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Measurement  of enzyme act ivi t ies  in biological  f luids offered an effi-  
cient  and s ignif icant  tool for  detect ing the biochemical  processes ca r ry ing  
in the body. The microana ly t ica l  methods  for enzyme assays became in-  
creas ingly  useful  in diagnost ic  and prognost ic  evaluat ions.  Dur ing  the 
las t  decade, much enzyme assays have been used as a re l iab le  index for 
cell degenera t ion  in var ious  affected organs (4). 

Se rum lactic dehydrogenase  (LDH) enzyme received much impor tance  
as a diagnost ic  test  for cardiac  and hepat ic  damages  (4, 10). Recently,  
M a r k e r t  and Moel le r  (11) demons t ra ted  tha t  LDH exists  in dis t inct  molec-  
u l a r  forms which could be separa ted  by  e lec t rophore t ic  techniques. Each 
molecular  form or isoenzyme is p resen t  in g rea te r  amounts  in cer ta in  
tissue; whi le  the e lec t rophore t ic  form des ignated  as LDH1 is p redomina t -  
ing in ex t rac t s  of cardiac  muscle, LDH5 predomina tes  in ex t rac ts  of l iver  
and skele ta l  muscles. 

Serum LDH act ivi t ies  have been repor ted  by  severa l  authors  (2, 3, 17) 
to be s igni f icant ly  increased in cases suffer ing f rom p ro te in -ene rgy  ma l -  
nu t r i t ion  (PEM). 

The aim of the presen t  work  is bas ica l ly  to assess the va lue  of serum 
LDH isoenzyme f rac t ionat ion  in re la t ion to var ious  other  serum enzymes, 
namely,  g lu t amic -pyruv ic  t r ansaminase  (GPT), g lu tamic-oxa lace t ic  t rans-  
aminase  (GOT), creat ine  phosphokinase  (CPK) and h y d r o x y b u t y r a t e  de-  
hydrogenase  (HBDH) in PEM. These enzymes were  selected since they  
are  known to be a l te red  in sera  due to muscle and l iver  cells damages  in 
severa l  pa thologica l  states. Such studies may  lead  to a be t t e r  unde r s t and -  
ing for the na tu re  of hepat ic  and cardiac  affections in PEM. 

Material and methods 

Sixteen cases suffering from Kwashiorkor of the mild-moderate severity 
according to Jell i f fe classification (8), within an age range between 12 and 36 
months, were included. A control group of twelve normal children of the same 
age range and socioeconomic status were also included for comparison. Fasting 
blood samples were collected and sera were separated. Enzyme assays were 
carried out on the same day of sampling. 
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S e r u m  G P T  a n d  G O T  w e r e  a s s ayed  acco rd ing  to t he  co lo r ime t r i c  m e t h o d  
d e s c r i b e d  by  Fra.nkel a n d  R e i t m a n  (6); C P K  es sen t i a l l y  a c c o r d i n g  to t he  m e t h o d  
of Nut ta l  a n d  Wedin  (14); H B D H  by  Rosalki  m e t h o d  (16) a n d  s e r u m  to t a l  LDH 
was  d e t e r m i n e d  a c c o r d i n g  to t he  co l o r i m e t r i c  m e t h o d  desc r ibed  by  King  a n d  
Woot ton  (9). A g a r  gel e l e c t r o p h o r e s i s  w as  app l i ed  for  s e p a r a t i o n  of s e r u m  LDH 
i soenzymes  a c c o r d i n g  to Weine  (20) t e chn ique .  LDH i s o e n z y m e  f r a c t i o n s  w e r e  
e v a l u a t e d  s e m i q u a n t i t a t i v e l y  by  v i sua l  m e a n  a c c o r d i n g  to i ts  in tens i t i e s .  

T h e  r e s u l t s  o b t a i n e d  w e r e  s t a t i s t i ca l ly  a n a l y z e d  a c c o r d i n g  to t h e  S tuden t  t 
test .  

R e s u l t s  a n d  d i s c u s s i o n  

T h e  r e s u l t s  o b t a i n e d  s h o w e d  t h a t  t o t a l  s e r u m  L D H  a c t i v i t i e s  a r e  h i g h e r  
i n  a l l  P E M  c a s e s  s t u d i e d  i f  c o m p a r e d  w i t h  t h e  c o n t r o l  g r o u p .  T h i s  f i n d i n g  
a g r e e d  w e l l  w i t h  t h o s e  r e p o r t e d  b y  s e v e r a l  a u t h o r s  (2, 3, 17) a n d  t h i s  s u g -  
g e s t e d  t h a t  t h e  p a t h o l o g i c a l  l e s i o n  p r e s e n t  i n  t h e s e  c a s e s  is  e i t h e r  c a r d i a c ,  
h e p a t i c ,  o r  s k e l e t a l  m u s c l e  i n  n a t u r e .  

