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5UnimaO' R a m d a l h p roposed the f r e e rad ica l t h e o r y o f 
C ° l d C n t o r suggesting that the c h a n g e s s e e n in 
k ^ h l ° l L r may be the result o f an i m b a l a n c e b e t w e e n the 
^VlS h '°on and safe d i sposa l o f f r e e rad ica l s . In 
P ^ ^ s h c d children, minera l m e t a b o l i s m and ant i -
^ n ° t s t a t u s n c e d r c n c w e d a t l c n t i o n e spec i a l ly in re la t ion 
0 X l d a n

s e and functional s i g n i f i c a n c e o f the c h a n g e s in 
l° "ntration of these subs tances . In the p r e s e n t s tudy , the 
c o - Wellcome c lass i f ica t ion w a s u s e d to c l a s s i f y the 

' energy malnourished ch i ld ren in to k w a s h i o r k o r (32] 
P ^ m i c - k N v a s h i o r k o r [15], m a r a s m u s [12] and 
m dervveight [11) Twenty-s ix h e a l t h y a n d n o r m a l ch i l d r en 
""Cre used as controls. S t anda rd p r o c e d u r e s w e r e u sed fo r 
J T a n a l y s e s of the b iochemica l p a r a m e t e r s . O u r resu l t s 
showed that plasma total cho l e s t e ro l , s o d i u m , p o t a s s i u m 
and bicarbonate, p -caro tene , re t inol a n d ur ic ac id w e r e 
significantly lower in the m a l n o u r i s h e d g r o u p than the 
control group (P<0.05) , w h i l e t r a n s a m i n a s e s w e r e 
significantly increased in the m a l n o u r i s h e d g r o u p (P<0 .05 ) . 
jhese findings suggest an a l t e red e l ec t ro ly te and ant i -
oxidant status in protein ene rgy m a l n u t r i t i o n . 

K e y w o r d s : Cholesterol. Electrolytes, Enzymes, Anti-
oxidant. Protein energy malnutrition 

Rismi 
Golden et Ramdath ont p r o p o s e s la t h e o r i e d e s r a d i o c a u x 
libres du Kwashiorkor, s u g g c r a n t q u e les c h a n g c m e n t s 
constates dans les cas de K w a s h i o r k o r p o u r r a i e n t e t re le 
resultat d'un d dstfquilibre en t r e la p r o d u c t i o n et la 
disposition saiene des r ad icaux l ibres . C h e z les e n f a n t s 
malnourcis, le metabol ism d e s m i n e r a u x et le s t a tus d e s 
antioxydant ont besoins d ' u n r e n o u v e l l e m e n t d ' a t t e n t i o n 
suitout en relation avec la c a u s e et la s i g n i f i c a n c e 
fonctionelle de les c h a n g e m e n t s d a n s la c o n c e n t r a t i o n d e 
ces substances. Dans la p r c s c n t e e t u d e , la c l a s s i f i c a t i on 
modifie Wellcome a ete ut i l ise p o u r c l a s s i f i e I ' e n e r g i e les 
enfants malnourient ayant u n e d e f i c i e n c e e n p r o t e i n e ayan t 

Kwashiorkor [32], le K w a s h i o r k o r - m a r a s m i q u e [15] , 
marasme [12] et en d e s s o u s du p o i d s [11] . V i n g t - s i x 
^fants en sante et bien po r t an t o n t £t6 u t i l i s e s c o m m e 
controles. Les procedures s t a n d a r d s o n t dt£ u t i l i s e s p o u r 
^alyser les parametres b i o c h i m i q u e s . N o s r e su l t a t , o n t 
montrds que Ic taux total d e c h o l e s t e r o l , s o d i u m , 
potassium. 

^ r0^' ^ ^ A gbedana, Department of Chemical 
N'8erii ^ " c g e of Medicinc, University of Ibadan, Ibadan, 
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K w a s h i o r k o r with the characterist ic sign of stunted growth 
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'n H 3 3 [1], was thought to be due to a d e f i c i e n t o f 
prote in rather than infection or vitamin deficiency. 
. ever , the exact metabol ic factors responsible for this 

d i so rder remain largely unclear. 

