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Studies  pe r fo rmed  by  different au thors  on p lasma amino  acid pa t te rn  
in protein energy  malnutr i t ion (PEM) revealed definite state of hypo-  
aminoac idemia  (1, 2, 3, 4, 5) with relative increase of amino acids in 
modera te  kwashiorkor ,  at tr ibutable to t issue des t ruc t ion  (6). The  R.B.C.'s 
amino acids received little at tention and studies pe r fo rmed  on R.B.C.s 
revealed contradic t ing f indings (7, 8, 9). S a k r  et al. (9), repor ted  almost  
normal  red blood cell amino acids in prote in  calorie malnutr i t ion with 
some elevation in certain non-essential  amino acids. Arharnmer  et al. (7) 
repor ted  elevation of R.B.C.'s amino acids only  in kwash io rkor  patients 
who  died d u r i n g  the first week  of t reatment ,  while  Michail  (8) found  
increased level of amino acids in R.B.C.s of all ma lnour i shed  cases wi thout  
differentiat ion into kwash iorkor  or marasmus .  

The present  work  aims to investigate the R.B.C.'s amino acid pat tern in 
prote in  energy  malnour i shed  cases represent ing  different  forms and gra- 
des of the disease. It  is also p lanned to s tudy  the effect  of oral dosing with 
individual  amino acids on the total amino acid content  of R.B.C.s in an 
a t t empt  to investigate the effect of the disease on the m o d e  of amino acid 
t ranspor t  f rom plasma to R.B.C.s. 

M a t e r i a l  a n d  m e t h o d s  

The material of this study were 139 PEM cases 3-30 months old. On clinical 
grounds as was described earlier (10), cases were divided into kwashiorkor (15 
596 
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m o d e r a t e  and  21 severe)  m a r a s m i c  (18 2nd a n d  42 3rd grade)  a n d  43 cases  suf fe r ing  
f rom m a r a s m i c  kwash io rkor .  17 hea l thy  n o r m a l s  of s imi lar  age  range  and  socio- 
e c o n o m i c  s t a n d a r d  w e r e  i n c l u d e d  to se rve  as controls .  All pa t i en t s  and  con t ro l s  
w e r e  free f rom any  assoc ia te  u r ina ry  t rac t  in fec t ion  or any  o the r  a i lmen t  tha t  m i g h t  
d e r a n g e  the  pa t t e rn  inves t iga ted .  

Fas t ing  v e n o u s  hepa r in i zed  b lood  s a m p l e s  w e r e  o b t a i n ed  f rom pa t i en t s  a n d  
contro ls .  P l a s m a  was  s epa ra t ed  and  R.B.C.s w e r e  w a s h e d  th ree  t i m e s  wi th  saline,  
t h e n  d i lu ted  wi th  doub l e  its v o l u m e  wi th  d is t i l led  w a t e r  and  f reezed  at  -20~ 
o v e r n i g h t  to e n s u r e  c o m p l e t e  h a e m o l y s i s  (11). Ind iv idua l  a m i n o  ac ids  in t he  h aemo -  
lysa te  w e r e  d e t e r m i n e d  by  the  m e t h o d  d e s c r i b e d  by  L e v y a n d  Chang(12) and  a m i n o  
ac ids  w e r e  ca lcu la ted  as mg/100 ml  R.B.C.s. 

F ive  cases  of each  of t he  g roups  s t ud i ed  w e r e  g iven  an a q u e o u s  oral  dose,  
equ iva l en t  to 200 rag/1 kg  b o d y  w e i g h t  of cys te ine ,  t r y p t o p h a n  and  lysine.  B lood  
s a m p l e s  w e r e  t h e n  co l lec ted  1, 2, 3, 4 and  6 h o u r s  af ter  the  d o s e  a n d  the  total  a m i n o  
acid  n i t rogen  of R.B.C.s were  d e t e r m i n e d  by  t h e  m e t h o d  of Ya Pin Lea (13). 

