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In rats with choline-protein deficiency the free serine and phosphoethanolamine content in the liver 
tissue arises approximately three times, while that of free aspartic and giutamic acids rises twice and 1.5 
times respectively. Methionine disappears practically completely from the liver tissue. Choline-protein 
deficiency may be defined as a state of endogenous amino-acid imbalance. 

One of the earliest and most characteristic manifestations of choline-protein deficiency is fatty infil- 
tration of the liver, leading to the development of cirrhotic changes, and in some cases, of malignant tumors 
of the liver [i0, ii, 13]. The mechanism of the pathological changes in the liver arising as a result of 
protein and choline deficiency have so far received comparatively little study. Only very recently have re- 
sults been obtained concerning the enzymologic character~l, tics of this type of pathology [2-4]. These states 
are marked by considerable changes in the activity of several enzymes of lipid and protein metabolism, 
notably by inhibition of activity of fat-mobilizing lipases and transaminases in liver tissue [4]. 

Since choline-protein deficiency from one standpoint may be regarded as a severe deficiency of labile 
methyl groups, of which methione is one of the principal sources, it may be postulated that these states are 
characterized by marked disturbances in the relative proportions of free amino acids in the tissues and, 
in particular in the liver tissue, i.e., that they are a sign of endogenous amino-acid imbalance [5-7]. 

Accordingly, determination of free amino acids and intermediate products of choline biosynthesis 
could be especially interesting from this point of view. 

In the present investigation changes in the content of free amino acids and other ninhydrin-positive 
compoLmds in liver tissues of rats with choline-protein deficiency were studied. 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were pe r fo rmed  on male Wistar  rats  weighino' initially 50-80 g. To reproduce an a l i -  
men ta ry  model of chol ine-protein  deficiency, a diet was given consist ing of 5,~ chol ine-free  casein,  8 ~c lard,  
83.5~0 s ta rch ,  3% of a salt  mixture ,  and 0.5% cystine. Control animals received the same diet, but containing 20% 
casein,  and in addition they received 15 mg choline chloride daily. Both control and exper imental  rats  r e -  
ceived all n e c e s s a r y  vitamins daily. Free  amino acids and a s e r i e s  of ninhydrin-posi t ive compounds in 
pro te in- f ree  ext rac ts  of the l iver  and in the blood serum were determined by i ron-exchange chromatography,  
using an automatic  ana lyzer  (Beckman model 120-B [16]). 

To obtain p ro te in - f ree  ext rac ts  of rat  l iver ,  the tissue was ground in a m o r t a r  with liquid nitrogen,  
and the proteins were precipi ta ted with 1% picr ic  acid, which was then removed by an i ron-exchange res in  
(Dowex 2 • 10). To introduce the corresponding cor rec t ion  into the content of free amino acids in the l iver  
on account of the free amino acids of the blood left in the l iver ,  this volume of blood was determined,  using 
a method based on the color  react ion of hemoglobin with benzidine in the presence  of hydrogen peroxide [9]. 
The volume of residual  blood in the l iver  under our experimental  conditions was 8-15%. The total quant i ty  
of fat extracted by the method of Folch and co -worke r s  [14], followed by evaporat ion in vacuo, was determined 
gravimetr ica l ly .  Twenty animals were used in the exper iments ,  of which nine were controls .  The exper i -  
mental resul ts  were subjected to s tat is t ical  analysis .  
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T A B L E  1. Conten t  of F r e e  A m i n o  A c i d s  and O t h e r  N i n h y d r i n - P o s i t i v e  
Compounds  in  L i v e r  of R a t s  with C h o l i n e - P r o t e i n  D e f i c i e n c y  (in 
~ m o l e s / g  f r e s h  d e f a t t e d  t i s s u e ,  60-90  d a y s  a f t e r  s t a r t  of e x p e r i m e n t ) ,  
M : k m  

Compounds Control Experiments P 

ScriBe . . . . . . .  . , . 

Phosphoethanolamine~ 
Aspartic acid . . . .  
Glutamic acid . . . .  
Threonine . . . . . . . .  
Alanine . . . . . . . . .  
Olycine . . . . . . . . .  
Proline . . . . . . . . . .  
Valine . . . . . . . . . .  
I soleueine . . . . . . . .  
Leuctne . . . . . .  . . .  
Tyrosine . . . . . . . . .  
P~enylalanine . . . . .  
Urea . . . . . . . . . . .  
Methionine . . . . . . . .  

0,88• 
0,70• 
0,87 • 0,07 
3,16• 
0,41 • 0,03 
2,67___ 0,26 
2,00• 0,21 
0,19• 
0,27• 0,03 
0,20-- + O,OI 1 
0,314- 0,02 
O, 10_+ 0,0! 
0,10• 
3,00_ + 0,53 
0,05+_ 0,005 

2,95--_ 0.29 
2,[5• 
1,85• 0,18 
4,74_ + 0,15 
0,62• 0.t0 
3,1 • 0,76 
2,2• 0,24 

0,27_+ 0,03 
0,23• 0,02 
0,19• 
0,33• 
0,t3• 
0,11• 
2,38• 0,66 
Traces 

<0,001 
>0,002<0,0! 
<0,001 
> 0,02 < 0,05 
>0,05<0,1 
>0,5 
>0,5 
>0,5 
>0,25<0,5 
>0,5 
>0,5 
>0,1<0,25 

0,5 
0,5 

Bet(ine 
Ethanolamine X 

~ Choline 
J Phosphoethanolamine ~ X 

Serine -- [ Phosp~ocholine 
Phosphatidylserine /Methlomne [ Glycerophos- 

�9 / / ~ \ pliochorine 
J j z / S  -aden~ lmethi~ ] 

PhosphatidvlethanolamineJ \ / 
\ "  ~ Lecithin 

NN~(di)Methylphospha- / 
tidylethanolamine 

F i g .  1. S c h e m e  of cho l ine  b i o s y n t h e s i s .  

