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INTRODUCTION  

utrition plays a critical role in prenatal and early postnatal 

development of the brain at different levels including 

structural, chemical and functional levels (Guesry, 1998).  

Moderate to severe periods of malnutrition prior to the 1
st
 

two years of life are known to be associated with delay in 

cognitive development and poor scholastic performance in 

children (Galler and Ross, 1993).  

The rapidly developing brain is more vulnerable to 

nutrient insufficiency. Certain nutrients have greater effects on 

brain development than do others. These include protein, 

energy, certain fats, iron, zinc, copper, iodine, selenium, 

vitamin A, choline, and folate. The effect of any nutrient 

deficiency or overabundance on brain development will be 

governed by the principle of timing, dose, and duration 

(Georgieff, 2007). 

Severe, moderate and even mild malnutrition have been 

shown to have permanent effect on brain development (Wachs, 

1995).  

Early studies done by Gunston et al. (1992), reported 

that the consequences of severe protein energy malnutrition 

(PEM) on the developing brain were still ill defined. Imaging 

studies were done to explore the underlying abnormalities in 

PEM infants.  

N 
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Shaaban (1977) had used pneumoencephalographic 

study for PEM infants and concluded that the small head 

circumference in her patients was due to atrophy of cerebral 

cortex and subcortex with some dilatation of the ventricles and 

enlargement of subarachnoid spaces of both marasmic and 

kwashiorkor infants. The study also reported that severe 

malnutrition when started at an early age regardless its type 

threatened the brain growth and the earlier the onset, the severer 

the insult to the brain. With advances of imaging studies, 

Househam and de Villiers (1987) reported cerebral atropy in 

children with  kwashiorkor (KWO) using computerized 

tomography (CT) study.  

Later on, magnetic redonance imaging (MRI) study done 

by Gunston et al. (1992) and revealed cerebral shrinkage in 

children with KWO yet the underlying reason for cerebral 

shrinkage was unclear.  

In trials to reach to the functional changes or the 

underlying pathology in the brain of KWO infants, Mohamed 

(1996) showed brain atrophy and significant decrease in 

cerebral blood flow (especially affecting the frontal lobes and 

basal ganglia) which was correlated positively with the severity 

of the condition through CT and single photon emission 

computerized tomography (SPECT) study using technitium 

(Tc
99m

). 

In the last years, magnetic resonant spectroscopy has 

been developed as a direct medical application of nuclear 



 Introduction & Aim of The Work 

 

- 3 - 

magnetic resonant system. It determines non-invasively the 

presence and the quantity of various compounds in tissues. It 

has been used in patients with refractory epilepsy and brain 

tumours referred to surgery (Frahm and Hanefeld, 1997).  

There is evidence that the concentration of normal 

metabolites in the brain varies with age, this variation is more 

noticeable during the first three years of life. The most striking 

variation is an increase in N. acetyl aspartate (NAA)/creatine 

(Cr) ratio and decrease in choline (Cho)/creatine ratio as the 

brain matures. These changes may reflect neuronal maturation 

and an increase in number of axons, dendrites and synapses 

(Stoll et al., 1995). 

NAA is a neuronal marker and its concentration will 

decrease with many insults to the brain. Whereas choline is a 

constituent of the phospholipid metabolism of cell membrane 

and reflects membrane turnover and it is the precursor of acetyl 

choline (A.Ch) and phosphatidylglycerol. The former is a 

critical neurotransmitter involved in memory, cognition and 

mood, the latter is used to build up cell membranes and low 

choline has been observed in hepatic encephalophy also low 

intake of choline can modulate cerebral choline level. Whereas 

creatine plays a role in maintaining energy dependent systems 

in brain cells (Stoll et al., 1995).  
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AIM OF THE WORK 

This study was designed to assess the potential role of 

proton MRS in detecting the metabolic changes in the brain of 

PEM infants.  
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Protein Energy Malnutrition 

Protein-energy malnutrition (PEM) continues to affect 

millions of human beings in developing countries. Children 

suffer most from the shortage of nutrients because at early ages 

malnutrition has an important impact on the central nervous 

system. The changes that malnutrition triggers in the brains of 

these children will have severe consequences on their 

development and learning abilities (Cornelio-Nieto, 2007).  

Malnutrition remains one of the most common causes of 

morbidity and mortality among infants and children throughout 

the world. The earlier the onset, the more the incidence of 

permanent impairment of brain development (WHO, 1999).   

The long-term effects of nutritional deficiencies in early 

life depend on the severity and duration of the deficiency, the 

stage of the children's development, the biological condition of 

the children and the socio-cultural context (Grantham- 

McGregor, 2000). 

The World Health Organization (WHO) defines 

malnutrition as "the cellular imbalance between the supply of 

nutrients and energy and the body's demand for them to ensure 

growth, maintenance, and specific functions" (Onis et al., 

1993). The term protein-energy malnutrition (PEM) applies to a 

group of related disorders that include marasmus, kwashiorkor, 

and intermediate states of marasmus-kwashiorkor. The term 