Table  1. Essen t ia l  amino  acids  in R.B.C.s of cont ro l  and  m a l n o u r i s h e d  cases  
(mg/100 ml). 

Cont ro l  Modera t e  Seve re  2nd 3rd Marasmic  Nut r i t iona l  
K w a s h i o r k o r  M a r a s m u s  KWO O e d e m a  

0.1 - - - 0.15 0.52*) - 
0.0 0.00 0.1 

1.94 0.8*) 0.8*) 1.72 0.34*) 0.9*) 1.5 
0.3 0.2 0.1 0.1 0.1 0.3 0.2 

0.74 0.1") - 0.4*) - 0.34*) 0.86 
0.1 0.0 0.1 0.1 0.1 

1.0 0.45*) 0.94 0.91 0.8 0.72 0.55*) 
0.1 0.1 0.3 0.2 0.1 0.2 0.1 

2.95 1.15") 1.39") 2.43 1.47") 2.35*) 0.63*) 
0.5 0.2 0.4 0.4 0.1 0.4 0.1 

0.88 0.45*) 0.9 3.31") 0.73 0.61 0.6 
0.1 0.1 0.4 0.5 0.2 0.1 0.1 

Trypt .  
_ S.E. 

Lys ine  

P e n y l a l a n i n e  

T h r e o n i n e  

Val ine  

M e t h i o n i n e  

L e u c i n e  + 
I so leuc ine  2.08 0.93*) 0.97*) 1.63") 1.80") 1.13") 0.52*) 

Total  9.69 3.88 5.00 10.4 5.29 6.57 4.66 

*) Di f fe rence  f rom cont ro ls  is s ta t is t ical ly  s igni f icant  (P < 0.05) 

Table  1. Con t inued .  N o n - e s s e n t i a l a m i n o  ac ids  in R.B.C. s of con t ro l  a n d  m a l n o u r i s h e d  
cases  (mg/100 ml). 

Cont ro l  Mode ra t e  Seve re  2nd 3rd Marasmic  Nut r i t iona l  
K w a s h i o r k o r  M a r a s m u s  KWO O e d e m a  

Alan ine  1.9 1,37 1.84 1.45 1.46 1.67 1.49 
0.1 0.2 0.2 0.1 0.2 0.3 0.2 

Glyc ine  2.99 1.57") 2.02 2.43 1.43") 2.62 1.41") 
0.3 0.2 0.1 0.3 0.3 0.6 0.2 
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T a b l e  1. C o n t i n u e d .  N o n - e s s e n t i a l  a m i n o  ac ids  in  R.B.C. s of c o n t r o l a n d  m a l n o u r i s h e d  
cases  (rag/100 ml). 

Con t r o l  M o d e r a t e  S e v e r e  2nd  3rd  M a r a s m i c  N u t r i t i o n a l  
K w a s h i o r k o r  M a r a s m u s  KWO O e d e m a  

G l u t a m i c  
ac id  0.76 2.26*) 2.40*) 1.78") 1.80") 2.80*) 2.07*) 
0.1 0.3 0.3 0,3 0.3 0.2 0.3 

Aspa r t i c  
ac id  3.05 2.58 3.19 2.99 1.64") 5.12") 2.54*) 
0.8 0.4 0.3 0.2 0.2 0.8 0.3 

A r g i n i n e  0.67 0.22*) - 2.86*) - 0.33*) - 
0.1 0.00 0.2 0.1 

H i s t i d i n e  0.38 - - 6.15") - 0.09*) - 
0.00 1.5 0.00 

S e r i n e  1.85 2.01") 0.86*) 1.96 1.15 2.71 1.26 
0.2 0.3 0.3 0.3 0.1 0.4 0.2 

T y r o s i n e  2.27 0.68*) 0.86*) 2.64 0.52*) 1.27") 1.40") 
0.3 0.2 0.3 0.3 0.1 0.2 0.2 

G l u t a m i n e  1.39 1.99 2.19") 2.01 1.15 2.11") 1.38 
0.2 0.2 0.4 0.1 0.1 0.3 0.2 

