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Although the liver occupies an important posi-
tion in protein and amino acid metabolism, abnor-
malities in the metabolism of these nutrients by pa-
tients with severe hepatic diseases have been diffi-
cult to define. Alterations in the excretion of some
amino acids, however, have been reported in pa-
tients with liver disease (1, 2). That these pa-
tients deviate from the normal with regard to the
metabolism of certain individual amino acids also
has been observed. For example, the finding of
tyrosine and leucine crystals in the urine is con-
sidered an indication of severe liver disease, es-
pecially "acute yellow atrophy" (3), and abnor-
malities in the utilization and excretion of ad-
ministered tyrosine (4, 5), methionine (6), and
glycine (7) have been reported.

This study presents data concerning the urinary
excretion of the eight amino acids essential for
adult man (8) and of arginine and histidine in 20
patients with cirrhosis of the liver as compared
to 14 normal individuals maintained on diets and
other conditions of study which were comparable.

MATERIALSANDMETHODS

The twenty patients studied had advanced cir-
rhosis of the liver, associated in most instances
with chronic alcoholism and decreased food in-

'This work was done under the sponsorship of the
Commission on Liver Disease, Armed Forces Epidemio-
logical Board, and was supported in part by the Office of
the Surgeon General, Department of the Army, and by a
grant from Merck & Co., Inc., Rahway, New Jersey,
to Harvard University.

2 preliminary report of this investigation appeared in
the Proceedings of the National Meeting of the American
Federation for Clinical Research, Atlantic City, New
Jersey, May 4, 1952.

Welch Fellow in Internal Medicine of the National
Research Council.

4 Present address: Veterans' Administration Hospital,
Iowa City, Iowa.

take. Evidence for severe liver disease was de-
rived from the clinical history, physical examina-
tion, and liver function tests as well as liver biopsy
or necropsy examination in some patients (Table
I). The duration of the liver disease varied con-
siderably. Some patients followed a course of
slow improvement, and others chosen for special
studies outlined below improved more promptly.
The normal subjects were house officers and medi-
cal students in good health.

The patients were studied on the Thorndike
Metabolic Ward where complete urine collection
and dietary control were maintained. The daily
food intake provided from 2,000 to 3,200 calories,
and was considered adequate in other dietary es-
sentials (except protein in some cases as indicated
below). No supplements of methionine, choline,
or vitamins were given to these patients during
the studies (except patient F. C. who received a
multivitamin capsule daily).

Three methods of study were employed. First,
the daily urinary excretion of the ten "essential"
amino acids was determined in 20 patients with
cirrhosis of the liver and in 14 normal individuals
maintained on comparable diets. Second, the ef-
fect of an increase in dietary protein intake upon
the urinary excretion of these amino acids was ob-
served in four of the patients (F. C., R. H., A. C.,
J. M.). During these studies the patients were
given constant daily diets, and in successive me-
tabolic periods of from six to nine days, increases
in protein intake were made. In these cases the
pooled urine obtained during the last three days
of each study period was used for amino acid
analysis in order to exclude the period of adjust-
ment due to the change in the protein content of
the diet. Finally, the effect of the severity of the
liver disease upon the urinary excretion of the
ten amino acids was noted in three patients (M. L.,
M. S., and J. S.). These patients were given con-
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TABLE I
Clinical and laboratory data in patients with cirrhosis of the liver

Serum
mgm ,% Ur erum Thymol B.S.P.Age brn, Ur i n Su % Biopsy (B) orPatient and Ascltes*-Edema* Livert Spleent___________albumin, _______reten- autopsy (A)sex gin. % tion

1 15 Bile*UrobI3 - Turb4t Flocc.*min. min. inogen

JM. 56 M 0 :4: 18 N.P. 0.3 1.1 0 1:64 3.5 5.3 4+ 36
. L. 38 M 1+ 4 10 N.P. 1.2 2.5 1+ 1:64 2.4 3.8 4+ 28

A. C. 37 M 0 1+ 7 14 1.0 3.3 1+ 1:32 2.7 3.9 4+ 32 B-Chronic cirrhosisR. H. 38 M 1+ 0 12 N.P. 10.0 20.0 4+ 1:32 2.2 4.7 0 - A-Chronic cirrhosisF. C. 36 F 0 0 8 N.P. 0.5 0.7 0 1:8 3.0 0.9 0 7 B-Marked fatty
infiltration

