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Changes in the Free Amino Acid Composition of Cerebrospinal Fluid 
in Liver Disease. (27597) 

DIETER JIUTING (Introduced by Leon L. Miller) 

Disturbance in protein metabolism in pa- 
tients with liver disease has been known since 
Frerichs( 1 )  established the presence of leu- 
cine and tyrosine crystals in urine of patients 
with acute yellow liver-atrophy. Since then, 
the amino acid content of serum and urine 
of such patients has been extensively studied. 
Far less quantitative data on the free amino 
acid content of cerebrospinal fluid are avail- 
able ( 2,3,4,9). 

In the following study, an attempt is made 
to clarify the following questions which have 
arisen in the study of cerebrospinal fluid of 
liver disease patients: ( a )  Is there any sig- 
nificant difference in the free amino acid com- 
position of cerebrospinal fluid of healthy in- 
dividuals and patients with liver disease? ( b )  
Is there any relationship between degree of 
hepatic parenchymal damage and changes in 
the free amino acid composition of the cere- 
brospinal fluid? (c) Do these changes play 
any part in the pathogenesis of hepatic coma? 

This study en- 
tailed detailed clinical and laboratory exam- 
ination of 25 metabolically healthy adults be- 
tween the ages of 20 to 42 years and of 28 
patients with liver disease. Of the latter. 5 
were suffering from obstructive jaundice due 
to malignant tumors and 18 from cirrhosis of 
the liver. Of the cirrhotics 11 were alcohol- 
ics; 1 was associated with cardiac failure; 1 
was a result of biliary infection; and 5 fol- 
lowed hepatitis. In 22  of these 28 cases the 
clinical diagnosis was later confirmed either 
by peritoneoscopy, biopsy, or autopsy. I n  
most cases clinical diagnosis was also sup- 
ported by liver function tests such as brom- 
sulphthalein clearance, galactose tolerance, 
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and serum transaminase level as well as by 
results of serum electrophoretic analysis and 
by measurement of prothrombin time, serum 
bilirubin, nonprotein nitrogen, and free alpha- 
amino-N in plasma. The methods of analysis 
of the deproteinized cerebrospinal fluid, ob- 
tained by lumbar puncture, have been pre- 
viously described( 5) .  Altogether 35 cerebro- 
spinal fluids from the 28 patients were ana- 
lyzed. The average cell count ranged between 
0-22 cells, and protein content ranged from 
22-53 mg 7;. The free alpha-amino-N 
( Moore and Stein (6) ) , indican (Shivaram 
and Muting ( 7 )  ), as well as free and combined 
phenolic bodies (Schmidt (8) ) were also 
measured. 

Results. The results are shown in Table 
I .  In 12 patients without hepatic coma, the 
free alpha-amino-h’ in cerebrospinal fluid 
ranged between 0.94-2.07 mg %, the normal 
being 0.75 mg ( t 0.24). Among the free 
amino acids which most increased were tyro- 
sine, tryptophane, phenylalanine, leucine, 
isoleucine, and especially methionine, glycine, 
and glutamine. The increase in 14 amino 
acids is statistically significant. 

In 16 cases with hepatic coma, free alpha- 
amino-r\; of the cerebrospinal fluid ranged be- 
tween 2.45 and 3.90 mg % which is 3 to 4 
times the normal value (Table I). Of these 
patients, 3 with the most severe attack from 
the clinical point of view also showed the 
highest values. Breakdown products of me- 
thionine such as methionine sulfoxide were 
demonstrable in 4 cases. In addition to the 
sulfur containing amino acids, glutamine also 
showed an increase in cerebrospinal fluid to 
an extent as high as 10 times normal. 
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TAR1,E 1. Frcc Amino Acids in Cerebrospinal Fluid of Psticnts with l iver  Disease, with and 
without Hep:itic* Conxi. 
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Discussion. The increase in free amino 
acid content of cerebrospinal fluid in liver 
disease could be a result of decreased blood- 
brain-barrier or change in brain metabolism 
of specific amino acids. The first view is sup- 
ported by the fact that a definite relationship 
existed between the level of free alpha-amino- 
N in plasma and cerebrospinal fluid of our 28 
liver disease patients as shown in Fig. 1. This 
should also hold for individual aromatic and 
sulfur containing amino acids whose oxida- 
tive breakdown has been greatly reduced be- 
cause of serious hepatic parenchymal dam- 
age. This view was supported by our finding 
that patients loaded with 2 g of methionine 
per os, as suggested by Muting( lo), had ab- 
normal excretion of free methionine and free 
sulfate in 24-hour urine during and after the 
load. While 30 healthy individuals after load- 
ing excreted an average of 125 mg unmetabo- 
lized methionine, the 28 patients with liver 
disease, after loading with 2 g methionine per 
us, excreted an average of 310 mg. Pathologi- 
cal breakdown products such as methionine 
sulfoxide and methionine sulfone might be ex- 
pected under such conditions ( 3  ). In regard 

