 
in body size was obaerved and a delay of 1 to 2 days in 
ear and eye opening. The values of the ANOVA analysis 
for body and brain weights are shown on Tabla 1. 

In the ABL nucleus moat of the neurona were largo 
and multipolar with a pyramidal or pyramidal-like 
soma. These were equivalent to the clase 1 neurona de-
scribed eleewhero (41). The eomatic and dendritic areas 
of theae cella revealed a significant nutrition and age 
effect (Tabla 2). In the U-group the somatic crea was 
notoriously decreased on Day 20 (P < 0.002) while thia 
deficiency was rninimal on Days 12 and 40 (Fig. 2). On 
the other hand, the dendritic ares was eignificantly de-
creased on Days 12 (P < 0.01) and 20 (P < 0.001) but 
almoat reached control valuea on Day 40. The number 
of dendritic branches in the ABL Buffered a significant 
effect aasoclated with nutrition, with age, and with the 
interaction nutrition x age (Table 3), The afecta of neo-
nata! undernutrition were more intenae on the firat-, 
second-, third-, and fourth-order branches (Table 3).  

Age factor also liad a significant effect on the first, sec-
ond, and peripheral dendritic branches; and nutrition x 
age interuction showed an effect on the fourtii-order 
branclies (Tabla 3). At each age, not all differences be-
tween groups were statiatically significant, but a con-
stant decrement in the number of dendritic branches 
was observad in the U-group (Fig. 3). Also, in both 
groups an increment in the number of dendritic 
branches was observed from Day 12 to Day 20 and Lo 
Day 40. 

In the ACE nucleus the majority of impregnated cella 
were medium-sized neurona with irregular and fusiform 
soma giving origin to four to six primary dendrites. Both 
somatic and dendritic Breas buffered a significant effect 
due to nutrition and to the interaction nutrition X age 
(Table 2). A significant docrease in both sornatic and 
dendritic areas was observad in the U-group on Days 12 
(P < 0.004, P < 0.001) and 20 (E < 0.001, Y < 0,004), but 
thia difference disappeared on Day 40 (Fig. 2). The 
MANOVA analysia Indicated a significant effect due 
both to the nutritional and to the age factor, but not to 
the interaction of both factora in the number of den-
dritic branches of ACE. The main effects due to nutri-
tion were observed in the first-, third-, and fourth- arder 
dendritic branches. The age factor exerted a significant 
infiuence upon all the dendritic arborizationa with the 
exception of the eixth-order branches and the interac-
tion nutrition X age had a aignificant effect only on the 
first-order branches (Table 3). In both experimental 
groups an increment in the number of dendritic 
branches from Day 12 to Day 20 and to Day 40 was 
obaerved (Fig. 3) and the valuea obtained for the U-
group were constantly inferior to the valuea for the C-
group, even though not all differencea were atatistically 
eignificant. 

The neurona obaerved in the AM nucleus had small 
fusiform or pyramidal-like soma, from which two or 

F 

TABLE 2 

Effect of Neonata! Undarnutrition and Age en the Somatic and Dendritic Arena of Three Araygdalotd Nuclei in Rata 

ABL 
	

ACE 	 AM 

Factor (df) ip 1' 

Somatic aren 

Nutrition (1, 144) (10.15) <0.002 (21.95) <0.0001 (40.10) <0.0001 
Age (2, 144) (4.45) <0.01 (2.20) NS (14.97) <0.0001 
Nutrition X rige (2, 144) (2.57) NS (6.60) <0.002 (3.11) <0.04 

Dendrittc atea 

Nutrition (1, 144) (13.60) <0.0001 (31.24) <0.0001 (10.78) <0.001 
Age (2, 144) (12.66) <0.0001 (L84) NS (2.59) NS 
Nutrition x age (2, 144) (2.25) NS (7.47) <0.001 (1.91) NS 

Note. NS, nonelgrttficant <Meremos. 
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Fía 2. Mean values ± SEM for somatic and dendritic oreas for three smygdaloid nuclei in control and undernouriehed rata. 'Significan" 
entretente between groups for every particular age obtained with the Newman-Keula teas. 

three largo very extended dendritee orees and these de-
picted acerco branching. The ANOVA analysis indi-
catad a signiflcant effect of nutrition, of age, and nutri-
tion x age on the somatic urea, but a algrrificant effect 
on the dendritic urea was associated only with nutrition 
(Tabla 2). A decrease in the somatic and dendritic arcas 
in undernourished rata was observad, mainly at the ages 
of 12 (P < 0.001, P < 0,002) and 20 days (P < 0,001, P < 
0.01) with no signiflcant difference at 40 days (Fig. 2). 
The multivariate analysis showed no effects of the nu-
trition factor en the number of dendritic branches in the 
AM nucleus, but it depicted significant effects aseo-
datad to both age -and nutrition X ego interaction (Ta-
ble 3). There was only a signiflcant effect of nutrition en 
the fourth-order dendritic branches, a signiflcant effect 
of age on the first- and fourth-order dendritic branches 
and associated to the interaction nutrition X age on the 
first- and second-order branches (Table 3). No changos 
In the number of total dendritic branches were observad 
from Day 12 to Day 20 and to Day 40. At the ages of 12 
and 20 laya there was a statistical difference between 
the U- and the C-values, but on Day 40 no difference 
was observad (Fig. 3). 

DISCUSSION 

The undernutrition paradigm used for this atudy pro-
duced an important body and brain weight reduction. 
The body weight deficit ~Meted in a rango of 20 te  

25%, whereas the brain weight defrcit oetrillated in 
range of fi to 8%. Even though the 40-day-old U-rata had 
been exposed to a nutritional rehabilitation for 16 days, 
the reduced body and brain weights remained. These 
data are similar to others referred te in previous ducha 
with the same undernutrition paradigm, (24) and with 
other undernutrition methods (16, 27). Tire less-intense 
effects of unclernutrition on the brain thart en body 
growth reflect the effects of the "brain sparing" mecha-
nism, which has been previoualy discussed by other 
groupa (5, 43, 45, 48). 

The neurona sampled for each amygdaloid nucleus 
exhibited a significant reduction in somatic and den-
dritic area associated te neonatal undernutrition, aspe-
cially at the aura of 12 and 20 days, but en Day 40 this 
difference dísappeared (Fig. 2). In the C-group, the so-
matic area increased from Day 12 to 20, but suffered a 
reduction by Day 40. In the three nuclei the same phe-
nomonon was observed and could be the expression of a 
possible maturational mecharan' for size adjustMent 
(28). In the U-group little or no modificationa occurred 
In the somatic area of the three nes studied. Therefore, 
the minimal difference between both experimental 
groups at ego 40 was possibly due to a lack or delay of 
the reduction mechaniern in the U-group, observad in 
the C-group neurona. 