Recent ly, it was proposed that kwashiorkor 
resul ts f rom an imbalance between the production of free 
radicals , which cause oxidat ive cellular damage [3-6], and 
their safe disposal [2] mediated by anti-oxidant system. 
These ant i -oxidant sys tems consist of a group of enzymes; 
g lu tha th ione peroxidase, glutathione reductase, g l u c o s e s -
phospha te dehydrogenase catalase, N A D H -
methaemog lob in reductase and superoxide dismutase as 
well as v i tamins A,C,E, and P-carotene which prevent 
peroxidat ion of the structural membrane lipids [6,7]. 

Whi le ant i -oxidant def iciency results in ocular 
lesion, mineral metabol ism in P E M requires attention 
especia l ly in relation to the possible role of free radical 
imbalance in the observed changes [8-12], Plasma uric acid 
as an anti-oxidant has not previously been studied in PEM 
and prev ious s tudies have shown that plasma 
concen t ra t ions of potassium and sodium may be normal 
[13] or reduced [14,15] in malnourished children. It has 
been sugges ted that the extent o f h y p o k a l e m i a may reflect 
the degree of recovery f rom malnutri t ion and extent o f 
al terat ion in p lasma e n z y m e s [16]. 

In the present study, the changes in plasma 
elect rolytes , total cholesterol , liver enzymes as well as 
p l a sma ret inol , p -caro tene and uric acid were assayed in 
P E M in order to de f ine the s tatus in P E M . 

M a t e r i a l s a n d m e t h o d 
Seven ty ma lnour i shed chi ldren def ined by Wel lcome 
c lass i f ica t ion 117] into 32 cases o f kwashiorkor , 15 cases of 
m a r a s m i c - k w a s h i o r k o r , 12 cases of marasmus and 11 cases 
o f the unde rwe igh t chi ldren were included in the study 
w h i c h w a s carr ied out in the Depar tmen t o f Paediatrics of 
the Univers i ty Co l l ege Hospi ta l , Ibadan af ter approval of 

the Ethical C o m m i t t e e . 
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eases of marasmic-kwashiorkor, 12 cases of marasmus 
and II cases of the underweight children were 
included in the study which was carried out in the 
Department of Paediatrics of the University College 
Hospital, Ibadan after approval of the Ethical 
Committee. 

The twenty-six well nourished children (age 
range 6 months to 5 years) attending the Children's 
Outpatient Department, of the University College 
Hospital. Ibadan. for routine check up served as 
controls. About 10 ml of blood was collected by 
venepuncutre into lithium heparin bottles in each case. 
The plasma was separated into clean plastic containers 
after ccntrifuging at 3 g for five minutes. Plasma 
retinol and p carotene were assayed by the procedure 
described by Tietz [18], 

The plasma sodium and potassium 
concentrations were determined by the flame 
photometry method using Corning 4 lOC-ftamc 
photometer, while plasma chloride, bicarbonate and 
hacmatocrit were assayed by standard methods. Total 
cholesterol was determined by the modified of 
Licbcrmann Buchard reaction [19]. Aspartate 
transaminase (AST), alanine transaminase (ALT) and 
uric acid were assayed using the multi-channel Hitachi 
auto-analyser (BM-Hitahci 704, Mannheim, 
Germany) Results are expressed as mean ± SD. 
Group comparisons were made using one-way 
analysis of variance (ANOVA); paired comparisons 
were carried out using the Student's t test and P < 0.05 
was regarded as significant. 

Results 
Plasma sodium and potassium concentrations were 
significantly (P < 0.05) decreased in the malnourished 
children compared with the control group, but the 
slight inter-group differences for both cations within 
the malnourished groups were not statistically 
significant (P > 0 05). Plasma chloride concentrations 
were similar (P < 0.05) in all the groups while 
bicarbonate concentration was significantly (P < 0.05) 
lowest in the marasmic-kwashiorkor group with 
significant inter-group differences (Table 1). 

The mean plasma total cholesterol was 
significantly {P < 0.05) lower in the marasamus and 
marasmic-kwashiorkor groups than in the control 
group (P < 0.05), with the lowest cholesterol in the 
marasmic group (Table I). 

