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L o w  leve l s  of m e n t a l  p e r f o r m a n c e  has  b e e n  d o c u m e n t e d  a m o n g  
c h i l d r e n  in s e v e r a l  c o u n t r i e s  w h e r e  m a l n u t r i t i o n  is p r e v a l e n t  (1). S t u d i e s  
on m e n t a l  p e r f o r m a n c e  of  c h i l d r e n  s u f f e r i n g  f r o m  k w a s h i o r k o r  d u r i n g  the  
p e r i o d  of r e h a b i l i t a t i o n  h a v e  s h o w n  t h a t  d u r i n g  r e c o v e r y  f r o m  m a l -  
n u t r i t i o n  d e v e l o p m e n t a l  q u o t i e n t s  i m p r o v e d  in m o s t  cases  (2, 3). In  a d d i -  
t ion,  o t h e r  s tud i e s  h a v e  d e m o n s t r a t e d  t h a t  i n a d e q u a c y  in  t h e  p e r i p h e r a l  
n e r v o u s  s y s t e m  also occurs  (4, 5). A t  t he  s a m e  t ime,  changes  in  m a g n e s i u m  
(Mg) l eve l s  of b l o o d  s e r u m  a n d  c e r e b r o s p i n a l  f lu id  (CSF) h a v e  b e e n  
r e p o r t e d  in  c h i l d r e n  s u f f e r i n g  f r o m  o t h e r  n e u r o l o g i c a l  d i s o r d e r s  no t  
r e l a t i n g  to p r o t e i n - e n e r g y  m a l n u t r i t i o n  (PEM) (6) a n d  m u s c l e  d y s t r o p h y  (7). 

T h e s e  r e p o r t s  s t i m u l a t e d  us  to e x p l o r e  f u r t h e r  v a r i a t i o n s  in  the  leve ls  
of Mg in b lood  s e r u m  a n d  C S F  a m o n g  c h i l d r e n  s u f f e r i n g  f r o m  P E M  for  a 
b e t t e r  u n d e r s t a n d i n g  of t h e  n a t u r e  of  t h e  n e u r o l o g i c a l  a b n o r m a l i t i e s  
d e t e c t e d  in  PEM.  

In  th i s  respec t ,  b lood  s e r a  a n d  C S F  l eve l s  of Mg h a v e  been  s t u d i e d  
in  t h i r t e e n  cases  s u f f e r i n g  f r o m  P E M  a n d  c o m p a r e d  w i t h  t en  n o r m a l  cases  
s e r v i n g  as a con t ro l  g roup .  

Materials and methods  

The mater ia ls  of the present  s tudy are  fast ing blood samples and CSF from 
thi r teen cases suffering from kwashiorkor  of the mi ld -modera ted  severi ty  
according to Jelli]]e classif ication (8). Their  ages range be tween nine and 
th i r ty -s ix  months. Ten cases of normal  children wi thin  the  same age range 
and socioeconomic status were  also included severing as a control  group. 
Sera  were separa ted  immediately.  Samples  of both blood sera and CSF contain-  
ing any haemolysis  were  excluded. 

Mg determinat ions  were per formed on tungest ic  acid f i l t ra te  using t i tan  
yel low in alkal ine solution as decribed by Neill and Neely (9). The analyses  
were  carr ied out on the  same day of sampling. Data  obtained were  s ta t is t ical ly  
analysed using the Student  t test. 

Results  and discussion 

T h e  r e su l t s  of t he  p r e s e n t  w o r k  a r e  p r e s e n t e d  in  t h e  2 t ab les .  
T h e  m e t h o d  u s e d  in  o u r  s t u d y  fo r  Mg d e t e r m i n a t i o n  in  s e r u m  r e v e a l e d  

r e s u l t s  in  a g r e e m e n t  w i t h  those  r e p o r t e d  in  l i t e r a t u r e  fo r  n o r m a l  ch i ld r en  
(10, I1). I n  P E M  cases,  s e r u m  Mg leve l s  a r e  s t a t i s t i c a l l y  a n d  s i g n i f i c a n t l y  
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Table 1. Mg levels in blood serum and CSF of normal  children 
(M. Eq. per litre). 

Serum CSF 

A: N. 2.05 2.02 
N.H. 1.84 2.41 
A.O. 1.90 2.35 
L.M. 2.38 2.54 
Z. L 1.57 2.51 
S.M. 2.30 2.00 
E.H. 1.70 2.70 
B.E. 2.64 2.37 
M.H. 1.70 2.55 
S.S. 2.71 2.65 

Mean 2.08 2.41 
SE • 0.13 0.08 

lower  if compared  w i t h  the i r  n o r m a l  controls ,  a f inding  which also agreed  
w i t h  t ha t  r epor ted  b y  Sands tead  (12). This  h y p o m a g n e s e m i a  m a y  be e i ther  
due  to low Mg i n t a k e  or to some a b n o r m a l i t i e s  in  Mg m e t a b o l i s m  in  PEM 
cases. The  low Mg i n t a k e  among  ch i ldren  su f fe r ing  f rom PEM c a n n o t  be 
ignored  since the i r  a n i m a l  p ro te in  i n t a k e  is m a r k e d l y  low. I t  is w or t h  
m e n t i o n i n g  here  t ha t  s e r u m  Mg levels  are  s ign i f ican t ly  low in  cases of 
gas t e roen te r i t i s  (]3), a s ta te  which is u s u a l l y  a c c o m p a n y i n g  PEM. 