S. 40 M 1+ 0 8 N.P. 0.5 1.6 1+ 1:64 3.0 5.6 3+ 48
W. C. 70 M 3+ 2+ N.P. N.P. 0.1 0.5 0 1:8 2.6 - - 25 A-Chronic cirrhosis
R. K. 43 M 2+ 1+ 6 3 0.3 1.1 0 1:128 2.5 2.7 0 Hepatoma
C. M. 50 M 2+ 0 2 N.P. 0.4 1.2 0 2.5 4.2 3+ A-Chronic cirrhosisJ. G. 48 M 3+ 1 + 7 N.P. 0.5 1.4 1 + 1:256 2.0 2.2 0 42 A-Chronic cirrhosisA. B. 44 M 4+ 4+ 12 N.P. 3.2 5.7 3+ 1:256 2.3 3.4 0
P. S. 47 M 4+ 3 + 6 N.P. 1.3 3.4 2+ 1:128 2.1 3.6 3+ 40
B. B. 46 F 4+ 1+ 7 4 0.4 0.7 0 1:32 2.3 2.3 3+ 25
M. S. 42 M 3+ 2+ 15 7 2.1 4.2 3+ 1:128 2.0 6.7 3+E. C. 52 F 3+ 0 N.P. N.P. 9.5 30.7 4+ 1:160 - 1.8 0 B-Acute yellow

atro h c
F. F. 51 M 0 0 6 N.P. 2.3 4.7 2+ 1:256 1.8 1.8 2+ B ironic cirrhosisR. V. 50 M 2+ 2+ 5 2 0.5 1.3 0 -
T. G. 34 M 1+ 1+ 7 3 3.5 6.9 2+ - 2.9 5.5 4+ - B-Cirrhosis and

fatty infiltrationW. C. 53 M 1+ 1+ 6 N.P. 3.8 7.5 3+ 1:256 2.8 3.9 3+ -
S. P. 32 M 4+ 4+ 7 N.P. 3.6 8.5 4+ 1:100 1.7 1.6 1 +

t Cm. below costal margin.
t Normal value < 1.7 cc. BaSO4 suspension.
N.P. Not palpable.

URINARY EXCRETION OF AMINO ACIDS IN NORMAL SUBJECTS
AND IN PATIENTS WITH CIRRHOSIS OF THE LIVER

50 10 * .
I I I I I :1

40 : 1 01 .1,,
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FIG. 1. THE HORIZONTAL LINE IN EACH COLUMNINDICATES THE AVERAGEDAILY URINARY
ExcREIION VALUE FOR EACH AMINO ACID
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stant daily diets providing at least 2,800 calories,
and 100, 75 and 50 gm. of protein per day, re-
spectively, for the nine to 36 days of study. The
urines were pooled in three day periods and ana-
lyzed for their contents of amino acids for the first
three or four pools and also for pools 8 and 12 in
the case of J. S. A normal adult (T. P.) was stud-
ied in an identical manner for 39 days during
which he consumed a constant diet providing 3,000
calories and 75 gm. of protein daily.

The 24 hour urines were preserved with 10 ml.
of a 5 to 1 mixture of glacial acetic acid and tolu-
ene and refrigeration. Individual amino acid
analyses were done by microbiological techniques
for the eight amino acids essential for man and for
arginine and histidine (9). Plasma and urine
alpha amino nitrogen were determined by the
gasometric ninhydrin methods described by Van
Slyke, McFayden, and Hamilton (10, 11). Lab-
oratory tests of liver functions included serum
bilirubin concentration (12), bile in the urine (13)
and urobilinogen (14), serum albumin concentra-
tion (15), thymol turbidity (16, 17) and floccula-
tion, and retention of intravenously administered
bromsulphalein (5 mgm. per kilogram of body
weight at 45 minutes) (18).

RESULTS

1. Urinary excretion of the 10 "essential" amino
acids

The daily excretion of each of the ten "essential"
amino acids in each of the 20 patients with cir-
rhosis of the liver is compared to that of fourteen
normal individuals presented in Table II and in
Figure 1. The daily protein intake of these pa-
tients varied from 0 (0.2 gm. of nitrogen) to 125
gm. Sixteen of the twenty patients were consum-
ing either 50, 75, or 100 gm. of protein per day,
which approximates a normal intake. All patients
consuming 50 gm. or more of protein daily were in
positive nitrogen balance. The results (Figure 1)
show a fairly wide scattering above and below the
average values for patients and the normal controls.
In most instances this scattering was greater for
the patients. The average urinary excretion of
each amino acid was slightly greater for the pa-
tients than for the normal individuals in the case
of seven of the amino acids (arginine, leucine,
methionine, phenylalanine, threonine, tryptophan,

TABLE II

Urinary excretion of amino acids in patients with cirrhosis
of the liver and in normal adults (mgm. day)

Cirrhosis of liver Normal adults

No. subjects .......... 20 14

Range Ave. Range Ave.