S e v e r a l  t e c h n i q u e s  w e r e  t r i e d  to  d i f f e r e n t i a t e  t h e  o r g a n  s p e c i f i c i t y  of  
L D H  i s o e n z y m e s ,  a m o n g s t  t h e s e  c r i t e r i a  is t h e  h e a t  s t a b i l i t y  i n d e x  f o r  
h e a r t  L D H  d e v i s e d  b y  W r o b l e w s k i  a n d  G r e g o r y  (22). T h e  f i r s t  a p p r o a c h  
f o r  t h e  e v a l u a t i o n  of  s e r u m  L D H  f r a c t i o n a t i o n  w a s  g i v e n  b y  Hil l  (7) a n d  
s t i m u l a t e d  a p r o g r e s s  i n  t h i s  r e s p e c t .  S e r u m - L D H - i s o e n z y m e  p a t t e r n  i n  
c a s e s  s u f f e r i n g  f r o m  P E M  s h o w e d  t h a t  L D H  2 a n d  L D H  3 w e r e  r e l a t i v e l y  
v e r y  i n t e n s e ;  L D H t  i n t e n s e ;  LDH4,  m o d e r a t e  a n d  c o m p l e t e  a b s e n c e  of  
L D H  5 i n  a l l  P E M  c a s e s  s t u d i e d .  T h i s  p i c t u r e  d e n o t e s  t h a t  h e a r t  L D H ,  
i s o e n z y m e  d i d  n o t  v a r y  s i g n i f i c a n t l y  f r o m  n o r m a l  p a t t e r n s .  I n  t h i s  c o n n e c -  
t i on ,  A b d i n  (1) h a s  r e p o r t e d  t h a t  e l e c t r o c a r d i o g r a p h i c  s t u d i e s  f a i l e d  to  r e -  
v e a l  a n y  c a r d i a c  c h a n g e s  i n  P E M  c a s e s  a l t h o u g h  s e r u m  t o t a l  L D H  a c t i v i -  
t i e s  w e r e  h i g h  a n d  t h e  h e a t - s t a b i l i t y  i n d e x  w a s  e i t h e r  n o r m a l  o r  b e l o w  

Tab le  1. Blood  se rum e n z y m e  ac t iv i t i e s  in no rma l s  a n d  P E M  cases 
(un i t s  m U / m l ) .  

G r o u p  G P T  GOT  C P K  H B D H  To ta l  L D H  
1 2 3 4 5 

N o r m a l s  (12) * 
R a n g e  4-15  8-20  10-36 65-125 65 155 
Mean  8 11 23 91 105 
S . D .  -k 2.88 3.30 6.88 16.80 25.60 
S.E.  • 0.84 0.95 2.00 4.86 7.42 

P E M  (I6)* 
R a n g e  8 33 12-52 32 50 79 288 121 248 
Mean  19 33 42 189 191 
S.D. ~_ 8.78 14.49 5.48 59.60 37.80 
S.E. • 2.18 3.74 1.38 14.90 9.40 

I ) < 0.01 0.01 0.01 0.01 0.01 

+ §  § 2 4 7  + q- 

+ § 2 4 7  + + §  + 

* N u m b e r  of  cases s tud ied .  
Jr q- d- --  Ve ry  in tense ,  q- q- in tense ,  q- --  m o d e r a t e ,  --  = absen t .  
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Fig. 1. Serum-LDH-isoenzyme pattern in normals and PEM cases. 

the n o r m a l  ranges.  Thus  our  f ind ings  offer f u r t h e r  suppor t  for the absence  
of cardiac LDH changes  in  PEM cases. 

S e r u m  LDH isoenzyme p a t t e r n  me t  wi th  PEM in the p re sen t  s tudy  
is s imi l a r  to tha t  r epor ted  by  N e r e n b e r g  (13) in  cases su f fe r ing  f rom 
anaemia ,  r h e u m a t i c  and  muscle  dys t rophy .  Sands t ead  (18) has repor ted  
tha t  va r ious  degrees of megaloblas t ic  changes  in the bone  m a r r o w  are 
seen in PEM. Ske le ta l  muscles  which  are repor ted  to con ta in  large 
a m o u n t s  of LDH (12) m a y  be the source for this e leva ted  s e r um LDH in 
PEM, especia l ly  tha t  muscle  was t ing  is a charac te r i s t ic  s y m p t o m  in  PEM 
(19). 

