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S e v e r e  deg rees  of m a l n u t r i t i o n  m a y  r e s u l t  f r o m  u n b a l a n c e d  or  i n a d e -  
q u a t e  food  i n t a k e  e i the r  b e c a u s e  of i m p r o p e r  f e e d i n g  h a b i t s  or b e c a u s e  of 
i n s u f f i c i e n c y  of the  diet.  R e p o r t e r s  i n  t he  l i t e r a tu r e  (Fall1, 1961; Platt, 1962; 
Dean, 1965, a n d  Je111s 1966) c o n c l u d e d  t h a t  K w a s h i o r k o r  is m a i n l y  t he  
r e s u l t  of p r o t e i n  d e f i c i e n c y  in  the  diet ,  w h i l e  m a r a s m u s  is p r i m a r i l y  t he  
r e s u l t  of i n a d e q u a t e  i n t a k e  of b a l a n c e d  diet ,  a s ta te  w h i c h  is v e r y  s i m i l a r  to 
s t a rva t ion .  

A n  i m p o r t a n t  f u n c t i o n  of the  l iver  u n d e r  v a r i o u s  c o n d i t i o n s  of d i e t a r y  
s t ress  is to h e l p  the  a n i m a l  m e t a b o l i s m  to a d a p t  the  c h a n g e s  b y  p r o v i d i n g  
t he  n e c e s s a r y  m e t a b o l i t e s  f r o m  a l t e r n a t e  sources .  Ganong  (1969) r e p o r t e d  
t h a t  m o s t  of the  p r o t e i n  t h a t  b u r n s  d u r i n g  s t a r v a t i o n  c o m e s  f r o m  t he  l iver.  
The re fo re ,  l iver  was  c h o s e n  for  th i s  s t u d y  for b e i n g  s e n s i t i v e  to the  p r o t e i n  
supp ly .  

T h e  a i m  of th i s  w o r k  is to i n v e s t i g a t e  t he  m e t a b o l i s m  of l iver  p r o t e i n  
u n d e r  p r o t e i n - e n e r g y  de f i c i ency .  T h e s e  s t ud i e s  i n c l u d e  the  effects  of 
ca lor ies  of p r o t e i n  d e f i c i e n c y  o n  t he  l ive r  c o n t e n t s  of p r o t e i n s ,  free a m i n o  
acids ,  u r e a  a n d  u r i c  ac id  of rats .  T h e  ra te  of i n c o r p o r a t i o n  of 1-C 14 g l y c i n e  
i n t o  l ive r  p r o t e i n s  was  also s t u d i e d  as well .  

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

1. Experimental animals 

The effects of calories or protein deficiency on protein metabohsm were investi- 
gated on white albino rats (local strain), weighing 35-40 g which were grouped into 
3 groups, 8 rats each. The first group was fed on complete normal diet (ad-libitum- 
fed rats) and were used as controls. The second group received a restricted amount  
of normal diet (pair-fed animals), while the third group was fed on protein-free diet 
(protein-deficient animals). Water was given at all t ime in excess. 

Feeding of animals lasted for 24 days, and the amount  of food consumed was 
determined every morning. At the end of the experimental  period the animals were 
killed by decapitation. Livers were removed, weighed and homogenized in cold 
distilled water to attain 1% of the homogenate. 

2. Diet preparation 

The nitrogen-free diet was prepared according to Boas, Fixen and Jackson (1932) 
and had the following composition in gram: Corn starch, 73.2; sucrose, 9; animal 
lard, 10; cod liver oil, 2; salt mixture, 5; and calcium carbonate, 0.8. 
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The  salt  m i x t u r e  used  was that  of Hubbel, Mendel  and  Waksman (1937). To the  
m i x e d  diet  0.25 g % of v i t amins  m i x t u r e  was added  (Brown & Sturtevant, 1949). 
Vi tamins  A, D, E, and  K were  used  in traces.  The  total  calor ies  p rov ided  by this  diet  
equa l s  to 456 kcal./100 g. 

The  cont ro l  d ie t  was  as the  p ro te in -dep le ted  ones,  e x c e p t  that  20 % of the  corn  
s tarch was rep laced  wi th  casein. The  total  calor ies  p rov ided  by this  diet  equa ls  to 
462 kcal./100 g. 

