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Summary. The aims of the present study were to assess the changes of indi- 
vidual plasma amino acid levels in relation (1) to the severity of liver damage 
and (2) to the process of liver recovery. Acute liver injury was induced by an 
intragastric administration of CC14 diluted in olive oil in doses of 2, 4 and /o r  
6 g of CC14 per kg b.w. The control rats received olive oil only. Animals were 
sacrificed at 16, 24, 48 and 96 hours after treatment. The severity of liver injury 
was assessed by histological examination, by changes in ALT and AST in the 
blood plasma and by changes in liver weight. Statistical analysis was carried by 
A N O V A ,  p < 0.05 was considered significant. The Spearman rank correlation 
coefficient was used as a measure of the degree of linear relationship between 
variable and dose. In the period of the development  of acute liver damage, i.e. 
at 16 and 24 hours after treatment,  an increase in blood plasma amino acid 
levels and positive correlations with the dose of CC14 were observed for most 
individual amino acids. The only exception was arginine which decreased in a 
dose dependent  manner. At  a phase of liver recovery, i.e. at 48 and 96 hours 
after CC14 treatment, the concentrations of some individual amino acids de- 
creased below the control values. The negative correlation with the dose of 
CC14 occurred for taurine and isoleucine (at 48 hours) and taurine, threonine, 
valine, methionine,  isoleucine and leucine (at 96 hours). 
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Introduction 

Fulminant hepatic failure is associated with a marked increase in plasma 
amino acids, with resulting aminoaciduria (Iber et al., 1957; Record et al., 
1976; Rosen et al., 1977). However,  the pathogenesis of changes of individual 
plasma amino acid levels caused by acute liver damage is not understood very 
well. The main causes of the rise in plasma amino acids after severe liver 
damage are undoubtedly the leak of amino acids into the circulation from 
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injured hepatocytes and impaired utilization of plasma amino acids by 
reduced liver cell mass. Changes in concentrat ion of some amino acids 
are significantly affected also by impaired-whole body metabolism, altered 
nutrition, and by hormonal  effects. There  is no data about the effect 
on aminoacidemia of recovery of damaged hepatic tissue. 

We suppose that the familiar knowledge of the changes in plasma amino 
acid levels in relation to the severity of acute liver damage and liver recovery 
may be both of theoretical and practical importance. However,  it should be 
noted, that for an unacceptable contaminating variable, it is very difficult to 
organize such a study on human subjects. The convenient  tools to study this 
problem are animal models of acute liver damage. These models enable both 
induction of liver injury of variable degree and subsequent evaluation of 
changes reflecting the process of liver recovery. The aim of the present  study 
was to assess the effect of the severity of acute rat liver damage induced by 
various doses of CC14 and subsequent recovery on changes in plasma amino 
acid levels. 

Material and methods  

Animals' 

Adult male Wistar rats weighing between 220 and 260g were obtained from Velaz 
(Prague, CR). Rats were housed in standardized cages in quarters with controlled tem- 
perature under a 12-hour light-dark cycle and received Velaz-Altromin 1320 laboratory 
chow (Velaz, Prague, CR) and drinking water ad libitum. All procedures involving 
animals were performed according to the guidelines set by the Institutional Animal Use 
and Care Committee of Charles University. 

Study protocol 

Carbon tetrachloride was diluted in olive oil (1 : 1) and administered intragastrically in a 
dose of 2, 4 and/or 6g of CC14/kg b.w. The doses of CC14 were chosen on the basis of 
previous studies (Hole6ek et al., 1995; Hole~k et al., 1996) and our preliminary experi- 
ments. The dose of 6 g of CC14 corresponds to LDs0/4Sh in our experimental conditions. The 
control animals received olive oil only in a dose of 4g/kg b.w. The rats were killed by 
blood withdrawal under light ether narcosis at 16, 24, 48 and/or 96 hours after treatment. 
To exclude nutritional effects on aminoacidemia, all rats fasted 24 hours before sacrifice. 
In addition, the control rats killed at 48 and 96 hours after treatment were pair-fed with 
rats given 4g of CC14 per kg b.w. Immediately after sacrifice the liver was removed, 
weighed, and a sample of hepatic tissue was taken from the medium lobule for histological 
examination. 