The dendritic area, which reflecte the extension and 
density of the dendritie tres, conaistently revealed a re-
duction in the U-group at 12 and 20 Baya and ín the 
three amygdaloid nuclei. In the C-group the main den-
dritic urea values díd not chango from Day 20 Lo Day 40, 
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TABLE 3 

ANOVA and MANOVA Resulta for the Number of Dendritic Dranchea in Three Awygdaloici Nuclei in the Rat 

ABL 
	

ACE 	 AM 
nundritic 

     

     

order 	 F(1,44) 	 Pa 

 

F(1,44) 	 P< 

 

F(1144) 

Effects associated with the nutrition factor 

lat 
2nd 
3rd 
4th 
5th 
Oth 
Total 
MANOVA 

5.54 
16.00 
7.20 
7.65 
1.02 
2.21 
3,3 

d117, 138) 

F(2,44) 

0.02 
0.0001 
0.008 
0.006 

NS 
NS 

0.003 

.13‹ 

4.02 
1.013 
4.70 
5.69 
0.82 
0.20 
2.15 

d/(7, 138) 

F(2,44) 

0.02 
NS 

0.03 
0.01 

NS 
NS 

0.04 

P.< 

1.95 
0.43 
0.63 
4.30 
0.30 

1.45 
MG, 130) 

F(2,44) 

NS 
NS 
NS 

0.04 
NS 

Na 

Effects aaaociated with the age factor 

4 

lst 
2nd 
3rd 
4th 
5th 
Oth 
Total 
MANOVA 

4.84 
4,37 
2,25 
2.08 
4.23 
5.61 
2.64 

#(14, 276) 

F(2,44) 

0.009 
0.01 

NS 
NS 

0.01 
0.001 
0.001 

7.25 
13.78 
19.33 
11.89 
5.30 
1.42 
4.73 

df(14, 276) 

R2,44) 

0.001 
0.0001 
0.0001 
0.0001 
0.006 

0.0001 

4.21 
0.84 
0,35 
3.00 
0.67 

2.16 
df(12, 278) 

F(2,44) 

0.01 
NS 
NS 

0.05 
NS 

0.01 

Effecte aaaociated with the nutrition X age factor 

1 

1at 
	

0.34 
	

NS 
	

7.27 
	

0.001 
	

0.84 
	

0.001 
2nd 
	

0.57 
	

NS 
	

0.18 
	

NS 
	

5.28 
	

0.006 
3rd 
	

0.15 
	

NS 
	

0.75 
	

NS 
	

2.53 
	

NS 
4th 
	

4.21 
	

0.01 
	

1.23 
	

NS 
	

2.12 
	

NS 
5th 
	

0,58 
	

NS 
	

0,78 
	

NS 
	

0.08 
	

NS 
Gth 
	

2.30 
	

NS 
	

0.20 
	

NS 
Total 
	

1.82 
	

0.03 
	

1.35 
	

NS 
	

2.35 
	

0.007 
MANOVA 
	

d((14, 270) 
	

(114, 276) 
	

df(12, 278) 

Nota. NS, nonaignificant <31M/renca, 

in contrast with the U-group which showed a continued 
growth to Day 40 probably associated with a plastic 
compensation mechaniem. Therefore at the age of 40 
days, following 16 days of nutritional rehabilitation, the 
dendritic arca of the U-group reached control values. 

contrast, neonatal undernutrItion affected the 
dendritic ramificationa of the three amygdalaid nuclei 
to different degrees. Dueto undernutrition the ABL and 
ACE nuclei demonstrated a significont decrease in the 
number of dendritic branches, which losted up to Day 
40. In the ABL, the ANOVA analysis indicated a promi-
nent reduction associatedwith undernutrition in all den-
dritIc orders, excepting the fifth-order branches, and in 
both experimental groups an increase from one age to 
the other was evident. Likewise the ACE demonstrated 
an intenso effect on the first-, third-, and fourth-order 
dendritic branches, and a growth procesa of ita dendritic  

treó could also be inferred. Qn the other han& the AM 
3ln:trocla minor Impact on ita dendritic tree, there:was 
only a decrease in the fourth-order branchea and no 
chango in the total number of dendritic rarnifications 
from one rige to the other, ApparentlY, the .ABL and 
ACE dendritic trece wera more vulnerable to neonatal 
undernutrition thán the; AM núCleus.  

The phase of rapid culi 'proliferatien in the amygda-
loid coniplex oscura betweezi GestatiOnal Days 12 to 17 
(17). Then, the cellá aireadY existing grow to a largor 
size and undergo an important phase of dendritic randfi-
cations, establishing functionalnoiiriections with other 
neurona. Primera findinga aüggest that the !atter phase 
takea place in EiOrne amygdalold ñúciei 'during the post-
nntal period and may be vulnerable.to perinatal insulta, 
eince at ages 12 to 40 days thia procese showed an 
portant decrement aseociated with neonatal 'undernU- 
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rata. "P <0,001,`P < 0.05. 

trition, Due to its early ontogenetical origin the AM 
mIght be lesa vulnerable to a postnatal Insult than the 
ABL and the ACE nuclei, which undergo a late develop-
ment procesa regarding their functional maturation. 
This assumption is supported in part by Kozik and 
Szczech (32) who described how the histochemical and 
aynaptic maturation of the amygdaloid system was 
completed between egos 17 and 40 days, reaching peak 
values for the AM in en early stage of postnatal life and 
for the ABL around the 40th dey. 

lt has been proposed (40) that multisensorial modu-
latory mechanisms are accomplished in late develop-
mental pilases and consequently may be altered by neo-
natal undernutrition, due to the nutritional supply limi-
tation te the cell during the critica' growth period and to 
a delay in the development of the sensory systems upen 
which muitimodal sensory structures depond for their 
functidnal structuring. Henco, deficient nutritional 
supply and afferent input can load te un derdevelopment 
of the dendritic trees in modulatory integrative struc-
tures. The resulta of this study could refiect this phe-
nomenon, Mece the ABL and ACE exhibited intensa 
alterations associated with neonatal undernutrition. 
l3oth nuclei receive multimodal sensory afferents (12, 
31, 33, 42, 46, 47, 68, 62) and have a relevant integrative  

and modutatory function for omotional motor and vis-
ceral responses (20, 29, 36, 37). In contrast, the AM is a 
specific relay zone for olfactory afferents associated 
with hormonal and sexual responses (38) and Buffered a 
lower Impact in its dendritic ramification due te neona-
tal undernutrition. 