D i a r r h e a  which is one  of the  m a i n  s y m p t o m s  of P E M  p lays  a m a j o r  role 
in  p roduc ing  a l t e r a t ions  in  Mg ba l ance  sh i f t ing  it  to the  nega t i ve  side. 
I n t e s t i na l  m a l a b s o r p t i o n  in  our  cases m a y  be a n o t h e r  factor  for  such 

Table 2. Mg levels in blood serum and CSF of PEM children 
(M. Eq. per litre). 

Serum CSF 

A.S. 1.57 1.72 
B . I .  1.48 1.64 
S . K .  1.84 1.84 
A . H .  1.23 1.64 
S.A. 1.43 1,84 
S.M. 1.31 1,47 
M.M. 1.47 1.47 
Z.M. 1.,46 1.64 
H.K.  1.14 1.31 
S.R. 1.64 2.13 
F . L .  1.39 1489 
M.M. 1.64 1.89 
NL G. 1.64 1.97 

Mean 1.48 1.73 
SE + 0.05 0.06 

P ~ 0.01 0.01 
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h y p o m a g n e s e m i a .  A l t h o u g h  v e r y  l imi t ed  i n f o r m a t i o n s  a re  ava i l ab le  
c o n c e r n i n g  Mg m e t a b o l i s m  in  the  a l i m e n t a r y  t ract ,  the  m a j o r  m a n i f e s t a -  
t ions  of Mg def ic iency a re  r e l a t ed  to ce l lu la r  deficits. 

Mg which  is the  second a b u n d a n t  i n t r a c e l l u l a r  ion, is i nvo lved  in  
a wide  va r i e t y  of phys io logica l  and  b iochemica l  funct ions .  Its essen t ia l i ty  
lies in  its ex t ens ive  role  as a n  e n z y m e  cofactor  for severa l  e n z y m e  
systems.  P a r a l l e l  to this  fact  and  due  to its def iciency in  blood s e r um a nd  
t issues of PEM chi ldren,  mos t  of t i ssue  and  b lood s e r u m  enzymes  con-  
t a i n i n g  Mg as a cofactor  are  r educed  in  these  cases, especia l ly  those of 
i n t r a c e l l u l a r  act ivi t ies .  A m o n g  these  are  the  glycolyt ic  enzymes  respons ib le  
for  glucose abso rp t ion  and  u t i l i za t ion .  I n  a p rev ious  s tudy  (14), glucose 
abso rp t i on  and  u t i l i za t ion  was  found  to be i m p a i r e d  in  these  cases. 
Sa l em  (15) r epor t ed  decreased  ac t iv i t ies  of severa l  g lycoly t ic  enzymes  in  
the  t issues of P E M  cases on h u m a n  and  e x p e r i m e n t a l  an imals .  

Because  of the  r e l a t ive  inaccessab i l i ty  of the  b r a i n  tissues, the con-  
cen t r a t ions  of ce r t a in  e l emen t s  and  me tabo l i t e s  in  the  CSF may,  however ,  
p rov ide  an  i n d e x  for  the  m e t a b o l i s m  of these  subs tances  in  the  b r a i n  
tissues. At  the  same t ime  i n f o r m a t i o n s  on the  levels  of Mg in the  CSF 
are  st i l l  s can ty  in  the  l i t e r a t u r e  ava i lab le .  This  encouraged  us to s tudy  
its level  in  these  cases su f fe r ing  f rom PEM. 

Mg levels  in  the  CSF of P E M  chi ldren  showed a s t a t i s t i ca l ly  s igni f icant  
r educ t i on  w h e n  compared  w i t h  normals .  Such decreased  Mg levels  m a y  
t h r o w  some l igh t  on d e r a n g e m e n t s  in  b r a i n  m e t a b o l i s m  in  these  cases. 
B r o w n  (16) r epor t ed  a s igni f icant  decrease  in  the  level  of Mg in  CSF in  
cases su f fe r ing  f rom neuro log ica l  d isorders  an d  he es tab l i shed  tha t  Mg is 
r e q u i r e d  for the  p rope r  n e u r o m u s c u l a r  conduct ion .  Mg in te rac t s  w i t h  
insu l in ,  glucose a n d  galactose  and  hence  its deficiency wi l l  h i n d e r  the  
t r a n s p o r t  of c a r b o h y d r a t e  and  amino  acids to the  b r a i n  (17). 

Cravioto and  De Licardie (18) in  a t t e m p t i n g  to define a causa l  l i nkage  
b e t w e e n  insuf f ic ien t  d i e t a ry  i n t a k e  and  s u b n o r m a l  m e n t a l  func t ions ,  
pos tu la t ed  t h a t  n u t r i e n t  deficiency affects the  in te l l ec t  b y  d i rec t ly  
m o d i f y i n g  the g r o w t h  and  b iochemical  m a t u r a t i o n  of the  bra in .  Mg 
deficiencies in  CSF of chi ldren  su f fe r ing  f rom P E M  wi l l  add  a n o t h e r  
suppor t  for the above  pos tu la t ion  and  can r e a s o n a b l y  e xp l a i n  c lea r ly  the  
m e n t a l  p e r f o r m a n c e  in  these cases on b iochemica l  basis. 

Summary  

The present study was aiming to explore further the variations in the levels 
of Mg in both serum and CSF of PEM children, hoping a better unders tanding 
for the nature  of the neurological abnormalit ies in these cases. The study 
revealed decreased values of both blood serum and CSF levels of Mg in PEM 
children which denote some abnormalit ies in brain  metabolism. Such abnor-  
malities add further  support for assumption of the l ink between dietary in-  
sufficiency and subnormal  mental  performance in PEM. 
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