Tab le 1: Prevalence of associated Infections among 
the malnourished children. 

Kwashiorkor Marasmus Marasmic-
kwashiorkor 

Total number 32 12 15 
No. without 10 4 3 
infection (s) 

Fever 15 5 8 

Cough 1 - 2 

Diarrhoea 2 1 -

Malaria 3 - -

URTI 1 -

Measles - - 1 

Angular - 1 
stomatitis 

Bleeding - 1 
gum 

Worms - 1 -

URTI = Upper Respiratory Tract Infection 

Significant ( P < 0.05) elevations of ALT and AST 
activities were found in all the malnourished groups 
with significantly higher AST activity in the 
marasmic-kwashiorkor patients. Compared with 
healthy children, the mean plasma retinol, 0-carotene, 
haematocrit and uric acid values were significantly 
reduced in the different malnourished groups (P < 
0.05) with differences in the p-carotenc levels between 
kwashiorkor and underweight children being 
statistically significant (P < 0.05). There were also 
significant differences in mean plasma retinol values 
between the marasmic-kwashiorkor children as well as 
between kwashiorkor and underweight children (P < 
0.05). 

The haematocrit showed a significant 
reduction in all the malnourished groups when 
compared with the control group (P<0.05) with inter-
group variations within the malnourished groups 
(Table 2). The mean plasma uric acid levels were 
significantly lower in the marasmic-kwashiorkor and 
kwashiorkor groups when compared with the 
corresponding control values (P<0.05). Also the 
difference in plasma uric acid concentration between 
the marasimc-kwashiorkor and underweight children 
was statistically significant (P<0.05). Evidence of 
associated diseases was sought in the various groups 
with no significant differences in the presence of 
pyrexia on admission. (Table 1). 
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Table 2: Plasma electrolyte, total cholesterol and liver enzyme values. 

Marasmus M-kwashiorkor Kwashiorkor Underweight Control F values / ' value 
N - 12 n - 1 5 n - 32 n - 11 n - 2 6 

Sodium ( m E q t ) 
5.6 <0.003 Mean t SD 132 ± 7 3 128 ± 8 5 132 ± 5 7 132 ± 5 4 137 ± 3 9 5.6 <0.003 

Range 1 1 6 - 1 4 0 1 1 2 - 1 4 0 1 1 3 - 1 4 0 124 - 143 1 3 0 - 1 4 4 
Potassium (m/Eq/t . ) 
Mean ± SD 3 2 ± 1 1 3.1 ± 1.1 3 2 ± 0 7 3 5 ± 1 1 4 0 ± 0 6 3 6 < 0 0 1 

Range 1 9 - 6 2 1 1 - 4 7 1 5 - 4 6 1 8 - 5 9 2 9 - 5 8 
Bicarbonate (mEq'L) 
Mean ± SD 19 0 ± 3 . 2 18 ± 3 .6 20 ± 3 3 22 ± 2 . 7 22 ± 2 7 3 5 <0 01 
Range 15 0 - 2 6 0 1 0 - 2 6 1 4 - 2 8 1 9 - 2 7 1 9 - 2 7 
Chloride ( m E q l . ) 
Mean ± SD 104 ± 7 7 101 ± 6 1 104 ± 3 3 101 ± 6 8 104 ± 6 9 1.2 NS 
Range 90 - 123 83 - 111 9 5 - 1 1 2 9 0 - 1 1 0 90 - 110 9 0 - 1 1 0 
Total Cholesterol (mg/L) 
Mean ± SD 84 ± 2 1 101 ± 2 0 101 ± 3 0 137 ± 3 3 136 ± 3 9 9 .2 <0.001 
Range 4 3 - 1 1 9 7 0 - 130 5 4 - 1 4 1 59 - 195 84 - 227 
ALT (IU/L) 
Mean t SD 26 8 ± 17 6 58 7 ± 5 5 2 47 7 t 54 3 35 8 ± 9 I 7 2 ± 5 8 5 4 <0 005 
Range 10 0 - 6 3 0 1 0 - 225 0 1 0 - 287 5 1 0 - 93 0 1 0 - 28 0 
ASTOU/L) 
Mean t SD 73 3 ± 34 9 85 1 ± 54 2 57 3 ± 29 2 69 3 ± 43 4 30 7 ± 10 7 7 6 <0 001 
Ranee 31 0 - 1 5 2 0 1 . 0 - 2 0 7 0 1 0 - 149 0 1 0 - 1 7 2 0 16 0 - 5 4 