The findinge reportad In a previous study by Salas et 
al. (56) could support this interpretation. They de-
scribed a reduction of somatic aren, dendritic field, and 
dendritic length in the thalamic reticular nucleus of the 
rat, but did not find significant differencea In the the-
lamic lateral nucleus. It Es known that the reticular nu-
cleus receives multisenaorial afferents and exerti a mod-
ulatory influence on all thalamic nuclei inhibiting some 
sensory afferents (56), in contrast, the lateral nucleus ia 
a specific atructure which participates in a neural circuit 
for coordination of poature and muscular tone. 

As described aboye, the amygdaloid complex playa an 
important role in integrating multimodal sensory infor-
mation and elaborating emotional motor and visceral 
responses. A ffinctional limitation le the amygdnla duo 
te deficient incoming information through a reduced 
dendritic tren may constitute the morphological basis 
for the characteriatic emotional behavior observed in 
the undernouriahed rat. 
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Abstract 
GolgijCox-stained bipolar celis of the medial superior olive (MSO) were ana-
lyzed in control and undemourished Wistar strain rats at 12, 20, 30 and 40 days 
of age. Undemutrition significantly reduced the number of dendrites and the 
extensiva of ipsilateral dendritic prolongations, with no effects upan the cross-
sectional somal arca and rninimal altcrations in the correspondirtg contralateral 
dendritic branches. The data suggcst that in underfed ratea, atrerents from the 
receptors projecting to the MSO via the anteroventral cochlear nuclei may cause 
an imbalance in the binaural intcractions which occur between the axon tenni-
nals and the ipsilateral and contralateral dendritic arbors of MSO neurons. 

      

Introduction 

The superior olivary complex is a group of brainstem 
nuclei closely related to the luning of gating mechanisms 
by which sensory cues are modulated to permit habituation, 
attentive behavior [Oatman, 1976; Feng and Rogowski, 
1980] and sound location [Erulkar, 1972]. Pan of tisis com-
plex is rcpresented by the media! superior olive (MSO), 
predominantly constituted by bipolar cclls with horizon-
tally projecting dendritic arbors [Warr, 1966; Schwartz, 
1977]. These dendritic trees have segments which receive 
input fmm both ipsilateral and contralateral anteroventral 
cochlear nuclei [Stotler, 1953; Ilarrison and Warr, 1962; 
1 larrison and Feldman, 1970; Lindsey, 1975; White and 
Warr, 1983]. Moreover, the MSO is tonotopically organ-
ized, with high vcntrally and iow dorsally distributed fre-
quencies [Warr, 1966]. It has extensive connections with 
the ipsilateral inferior colliculus [Stotler, 1953; Schwartz,  

1977], receives binaural innervation [Warr, 1966; Yin and 
Chan, 1990] and contains cells that exhibit cither binaural 
summation or binaural suppression responses [Warr, 1966; 
Yin and Chan, 1990]. Illus, the conspicuous location of the 
MSO neurons and their systematic pattcm of innervation 
makes this nucleus a useful model to assess the effects of 
perinatal influences which affcct hearing maturation. 

Severa] procedures of perinatal experimental undentutri-
tion in rats have revealed a significant reduction in body 
and brain weight, as well as in physical growth, Reduction 
in body size, sparsc hair growth, and a 2- to 3-day delay in 
ear and eye opening [Mourek et al. 1967] are also consis-
tcntly corretated with the delayed capacity to generase 
electricul brain activity in response tu, sensory stimuli [Cal-
lison and Spcncer, 1968; Salas ami Cintra, 1973]. 

The present study was undertaken to investigate the 
effects of neonata! undernutrition upon the morphology of 
the bipolar MSO neurons. Data indicate that early food 
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ConUalateral 	'l'adatara' 	Contratatoral 	ipsilateral 

al 
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41 
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Fig. 1, Camera lucida tracings of bipolar 
MSO neurona from control (C) and under-
nourlshed (U) rata at 12, 20, 30 and 40 days 
of age, showing the ipsilateral and contra- 
lateral dendritic arbors. ax 	Axon. Bar = 
50 lun. 

deprivation mainly Impairs the development of the ipsilat-
eral dendritic arbor, with mínima! effects upon contralateral 
dendritic tree prolongations. The findings may be relevtuit 
to present knowledge on the generation of both binaural 
surnmation and binauml suppression responses at the 
supraolivary level and the possible modífication of these 
functions in neonatally underfed rats. 

Material and ~hada 

Animals 
Fifteen timad pregnant Matar stmin rata (Rano norvegicui) were 

housed individually in Plexiglas matemity coges (50 x 40 x20 cm) 
with food (Purina chow) and water ad libitum in a temperature-con-
traed roorn (24 ± 1 °C) and a 10-hour dark, 14-hour light cycle (lights 
on at 7.00 h). At blrth (day 0) imimals were grouped finto littera of 
8 mala pups per mother by adding or removing extra mate pupa. Neo 
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Tab(o 1. ANOVA for body and brain ui ight ► aloeN 	IfUltft and 
istied rata dW ing 	dolnocni, 

Factor 	 Uds' +veight i 	Brain weigin F 

Minino+) I.24 132.92' 57.60 
3, 24 813.27" 1141,44" 

Nutrilion x ale 3, 74 1 0.56* 4,26'1 

"p c 0.004)1: " 	<0.01. Lach cutí:ni:Mon typically tellects a total 
ul n I(  control and n = ¡( underaourishettrios, 

natal undernu trit ion was produced by transferting daily the same hall' 
of the litter in = 4) from the nest tu mi incabator maintaincd pt 29°C, 
for 12 ft (8,00-20AX) lo, from postnatal clays I tu 24. In all cases, 
underfed pupa were placed caoba inside the incubator lo secare 
some physical inri:radian during the 12.hour period of environmental 
isolation, although with significant reduction in the external environ-
mental sensory signals. The control group consisted of pups raised in 
undisturbed 'niers adjusted at birth tu 8 pups per 'nimba. Anintals 
were sacrificed in groups for histotogicul examination at 12, 20, 30 
and 40 da» ()Elige. Individual' ot the older groups were weaned at 25 
days of ase, ufter which they were subjected to a nutritional rehabili-
talion period with free access tu water and feed (Purina chow). 

Procerinre 
!light subjects per group (4 controls and 4 experimental animals) 

were weighed and deeply anesthetized with alter, They were that 
Intracardially perfused with salive and 10% neutral buffered formalin. 
Alter 12 h of fi xation. the spinal card was severcd at the upper end 
of the cervical scgmcnt Cl, and the entine brain was removed and 
weighed. Corona) sections (100-150 prn) from the medalla oblongata 
were stained according to the Golgi-Cox prendare. Location and 
ident int:atino of neural struc tures were based on the atlas of Sherwood 
and Timiras 119701. The nomenclature and general location of the 
superior olivary complex was adopta from the atlas of Paxlnos and 
%son 119861. Anterior-posterior coordínales for localization of 
the superior olivary complex corresponded to values from P 0.4 mm lo 
P 1,4 from the younger to the older groups. Mes were coded to 
ensure that all observations were blind with respect to age and dletary 
treatment, Camera lucida drawings uf cach neuron were obtained at a 
magnification of x675. 

