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Previous reports frmm various laboratories have ances of protein metabolism, which
emphasized the failure to demonstrate consistent
and significant biochenjicalchanages during hepatic
coma (1-3). However, a cross increase of amino
acids in the plasma, urine and spinal fluid (4, 5)
and an elevation of ammonia in the blood (6-9)
have been observed to accompany hepatic coma.

Since diseases of the liver often result in disturb-
' The Mayo Foundation, Rochester, Minnesota, is a

part of the Graduate School of the University of Min-
nesota.

are usually
manifested by a change in- the concentration of
amino acids in the plasma, it was felt that a quan-

titative study of individual amino acids in patients
in various stages of hepatic coma might -provide
some information to elucidate the relationship be-
tween the biochemical and clinical findings. The
results of such a study, which are presented in
this report, indicate that the content of free amino
acids in the- blood was usually increased during
severe hepatic disease. Increases in some or all of

TABLE I

Summary of the case histories of the patients

Coma

Age Pre-
Case (Yrs.) Sex coma Light Deep Condition of patient

1 65 M X Acute viral hepatitis; moderate jaundice; condition fairly
good and patient never beyond drowsy state; complete
recovery.

2 65 M X Same as case 1.

3 62 F X Acute viral hepatitis; deep jaundice; urea measured 12 mg.
per 100 cc. of blood.

4 33 F X Stricture of common bile duct; appeared normal,; some
vomiting and hematemesis (?); stupor day after blood
samples were taken.

5 54 M X Carcinoma of common bile duct; deep jaundice with urea
of 200 mg. per 100 cc. of blood; electrolytes normal; died
day after blood samples were taken.

6 33 F X Stricture of commonbile duct; deep coma after hemorrhage;
died with convulsions next day.

7 45 M X Portal cirrhosis; electrolytes normal;, mild jaundice; died
5 days after withdrawal of blood.

8 33 F X Stricture of common duct; normal values for urea and
electrolytes; electroencephalogramshowed typical chang
of deep hepatic coma; patient was conscious next day.

9 41 F X Postnecrotic cirrhosis; deep coma; had been given 300 mg.
of. cortisone day before blood was withdrawn; values for
urea and electrolytes normal; died next day.

10 62 F X Acute viral hepatitis; very deep jaundice; died next day.
11 32 M X Postnecrotic cirrhosis; had repeated blood transfusions;

electrolytes normal; deep jaundice; urea measured 78 mg.
per 100 cc. of blood;, in deep coma 20 days before blood
withdrawn; died next day.

12 34 M X Postnecrotic cirrhosis; deep coma after portocaval shunt;
never regained consciousness after operation done 3 days
before blood was taken; died soon after blood was taken.
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TABLE II

Free amino acids and related compounds of the plasma

Hepatic coma*

Precoma Deep coma

Amino Ligt Amino
acid coma acid

Ca Ca increased,
cames, Case Icase

Compound Normalt 1 2 3 4 number 5 6 7 8 9 10 11 12 number

36.7
Alanine (24.3-50.3) 0.7 0.9 1.6 0.8 i 0.2 0.8 0.7 0.7 1.1 3.7 2.1 8.5 3

6.1
Cystine (3.5-7.5) 1.9 3.0 1.3 2 8.6 0.6 1.8 1.0 3.0 1.8 4.9 5.4 5

10.1
Glutamic acid (8.9-11.4) 1.5 0.9 1.5 1.7 3 2.2 0.6 1.4 2.5 2.7 2.6 4.0 5

57.7
Glutamine (46.0-68.2) 0.7 2.0 2.2 1.3 3 0.6 1.3 1.2 1.6 1.8 3.1 S.0 14.6 6

32.9
Glycine (21.8-46.4) 0.6 0.9 0.4 1.0 0 0.3 0.7 0.6 1.0 0.7 1.1 2.5 4.7 2

7.9
Methionine (5.4-11.4) 1.1 4.4 6.2 0.7 2 0.8 5.0 0.8 3.5 8.8 9.2 8.5 5

13.6
Serine (10.3-18.6) 0.8 0.9 0.9 1.9 1 0.9 1.1 1.6 0.9 1.6 4.3 4.2 4

16.2
Taurine (10.0-25.6) 0.5 0.4 1.3 1.8 1 2.4 0.7 1.0 1.0 4.2 0.5 2.9 2

14.0
Tyrosine (10.7-18.9) 1.3 2.3 7.1 2.7 3 0.6 1.7 1.1 2.5 1.6 6.4 6.1 5.1 6

Total amino
acids increased
in each case 2 4 5 5 3 2 2 4 5 8 8 9

* Expressed as the ratios of values of hepatic coma to average normal values shown in this table. Concentrations
of 1.3 times or greater than the normal average for glutamic acid and glutamine, and those of 1.5 times or greater than
the normal average are definitely above the normal range, and lower than 0.6 is below the normal range for that amino
acid.