A s p a r a g i n e  3.78 1.86') 1.56") 4.08 3.91 4.04 1.35") 
0.4 0.2 0.2 0.3 0.5 0.8 0.2 

C y s t e i n e  2.28 1.54") 1.89 2.26 1.23") 2.23 1.99 
0.4 0.1 0.3 0.6 0.2 0.5 0.2 

Tota l  21.32 16.08 16.81 30.61 14.29 24.99 14.89 

T a b l e  2. R.B.C. ' s  to t a l  a m i n o  n i t r o g e n  (rag a m i n o  n i t r o g e n  as leuc ine /100  m l  
R.B.C.s)  be fo re  a n d  a f te r  d o s i n g  w i t h  cys te ine .  

T i m e  of s a m p l i n g  F. 1 2 3 4 6 h r s  

C o n t r o l s  
M e a n  58.0 84.0 92.4 91.4 77.4 54.8 
--+_ S.E. 15.2 13.6 10.4 14.1 6.3 9.6 

K w a s h i o r k o r  
M o d e r a t e  70,0*) 78.7 122.3") 85.8*) 82.5 91.5") 

7.6 5.2 12.8 9.2 8.9 7.1 

S e v e r e  78.6*) 70.2 82.8 78.0 48.4") 65.4 
7.3 6.6 7.4 4.6 8.9 10.3 

M a r a s m u s  
2rid g r a d e  

3rd  g r a d e  

M a r a s m i c  
K w a s h i o r k o r  

95.0*) 85.8 100.6 106.7)* 109.2)* 91.6)* 
6.6 6.7 9.3 13.5 19.6 21.3 

117.8") 148.0") 115.8") 112.4") 115.8%6 96.0*) 
8.3 6.5 10.9 6.5 7.1 6.9 

80.6*) 88.0 94.2 102.0 90.2*) 73.8*) 
16.9 17.3 24.2 24.2 32.1 20.4 

*) T h e  d i f f e rence  f r o m  con t ro l s  is s ta t i s t i ca l ly  s i gn i f i c an t  (P < 0.05) 
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T a b l e  3. R.B.C.s  to t a l  a m i n o  n i t r o g e n  (mg  a m i n o  n i t r o g e n  as  leuc ine /100 m l  R.B.C.s)  
be fo re  a n d  a f t e r  d o s i n g  w i t h  t r y p t o p h a n .  

T i m e  of s a m p l i n g  F. 1 2 S 4 6 h r s  

C o n t r o l s  
M e a n  75.7 87.0 124.0 103,0 97.3 
__ S.E. 8.0 6.7 15.8 11.2 7.1 

K w a s h i o r k o r  
M o d e r a t e  82.0*) 100.2") 110.6 87.6*) 86.4 

5.3 9.1 11.4 7.8 16.1 

S e v e r e  51.0") 70.6 69.0*) 61.0") 69.6*) 
4.2 6.2 6.8 10.4 12.5 

M a r a s m u s  
2 n d  g r a d e  

3rd  g r a d e  

M a r a s m i c  
K w a s h i o r k o r  

119.2 
16.8 

78,3*) 
14.0 

59.2*) 
13.8 

100.2") 135.0") 107.0 95.6 106.2") 88.2*) 
17.2 14.5 16.2 8.6 8,2 11.8 

78.0 68.0 85.2*) 75.6*) 91.5 92.3*) 
2.7 7.2 8.8 9.8 8.3 13.0 

100.8") 91.8 95.3*) 96.0*) 108.7") 
5.9 7,1 7.8 8.6 8,9 

*) T h e  d i f f e rence  f r o m  con t ro l s  is s ta t i s t i ca l ly  s ign i f i can t  (P  < 0.05) 
- N o t  d e t e r m i n e d  

T a b l e  4. R.B.C. 's  to ta l  a m i n o  n i t r o g e n  (rag a m i n o  n i t r o g e n  as  leuc ine /100  m l  
R.B.C.s) be fo re  a n d  a f t e r  d o s i n g  w i t h  lys ine .  