Itforphornetric Analysis 
Wein),  impregnaled neurons (fig. 1), whosc dendritic field 

appeared tia be confined lo ocre section as evidenced by light micros-
copy, were sclected for each experimental condition, tse group and 
neuronal parameter. From camera lucida drawings. the cross.sectional 
cell body aren was measured with a Ladd graphical digitizer, lpsilat• 
eral and contralateral dendritic arbor measurements werc obtained by 
counting the number of I st, 2nd, 3rd, 41h, 5th, 6th and the total neuro-
nal dendrItle orders. The extent of dendritic branching was analyzed 
by placIng the bordar located between the ce!! body and prlmary den-
drites at the center uf the first ring of a series of 6 concentrle rings 
(spaccd al 40.4-1.un Intervals) and counting all intersections of den-
drites with individual rings of cach side oí the neuron (Sholl, 1956).  

No anemia ;las trae ro UVI iect Irte colopieNlion ol the duce •dunen-
sional dendritic tree tu a tss o-dimensional sketyil. sitwe the relative 
elincrences betweett neurons tetnain constatti vs hen II ansfot utcti [ruin 
ihree tu two dintensitnts ISpinelli ct al., I 9801. 

Shot ;tics 
Experimental data sscre anal> red by using die Sy'aui Statistleal 

Package version 2.1, To ex UMillt! :he score differences of Ore different 
measurei 'lents unan ages and dielary treatment s. the tollo wing sepa. 
rale statistical analyses were that t 1) the vaiues for body and brain 
weight were analyzed with u two.way ANOVA 2 (madúrala! regimes) 
x4 (riges); (2) cross.scetional ccli body arca seorcs 120 cetas per age 
and notritional condition) were t'aupad in u two-way Aluna 2 
(nimit jaita) regirnes) x 4 (ages); (3) the Impact of neonata! undernutri-
¡ion volt the number and extension of each ipsilatcral and cuntralab 
eral dendritie branch was compared with a M ANOVA 2 (nutritional 
reúnes) x4 (riges) x6 (dendritic branches): (4) factors with u Itigher 
variance content were caladated with u canonical correlation analy-
sis; (5) in MI cases, the dendritic score differences betwecn experi-
mental groups for particular ages were calculated with the Newman-
Keuls post hoc test. Fach subject was treated as un independent %lim-
pie in (hese analyses. The litter from which the subject cante was 
ignored. The assumpiions of independence of each neuronal patin-
eta within the subjects and uf the absence of correlation among lit-
termines were not strictly jusfilied. However, in spite of the complex-
ity of the variables Itere evaluated and of the difticulty in ascertuining 
the lack of correlation, we bclieve that the data derivad from statistical 
pnalyses give support lo our conclusions. 

Resulta 

Body and brain weight comparisons among groups at 

cach developmental age showcd significantly lower values 

for nconatally underfcd rats than for controls (table 1). 

Analysis of the mean cross-sectional cell body arca 

throughout the experimental perlod indicated that bipolar 

MSO neurons were not affected by neonata! undernutrition, 

although Chis parametcr was significantly affected fp< 0.01) 
when age was considered (table 2). 

Our undernourished rats showcd a 2- to 3-day delay in 
car and eyc opening compared to controls. Light-micro-
scopic observatious from the present material revealed that 

MSO neurons were spindle-shaped with dendritic arbors 
directed in a perpendicular direction tu the perikaryon 

(fig.!), They usually exhibited two lst-order dendrites from 

which dendrites of 2nd, 3rd, Ath, 511t and 6th orders ran to 

the cdges of the nucleus nt an anglo of 40" or iess with 

respect to the cell píate, as described clsewhere [Schwartz, 
19171. 

The total number of ipsilateral dendritic branches 
was significantly reduced in neonatally underfed rats 
(p<0.001), with differences.panicularly evident in the 3rd 
and Ath dendritic ordcrs (tablc 2). Age did not modify the 
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Tabla 2. Neuronal measureinents in MS0 bipolar culis of corti rol and undernourished rats at 12, 20. 30 and 40 days of age: F val ues 

Neuronal rneasurement Nutricional regimes 
(d.f. 1, 152) 

Agc 
Uf. 3, 152) 

Interaction 
(d.f.3, 152) 

ipsilateral contralateral ipsilateral contralateral ipsilatcral 	contralateral 

Cross-sectional rrll body' atea 
Dendritic orderb 

1.135 3.847" 1.765 

1 "011 0.129 0.944 0.386 0.832 0.386 
2 0.241 2.928 0.241 3.230* 0.241 3.197* 
3 61.671'*• 3.201 2,683* 3.424* 2.163 0.062 
4 26.395*** 0.008 0,290 0.910 0.432 0.888 
5 0.679 1.286 1.131 0.524 0.226 0.524 
6 0.200 0.333 0.733 1.222 0.200 0.333 
Total 52.394*** 1.724 2.080 3.226* 0.831 0.280 

Dendritic intersections* 
1 1.989 0.193 1.430 0.623 0.843 1.453 
2 13.703"* 1.157 1.217 1.424 0.527 0.090 
3 28.570*** 1.169 0.465 1.303 4.669" 1,181 
4 43.996" 0.790 0.991 0.376 1.499 0.431 
5 20.411*** 3.705* 0.417 4.414" 0.145 1.431 
6 7.092" 2.696 0.613 4.014" 0.496 0.85 
Total 60.757." 5.780" 0.743 4,711" 2.471 0.933 

*p <0.05; "p <0.01: "'p <0.001. 
' 	Siatistical comparisons of n 20 simples per age and condition. 

Each calculailon typically rellects n = 20 simples per age and condition. 

number of branches of most ipsilateral dendritic orders 
(tabla 2) although a significant reduction in the 3rd ipsi• 
lateral dendritic order was observed (tabla 2). No signifi• 
cant Interaction was observed in the number of ipsilateral 
dendritic orders between dietary treatment and age. In con-
trast, neonatal undernutrition did not cause significant dif-
ferences in the number of contralateral dendritic orders 
(table 2, fig. 2), although significant age-related changes on 
proximal dendrites (2nd and 3rd contralateral dendritic 
orders, not shown in fig.2) were evident (table 2). More-
over, no significant interaction was observed betwcen the 
nutritional and age factors with respect to measurements 
of most ipsilateral and contralateral dendritic bmnches 
(tabla 2). 