Analytical methods' 

Free amino acid concentrations were measured in samples of blood plasma deproteinated 
by sulphosalicylic acid using ion-exchange chromatography (amino acid analyzer T339, 
Mikrotechna, Prague, CR). Because tryptophan is bound to plasma proteins and it 
is partially lost during deproteinization with sulphosalicylic acid (Milson et al., 1979), 
this amino acid was not determined. Activities of alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) were measured using commercial kits 
(Lachema, Brno, CR). The liver tissue samples were stained with haematoxylin-eosin 
for histology. 
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Statistical analysis 

Statistical package SPSS was used for statistical analysis of differences of group means. 
For each time interval group means for different doses were compared by a one- 
way analysis of variance. If null hypothesis (that all population means are equal) 
was rejected we used Duncan test for multiple comparison between means. Separately 
for each time interval, Spearman rank correlation coefficient was used as a measure 
of the degree of linear relationship between variable and dose. Coefficient and 

Fig. 1. Histological examination, H&E × 180 (ABC / DEF). Twenty four hours after 
CC14 treatment (A: 2g of CC14; B: 4g of CC14; C: 6g of CC14 per kg b.w.). The peripheral 
microvesicular steatosis (A), centrizonal necroses (the extent correlated with the dose of 
CC14 administered) and the hydropic degeneration of hepatocytes in midzone (A) and in 
periphery (C). Forty eight hours after CC14 treatment (D: 2g of CC14; E: 4g of CC14; F: 6g 
of CC14 per kg of b.w.). The centrizonal necroses with macrophages presence, hyperemia, 
and peripheral microvesicular steatosis. The extent of hydropic degeneration of hepa- 
tocytes in midzone (D) and in periphery (E, F) was less pronounced than 24 hours after 
CC14 treatment (above). The hepatocyte mitotic activity was markedly increased at 

this period (arrows) 
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significance levels were computed with procedure NONPAR CORR (Norusis, 1993). 
Statistically significant value at level p < 0.05 (signed by *) means that there is linear 
association between the variable and the dose of carbon tetrachloride. Negative value 
of coefficient means decreasing value of variable with increasing level of dose and 
vice versa. Positive value of coefficient indicates changes in the same direction. Values 
greater than/0.8/means strong or very strong linear association between variable and 
dose. 

Results 

Liver damage patterns 

Liver damage patterns evaluated on the basis of liver histology (Fig. 1), ALT 
and AST activities in blood plasma (Figs. 2 and 3) and changes in liver weight 
(Fig. 4) revealed a rapid development  of liver damage within 24 hours after 
treatment.  The highest correlation between the dose of CC14 and A L T  and 
AST activities and/or liver weight was observed at 24 hours (Table 5). Mor- 
phological examination of liver samples showed intensive process of liver 
recovery at 48 hours and almost complete restoration at 96 hours after CC14 
treatment.  

Plasma amino acid patterns 

Plasma concentrations of individual amino acids after administration of vari- 
ous doses of CC14 are given in Tables 1-4. Great  positive correlations between 
the dose of CC14 and blood plasma amino acid concentrat ion were observed in 
most of the individual amino acids at 16 and 24 hours after t reatment.  The 
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Fig. 2. Plasma ALT levels of rats at intervals after administration of various doses of 
CC14. Mean _+ SE. The number of animals in particular groups is the same as given on 

Tables 1-4 
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Fig. 3. Plasma AST levels of rats at intervals after administration of various doses of 
CC14. Mean + SE. The number of animals in particular groups is the same as given on 

Tables 1-4 
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Fig. 4. Liver weight (g. 100g b.w. J) of rats at intervals after administration of various 
doses of CC14. Mean _+ SE. The number of animals in particular groups is the same as 

given on Tables 1-4 

s t rongest  re la t ionships  were  with aspar ta te ,  g lu tamine,  glycine, alanine,  
valine, orni thine,  lysine and histidine. The  re la t ionship  b e t w e e n  the  dose  
and amino  acid concen t ra t ion  was not  significant for  taur ine  (at 24h),  
cystine and citrulline. Only  p lasma levels of  arginine  showed  a negat ive  
relationship• 