Dietary protein intake, 0125 66 55-125 77
gm./day ...........

Arginine 5.8-24.4 12.8 3.0-14.0 .10.2
Histidine 25-225 116 38-222 142
Isoleucine 1.2-11.6 5.8 3.8-23.6 10.6
Leucine 6.4-22.2 12.0 3.3-16.2 8.7
Lysine 9.7-90.5 24.2 0-100 32.9
Methionine 4.1-30.5 11.4 2.0-6.8 4.6
Phenylalanine 9.2-37.4 19.4 6.6-28.0 13.4
Threonine 11.7-47.1 27.8 7.7-37.5 21.1
Tryptophan 6.9-50.2 20.6 6.8-25.4 12.5
Valine 3.6-17.2 9.5 2.7-11.9 7.8

Total 146-483 259.5 115-430 263.3

and valine) but was decreased in three (histidine,
isoleucine, and lysine). The overlap between pa-
tients and controls, however, was so great that little
significance can be attached to differences in the
averaged values except in the cases of methionine,
of tryptophan, and of isoleucine. In the case of
methionine, more than half of the daily determina-
tions in the patients were above the highest value
found for the controls, and in some instances was
increased five to six times the normal average of
4.6 mgm. daily. The average daily excretion of
tryptophan was almost twice that observed in the
control subjects, and in six instances was from two

500-
TOTAL

OF TEN 400-

ESSENTIAL

AMINO 300-

ACIDS
200-

MGE/DAY

100-
+ M.L.
* J.S.
* M.S.

S T. PERNORMAD4
STD ERIOD 1 2 3 4' 8 12~

FIG. 2

URINARY EXCRETION OF AMINO ACIDS
IN CIRRHOSIS WITH IMPROVEMENT
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TABLE III

Effect of dietary protein intake on the urinary excretion of "essential" amino acids (mgm./day)
in patients with cirrhosis of the liver and in a normal adult

Patient .F. C. R. H. A. C. J. M. B. S.* (normal)

Dietary protein, gm./day. 0 100 25 75 100 150 50 75 100 0 75 150

Arginine 14.8 16.4 14.3 13.8 12.9 8.5 10.6 7.7 10.4 7.0 10.1 8.6
Histidine 99 74 79 121 115 156 74 129 237 65 99 140
Isoleucine 4.3 9.2 4.8 4.2 9.2 6.0 7.7 7.1 6.6 13.5 14.4 16.1
Leucine 9.1 13.0 11.2 6.6 18.6 11.6 7.9 11.6 12.0 9.7 11.3 12.9
Lysine 17.2 25.0 20.5 19.0 27.5 12.2 13.7 17.0 19.9 11.8 12.5 11.4
Methionine 3.5 6.7 17.3 8.1 13.4 25.0 5.1 8.2 8.4 2.8 4.0 4.7
Phenylalanine 15.3 13.7 11.2 13.8 28.9 21.9 14.8 24.7 22.0 10.9 15.1 15.9
Threonine 13.9 17.3 25.2 21.8 37.5 28.0 19.6 25.3 29.8 14.8 18.9 20.1
Tryptophan 4.5 11.2 14.6 23.7 19.6 22.4 22.3 31.5 33.6 15.8 23.4 27.4
Valine 13.0 15.4 9.8 7.6 11.1 13.0 10.1 9.0 20.7 9.0 11.9 13.7

Total 194.6 201.9 208.9 239.6 293.7 304.6 185.8 271.1 400.4 160.3 220.9 270.8

* See reference 19.

to four times the normal average of 12.5 mgm.
daily. The average daily excretion of isoleucine
by the patients was about one-half that noted in
the control group, and all but one of the 20 pa-
tients with cirrhosis excreted less of this amino
acid than the average value found for the normal
subjects.