In neonatally underfed rats, the total number of ipsilat-
eral dendritic intersections showed a significara reduction 
(p<0.01), with main effects from the'2nd (80.8 pm) to the 
6th (242,4 pan) circle (table 2). The age factor did not affect 
the number of ipsilateral . dendritic intersections (table 2), 
although a significant interaction between the nutritional 
and age factors was observed in the 3rd (121.2 pan) circle.  

Total contralateral dendritic intersections were affected by 
food deprivation (p <0.01; table 2, fig.3), with significant 
effects only 'in the 5th (202 ilm) circle (table 2). Total con-
tralateral dendritic intersections were also affected by age 
(p<0.01), with signfficant effects for the 5th (202 prn) and 
6th (242.4 pm) circles (table 2, fig.3). Moreover, no signif-
icant intemction between the nutritional and age factors 
was found in contralateral dendritic intersections (table 2). 

The canonical discriminant analysis of ipsilateral den-
dritic branches resnited in significant differences among 
nutritional regimes (p <0.0001) and helped lo illustratc 
that the 3rd and 4th dendritic orders, which liad a standard-
iza coefficient greater than Oí, contributed most in the 
underfed group to ipsilateral dendritic arbor differences 
among groups (table 3), Morcover, the canonical dis-
criminant analysis of ipsilateral . dendritic intersections 
showed significant differences betweén dietary treatments 
(p<0.0001) and Indicated that the 3rd, 4th and 5th dendritic 
intersections with cedficients greater than 0.5 contributed 
most in the underfed group lo the significant differences for 
this neuronal parameter (table 3). 
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fig. 2. Number of ipsilateral and contra-
lateral dendritic branches la control (C) and 
neonatally undcrfed (U) rats during develop-
ment. Undemutrition significantly reduced 
the number of ipsilateral 3rd and 4th dendritic 
orders as well as the total number of dendri tes 
(T), with no effect on cantralateral dendritic 
orders. Black dots aboye hars indicate signif-
icant differences. Figures en the upper left 
sido indicate different developmentat ages. 
Data indicate the average of 20 cells per 
group and nutricional condition. 

Discussion 

The present data show that neonata' undernutrition dif-
ferentially affects the growth of the dendritic arbors of bi 
polar MS0 neurona. This effect is characterized by a signif 
icant reduction in the number of dendritic branches, of ipsi-
lateral dendritic length, and of dendritic growth, with mini-
mal significant effects upon the contralateral counterpart. 

The finding of a differential effect between the, ipsí-
. lateral and contralateral MS0 dendritic arbors may be 

explained by the severo effect of neonata! undernutrition 
upen the anteroventral cochlear nuclei and/0r the matura-
tion of the outer hair cdlls. This effect continuas through the 
first 2 postnatal weeks (Pujo' et al, 1978; Kelly, 19851, pre-
sumably reducing the anteroventral cochlear afferent 
charges upon the ipsilateral dendritic arbor of ,neurons of 
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Flg. 3. Nurnber of ipsilateral and contra. 
lateral dendritic Intersections In control (C) 
and nconatally undernourished (U) rats dur-
ing developmenl. Undemutrition signifi-
cantly rcduced the number of Intersections 
from the 2nd (80,8 In) to the 5th circles (202 
pm) at 12-30 days of age and In the 4th 
(161.6 Ion) circle at 40 days of age, as well as 
for total (T) intersectlons. Undemutrftion 
provoked minimal contralateral effects. Sym-
bols, number of cells and codas as fa figure 2. 

the MS0 and so producing the morphological effects 
reportad here. This assumption is supported by previous 
evidence showing that one 'clon of the anteroventral 
cochlear nucleus results in shrinking of the partially deaf. 
ferented MS0 eell dendritcs, without alterations in the 
oppositc dendritie growth [Liu and Liu, 19711. The under-
nourishing procedure used liare was associated with differ. 
ent stressful situations causad by the daily 12-hour period  

of sensory deprivation due to the separation of the pups 
from their mother, littermates and the nest, and their isola-
tion in the incubator. This situation may resemble the sym-
metrical . sound deprivation of neonata' rats binaurally 
deprived by the ligation of the externa! auditory ~tuses 
where no effects on binaural interaction have bcen de-
scribed [Silvennan and Clopton, 19771. However, if neona-
ta] undernutrition and its associated inlluences interfere 
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Tabla 3, Canunical loading correlationN hetween conditinn,i1 
dependent variables and dependent canunieal fachirs: individual 
ardas and dendritie hitt:met ii1115 µ91h standardixd utak tenis 

Canonical fleten 	 Standardizcd coefficients 

Cross•sec lona! sumat 'te arca 	 0.113 

Dendritic ordcrs 
!panera, 

1st 	 0.110 
2nd 	 -0.054 
3rd 	 0,836' 
41h 	 0.569'  
5th 	 0.091 
6111 	 0.049 

Contralateral 
1st 	 0.040 
2nd 	 -0,180 
3rd 	 0.193 
4111 	 -0.010 
5i1i 	 0.125 
6th 	 0.063 

Dcndritic interseci ions 
Circle 

1 	 0.158 
2 	 0,417 
3 	 0.583' 
4 	 0,742' 
5 	 0.515' 
6 	 0.302 

Circic 
0.049 

2 	 0.121 
3 	 0.121 
4 	 0.099 
5 	 0,211 
6 	 0.180 

Denotes depcndeni variables that have high siandardized coal-
cicnts, 

nuutei muy unkilance the interactions betunen axon iCfilli-
nais and ipsilateral and contralateral dendritie arbors of 
bipolar MSO neurnns. This intbalance may cause altera• 
tions in the MSO efferent discharge, interlering with the 
binaurai interactions at supraolivary le veis Unbudy and 
Feng, 1981; Yin Witi Citan, 19901. MSO neural activity is 
one of the first stops uf the binaural interactiun processes 
necessary for normal auditory perception f Kelly, 1985), hin 
it may not be the only one. Hinaural interactions can occur 
independently of the parlicipation of the superior olivo, and 
binaural responses in the inferior colliculus of the rat are 
maintained following kainic acid lesions of MSO nucici (LA 
and Kelly, 19921. The present data may also help enlajo 
the impairment in the modulation of the startle response lo 
a loud and sharp noíse associated with increased plasmatic 
corticoid levels 	et al., 19921 and enhanced emotion- 
ality seen in neonatally underfed adule raes Ilevitsky and 
Bornes, 19701, and in the habituation phenomenon pro-
vaked by repetitive auditory stimulation in neonatally 
underfed children [Lester et al, 19751. Moreover, they are 
consisten( with the alterations in thalamie neurons subserv-
ing selective attention to environmental cues (Salas et al., 
19861.111s assumption is supported by electrophysiologi-
cal and morphological data in offactory and visual channels 
of neonatally undemourished rata [Salas et al, 1977; Math 
and Davrainville, 1980), suggesting an impairment in the 
sensorial integrating tnechanisms underlying selective 
attention and perceptual plienomena. 
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more with the maturation of the outer hair cells and theír 
connections during the first 2 postnatal weeks than with the 
precocious eonnectivity of inner hair cells already present 
at bisele [Pujol et al,, 19781, this may result in a different 
timing of comparative converging influences upan the ipsi-
lateral and contralateral MSO dendritie arbors affecting the 
development of brainstem auditory binaural interactions. 