A t  48 hours  the  posit ive re la t ionship  b e t w e e n  the  CC14 dose and p lasma 
concen t ra t ion  was obse rved  only in eight  amino  acids (aspar ta te ,  serine,  
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Table 1. Plasma amino acid concentrations 16 hours after administration of various doses 
of CC14 

Amino acid Control (n = 5) 2g e e l  4 (n = 5) 4g CC14 (n = 5) 6g  CCI 4 (n = 8) 

Taurine 437 _+ 21 566 + 35 721 ± 69 *+ 635 ± 38* 
Asparta te  52 _+ 3 78 + 10 151 ± 32 *+ 167 ± 14 *+ 
Threonine 218 _+ 20 511 _+_ 122 824 ± 282* 1272 ± 126 *+ 
Serine 213 +_ 15 428 ± 91 608 +_ 164" 791 _+ 86 *+ 
Asparagine 93 _+ 8 121 _+ 26 170 _+ 49 282 _+ 22 *+# 
Glutamate  198 _+ 22 253 _+ 33 565 _+ 192 *~- 456 _+ 43 
Glutamine 613 _+ 46 846 + 117 1929 ± 911 3891 ± 352 *+# 
Proline 125 + 6 194 _+ 16" 204 _+ 15" 233 _+ 15" 
Glycine 220 _+ 13 279 ± 37 761 ± 308 1298 _+ 183 *+~ 
Alanine 354 ± 21 1229 _+ 254* 2395 _+ 214 *+ 831 _+ 255 *+ 
Citrulline 52 +_ 7 58 _+ 18 66 _+ 15 69 _+ 14 
Valine 179 _+ 16 222 _+ 19 327 _+ 28 *+ 357 ± 9 *+ 
Cystine 45 _+ 1 31 _+ 11 32 ± 10 43 _+ 8 
Methionine 52 + 5 57 ± 5 76 _+ 14 91 _+ 14" 
Isoleucine 98 ± 7 107 ± 12 159 + 15 *+ 165 _+ 5 *+ 
Leucine 187 _+ 12 169 ± 32 285 _+ 25 *+ 302 _+ 11 *+ 
Tyrosine 56 _+ 9 47 ± 4 37 _+ 7 69 ± 10 # 
Phenylalanine 46 _+ 11 37 -+ 2 63 _+ 11 65 ± 8 + 
Ornithine 25 ± 4 174 +_ 49* 287 ± 27 *+ 318 _+ 13 *+ 
Lysine 411 ÷ 20 426 -+ 41 964 ± 203 *+ 1683 _+ 130 *+ 
Histidine 42 _+ 7 64 _+ 18 149 ± 32* 257 _+ 36 *+# 
Arginine 159 _+ 11 15 _+ 12" 2 ± 1" 0 ± 0* 
Total  A A  3875 _+ 88 5915 _+ 614 10775 ± 2440 *+ 15276 _+ 1078" ~# 
B C A A  464 _+ 18 498 +_ 62 771 _+ 68 *+ 824 ± 22 *+ 
A A A  102 _+ 18 84 -+ 3 100 _+ 14 134 ± 17 + 
B C A A / A A A  5.20 ± 0.95 6.06 -+ 0.94 8.03 ± 0.70 6.81 ± 0.85 

Results are expressed as/~mol • 1 ~. Number  of animals in parentheses.  Mean ± SE. * p < 
0.05 vs. control; +p < 0.05 vs. rats treated by 2g of CC14 • kg b.w.-1; ~p < 0.05 vs. rats 
treated by 4g of CC14 • kg b.w.-L Total AA, the sum of all amino acids; BCAA, branched- 
chain amino acids (isoleucine + valine + leucine); AAA,  aromatic amino acids (tyrosine 
+ phenylalanine). 