S e r u m  G P T  showed a m e a n  va lue  s l igh t ly  h igher  in  PEM w h e n  com- 
pa red  wi th  n o r m a l  and  50 per  cent  of the PEM cases s tud ied  showed va l -  
ues be low the uppe r  n o r m a l  range.  This  indica tes  tha t  t e n d e n c y  for in -  
creased act ivi t ies  is h igher  for GOT than  GPT. In  this connect ion ,  Rosa/ki  
(15) has repor ted  tha t  s e rum GOT: G P T  rat io  is be low one indica tes  a 
s ta te  of hepat ic  cirrhosis.  In  the p resen t  s tudy,  this  ra t io  a m o u n t e d  to 
abou t  1.80 which  m a y  denote  tha t  PEM cases did no t  suf fer  f rom l iver  
cirrhosis.  This  sugges t ion  was suppor t ed  by  the h is topathologica l  s tudies  
car r ied  ou t  by  E 1 - N a b a w i  (5) on the l iver  of PEM cases. 

S e r u m  CPK act ivi t ies  are repor ted  to be s ign i f i can t ly  increased  in 
pa t i en t s  su f fe r ing  f rom cardiac  damage  and  skele ta l  musc le  d y s t r o p h y  
(21). The r e l a t ive ly  increased  vaIues  of s e rum  CP K  act ivi t ies  in  PEM are 
sugges t ive  to be of skele ta l  musc le  or ig in  r a the r  t h a n  of cardiac since 
s e r u m - L D H - i s o e n z y m e  pa t t e rn s  could no t  revea l  a ny  cardiac  changes  in  
these cases. 

S e r u m  HBDH has been  repor ted  to be more  specific t h a n  total  s e rum 
LDH for the diagnosis  of myoca rd i a l  affect ions  (15) a nd  in  the p re sen t  
s tudy  there  is a good a g r e e m e n t  b e t w e e n  HBDH a nd  LDH. 
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I n  t h e  p r e s e n t  s t u d y ,  a l t h o u g h  H B D H  s h o w e d  h i g h e r  a c t i v i t i e s  t h a n  
n o r m a l s ,  y e t  t h i s  i n c r e m e n t  d i d  n o t  go  p a r a l l e l  w i t h  LDH1 i s o e n z y m e .  
H B D H :  L D H  r a t i o  w h i c h  is u s e d  f o r  t h e  d i f f e r e n t i a l  d i a g n o s i s  b e t w e e n  
m y o c a r d i a l  i n f a r c t i o n  a n d  o t h e r  d i s e a s e s ,  e s p e c i a l l y  p r o g r e s s i v e  m u s c u l a r  
d y s t r o p h y ,  a m o u n t e d  to  a b o u t  0.6 i n  n o r m a l s  a n d  1.0 i n  P E M  c a s e s  s t u d i e d .  
Elliot  a n d  Wilk in son  (4) h a v e  r e p o r t e d  t h a t  t h i s  r a t i o  i n c r e a s e d  i n  c a s e s  
s u f f e r i n g  f r o m  a n a e m i a  a n d  m u s c l e  d y s t r o p h y  w h i l e  i t  is  n o r m a l  i n  l i v e r  
c i r r h o s i s .  

I n  c o n c l u s i o n ,  f r o m  t h e  a b o v e - m e n t i o n e d  d i s c u s s i o n ,  i t  c a n  b e  s u g g e s t e d  
t h a t  i n c r e a s e d  v a l u e s  of  s e r u m  L D H  i n  P E N [  a r e  o r i g i n a t i n g  f r o m  s k e l e t a l  
m u s c l e s  a n d  n e i t h e r  f r o m  c a r d i a c  n o r  f r o m  h e p a t i c  o r i g i n .  

Summary  

T h e  p r e s e n t  s t u d y  w a s  c a r r i e d  ou t  in  o r d e r  to assess  t h e  v a l u e  of s e r u m  LDH 
in  eases  s u f f e r i n g  f r o m  PEM.  I n  t h i s  r e spec t ,  t o t a l  s e r u m  L D H  a n d  i ts  i so-  
e n z y m e  p a t t e r n  in  c o n j u n c t i o n  w i t h  s e r u m  GPT,  GOT,  CPK,  a n d  I-IBDH w e r e  
a s s a y e d  in  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  n o r m a l  con t ro l  group.  
T h e  s t u d y  r e v e a l e d  t h a t  i n c r e a s e d  ac t iv i t i e s  of t o t a l  s e r u m  LDH in  P E M  are  
n e i t h e r  of c a rd i ac  n o r  of h e p a t i c  or ig ins .  T h e  ac t iv i t i e s  a n d  s ign i f i cance  of o t h e r  
e n z y m e s  s t u d i e d  sugges t ed  t h a t  ske l e t a l  m u s c l e s  a r e  t h e  m a i n  sources  for  t h e s e  
i n c r e a s e d  ac t i v i t i e s  of s e r u m  L D H  in PEM.  T h e  s t u d y  o f f e red  a s t r o n g  e v i d e n c e  
fo r  d i s c r i m i n a t i o n  of l i v e r  c i r rhos i s  in  PEM.  
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