2. Effect of dietary protein intake upon urinary
amino acid excretion

The urinary excretion of amino acids was de-
termined in four of the patients during successive
periods in which increases in dietary protein intake
were made (Table III). The excretions of amino
acids in these patients with liver disease are com-
pared with those previously observed in a normal
adult maintained on diets of various protein in-
takes (19). Although alterations in the quantity
of dietary protein consumed was accompanied by
variations in the urinary excretion of amino acids
in the four patients, they were comparable in mag-
nitude to those in the normal individual. Large
increases in the dietary protein intake were not ac-
companied by the urinary wastage of large quan-
tities of these amino acids.

3. Effect of improvement in liver diseases upon
urinary excretion of amino acids

The urinary excretion of amino acids was fol-
lowed during improvement in severe active liver
disease in three patients (M. L., J. S., M. S.),
Figure 2 and Table IV. The diet of each patient
was constant throughout these studies and pro-

vided 50, 75, and 100 gm. of protein daily, re-
spectively. Each metabolic period consisted of
three days during which the 24 hour urine col-
lections were pooled prior to analysis. Distinct
clinical improvement occurred between the suc-
cessive periods. The excretion of the total of the
ten "essential" amino acids is shown in Figure 2
and of the changes in excretion in the individual
amino acids in Table IV. The urinary excretion
of the total of the ten "essential" amino acids de-
creased for each of the three patients as improve-
ment occurred. A similar decrease in the urinary
excretion of the individual amino acids toward or
to normal is demonstrated.

Data obtained on a normal subject (T. P.)
maintained on a constant diet providing 75 gm. of
protein daily are also included. This subject was
studied for a comparable period of time, and the
specimens assayed were collected, stored and
handled in all respects in a manner identical to
those obtained from the patients with liver dis-
ease. No decrease in the urinary excretion of the
total of the ten essential amino acids or of the indi-
vidual amino acids was found. The urinary ex-
cretion of these amino acids, in fact, remained
quite constant during this control study. In ad-
dition to pointing out a difference in the urinary
excretion of amino acids in the patients with he-
patic cirrhosis as compared to the normal indi-
vidual, the assay results on the "normal" speci-
mens indicate that the decrease observed in the
patients is not due to hydrolysis of bound amino
acids occurring in the specimens during storage.
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(All assays were done at the completion of each
study, at which time the initial specimen obtained
had been stored for several weeks.)

DISCUSSION

The results presented indicate that the urinary
excretion of each of the ten "essential" amino
acids in patients with cirrhosis of the liver does not
differ markedly in quantity from that observed in
normal individuals maintained on comparable
diets. Likewise, the pattern of the amino acids
excreted was comparable for the two groups stud-
ied. The values obtained in the patients with
liver disease were somewhat more variable than
the values in the normal individuals. The average
excretion values for seven of the amino acids
(arginine, leucine, methionine, phenylalanine, thre-
onine, tryptophan, and valine) were slightly higher
in the patients than in the normal subjects, whereas
the average excretion of three of the amino acids
(histidine, isoleucine, and lysine) were slightly
lower in the patient group. An increased urinary
excretion of methionine and of tryptophan and a
decreased excretion of isoleucine by the patients
with liver disease were the most marked deviations
from the normal noted. These results confirm and
extend the observations concerning the individual
amino acid excretion previously reported from this
laboratory (1) and by others (2).

It does not seem likely that the increase in uri-
nary amino acid excretion observed in these pa-
tients occurs in large enough quantity to be nu-
tritionally significant or to increase the require-
ment for these amino acids. In the case of methio-
nine, which is excreted in greatest excess, the fig-
ure again does not implicate this amino acid as a
limiting one. Moreover, supplements of methio-
nine (and choline) do not enhance the positive
nitrogen balance of patients with cirrhosis of the
liver (20). The failure to detect gross deviations
from the normal urine amino acid excretion in
these patients does not imply that the intermediary
metabolism of each of these amino acids proceeds
normally. In fact, abnormalities in the inter-
mediary metabolism of methionine have been dem-
onstrated in patients with liver disease (6).