N = No. of subjects MS = Not Significant Xf-kwashtorkor = Marasmic-kwashiorkor 

Table 3: P-Carotene, Vi tamin A, haematocr i t and uric acid values in malnutrition 

Marasmus M - k w a s h i o r k o r K w a s h i o r k o r U n d e r w e i g h t C o n t r o l F P 
n = 12 n = 15 n = 3 2 n = 11 n = 2 6 v a l u e value 

P - C a r o t e n e (yvg/dl) 
Mean ± SD 3 8 1 ± 2 0 1 4 4 . 9 ± 2 6 3 4 9 7 ± 18 1 3 1 0 ± 18 1 9 6 . 5 ± 5 7 . 3 9 3 < 0 0 0 1 
Range 10 1 - 8 0 4 2 0 . 1 - 1 1 5 . 6 10 1 - 1 2 0 . 6 15.1 - 1 7 4 10.1 - 2 1 1 0 
V i t a m i n A ( / i g /d l ) 
Mean ± SD 5 2 . 2 ± 2 5 . 2 4 3 . 4 ± 10 2 5 6 . 3 ± 3 1 . 6 5 6 6 ± 2 8 . 6 7 3 . 0 ± 2 5 . 1 3 4 < 0 . 0 1 
Range 3 2 . 5 - 198 .1 3 5 . 5 - 1 1 9 . 2 10 8 - 1 4 1 . 8 2 1 6 - 173 .3 1 0 . 8 - 1 3 5 4 
H a e m a t o c r i t ( % ) 
Mean ± SD 2 8 7 ± 4 . 8 2 6 . 3 ± 5 . 0 2 8 . 5 ± 4 1 3 1 4 ± 6 9 3 6 . 7 ± 3 . 1 1 7 . 6 < 0 0 0 1 
Range 2 0 0 - 3 8 0 1 5 0 - 3 3 0 2 0 . 0 - 3 6 0 2 0 0 - 4 3 . 0 2 0 0 - 4 1 0 
I ' r i c ac id 
(/ ig/dl) 
Mean ± SD 3 8 ± 1 5 2 . 7 ± 1.4 3 4 ± I 5 4 0 ± 1 8 4 I ± 0 . 9 3 . 0 < 0 0 5 

Ranee 1 . 5 - 5 . 8 1 . 0 - 4 . 5 1 0 - 7 .4 1 0 - 7 2 2 . 3 - 6 . 0 

Discussion 
Deficiency of macro- and micro-nutr ients are associated 
with malnutrition with stress factors associated with 
malnutrition resulting in the generat ion of free radicals 
and subsequent reduction in p lasma ant i -oxidants in 
these children (20) as conf i rmed by the low anti-oxidant 
status in our study. Scve et al. [21 ] demonst ra ted that red 
cell anti-oxidant enzymes such as se lenium-dependent 
glutathione peroxidase and superox ide d ismutase are low-
in kwashiorkor though not studied in our patients. 
However, our study conf i rmed low p lasma ant i-oxidants 
in malnutrition. "Hie malnour i shed children presented 
with infections and these can cause fur ther increase in 
free radical production. 

The study by Ladi tan and Reeds (1976) has 
emphasized the importance of inadequate diet and 
infection in the aetiology of kwash iorkor and marasmus 
(22). It is therefore diff icul t to separate the ef fec ts of 
these two factors on the observed levels o f ant i -oxidants 
in children with PEM. It is poss ible that the low level of 
circulating anti-oxidants is due to either increased 
utilisation of micro-nutrient ant i -oxidants or decreased 
synthesis of such anti-oxidants in protein malnour ished 
children. However, this s tudy did, not demonst ra te any 
differences related to the extent or presence of infect ions 

within the groups. The deficiency of these micro-
nutrients, which scavenge free radicals, leads to the build 
up of excess free radicals, which would cause oxidat ive 
damage to the lens of the eye and also the skin lesions. 