T i m e  of s a m p l i n g  F. 1 2 3 4 6 h r s  

C o n t r o l s  
~Mean 81.0 114.2 87.0 112.4 87.8 
+ S.E. 7.9 7.4 10.5 9.4 18.3 

K w a s h i o r k o r  
M o d e r a t e  83.0 123.3 140.4") 115.4 114.6") 

15.1 21.5 35,3 21.8 20.1 

S e v e r e  78.6 77.4*) 90.8 66.4*) 91.8") 
8,9 20.5 11.2 8.2 10.2 

M a r a s m u s  
2 n d  g r a d e  

3rd  g r a d e  

M a r a s m i c  
K w a s h i o r k o r  

73.8 
13.3 

109.2") 
16.2 

81.0 
13.1 

66.0*) 75.0") 91.5 89.5*) 97.0 107.8") 
12.1 13.5 15,8 20.8 9.9 10.9 

80.8*) 101.4 123.0") 98.2*) 97.8 83.5 
5.8 10.7 12.1 14.4 8.9 7.5 

75,6 71.4") 75,2*) 65.8*) 87.6 82.0 
9.2 8.9 4.8 12.8 11.4 10.6 

*) T h e  d i f f e r ence  f r o m  con t ro l s  is s t a t i s t i ca l ly  s ign i f i can t  (P  < 0.05) 
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Resul t s  

The level of fasting individual  amino acids in R.B.C.s of the different 
groups  is shown in table 1. The level of fast ing total amino ni t rogen and 
their values after oral dosing is tabula ted  in tables 2, 3 and 4. The t ranspor t  
index is given in table 5. 

Table 5. Transport index of studied amino acids from plasma to R.B.C.s. 

Tryptophan Lysine Cysteine 

Controls 1.66 1.41 1.59 
Moderate KWO 1.42 1.35 1.37 
Severe KWO 1.30 1.30 1.05 
2nd grade Marasmus 1.68 1.66 1.15 
3rd grade Marasmus 1.16 1.49 1.26 
Marasmic KWO 1.08 1.09 1.27 

D i s c u s s i o n  

The fast ing level of R.B.C.'s individual  amino  acids in our  heal thy 
controls  are not  in fair agreement  with comparab le  values repor ted  by 
other  authors  (14). Lysine, leucine, alanine, arginine and  hist idine were 
lower, while  methionine,  cystine, glysine, serine and  tyros ine  were  higher.  
Such  variat ion in amino acid values are accep ted  since it is dependen t  on 
the dietetic and envi ronmenta l  condit ions of the subjects.  

I n  modera te  and severe kwash iorkor  pat ients  a drop  in total essential 
and non-essential  R.B.C.'s amino acids occurred.  Certain aminco  acids 
showed  elevated levels. These were glutamine,  serine and glutamic and  
aspart ic acids in severe kwashiorkor .  

In  2nd grade marasmus  the total R.B.C.'s essential and non-essential  
amino acids were higher  than  normal.  Most  of the  R.B.C.'s individual  
amino acids showed  elevated values, part icularly the  non-essent ial  ones  
(table 1). I n  3rd grade m a r a s m u s  the R.B.C.'s amino acids in general  
showed  lower values than  normal.  

In  marasmic  kwash iorkor  the essential amino acids were less than  its 
normal  level while the non-essential  ones were  somewha t  h igher  and the 
total amino acids were  within normal  range. 

The repor ted  drop in total amino acids in R.B.C.'s of kwash io rkor  
pat ients  is comparab le  with data previously repor ted  in p lasma of similar 
cases (15) wh ich  was a t t r ibuted to dietary prote in  insufficiency. S u c h  
similarity of general  pa t tern  in serum a n d  R.B.C.'s amino acids may  
indicate a sort  of equi l ibr ium between extra and  intracellular components .  