The significance of the altered amino acid ex-
cretion of these patients is not at once apparent.
Elevated plasma concentrations of amino acids
presumably do not account for this. In a series

TABLE V

Plasma and urine alpha amino nitrogen in patients with
cirrhosis of the liver and in normal adults

Cirrhotic Normal
patients adults

Plasma: mgm./100 ml.
No. subjects 10 35
Range 2.7-4.5 2.9-4.5
Average 3.8 3.7

Urine: mgm./day
No. subjects 15 10
Range 84-258 118-199
Average 171 152

of ten patients with severe liver disease, the aver-
age plasma alpha amino acid nitrogen concentra-
tion was 3.8 mgm. per 100 cc. (range 2.7 to 4.5) as
compared to that for 35 normal individuals of 3.7
mgm. per 100 cc. (range 2.9 to 4.5) (Table V).
Slight reductions in the renal threshold for amino
acids, or a continuously elevated plasma amino
acid concentration not great enough to be reflected
in determinations of the plasma alpha amino ni-
trogen concentration, constitute another possible
explanation for the aminoaciduria. An elevation
of plasma methionine concentration has, for ex-
ample, been observed (6).

Aminoaciduria occurs in Wilson's disease
(hepato-lenticular degeneration) and is much
greater in quantity than that of the patients re-
ported here (21, 22). Investigations led to the
conclusion that an alteration in renal excretion
best accounted for the abnormality (22). The
pathological changes in the liver in the patients
with Wilson's disease studied were usually much
milder than in the patients with cirrhosis of the
liver, so that, although it is possible that the amino-
aciduria of the two diseases are related, that oc-
curring in the former condition cannot be attributed
to accompanying hepatic cirrhosis.

Since the protein intakes of the patients stud-
ied were in most instances within the range of
that for the normal adults, forced protein feeding
was not the cause of the slight increases in urinary
amino acid excretion. It was concluded from a
previous study of a normal adult that a large pro-
portion of the amino acids excreted in the urine
were "endogenous," and not related to food in-
take (19). The findings in the patients were com-
parable to those in the normal adult receiving diets
of varied protein contents.
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A progressive diminution in the urinary excre-
tion of amino acids was observed in some patients
during improvement in their disease as evidenced
clinically and by laboratory tests of liver function.
In some instances urinary excretion values which
were distinctly elevated returned to well within
the normal range. This phenomenon, which has
also been observed by others (2), may explain,
in part at least, the greater variation noted in the
amino acid excretion of the patients with liver dis-
ease than of the normal subjects, -since this is in-
fluenced more by the severity and stage of the pa-
tient's disease than by the dietary protein intake.
The nutritional implication of these observations
is not apparent, but suggests a more efficient utili-
zation of amino acids with improved liver function.
Whether the progressive decrease in amino acid
excretion noted is unique in patients with liver
disease or also occurs in patients recovering from
various other illnesses has not been determined.

Gross abnormalities in the urinary excretion of
"essential" amino acids by patients with cirrhosis
of the liver were not found in the present study or
in previous studies. The metabolism of the so-
called "non-essential" amino acids, however, has
received little attention in these patients. It is con-
ceivable that any limitations of protein synthesis
occurring in patients with liver disease may be at-
tributable to a limited ability of such patients to
synthesize amino acids. Therefore, the possibility
exists that an amino acid which is "non-essential"
for normal man may be "essential" for the patient
with hepatic disease in order to insure maximal
body protein synthesis and repletion in this dis-
ease state.

SUMMARYANDCONCLUSIONS

The urinary excretion of the eight amino acids
essential for adult man and of arginine and histi-
dine were determined microbiologically in 20 pa-
tients with cirrhosis of the liver and in 14 normal
individuals maintained on comparable conditions
of study. In selected metabolic studies the effect
of increases in dietary protein intake, and in other
studies the effect of the severity of the liver dis-
ease upon the urinary excretion of these amino
acids, was determined.

The results of these studies indicate:

1. The urinary excretion of the eight amino
acids essential for man and of arginine and histi-
dine does not differ markedly in quantity, or in
pattern, in the patients with cirrhosis of the liver
when compared to normal individuals.

2. The average excretion values for arginine,
leucine, methionine, phenylalanine, threonine,
tryptophan, and valine were slightly higher in the
patient group than in the control group, and those
for histidine, isoleucine, and lysine were slightly
lower.

3. An increased urinary excretion of methionine
and of tryptophan, and a decreased excretion of
isoleucine by the patients were the most marked
deviations from the normal.

4. Large increases in the quantity of protein
consumed by four of the patients did not result in
the urinary wastage of amino acids.

5. Improvement in liver disease in three pa-
tients was accompanied by progressive decreases
in the urinary excretion of these amino acids.

6. It is concluded that alterations in the urinary
excretion of amino acids by patients with cir-
rhosis of the liver depend more upon the activity
of the patient's disease than upon the dietary pro-
tein intake.
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