t Expressed as micrograms per milliliter of plasma. Values in parentheses indicate ranges of six normal persons
used as controls.

the seven amino acids specifically studied, and of
taurine and glutamine, were present during hepatic
coma, but none appeared to be quantitatively re-
lated to the severity of the coma.

MATERIALS AND METHODS

Twelve patients were studied, of whom four were
classified as being in -a state of precoma; that is, the pa-
tients were depressed and coma developed within the
next 24 hours, one in light coma and seven in deep coma
(Table I). All were observed during the years 1952
and 1953. Blood samples were withdrawn under the
conditions summarized in Table I and in the morning af-
ter an overnight fast No patient was receiving amino
acid supplements and none received glucose intravenously
during the 12 hours prior to withdrawal of blood samples.

Quantities of protein-free, desalted plasma concentrates
equivalent to 250 Al. of plasma were used in the deter-
mination of free amino acids by two-dimensional paper
chromatography using phenol: m-cresol and 2,4-lutidine
as the solvents (10). The chromatograms were sprayed

with an ethanolic ninhydrin solution. Spots of the amino
acids to be determined were cut out and the color eluted
in a propanol solution. Optical densities of the eluates
were measured at 570 mys. A chromatogram of amino
acids serving as the standards was simultaneously pre-
pared Recovery of amino acids that had been added
to the plasma ranged from 90 to 110 per cent.

RESULTS

Table II shows the changes in free amino acids
of the plasma during hepatic coma. Glutamic acid,
glutamine, and tyrosine increased in three of four
patients in precoma; cystine and methionine in-
creased in two patients. Glycine was not increased
in any of the four patients in precoma and it ac-
tually decreased in one patient. Taurine also de-
creased in two of these four patients. This prob-
ably accounts for the failure to observe a change
in total a-amino nitrogen reported earlier (3).
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In the single case of light coma, only cystine, glu-
tamic acid, and taurine were significantly in-
creased. Glutamine and tyrosine increased in six
of the seven patients in deep coma and cystine,
glutamic acid and methionine increased in five of
the seven. Glycine and taurine increased in only
two patients. Methionine increased in two of four
patients in precoma while a similar increase was
observed in five of seven patients in deep coma.
Methionine was increased more frequently among
patients in deep coma than among patients in pre-
coma. In all 12 patients, glutamic acid, glutamine,
and tyrosine increased most frequently; cystine
and methionine followed in frequency. Glycine
increased least frequently.

The concentration of urea in the blood of coma-
tose patients was normal (cases 8 and 9), low
(case 3), or high (cases 5 and 11). No relation-
ship between the concentration of urea in the blood
and the concentration of free amino acid in the
plasma can be discerned from the data. The con-
centration of amino acids in the plasma of one pa-
tient (case 9) who was given four doses of 75
mg. each of cortisone intramuscularly at 4-hour

intervals did not change significantly from the
concentration in the plasma of patients who were
not receiving cortisone.

The chromatogram (Figure 1) shows that the
increase of free amino acids in the plasma of a pa-
tient (case 11) in deep coma was not limited to
the amino acids which were determined quanti-
tatively, but an increase was a general phenome-
non. The increase of methionine and a-amino-
butyric acid, which has been shown to be formed
from methionine (11), was particularly promi-
nent. Although cystine was increased in most
patients, taurine was not, which indicated that the
formation of taurine from cystine was not in-
creased during hepatic coma.

Our observations on the free amino acids in the
urine were similar to those of Walshe (4, 5) in
that those patients with greatly increased free
amino acids in the plasma also had increased con-
centrations of amino acids in the urine.