Our f inding of decreased R.B.C.'s amino acids in kwash io rkor  cases are 
cont radic t ing  with that  repor ted  by M l c h a i l  (8). However ,  this au thor  
cons idered  malnutr i t ion  cases as a whole  g roup  wi thou t  categorizat ion 
into kwash io rkor  and marasmus.  It  is sugges ted  that  the elevated values 
repor ted  by  M l c h a i l  (8) are due  to inclusion of marasmic  cases a m o n g  her  
P.C.M. group. The elevated R.B.C.'s amino acids in 2nd grade marasmic  
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cases is in corcordance  to that  repor ted  by  A r h a m m a a r  et al. (7) for 
kwash io rkor  patients.  The later au thor  men t ioned  that  elevation of ery- 
th rocyte  amino acids occurred  only in kwash io rkor  patients who died 
dur ing  t reatment ,  and at t r ibuted this elevation to the associat ing infection. 

Es t imat ion  of the  fasting level of the total amino ni t rogen in R.B.C.s 
given in terms of m g  leucine/100 ml R.B.C.s are in h a r m o n y  with those 
de te rmined  by  chromatography .  Moderate  kwash io rkor  patients showed 
more  or less normal  level, severe cases had  lower value, while marasmic  
pat ients  showed  higher  levels. 

Fol lowing oral adminis t ra t ion of each of the tested amino acids, a rise 
in R.B.C.'s total  amino ni t rogen occur red  similar to tha t  previously  repor- 
ted in p lasma (15). In  this s tudy  the t ranspor t  index  was calculated as the 
ratio be tween  m a x i m u m  level of R.B.C.'s amino acids at tained as compa-  
red to the fasting level. This index for normal  infants a m o u n t e d  to 1.4, 1.59 
and 1.66 for cysteine, lysine, and t ryp tophan ,  respectively.  The t ranspor t  
index  of the diseases groups  i s  lower than  t h a t  of normals  (table 6), 
part icular ly in marasmic  kwash io rkor  given t r yp tophan  or lysine and in 
severe kwash io rkor  given cysteine. This indicates re tarded rate of trans- 
por t  of amino acids to red blood cells, wh ich  m a y  be either due  to lower 
concent ra t ion  than normal  of amino acids in p lasma of malnour i shed  
cases as has  been  found  earlier (15) or due  to abnormali t ies  in red cell 
m e m b r a n e  as descr ibed by  Coward (16). Oxender  and Chrlstensen (17) 
sugges ted  two media tors  for the t ranspor t  of neutral  amino acids across '  
cell membrane ,  one is capable of active t ranspor t  against  concent ra t ion  
gradient  and  the other  serves for exchange.  Schwar t zman  et al. (18) stated 
that  the extracellular  sod ium and  po tass ium deprivat ion caused amino 
acid exchange  diffusion to be quant i ta t ively more  sensible than active 
transport .  Owing to def ic iency of sod ium in prote in  calorie malnutr i t ion 
(19), it migh t  be expec ted  that  active t ranspor t  of amino acids is re tarded 
unde r  such  condit ion.  

It  m a y  be conc luded  that  the R.B.C.'s amino acids are also affected by  
prote in  energy  malnutri t ion,  in a similar way  to plasma, in spite of being to 
a large extent  dependable  on plasma. 

Summary 

R.B.~C.'s amino acid pattern was investigated in control and PEM subiects. The 
effect of oral dosing with cysteine, tryptophan and lysine on total amino acid 
nitrogen level of R.B.C.s was also studied. Results revealed that in moderate and 
severe kwashiorkor the total essential and non-essential R.B.C.'s amino acids were 
decreased. In 2nd grade marasmus the total R.B.C.'s amino acids in general showed 
lower values than normal. After oral administration of the tested amino acids, the 
transport index calculated as the level of maximum value of the total R.B.C.'s 
amino acids reached to the fasting level was lower in malnourished cases relative to 
controls except in 2nd grade marasmic cases given tryptophan or lysine. This 
criteria was considered to indicate lower rate of amino acid transport to R.B.C.s due 
to lower concentration in plasma or shift of transport mechanism from active 
transport to exchange diffusion. 
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