EXPERIMENTAL RESULTS 

The results of these experiments showed that ad- 
ministration of a diet deficient in choline and protein led 
to the rapid development of fatty infiltration of the liver, 
reaching a maximum after 2-3 months (the total fat con- 
tent in individual animals at this time had reached 20-30% 
of the fresh tissue weight). 

Fractiolmtion of the liver lipids by T. N. Ptitsyna 
and M. M. Levachev revealed a sharp increase in the con- 
tent of triglyeerides, and of free and bound cholesterol, 
together with a very considerable decrease in the level 
of phospholipids, especially lecithins [8]. A significant 
increase was observed in the total content of amino acids, 
mainly on account of compounds participating in choline 
synthesis, the concentration of which was increased about 

t h r e e  t i m e s  (content  of f r e e  s e r i n e  in the l i v e r  t i s s u e  335%, of p h o s p h o e t h a n o l a m i n e  307% of the n o r m a l  
v a l u e s ) ,  and a l s o  a s  a r e s u l t  of an  i n c r e a s e  in the con ten t  of m o n o a m i n o d i c a r b o x y l i e  a c i d s  (content  of f r e e  
a s p a r t i c  a c i d  207%, of g l u t a m i e  a c i d  150%), occupy ing  a c e n t r a l  p o s i t i o n  in a m i n o - a c i d  m e t a b o l i s m  [1]. 

F r e e  me th ion ine  d i s a p p e a r e d  p r a c t i c a l l y  c o m p l e t e l y  f r o m  the l i v e r  t i s s u e  (Table  1). So f a r  a s  changes  
in the conten t  of o t h e r  a m i n o  a c i d s  a r e  conoerne~d, t hey  w e r e  not s i g n i f i c a n t  (Table  1). 

The  a c c u m u l a t i o n  of f r e e  s e r i n e ,  the  b i o l o g i c a l  p r e c u r s o r  of e t h a n o l a m i n e  and chol ine  in the p h o s p h a -  
t i d e s  of the a n i m a l  body ,  in the l i v e r  t i s s u e  is  in h a r m o n y  with  r e s u l t s  i n d i c a t i n g  d e p r e s s i o n  of s y n t h e s i s  of 
p h o s p h o l i p i d s  in the l i v e r  of a n i m a l s  wi th  c h o l i n e - p r o t e i n  d e f i c i e n c y  [2, 12]. The  i n c r e a s e  in c o n c e n t r a t i o n  
of f r e e  p h o s p h o e t h a n o l a m i n e - a  p r o d u c t  of the s p l i t t i n g  of p h o s p h a t i d y l e t h a n o l a m i n e - a l s o  p r o b a b l y  i n d i c a t e s  
s l owing  of the n a t u r a l  p a t h w a y  of m e t h y l a t i o n  of p h o s p h a t i d y l e t h a n o l a m i n e  into p h o s p h a t i d y l m o n o m e t h y l -  
e t h a n o l a m i n e  and l e c i t h i n .  A c c u m u l a t i o n  of s e r i n e  and p h o s p h o e t h a n o l a m i n e  u n d e r  the c ond i t i ons  of a s e v e r e  
d e f i c i e n c y  of l a b i l e  m e t h y l  g r o u p s  m a y  be r e g a r d e d  a s  an a d a p t i v e  p r o c e s s  a i m e d  a t  s e c u r i n g  the l a r g e s t  
p o s s i b l e  n u m b e r  of t h e s e  g roups  ( fo rma t ion  of a s p e c i a l  f o r m  of s e r i n e - p h o s p h o e t h a n o l a m i n e  t r a p ;  F i g .  1). 

I t  m a y  be  p o s t u l a t e d  tha t  th is  m e c h a n i s m  b e a r s  s o m e  r e l a t i o n s h i p  to the p r o b l e m  of c a r c i n o g e n e s i s ,  
f o r  d u r i n g  the a c t i o n  of  c e r t a i n  o t h e r  a g e n t s  p r o d u c i n g  c a r c i n o m a  of the l i v e r ,  a c o n s i d e r a b l e  i n c r e a s e  in 
the  conten t  of f r e e  p h o s p h o e t h a n o l a m i n e  is  o b s e r v e d  in the l i v e r  t i s s u e  of r a t s  [15]. 

The  a c c u m u l a t i o n  of f r e e  a s p a r t i c  and  g l u t a m i c  a c i d s  in the  l i v e r  m a y  e v i d e n t l y  be c o n n e c t e d  to s o m e  
e x t e n t  wi th  the c o n s i d e r a b l e  inh ib i t ion  of g l u t a m a t e - a l a n i n e  (C. E. 2, 6, 1, 2) and g l u t a m a t e - a s p a r t a t e  (C. E. 
2, 6, 1, 1 ) t r a n s a m i n a s e s  of the l i v e r  in c h o l i n e - p r o t e i n  d e f i c i e n c y ,  a s  p r e v i o u s  i n v e s t i g a t i o n s  have  shown 
[3, 41. 
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The changes d iscovered  in the content of free amino acids and ninhydrin-posi t ive compounds in the 
l iver  t issue thus suggest  that the dis turbances  of tipid metabol ism,  expressed  by development of fatty infil-  
t rat ion of the l iver  t issue,  are  connected to some extent witi~ a disturbance of amino-ac id  metabol ism.  
Choline-protein deficiency may  likewise be .regarded as a state of endogenous amino-ac id  imbatgnce. 
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