COMMENT

Although we observed some abnormalities in the
concentrations of amino acids in the plasma of in-
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FIG. 1. CHROMATOGRAMSOF FREE AMINO ACIDS OF THE PLASMA OF A
NORMALPERSON (LEFT) AND A PATIENT (CASE 11) IN HEPATIC COMA
(RIGHT)

Aliquots corresponding to 300 microliters of plasma of each were applied
to sheets at point X. 1, phenylalanine; 2, leucine-isoleucine; 3, valine; 4,
proline; 5, arginine-lysine; 7, tyrosine; 8, alanine; 9, threonine; 10, glutamine;
11, taurine; 12, glycine; 13, serine; 14, glutamic acid; 16, aspartic acid; 18,
histidine; 24, a-aminobutyric acid; 27, cysteic acid (from cystine); 31,
methionine sulfoxide (from methionine).
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dividual patients, consistent findings applicable
to all patients were not observed. The plasma of
a majority of patients in hepatic coma, however,
showed increased concentrations of some of the
free amino acids. Furthermore, the increases
generally were greater among patients in deep
coma than among those in precoma. Walshe (4)
observed a gross increase in amino acids among
patients in hepatic coma. Later, he (5) showed
that the urine of most patients having severe he-
patic disease contained increased amounts of
many amino acids during hepatic coma; the
plasma and the spinal fluid also contained in-
creased concentrations of some of the amino acids.
In less severe disease, only the urine showed in-
creased concentrations of amino acids. However,
no particular amino acid or groups of amino acids
appeared to be specifically increased by hepatic
disease or by hepatic coma. Increases in several
amino acids usually were found but the changes in
each specific amino acid varied from patient to
patient. On the other hand, Seegmiller, Schwartz,
and Davidson (8) reported that there was no in-
crease in the glutamine contained in the plasma
of the patient in hepatic coma.

Flock, Mann, and Bollman (12) found that 15
amino acids in the plasma of dogs increased after
total removal of the liver. Not every amino acid
was always increased and the increase varied from
one amino acid to the other. In a later paper with
others, they (13) reported that the increase of
amino acids in the plasma after hepatectomy could
be reduced or prevented by the administration of
glucose. They (14) also noted a considerable in-
crease in glutamine but no significant progressive
change in glutamic acid of the brain after hepa-
tectomy.

The central role of glutamic acid in the metabo-
lism of brain tissues has been reviewed by Weil-
Malherbe (15). It would be expected that the
content of glutamic acid should undergo some
changes in hepatic coma, if the state of coma was
to be related to metabolic disturbances of brain
tissues. Our study showed that both glutamic
acid and glutamine were increased in a majority
of patients during hepatic coma. Walshe (4) sug-
gested that the impaired utilization of glutamic
acid may result in failure of intracellular ammonia
to be removed from the brain. Although an in-
crease in the concentration of glutamic acid in the

plasma was noted, a simultaneous increase in the
content of glutamine makes it improbable that
the amidation mechanism was impaired. Since
the concentration of urea in the blood of many of
the patients was normal or high, it is unlikely that
the synthesis of urea from ammonia was impaired
during hepatic coma.

Our study showed that methionine was signifi-
cantly increased in a majority of cases. Walshe
(4, 5) reported the presence of methionine sul-
foxide in the cerebrospinal fluid and plasma dur-
ing hepatic coma. Since methionine is always
spontaneously partially oxidized to its sulfoxide
during paper chromatography, it appears that the
question of whether the sulfoxide is actually pres-
ent in the spinal fluid and plasma of a patient in
hepatic coma cannot be settled by this analytic
procedure. It is noteworthy that the increase of
methionine was prominent among patients in the
last stages of coma.

The presence of increased amounts of methio-
nine, glutamic acid and other amino acids in the
plasma of patients in hepatic coma makes it ap-
pear unlikely that further additions of these sub-
stances would promote recovery from this con-
dition.

SUMMARYAND CONCLUSIONS

Of the 12 patients observed clinically, four
were in precoma, one in light coma, and seven in
deep coma. Free alanine, cystine, glutamic acid,
glutamine, glycine, methionine, serine, taurine,
and tyrosine in the plasma were determined by
paper chromatography. Glutamic acid, glutamine,
and tyrosine were increased in nine patients;
cystine was increased in eight patients, and methio-
nine was increased in seven patients. On the
other hand, glycine was increased in only two pa-
tients. Methionine appeared to increase oftener
among patients in deep coma than among those in
precoma. However, consistent changes in the
content of amino acids in the plasma were not
observed.
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