* No. of patients. 

to hepatic coma, it is of interest that Cam- 
panacci ( 13,14 ) has shown in animal experi- 
ments that methionine sulfoxide can cause 
changes in the brain similar to those seen 
clinically, as well as EEG changes. Methyl- 
mercaptan, according to Challenger and 
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FIG. 1. Relation between free a-amino-nitrogen in 
plasma and CSF in liver disease. 
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Walshe( 11 ), is another breakdown product of 
methionine associated with foetor hepaticus. 

On the other hand the high glutanline in-  
crease in C.S.F. cannot l ~ r  explained by its 
corresponding rise in serum level ( I 2  ) . '4 dis- 
turbance in brain metabolisni related to high 
blood ammonia and its detoxication could be 
regarded as one cause of the high glutamine 
level. 

Related to the deterioration in hepatic me- 
tabolism of tyrosine and tryptophane, lliiting 
and Shivaran observed that free indol and 
phenol derivatives increased 5 to 10 times 
normal values ( 12 ) . 

Therefore, it would appear that the changes 
described here in the amino acid content of 
C.S.F. from patients with liver disease prob- 
ably play an important role in the pathogene- 
sis of hepatic coma. 

S u m m a q .  The amino acid composition of 
deproteinized cerebrospinal fluid was yuanti- 
tatively determined by paper chromatography 
in 25 healthy adults, 28 patients with hepatic 
disease, (16 with hepatic coma, and 12 with- 
out coma). A significant increase of all free 
amino acids in the cerebrospinal fluid of those 
with hepatic coma was found. There was also 
an increased concentration of 14 free amino 
acids in the fluid of patients with liver disease 

without coma. Methionine sulfone and me- 
thionine sulfoxide were also found as path- 
ologic hreakdown products in the fluid of 
those with hepatic coma. A decrease in oxi- 
dative properties of the liver is suggested as 
a possible cause. 
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Stimulated Glycolysis of KB Cell Cultures by Guanidine Derivatives and 
Other Coinpounds Affecting Respiration.* (27598) 

ROBERT E. NEUMAN AND ALFRED A. TYTELL 
Viriis and Tissue Cirlt iire Research Divisiott, Merck Instilute for Therapeutic Research, 

West Point, Pa. 

Glucose utilization and lactic acid produc- 
tion by cell cultures have been found to in- 
crease with concentration of glucose in the 
medium ( 1,2 ) . Similar stimulation has re- 
sulted from anaerobic conditions( 3,4) and 
from treatment of cell cultures with a variety 
of agents including insulin ( 5) ,  thyroxine (6 ) , 
HCN( 2 ) ,  azide( 7 ) ,  and 2,4-dinitrophenol 
(8) .  

*This work was conducted under contract with 
Cancer Chemotherapy National Service Center, Nat. 
Canc. Inst., N.T.H., U.S.P.H.S. 

The present report concerns the stimula- 
tion of glucose utilization, lactic acid produc- 
tion, and inhibition of growth of cultured cells 
by a variety of guanidine derivatives and 
other compounds that may affect respiration. 

Materials and methods. Two procedures 
were utilized for appraisal of effects of com- 
pounds on cell cultures. In the first procedure 
an evaluation was made of the effects of test 
compounds on KB cell cultures during an ex- 
tended period of growth in a complete me- 
dium containing dialyzed bovine serum. One 