Chemical estimations 

Total  l iver  pro te ins  were  d e t e r m i n e d  bY the  m e t h o d  of L o w r y e t  al. (1951). Liver-  
free amino  acids  were  e s t ima ted  as desc r ibed  by  Strikland et  al. (1961). Urea  
concen t ra t ion  was  assessed  by the  d iacetyl  m o n o x i m e  reagen t  as desc r ibed  by 
Natelson (1957). Ur ic  acid  was  es t imated  by the  m e t h o d  of Carawary (1963). 

Measurement of  the incorporation of  1-C I4 glyeine I) into liver proteins 

At the  end  of the  e x p e r i m e n t  (24 days), an imals  were  in jec ted  via  i.p. rou te  wi th  
20 ~tCi of 1-C 14 g lyc ine  (specific ac t iv i ty  > 40 mCi /mmol) .  90 minu t e s  la ter  animals  
were  sacr i f iced by  decapi ta t ion.  L ivers  were  d i s sec ted  ou t  and  w a s h e d  wi th  sterile 
sal ine solution.  L ive r  pro te ins  were  ext rac ted ,  and  the  rad ioac t iv i ty  in 1 ml  of the  
ex t rac t  was  m e a s u r e d  as desc r ibed  by  the  m e t h o d  of A n n e  and  Robinson (1963) in 
12 ml  of Ins ta-Gel  (Universa l  hqu id  scint i l la t ion cockta i l  [Packard]).  

R e s u l t s  

R e s u l t s  p e r t a i n i n g  to  t a b l e  1 a n d  f i g u r e  l a  i n d i c a t e  t h a t  t h e  w e i g h t  o f  
t h e  c o n t r o l  a n i m a l s  w a s  i n c r e a s e d  b y  60.5 %, w h e r e a s  o n l y  37.7 % i n c r e a s e  
w a s  r e c o r d e d  i n  p a i r - f e d  r a t s .  O n  t h e  o t h e r  h a n d ,  a n i m a l s  f e d  o n  p r o t e i n -  
d e f i c i e n t  d i e t  l o s t  21.3 % of  i t s  w e i g h t  a t  t h e  e n d  of  t h e  e x p e r i m e n t .  

R e s u l t s  o f  t a b l e  2 c a n  b e  r e p r e s e n t e d  as  f o l l o w s :  
1. T h e  c o n t e n t s  o f  l i v e r  p r o t e i n s  d e c r e a s e d  s i g n i f i c a n t l y  b y  6 % a n d  28 % i n  

p a i r - f e d  a n d  p r o t e i n - d e f i c i e n t  r a t s  r e s p e c t i v e l y .  

Table  1. Effect  of diets  on  food c o n s u m p t i o n  and  b o d y  w e i g h t  ga in  of rats. 

An imal s  groups  food c o n s u m e d  prote in  in take  calor ic  in take  we igh t  
in g /day in g /day in Cal /day change/ to ta l  

expe r imen ta l  
m e a n  • S . E .  m e a n  • S . E .  m e a n  • S . E .  per iod  

1 Ad-libitum 
fed  cont ro l  rats 17.25 4- 1.12 3.53 • 0.22 73.75 • 4.72 + 33 
(range) (10.3-23.3) (2.5-4.66) (53.2-97.8) 

2 Pair- fed rats 11.07 • 0.52 1.96 • 0.06 41.33 • 1.38 
(range) (7.3-12.0) (1.46-2.16) (30.78-45.0) 
P < 0.001 < 0.001 < 0.001 

+ 20 

3 P ro t e in  
def ic ien t  rats  9.08 _ 0.57 39.4 _ 1.35 
(range) (6.6-10.2) - (33.6-42.0) 
P < 0.001 < 0.001 

- 1 0  

1) Radioac t ive  g lyc ine  was pu rchased  f rom the  Rad iochemica l  Centre,  Amers -  
ham,  Bucks. ,  U.K. 
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2. The  incorpora t ion  of l-C 14 glycine into liver proteins increased by  74 % 
and 60 % in animals mainta ined  on pair-fed or protein-deficient  diets 
respectively.  

3. In  pair-fed rats no significant difference was not iced in the liver con- 
tents of urea and free amino acids. Nevertheless,  animal  fed on protein- 
deficient  diet showed a significant increase in the concent ra t ions  of urea 
and free amino acids. 