The morphological observations of the present study 
suggest that underfed rata may revea' an impairment in 
the auditory integrative mechanisms underlying possibly 
MSO-altered binaural interactions. The data suggest that 
efferent diseharges arising from the anteroventral embicar 
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Tabla 3. Canunical loatliop cincha ioas heir% ccit conditional 	nucici may unbabince the interactions betwcen mon tenni- 
detivildelli variables and dependen'  callonical 	individual 	vals and ipsilateral and contralateral dendritic arbors of 
orders and dendritic intersections with stattdardixd coc Ilicients 	bipolar !VISO ncurons. This imbalanee may cause altera- 

!hos in the MSO efferent discharge, interfering with the 
binaural interactions at supraolivary levcis 1Inhody and 
Feng, 1981; Yin and Chan, 19901. MSO ricura] activity is 
ocie of the first steps of the binaural interaction processcs 
necessary for normal auditory perception 'Kelly, 19851, but 

not be the orily ocie. I3inaural intcractions can occur 
independently of the panicipat ion of the superior olivo, and 
binaural responses in the inferior colliculus of the rat are 
niaintained following kainic acid lesions of MSO nuclei¡Li 
and Kelly, 19921. The present data may also help explain 
the impairment in the modulation of the surtid response to 
a loud and sharp noise associated with increased plasmatic 
corticoid leve:5 [Melia et al., 1992] and enhanced emotion-
ality seca in neonatally underfed adult rats [Levitsky and 
Barnes, 1970], and in the habituation plienomenon pro-
voked by repetitive auditory stimulation in neonatally 
underfed children ILester et al., 19751. Morcover, ihcy are 
consisten) with the altcrations in thalamic ncurons subserv-
ing selective attention tu environmental cues [Salas et al., 
19861. This assumption is supported by electrophysiologi-
cal and morphological data in olfactory and visual channels 
of neonatally undcrnourished rats [Salas et al., 1977; Madi 
and Davrainville, 1980], suggesting an impairment in the 
sensorial integrating mechanisms underlying selective 
attention and perceptual phenomena. 
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more with the maturation of the outer hair cells and their 
connections during the first 2 postnatal wccks than with the 
precocious connectivity of inner latir cells already present 
at birth [Pujol et al., 1978], Chis may result in a different 
timIng of comparative converging influences upon the ipsi-
lateral and contralateral MSO dendritic arbors affecting the 
dcvclopnicnt of bralnstem auditory binaural interactions: 

The morphological observations of the present study 
suggest that underfed rata may mea! an impairment in 
the auditory integrative. mechanisms underlying possibly 
MSO-altered binaural interactlons. The data suggest that 
efferent discharges arising from the anteroventral cochlear ' 
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Dendritic Branching of Claustral 
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Undernourished Rats 

Abstract 
Golgi-Cox-impregnated neurons of the claustrum were stud-
ied in control and undernourished Wistar strain rats at 12, 20, 
and 40 days of age. A reduced cross-sectional somatic area was 
observed in the 20-day-old undernourished rats and a signifi-
cant reduction in the dendritic area was observed in the three 
ages studied. Dendritic arbor alteration was mainly observed 
in the number of high order and in the total number of den-
dritic branches of undernourished rats throughout the study. 
The data suggest vulnerability of the dendritic claustral growth 
process during the postnatal period to neónatal undernutri-
(ion. These alterations may be associated with telencephalic 
integrative impairments described in perinatal undernour-
ished rats. 
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Introduction 

During development, brain structures un-
dergo a progressive heterochronic growth to 
achieve a complex morphofunctional sub-
strate and confront environmental demands. 
Thus, some of the sensorial systems are quite 
advanced in their development at birth and 
reach maturity at an early ontogenetic age. 
Nevertheless, multisynaptic modulator brain  

structures attain maturation and adjust their 
functional connections late in brain ontogeny 
[1] in order to moderate the sensory áscending 
information, Morphological evidence has re-
vealed that during neurogenesis intemeurons 
as fundamental substrate of multisynaptic 
modulator pathways arise late prenatally and 
their proliferation and functional organiza-
don continues throughout the postnatal peri-
od [2, 3]. TheSe interneurons participate in 
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complex physiological phenomena such as 
sensory integrative mcchanisms, 'curling and 
mutilan ic processes [4]. Conscquently, peri-
natal insults such as abnormal hormonal ley-
els, drugs, undernutrition and neonata' han-
dling interfere with developmentally delayed 
multisynaptic modulator systems [5-10], 

The claustrum has been recognized as a 
polysensory telencephalic structure consti-
tuted by a group of displaced cortical inter-
neurons [11, 12] that establish extensive re-
ciproca' connections with the visual, motor, 
auditory, cnthorrinal, orbital, prcpyriform 
and cingular limbic cortices [13-17] and with 
the use of autoradiographic techniques it has 
been demonstrated that afferent information 
is arranged in a topographical order [15, 16]. 
Also, the main cortical input to the claustrum 
arises from pyramidal cells from laycr IV and 
the return pathway arrives at all cortical 
layers, but mainly at layers IV and VI [18]. 

Severa' studies suggest that the claustrum 
plays an important role in coordinating visual 
input with gross motor control and movement 
detection [12, 19]. Also, due to its extensive 
reciproca! projections with the neocortex, it 
has been considered an integrative polysenso-
ry structure [13, 16] that may play an impor-
tant role in motivational and mnemonic pro-
cesses [17] and it also provides an important 
substrato for interhemispheric communica-
t ion [20]. 

Because of its extensive corticocortical sen-
sory connections, the claustrum may be an 
interesting structure to assess the alterations 
provoked by different perinatal insults on the 
sensory integrative maturational processes. In 
ordcr to observe somatic and dendritic char-
acteristics of the claustrum, undernourished 
and control rat brains at 12, 20 and 40 days of 
age were prepared with the Golgi-Cox stain-
ing procedure and cross-sectional somatic and 
dendritic neuronal measurements were per-
fortned. 