g lyc ine ,  a l a n i n e ,  m e t h i o n i n e ,  p h e n y l a l a n i n e ,  o r n i t h i n e ,  a n d  h i s t id ine ) .  T h e  
n e g a t i v e  v a l u e  o f  a r g i n i n e ' s  c o r r e l a t i o n  c o e f f i c i e n t  w a s  l o w e r  t h a n  a t  p r e v i o u s  
i n t e rva l s .  T h e  m o s t  exc i t i ng  o b s e r v a t i o n s  a t  48 h o u r s  w e r e  shif ts  o f  c o r r e l a t i o n  
coe f f i c i en t s  o f  t a u r i n e  a n d  i s o l e u c i n e  f r o m  p o s i t i v e  v a l u e s  a t  16 a n d / o r  24 

h o u r s  ( o n l y  i s o l e u c i n e )  to  n e g a t i v e  ones .  
A t  96 h o u r s  a f t e r  t h e  CC14 t r e a t m e n t ,  t h e  c o n c e n t r a t i o n s  o f  s o m e  a m i n o  

ac ids  d e c r e a s e d  b e l o w  t h e  c o n t r o l  va lue s ,  p a r t i c u l a r l y  in r a t s  a d m i n i s t e r e d  
w i t h  a h i g h e s t  d o s e  o f  CC14. T h e s e  a m i n o  ac ids  ( t a u r i n e ,  t h r e o n i n e ,  va l ine ,  
m e t h i o n i n e ,  i s o l e u c i n e ,  a n d  l e u c i n e )  s h o w e d  a lso  a s ign i f i can t  n e g a t i v e  c o r r e -  
l a t i o n  w i t h  t h e  d o s e  o f  CC14 a d m i n i s t e r e d .  T h e  n e g a t i v e  c o r r e l a t i o n  b e t w e e n  

t h e  d o s e  o f  CC14 a n d  a r g i n i n e  l eve l s  o b s e r v e d  in p r e v i o u s  i n t e r v a l s  w a s  a b s e n t  
in th is  p e r i o d .  P o s i t i v e  c o r r e l a t i o n s  w i t h  t h e  d o s e  o f  CCI 4 w e r e  s h o w n  o n l y  fo r  

g lyc ine ,  o r n i t h i n e  a n d  h i s t id ine .  
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Table 2. Plasma amino acid concentrations 24 hours after administration of various doses 
of CCI 4 

Amino acid Control (n = 5) 2g CC14 (n = 5) 4g C C 1 4  (n = 6) 6g e e l  4 (n = 4) 

Taurine 419 ± 44 652 ± 124 496 ± 37 395 _+ 19 
Aspartate 46 ± 8 74 ± 8 147 ± 22 *+ 157 ± 26 *+ 
Threonine 233 ± 25 428 _+ 83 758 ± 234 1410 - 387 *+# 
Serine 222 _+ 16 379 ± 74 672 ± 207 1242 ± 244 *+~ 
Asparagine 95 _+ 12 136 ± 9 192 _+ 38* 308 ± 48 *+# 
Glutamate 205 ± 19 242 ± 13 459 ± 66 710 ± 251 *+ 
Glutamine 665 ± 41 944 ± 14 1759 ± 468 4093 _+ 1119 *+# 
Proline 129 ± ' 6  170 ± 20 196 ± 16" 196 +_ 11" 
Glycine 249 ± 14 252 _+ 7 1001 ± 241 *+ 1694 ± 229 *+# 
Alanine 430 ± 37 1020 ± 218 2340 ± 176 *+ 3249 ± 408 *+# 
Citrulline 45 ± 4 71 ± 3* 61 ± 11 75 ± 5* 
Valine 204 ± 25 301 ± 15" 396 ± 39 *+ 487 ± 30 *+ 
Cystine 40 ± 7 47 ± 3 34 _+ 10 50 ± 13 
Methionine 52 _+ 5 62 ± 4 92 ± 15 167 ± 62 *+ 
Isoleucine 110 _+ 13 127 ± 7 172 ± 14 *+ 176 ± 9 *+ 
Leucine 185 ± 20 229 ± 15 318 ± 28 *+ 347 ± 55 *+ 
Tyrosine 66 ± 9 70 ± 6 101 ± 15 135 _+ 37 *+ 
Phenylalanine 39 ± 4 53 ± 8 91 +_ 11 *+ 110 _+ 13 *+ 
Ornithine 33 _+ 4 144 ± 24* 340 ± 25 *+ 376 ± 51 *+ 
Lysine 391 ± 34 443 ± 16 1046 ± 179 *+ 1665 ± 304 *+# 
Histidine 45 ± 10 86 ± 3 190 ± 36 *+ 356 ± 67 *+# 
Arginine 117 ± 27 76 + 17 0 _+ 0 *+ 0 _+ 0 *+ 
Total A A  4021 ± 284 6006 + 516 10859 _+ 1722 *+ 17394 _+ 3285 *+# 
B C A A  99 ± 57 657 ± 33 887 ± 72 *+ 1010 ± 95 *+ 
A A A  105 _+ 11 123 ± 10 192 ± 24* 244 ± 47 *+ 
B C A A / A A A  4.82 _+ 0.47 5.54 ± 0.63 4.83 ± 0.41 4.50 ± 0.69 