In the present study, there were no obvious 
ocular lesions in the malnourished children, probably 
because none of the malnourished children has a plasma 
vitamin A level below 10 ug/dl. This is consistent with 
earlier findings indicating that vitamin A 
supplementation reduces morbidity and mortali ty 
significantly in malnourished children [23]. Also vitamin 
A levels returned to normal within 8 days of vi tamin A 
supplementation, suggesting dietary deficiency of 
vitamin A in malnourished children. 

Anaemia is a common feature in the 
malnourished children [24] and this is more pronounced 
in the marasmic-kwashiorkor patients. Among the ma jo r 
factors responsible for the anemia in different groups are 
changes in the red blood cell, associated infections as 
well as deficiencies of iron, protein and vitamins in their 
diet [24]. These changes in the haematological system 
are consistent with earlier findings in malnourished 
children [24]. The excess production of free radicals in 
malnourished children [2] may cause substantial 
oxidation of protein and sulphydryl groups in the red 
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blood cells leading to possible dissociation of 
hemoglobin into free units (25] which can cause a 
substantial loss of iron and protein from the red blood 
cells and may explain the reason for the relatively low 
haematocrit obtained in this study as experimental 
protein deformation has been shown to cause anaemia in 
animal models [26]. Another possibility is the 
preventable destruction of erythrocytes resulting from 
membrane damage caused by incomplete detoxification 
of superoxide radical and hydrogen peroxide in 
erythrocytes. The activities of superoxide dismutase and 
glutathione peroxidase; the two enzymes involved in the 
detoxification process are low in PEM due to the well-
established deficiency of both copper and selenium in the 
condition [27], As a result, the red blood cells become 
very vulnerable to membrane damage caused by 
exposure to superoxide radicals or hydrogen peroxide 
[25], which are known to be generated in excess in 
malnourished children [2]. 

Though there are no previous reports on uric 
acid status in PEM, the present study showed 
significantly decreased concentration of uric acid, which 
is a known anti-oxidant [28] and an endogenous free 
radical scanvenger [29]. This low plasma concentration 
of uric acid suggests that the ability of children suffering 
from marasmic-kwashiorkor and kwashiorkor to copc 
with higher radicals using uric acid as an anti-oxidant 
will be reduced. Alternatively, it could also mean a 
higher free radical concentration that has depleted the 
available uric acid by oxidation. This appears to be a 
more plausible explanation since uricase is non-existent 
in man. 

The mean plasma sodium and potassium were 
significantly decreased in the malnourished children, 
though the chloride concentrations were not deranged. 
The measurement of electrolytes in this present study 
was to ascertain whether or not the cellular 
compartments arc well maintained in malnourished 
patients. The plasma bicarbonate is of particular 
importance as it was found to be particularly low in our 
marasmic-kwashiorkor patients. The results of the 
present study suggest alteration in the electrolyte balance 
in the different malnourished groups and this may be due 
to destructive actions of excess free radicals at the 
plasma membrane [30) in malnourished children. 
Varying results as regards electrolyte composition have 
been obtained in the past in malnourished children [31]. 
These inconsistent findings have been attributed to the 
type and degree of malnutrition as well as the presence or 
absence of infection and differences in the electrolyte 
composition of the different diets in the various parts of 
the world [31). 

Significant elevations of AST and ALT were 
demonstrated in this study as in other previous studies 
[32]. This could be suggestive of liver injury due to 
hepatotoxins [32] in these malnourished children as well 
as destructive effects of excess free radicals [33] which 
may cause lipid peroxidative changes, tissue damage and 
changes in membrane structure and function [33] of the 
liver. These damaging effects may be more pronounced 
in malnourished children with fatty liver. 

The reduced total cholesterol found in the 
malnourished children in the present study could be due 
partly to their poor diet as well as to increased oxidation 
of membrane lipids and transmembrane proteins in the 
malnourished individuals, since free radicals arc known 
to attack such molecules [34], Previous reports show that 

plasma cholesterol could be low, normal or increased in 
marasmic patients [35]. 
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