4. No significant change  was not iced in the  concent ra t ion  of liver uric acid 
in either pair-fed or protein-deficient  rats. 
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D i s c u s s i o n  

L u e a n  and J o s e p h  (1975) stated that  g rowth  in young  animals is by  far a 
more  sensitive indicator of protein status than  the m e a s u r e m e n t  of t issue 
prote in  concentrat ions ,  and still m u c h  more  sensitive than  changes  in 
gross compos i t ion  of blood such  as hemoglob in  concentrat ion,  hematocr i t  
and p lasma proteins. In  the present  work,  the results  given in figure 1 
demons t ra te  tha t  animals  fed on control  diets had a s teady normal  g rowth  
curve. Food  consumpt ion  of rats fed such diet rises to reach a m a x i m u m  
after 12 days  and then  fall. On the contrary,  the rats fed protein-deficient  
diet gradual ly  lost weight  and the pat tern  of food consumpt ion  was 
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flactuated. These results are in good agreement  wi th  those reported by 
Luean  and Joseph  (1975). Rats which  received a protein-free diet showed  
reduct ion  in the a m o u n t  of food intake compared  with control  animals 
(diet ad 1161tum). This f inding is in line with the substant ia ted reports  
given by  Beaton  (1968) who  cla imed that  animals fed low protein diets 
have marked ly  reduced  food intake and appeti te  failure. Meyer  and Har- 
gus  (1959) hypothes ized  that  animals fed a low protein  diet ate little 
because  their  food intake was l imited by an excess of energy  intake in 
relation to protein intake. Analysis  of the results relating weight  gain to 
calories restr ict ion and protein def ic iency showed  that  a l though the level 
of calories intake had some effect upon  the rate of weight  gain, that  of 
protein was far more  important .  So calories intake seems to be a l imiting 
factor  de te rmining  the rate of g rowth  ( A s h w a r ~  et al. 1968). 

The relative impor tance  of anabolic  and catabolic processes  in rats 
could be changed  by feeding t h e m  a low or h igh prote in  diet (Yeh  et al. 
1974). The two processes  are at equi l ibr ium in the nutr i t ional  condi t ion in 
which  the rats were fed a diet conta in ing approx imate ly  10% protein  of 
good  quality. This equi l ibr ium shifted towards  anabol i sm when  the rats 
ate a diet conta in ing lesg protein, and the balance shifted towards  catabol- 
ism when  they ate a diet having a h igher  level of prote in  (Yeh  et al. 1974). 
These results are in consis tency with our observat ions  on pair-fed animals 
where  the rate of incorporat ion of 1-C 14 glycine in liver proteins was 
significantly increased. Yeh et al. (1974) sugges ted  that  shift was achieved 
by  changing  the activities of amino acids, catabolic enzymes,  and enzymes  
which  p romoted  protein synthesis.  Regress ion to results  relating weight  
gain to the incorporat ion of 1-C 14 glycine indicated that  a l though  the amino  
acid incorporat ion into the liver protein was increased,  the rats failed to 
grow on the protein-deficient  diet. This indicates that  the liver-labile 
proteins  m u s t  attain a h igh level before nutr ients  can be diver ted to 
growth (Luean and Joseph, 1975). 

In addition to the observed increase in the incorporation of l-C 14 gly- 
cine, the lack of calories or deficiency of proteins produced a markedly 
different change in free amino-acid levels. In the pair-fed rats the total free 
amino acids were maintained at levels close to those found in the control 
animals. This may be due to the contribution of non-essential amino acids 
(Luean and Joseph 1975). On the other hand, in the protein-deficient rats 
free amino acids showed a highly significant increase (p < 0.001) which 
may be resulted from the rapid destruction of the protein. The loss of total 
liver proteins in the pair-fed animals averaged 6 % as compared with 28 % 
in rats that received protein-deficient diet. 