Results are expressed as/~mol • 1 ~. Number  of animals in parentheses. Mean _+ SE. * p < 
0.05 vs. control; +p < 0.05 vs. rats treated by 2g of C C 1 4  • kg b.w. J; #p < 0.05 vs. rats 
treated by 4g of C C l  4 • kg b.w. 1. Total AA, the sum of all amino acids; BCAA, branched- 
chain amino acids (isoleucine + valine + leucine); AAA, aromatic amino acids (tyrosine 
+ phenylalanine). 

Discuss ion 

T h e  resul t s  o f  the  p r e s e n t  s t u d y  d e m o n s t r a t e  c h a r a c t e r i s t i c  c h a n g e s  o f  indi-  

v idua l  a m i n o  acid  levels  in b l o o d  p l a s m a  wi th in  the  c o u r s e  o f  d e v e l o p m e n t  o f  

a c u t e  l iver  d a m a g e  a n d  s u b s e q u e n t  r e c o v e r y .  

Phase of liver damage development 

T h e  first 24 h a f t e r  CC14 r e s e m b l e s  the  p e r i o d  o f  a c u t e  l iver  d a m a g e  d e v e l o p -  

m e n t .  D u r i n g  this p e r i o d  the  c o n c e n t r a t i o n  o f  m o s t  a m i n o  ac ids  subs t an t i a l l y  

i nc r ea sed ,  m o s t l y  in g o o d  c o r r e l a t i o n  wi th  the  d o s e  o f  a d m i n i s t e r e d  CC14. T h e  

h ighes t  i n c r e a s e  was  o b s e r v e d  in a m i n o  acids  t ha t  a re  in a h i g h  c o n c e n t r a t i o n s  

in c y t o s o l  o f  ra t  l iver  cells ( g l u t a m i n e ,  g l u t a m i c  acid,  a l an ine ,  g lyc ine ,  lysine,  

t h r e o n i n e ,  h is t id ine ,  va l ine ,  l euc ine  a n d  i so l euc ine )  (Ft~rst, 1985),  a n d / o r  m e -  
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Table  3. Plasma amino acid concentrations 48 hours after administration of various doses 
of CC14 

Amino acid Control (n = 5) 2g CC14 (n = 7) 4g CC14 (n 4) 6g CC14 (n = 4) 

Taurine 408 _+ 12 316 + 24* 297 ± 29* 237 _+ 26 *+ 
Aspar ta te  43 _+ 2 65 ± 3* 68 _+ 10" 72 _+ 14" 
Threonine 203 ± 4 235 _+ 23 233 ± 26 268 ± 36 
Serine 195 ± 4 226 ± 19 229 ± 22 269 ± 21" 
Asparagine 83 ± 6 85 _+ 19 77 ± 11 117 ± 20 
Glutamate  174 ± 16 179 ± 13 176 _+ 29 181 + 13 
Glutamine 594 ± 36 825 + 55* 612 ± 49 ~ 808 _+ 83 *# 
Proline 134 ± 7 129 ± 4 132 _+ 10 137 +_ 16 
Glycine 219 ± 10 273 _+ 15" 328 ± 23* 299 ± 30* 
Alanine 368 ± 14 592 ± 74 610 _+ 112 704 + 88* 
Citrulline 55 + 6 63 _+ 4 68 + 6 31 + 11 *+# 
Valine 166 + 4 174 -+- 10 193 _+ 15 177 + 17 
Cystine 34 _+ 7 38 ± 5 46 ± 6 48 _+ 9 
Methionine 53 _+ 1 57 ± 7 63 ± 9 70 _+ 5 
Isoleucine 115 ± 8 97 _+ 6 99 + 12 74 ± 15" 
Leucine 164 ± 10 159 _+ 10 157 ± 19 136 ± 19 
Tyrosine 67 ± 5 85 _+ 15 79 + 20 111 ± 15 
Phenylalanine 34 _+ 3 73 ± 13" 53 _+ 11 75 ± 13" 
Ornithine 25 _+ 5 186 + 18" 198 ± 36* 215 _+ 34* 
Lysine 390 _+ 26 389 + 25 414 ± 28 396 _+ 38 
Histidine 29 _+ 8 42 _+ 10 63 ± 15 59 _+ 4 
Arginine 144 ± 22 21 _+ 17" 15 + 9* 5 ± 4* 
Total  A A  3695 ± 104 4309 _+ 232 4210 + 247 4487 ± 431 
B C A A  445 + 9 430 ± 26 449 _+ 45 387 + 49 
A A A  100 _+ 4 159 + 28 132 ± 24 186 +_ 19" 
B C A A / A A A  4.46 ± 0.13 3.05 + 0.37* 3.74 _+ 0.68 2.07 +_ 0.14 *~ 