Methad 

Aninials, For this study male Wistar strain rats 
were used. Time groups of 2 adult male and 5 t'ende 
rats wcighing 250-3008 were haused in transparent 
plastic cages (50 x 40 x 20 cm) for mating. Thcy were 
tnaintained in an ad libitum diet of Purina chow pel-
lets and water, and were kept at room temperature of 
24°C and a 12:12-hour light-dark cycle (lights on at 
07.00 h). Two days belbre delivery females wcre 
placed individually in acrylic cages (45 x 30 x 20 cm), 
with clean shavings for nesting and free access to food 
and water. 

On postnatal day 1, thc littcrs were adjusted to 8 
pups, 4 females (F) and 4 males (M) and their body 
weight was registered. One half of the pups in each lit-
ter, 21/2 M, was assigncd to the undernourished group 
(U) and the other half served as control group (C). 
Although litters contained pups from both sexes, only 
mate pups were considered for this study, in order to 
avoid a sex associated differenee, 

Undernourahing Procedure. Neonatal undernutri-
tion was produced by daily rcmoving thc U pups from 
the nest and keeping them for 12 h in an incubator 
(08.00-20.00 h) maintained at 29°C. The other 12 h 
they wcre returned to the dam in order to enable litem 
to suckle'the nursing female. The U pups were sub-
jected to this procedure throughout lactation (postila-
tal days 1-23). This procedure reduces the pups eppor-
tunities for suckling and may partially reduce the 
tnaternal-pup intcractions. During this period the C 
pups remained in the nest undisturbed with free access 
to the dam. The undcmourishing procedure was sus-
pended at 24 days of age, becausc during the first 3 
postnatal weeks the brain is extremely vulnerable to 
externa! inlluences [3). From then on the U pups were 
exposed to nutritional rehabilitation and were, there-
fore, left to remain in thcir home cage as their C sib-
tings with free access to the dam, food (Purina chow) 
and water. In arder to recognize the U pups from their 
C siblings in the nest, their heads wcre marked with a 
dot of colored washablc ink, Pups ,were weaned until 
day 28 and houscd in groups of 6-8 rats of the sanie sex 
and nutritional treatment, since early weaning can load 
to thc litter's physical impairment, and in order to per-
rita a better nutritional rehabilitation [24' 

Surgical and Stainhw Procedure. On postnatal days 
12, 20 and 40, mate pups from each condition 	8) 
were weighed, anesthetized with ethcr and sacrifieed 
by decapitation. Immediately their brains wcre re-.  
moved and weighed, cut in four coronal blocks' and 
immersed in a Golgi-Cox solution [22) for impregna-
tion. After 3 weeks, the blocks were dehydrated and 
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Tabla 1. Effcct of neonata! 
undernutrition on body and brain 
weight during dcvclopment in rats 

Age 
days 

Body weight 	 Brain weight 

C group 	U group 	C group 	U group 

12 
20 
40 

19.85±0.95 
37.33t 1.30 

100.12±3.61 

	

14.90± 1.04* 	0.98±0,04 	0.90±0.04 

	

28.12 ±0.59** 	1.46±0.02 	1.38±0.02* 

	

8l.53±3.09* 	1.73±0.03 	1.60±0.02* 

Factor d.f. Body weight Brain weight 

F 	, p< 

Nutrition 1,42 40.18 0.0001 12.33 0.001 
Age 2,42 674.57 0.0001 249.63 0.0001 
Nutr x age 2,42 5.46 0.008 0.30 NS 

NS w  Statistically nonsignificant. 
p < 0.01; " p <0.001 by Ncwman-Kculs test. 

embcdded in low viscosity nitrocellulose. Subsequent-
ly they were cut in corona) sections of 100-150 pm and 
mounted in serial order. For furthcr identification 
slides were coded to ensure blind observations with 
respect to age and experimental condition. Location 
and identification of neural structures were based on 
the Shcrwood and Timiras [23) atlas. Sampies were 
taken from sections corresponding to the anteco-poste-
rior coordinates A 3.5-2.3 mm for 12-day-old brains, 
A5.0-3.5 mm for the 20-day-old group and A5.3-
4.1 mm for the 40-day-old group. In all cases samples 
corresponded from the mid.anterior to the posterior 
portions of the claustrum. 

Morphometrtc Analysis. Decause the Golgi-Cox 
method specifically stains the neuron with its dendritic 
arbors with respect to length, number and orientation, 
drawings of complete and well impregnated neurona 
(fig. 1) whose dendritic field appeared to be confined 
to the section were obtained with a camera lucida 
adjusted to a light microscopc at 675 x magnification. 
Five brains of each age and experimental condition 
were examined, and 5 neurona from each were ob-
tained, resulting in a total of 150 neurona for the study. 
Crossiectional ce!' body and dendritic arcas were 
measured with a Ladd graphical digitizer and for this 
purpose, a line was traced connecting the tips of the 
periphcral dendrites. The drawings were placed on the 
digital surface and the contour of the resulting atea and 
of the soma were retraced with a fine tip. The de n drites 
were classified hito primary, secondary, tertiary order  

and so on, considering thcir place of origin and accord-
ing to this sirategy the nurnber of dcndrites of di fferent 
ordcrs was counted. 

Statistics. Data obtained were analyzed with the 
Systat Statistical Package. For al' experimental groups 
and parameters the interanimal variability was esti-
mated with a one-way ANOVA. The values for body 
and brain weight, for cross-sectional somatic and den-
dritic arcas and for every dendritic order were ana-
lyzed with a' two-way ANOVA (nutrition x ase). In 
addition, total values for all dendritic orders were ana-
lyzed with a MANOVA (nutrition x ase x dendritic 
arder) and a canonical correlation, which indicated the 
dendritic order most affected by undernutrition. The 
statistical difference between experimental groups for 
particular ages was calculated with the NCWril an-Keuts 
post hoc test.. 

Resulte 

Significant diet (nutrition) effects were 
found for body weight in the three age groups 
studied and for brain weight in the 20- and 
40-day-old groups (tale 1). The reduction in 
body weight of the U pups reached a propor-
tion of 25% at the age of 20 days and it dimin-
ished to 20% at day 40, while the deficit in 
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12 
	

20 
	

40 

Fig.1. Ncurons of the claus-
trum drawn from U and C rat 
brains at 12, 20 and 40 days olas; 
ax = axon. 

u 

brain weight oscillated betiveen 6 and 9% in 
the three ages studied. These finding,s are in 
agreement with those described in previous 
studies [24, 251 and they confirm the efficien-
cy of the paradigm used to obtain undcrnour-
ished pups. 