The observed increase in the glycine incorporation into liver protein 
and the increase in the level of total free amino acids in the protein- 
deficient rats is not surprising. These results implicate that the rate of 
synthesis of a protein is probably independent to its rate of catabolism and 
the latter might  not  be affected with the nutri t ional  state of the animals 
(Water low and Wllls, 1960). In  the protein-deficient  rats, the protein will 
cont inue  to be catabolized as long as the amino-acids supply  is deficient. 
As a result, synthesis  will lag behind  the breakdown,  and a new state of 
equi l ibr ium migh t  be achieved with reduct ion  in the total a m o u n t  of 
prote in  present  (Waterlow and Wllls, 1960). 
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I n  t he  p r e s e n t  work ,  t he  l iver  c o n t e n t  of u r e a  i n  ra t s  r e c e i v i n g  pa i r - fed  
d ie t  s h o w e d  no  s i g n i f i c a n t  change ,  w h i l e  t ha t  of p r o t e i n - d e f i c i e n t  a n i m a l s  
was  s i g n i f i c a n t l y  i n c r e a s e d  (p < 0.001). T h e s e  r e su l t s  i n d i c a t e  t ha t  t he  
a m o u n t  of e n e r g y  ava i l ab l e  f r o m  d i e t a ry  c a r b o h y d r a t e s  (p ro t e in -de f i c i en t  
diet)  was  n o t  e n o u g h  to c o m p e n s a t e  for t he  l ack  of p ro t e in ,  h e n c e  the  
d i f f e r ence  in  n i t r o g e n  loss  b e t w e e n  pa i r - fed  ra ts  a n d  p r o t e i n - d e f i c i e n t  
ones  ( P e t e r  et  al. 1976) c o u l d  b e  e x p l a i n e d .  T h e  o b s e r v e d  i n c r e a s e  in  t he  
c o n t e n t s  of u r e a  in  l iver  of p r o t e i n - d e f i c i e n t  ra ts  m a y  be  a t t r i b u t e d  to the  
d e f i c i e n c y  of a m i n o  ac ids  n e c e s s a r y  for  t he  s y n t h e s i s  of p a r t i c u l a r  p ro te in ,  
a n d  the  a m i n o  acids ,  w h i c h  r e su l t s  f r o m  the  b r e a k d o w n  of p ro t e in ,  we re  
d e a m i n a t e d ,  a n d  the i r  n i t r o g e n  was  e x c r e t e d  as urea .  Th i s  e x p l a n a t i o n  is 
i n  good  a g r e e m e n t  w i t h  t ha t  g i v e n  b y  G a n o n g  (1969). 

T h e  da t a  p r e s e n t e d  in  t ab l e  2 i n d i c a t e  t h a t  n e i t h e r  ca lor ies  r e s t r i c t i o n  
n o r  p r o t e i n  d e f i c i e n c y  c h a n g e s  a p p r e c i a b l y  the  c o n c e n t r a t i o n  of l iver  u r i c  
acid.  T h e  p o s s i b l e  e x p l a n a t i o n  of th i s  r e s u l t  is t h a t  t he  ac t iv i ty  of u r ic -ac id-  
s y n t h e s i z i n g  e n z y m e  was n o t  d e c r e a s e d  d e s p i t e  t h a t  t he r e  is a d e c r e a s e  in  
t he  ac tua l  a m o u n t  of l iver  p ro t e in s .  I t  s e e m s  m o r e  p r o b a b l e  t h a t  u n d e r  
n o r m a l  c o n d i t i o n s  t he  l iver  m a i n t a i n s  p h y s i o l o g i c a l l y  ac t ive  c o n c e n t r a -  
t i o n s  of n u m e r o u s  e n z y m e  s y s t e m s  t h a t  are  n o t  i n  i m m e d i a t e  u s e  or n e e d  
( P e t e r  et  al., 1976). U n d e r  c o n d i t i o n s  of d i e t a r y  d e p r i v a t i o n ,  ac t ive  c o n c e n -  
t r a t i o n s  of o n l y  t hose  e n z y m e  s y s t e m s  for  w h i c h  t he r e  is a n  i m m e d i a t e  
n e e d  a re  m a i n t a i n e d .  

Summary 

The changes induced by the deficiency of calories or nitrogen on the protein 
metabolism in rats were investigated. Animals were fed either a restricted normal 
diet, a protein-deficient diet or control diet ad libitum. Rats receiving protein-free 
diet failed to grow, while the growth of animals given restricted diet was less than 
those fed ad libitum. Despite that, the dietary deficiency of either calories or 
proteins caused the loss of protein and increased the incorporation of 1-C 14 glycine 
into liver proteins. The contents of liver-free amino acids and urea were signific- 
antly increased only in the protein-deficient rats. 
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