Results are expressed as ¢tmol • 1 1. Number  of animals in parentheses. Mean ± SE. * p < 
0.05 vs. control; +p < 0.05 vs. rats t reated by 2g of CC14 • kg b.w. 1; #p < 0.05 vs. rats 
t reated by 4g of CC14. kg b.w. -1. Total AA, the sum of all amino acids; BCAA, branched- 
chain amino acids (isoleucine + valine + leucine); AAA, aromatic amino acids (tyrosine 
+ phenylalanine).  

t a b o l i z e d  p r e d o m i n a n t l y  in t h e  l ive r  ( t y r o s i n e ,  p h e n y l a l a n i n e ,  m e t h i o n i n e ,  
cys t ine ) .  C o n s i d e r i n g  t h a t  o n l y  a m o d e r a t e  i n c r e a s e  o f  p l a s m a  a m i n o  ac id  
l eve l s  m a y  b e  o b s e r v e d  a f t e r  t w o - t h i r d s  h e p a t e c t o m y  ( H o l e e e k  e t  al., 1996),  it 
is u n d o u b t e d  t h a t  t h e  p r i n c i p l e  c a u s e  o f  a m a r k e d  i n c r e a s e  o f  a m i n o a c i d e m i a  

in a c u t e  l i ve r  f a i l u r e  is t h e  l e a k  o f  a m i n o  ac ids  f r o m  d y i n g  h e p a t o c y t e s  i n to  t he  
c i r cu l a t i on .  

R e m a r k a b l e  c h a n g e s  w e r e  o b s e r v e d  in a m i n o  ac ids  o f  t h e  o r n i t h i n e  
cycle .  O r n i t h i n e  c o n c e n t r a t i o n s  w e r e  e x t r e m e l y  h igh  wh i l e  c i t ru l l ine  was  
a l m o s t  u n a f f e c t e d  a n d  a r g i n i n e  l eve l s  d e c r e a s e d  a l m o s t  to  z e r o .  W e  s u p p o s e  

t h a t  a r g i n a s e ,  w h o s e  c o n t e n t  in h e p a t o c y t e s  is v e r y  h i g h  ( R a t n e r ,  1973),  
is r e l e a s e d  f r o m  i n j u r e d  h e p a t o c y t e s  i n to  t h e  b l o o d  s t r e a m  w h e r e  it 
spl i ts  i n t r a v a s c u l a r  a r g i n i n e  i n t o  o r n i t h i n e  a n d  u r e a  a n d  t h u s  d e c r e a s e s  
a r g i n i n e  a n d  i n c r e a s e s  o r n i t h i n e  p l a s m a  leve ls .  Sl ight ,  m o s t l y  ins ign i f i can t  
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Table 4. Plasma amino acid concentrations 96 hours after administration of various doses 
of CC14 

Amino acid Control (n = 7) 2g CC14 (n = 8) 4g CC14 (n 8) 6g CC14 (n = 7) 