Nenrons observed in the claustrum were 
medium.sized with an irregular oval or py-
ramid-like soma giving origin to 3-4 primary • 
ramified dendrites (fig. 1), The cross-sectional 
somatic arca in the cells of the U gtoup neu-
taus was reduced on day 20, but not on day 12 
and day 40 postnatally (fig. 2a). However, the 
ANOVA test indicated a relevant global in-
fluence of the nutrition factor on this parame-
ter, F(1,144) 5.44, p < 0.02, it also indicated 
an important influence of the age factor, 
F(2,144) 4.77, p < 0.01; and of the nutrition 
x «age factor, F(2,144) 4.77, p < 0,01; and of,  
the nutrition x age factor,F(2,144) 6.22, p <.  
0.003. No interanimal variability was ob-
served in this and other parameters., 

On the other hand, the dendritic atea in 
neurons of the U group was importantly re- 

duced in the three ages studied (fig. 2b). The 
ANOVA test indicated a significant effect ex-
erted by the nutrition factor F(1,144) 35.28, 
p < 0.001; and the age factor F(2,144) 6.66, 
p < 0.002, on this neuronal measurement.. For 
the three ages studied the difference between 
groups was statistically significant, showing 
no recovery in spite of the nutritional 
tation at 40 days OÍ age. 

The number of dendritic branches also 
showed a . significant reduction associatO 
with the 'nutrition factor, Wilks' lambda á 
0.872; F(7,138). 2.901, p < 0.007; and with age 
factor, Wilks' lambda á 0.004, F(14,276) 
2.34, p < 0.004. In both experimental groups a ' 
growth process could be bbserved since :the • 
amount of.total dendritie branches ineteased . 
from, day 12 ,to day 40; Moreover, thenurnbet • 
of dendrites in the:claustrum of the U. g,roup 
exhibited in the three ages rednced values com. 
pared Lo the C group (fig. 3). This redUction in 
the U Pup ,dendrites Wasjnoré intenso' in the 
high arder dendritie branches' than 'in the 
mary, secondary or tertiary ramifications (ta. 
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19(1.2, Mean values t SEM for the cross-sectional 
somatic (a) and dendritic (b) arcas of claustrum neu-
rona in C and U rats (n = 25) at three developmental 
agcs. * p < 0.01, statistically significant M'unce be-
tween U and C group for every age, obtained with 
Newman-Keuls test. 

Fig. 3. Dendritic branching for claustrum neurona 
at threcdevelopmental ages (a 12 days, b 20 days. e 40 
days) in neonata)? U and C rata (n 25); • p < 0.05; 
** p < 0.01. 

bie 2), as was indicated in the canonical corre-
lation test. This tendency was already present,  
at the age of 12 days, it became more evident 
en day 20, and remained on day 40 in spite of 
16 days of nutritional rehabilitation (fig. 3). 

Dlacurnion 

Present data show that postnatal undernu-
trition affectS the dendritic outgrowth in the 
claustrum since its dendritic extension and 
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Tabla 2. Multivariate values indicating statistical 
significance for circus associated lo undemutrition on 
dcndritic branches, and canonical correlation indicat. 
ing the most affected dcndritic orders due lo undernu-
trition 

Dendritic F value p value Canonical 
order d.f.(1,144) correlation 

lst 2.57 NS 0.34 
2nd 0,04 NS 0.04 
3rd 1.66 NS 0.28 
4th 14.56 <0.0001 0.8V 
51h 9.20 <0.003 0.651  
61h 7.62 <0.007 0.591  
71h 2.01 NS 0.30 

NS Nonsignificant. 
1 	Dendritic ordcrs most affected by undernutrition. 

dendritic branching suffered a significant re-
duction due to neonatal undemutrition and 
the alteration remained ín spite of 16 days of 
nutritional rehabilitation. Our data point out 
that the extension and number of dendritic 
branches increased from day 12 to day 20 and 
to day 40 and consequently we can propose 
that this neuronal process undergoes an 
portant early postnatal growth period. Wc ob-
served that claustrum dendritic arbors devel-
op in a centrifuga! fashion with higher arder 
branches being successively added through-
out early postnatal life. Moreover, it was evi-
dent that this growth process is vulnerable to 
neonata! undernutrition, since the extension 
and dendritic branching exhibited a slower 
growth rate associated with this insult in the 
three ages studied and in spite of' 16 days of 
nutritional rehabilitation for the day 40 
group. The findings from Iñiguez et al. [26] 
support this observation, since they describe a 
substantial development, in the arnount of 
afferent and efferent connections in the claus-
trum from birth and until postnatal day 14. 

Morphological studies have show n that 
dendritic arbor space represents a preferential 
terri tory for specific afferent systems, and that 
peripheral dendritic branches are the most 
plastic components highly dependent on sen-
sory information [271. Herefore, the reduced 
high order dendritic branching of claustral 
neurons observed in undemourished rats may 
restrict their capability to receive and inte-
grate afferent inputs arising from the cerebral 
corte; and to organize the etTerent discharges 
toward cortical and subcortical structures. 
This assumption is supported by multiple de-
scriptions showing the high dependence of t he 
claustrum activíty on cortica! inputs [1 3, 15, 
17). In this study the neuronal simples were 
taken mainly from the mid-anterior to the 
posterior portions of the claustrum which es-
tablish a recíproca' interaction with the mo-
tor, somatosensory, auditory and visual cor-
tices [16, 201. Therefore, reduced dendritic 
ramifications may be reflecting the effects of 
perinatal undemutrition as well a deficient 
afferent input arising from these cortical 
iones associated to early sensory deprivation. 

Polysensory relay structures establish at-
tentional states to specific information and 
maintain a certain excitability of the neural 
processes [3]. The cláustrum, due to its stra-
tegic polition and polyniodal sensory inputs' 
through its projections, may regulate atten-
tional states and the integration of motor and 
sensory information. In this regard, projec-
tions from the visual conex to the claustnim 
originatini in the Tourth layer and returning 
from the claustrum te the same cortical arcas 
to layers IV and VI establishing a reciproca! 
inodulator circuit, which may regulate senso-
ry influx to this zone [18]. In undernourished 
rats the reduced dendritic arbor in the claus-
tral neurons may generate a defícient regula-
tory process that may be associated with inad-
equate locomotion [28, 291 or with impaired 
visuospatial integration as observed in be- 
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havioral studies [30-32]. This possibility is 
strcngthened by data showing the high vulner-
ability of polysensory nervous structures to 
perinatal undcrnutrition in the thalamus [I, 
9], the amygdala [5], the hippocampus [3, 33, 
34], the cerebellar granular layer [35] and the 
interncurons of the cerebral cortex [36].1-low-
ever, further morphological and bchavioral 
studies will be needed in order to corroborate 
this proposal. 
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