Taurine 356 _+ 12 306 ± 10" 302 _+ 14" 212 _+ 10 *+# 
Aspartate 52 _+ 5 50 ± 3 62 + 7 54 _+ 6 
Threonine 235 ± 13 252 +_ 19 215 ± 9 172 + 10 *+# 
Serine 225 + 6 207 _+ 6 225 ± 11 251 ± 30 
Asparagine 90 + 1 92 _+ 7 94 ± 6 89 ± 7 
Glutamate 200 + 8 180 _+ 9 193 + 10 196 _+ 29 
Glutamine 603 _+ 21 541 ± 47 517 ± 43 580 -- 52 
Proline 144 _+ 5 133 ± 8 133 _+ 6 149 ± 15 
Glycine 221 ± 15 229 _+ 12 271 ± 15" 312 + 22*' 
Alanine 340 ± 24 304 ± 14 300 + 16 309 _+ 31 
Citrulline 73 ± 5 72 ± 4 73 + 66 77 _+ 4 
Valine 165 _+ 13 144 ± 9 135 ± 8 120 ± 9* 
Cystine 37 + 4 43 _+ 3 34 _+ 3 49 ± 4 *# 
Methionine 49 + 2 45 _+ 2 43 ± 2* 40 ± 2* 
isoleucine 94 ± 6 86 _+ 5 84 + 3 76 _+ 2* 
Leucine 143 +_ 9 122 ± 8 125 ± 7 110 ± 8* 
Tyrosine 65 _+ 4 68 ± 5 65 ± 4 53 ± 4 + 
Phenylalanine 45 _+ 3 41 ± 2 39 _+ 2 38 + 2 
Ornithine 28 + 1 33 +_ 2 33 ± 2 41 _+ 3 *+# 
Lysine 421 -- 7 393 +_ 21 416 ± 34 377 _+ 29 
Histidine 48 ± 2 49 ± 2 57 + 5 60 _+ 4 *+ 
Arginine 191 _+ 9 187 ± 6 188 ± 9 168 -- 10 
Total A A  3826 _+ 124 3576 ± 137 3607 + 160 3534 +_ 233 
B C A A  403 ± 27 351 + 21 345 _+ 17 306 + 18" 
A A A  110 + 5 108 _+ 18 105 ± 5 91 ± 6 *~ 
B C A A / A A A  3.66 + 0.11 3.26 _+ 0.13" 3.29 ± 0.11" 3.36 ± 0.10 

Results are expressed as/~mol • 1- ~. Number  of animals in parentheses. Mean + SE. *p < 
0.05 vs. control; +p < 0.05 vs. rats treated by 2g of CC14 • kg b.w. t; #p < 0.05 vs. rats 
treated by 4g of CCI 4 • kg b.w. ~. Total AA, the sum of all amino acids; BCAA, branched- 
chain amino acids (isoleucine + valine + leucine); AAA, aromatic amino acids (tyrosine 
+ phenylalanine). 

c h a n g e s  in c i t ru l l ine  c o n c e n t r a t i o n  d e m o n s t r a t e  u n a f f e c t e d  f u n c t i o n  o f  the  

k idney .  

Phase of  liver recovery 

A s  d e m o n s t r a t e d  by  h i s to log ica l  e x a m i n a t i o n ,  the  i n t e rva l  b e t w e e n  48 a n d  

9 6 h  a f t e r  CC14 a d m i n i s t r a t i o n  is a p e r i o d  w h e n  the  p r o c e s s  o f  l iver  in ju ry  
d e v e l o p m e n t  is c o m p l e t e d  a n d  an  i n t ens ive  p r o c e s s  o f  l iver  r e c o v e r y  d e v e l o p s .  

T h e  m o s t  s t r ik ing  f e a t u r e  o f  this p e r i o d  was  a d e c r e a s e  o f  s o m e  p l a s m a  a m i n o  

acids  b e l o w  the  va lues  o f  c o n t r o l  an ima l s  a s s o c i a t e d  wi th  a shif t  f r o m  pos i t ive  

c o r r e l a t i o n  b e t w e e n  the  d o s e  o f  CC14 a n d  p l a s m a  a m i n o  acid  levels  at  16 a n d  

24 h o u r s  to  a n e g a t i v e  one .  T h e  ear l ies t  a n d  m o s t  p r o n o u n c e d  shift  to  n e g a t i v e  

va lues  o f  S p e a r m a n  c o r r e l a t i o n  coe f f i c i en t  w e r e  o b s e r v e d  fo r  i s o l e u c i n e  a n d  

t au r ine .  
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Table 5. Spearman correlation coefficients between the vari- 
able and the dose of CC14 administered at four intervals after 

administration of CC14 

16 hours 24 hours 48 hours 96 hours 
( n = 2 3 )  ( n = 2 0 )  ( n = 2 0 )  ( n = 3 0 )  

Liver weight 0.669* 0.913" 0.858* 0.683* 
ALT 0.811" 0.869* 0.563* 0.615" 
AST 0.869* 0.904* 0.740* -0.496* 
Taurine 0.576* -0.50 -0.712" -0.799* 
Aspartate 0.815" 0.868* 0.579* 0.153 
Threonine 0.809* 0.707* 0.330 -0.612" 
Serine 0.667* 0.669* 0.568* 0.019 
Asparagine 0.762* 0.754* 0.173 0.043 
Glutamate 0.781" 0.858* -0.040 -0.104 
Glutamine 0.840* 0.868* 0.207 -0.084 
Proline 0.727* 0.643* -0.131 -0.136 
Glycine 0.781" 0.832* 0.642* 0.654* 
Alanine 0.854* 0.912" 0.567* -0.081 
Citrulline 0.402 0.478* -0.143 0.182 
Valine 0.861 * 0.880* 0.277 -0.525* 
Cystine -0.001 0.016 0.319 0.249 
Methionine 0.470* 0.666* 0.456* -0.546* 
Isoleucine 0.769* 0.740* -0.509* -0.488* 
Leucine 0.770* 0.774* -0.294 -0.407* 
Tyrosine 0.207 0.564* 0.376 -0.280 
Phenylalanine 0.533* 0.804* 0.551" -0.347 
Ornithine 0.834* 0.916" 0.698* 0.626* 
Lysine 0.848* 0.856* 0.080 -0.131 
Histidine 0.861" 0.948* 0.532* 0.497* 
Arginine -0.796* -0.894* -0.610 -0.283 
Total AA 0.902* 0.912" 0.379 -0.149 
BCAA 0.787* 0.840* -0.274 -0.506* 
AAA 0.402 0.713" 0.596 -0.389* 
BCAA/AAA 0.278 -0.102 -0.617" -0.276 

*-- statistically significant linear association between the 
variable and the dose of CC14 at level p < 0.05. Total AA, the 
sum of all amino acids; BCAA, branched-chain amino acids 
(isoleucine + valine + leucine); AAA, aromatic amino acids 
(tyrosine + phenylalanine). 

A r e m a r k a b l e  result  ob t a ined  at 96 hours  af ter  CC14 adminis t ra t ion  is a 
dec rease  of  p lasma b ranched-cha in  amino  acids ( B C A A :  valine, leucine,  and 
isoleucine)  concen t ra t ions  assoc ia ted  with the negat ive  re la t ionship  b e t w e e n  
the dose  of  CC14 and p lasma  levels of  these  amino  acids. Cons ider ing  that  
B C A A  are p r e d o m i n a n t l y  uti l ised in p ro te in  synthesis,  we  suppose  that  the  
main  mechan i sm decreas ing  p lasma  B C A A  levels in this pe r iod  is caused  by  
their  in tensive up t ake  and ut i l izat ion in p ro te in  synthesis  within the  process  of  
liver recovery .  The  dec rease  of  rat io of  B C A A  over  a romat ic  amino  acids 
( A A A :  phenyla lan ine  and tyros ine)  is o f ten  cons ide red  as an u n f a v o u r a b l e  
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mani fes ta t ion  of  liver disease d e v e l o p m e n t  (McCul lough,  1981) and  it could  
be a numer ica l  indicator  of  the  grade  of  e n c e p h a l o p a t h y  (Fischer  et al., 1976). 
However ,  a n u m b e r  of papers  d e m o n s t r a t e d  cer ta in  shor tcomings  of  
this index (Fischer,  1982; Shiels et al., 1985). We  d e m o n s t r a t e d  the  m o r e  
p r o n o u n c e d  decrease  of  B C A A  than  of a romat ic  amino  acids dur ing the  
recovery  per iod  of liver d a m a g e  induced  by CC14 in this study. Thus  
we assume that  a decrease  of B C A A  and/or  B C A A / A A A  ratio may,  in the  
case of acute  liver damage ,  be a favourab le  indicator  of  liver r ecove ry  and 
not  a negat ive  one.  
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