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Abstract. Plasma levels of tyrosine were assayed in the fasting state and
after oral administration of either tyrosine (tyrosine tolerance test) or phenyl-
alanine (phenlyalanine conversion test) in normal subjects and in patients with
hepatitis, biliary obstruction, or cirrhosis. Fasting tyrosine levels tended to
be slightly increased in patients with hepatitis and biliary obstruction and
markedly increased in patients with cirrhosis.

Tyrosine tolerance tests in patients with cirrhosis were characterized by
larger than normal increments in tyrosine levels and by delayed returns to-
ward fasting levels.

The results of phenylalanine conversion tests were abnormal in approxi-
mately one-half of patients with either hepatitis or biliary obstruction and
four-fifths of patients with cirrhosis. Abnormalities were characterized by
elevated fasting plasma tyrosine levels, or small and delayed increments in
tyrosine levels, or both. Abnormal phenylalanine conversion test results in
patients with cirrhosis did not correlate closely with any clinical feature of
cirrhosis or with the results of any standard liver function test; there was
positive correlation only with abnormal ammonia tolerance, a test of portal-
systemic shunting. Tests of tyrosine metabolism do not appear to be useful
for routine clinical assessment of liver function. Tyrosine tolerance tests
and phenylalanine conversion tests done for purposes of diagnosis of other
diseases may yield misleading results in patients with liver disease.

Introduction

Tyrosine is an aromatic amino acid that serves
as a precursor for a variety of biologically im-
portant substances; e.g., catecholamines, thyroid
hormones, melanin pigments, and protein. Mam-
mals may obtain tyrosine from either of two
sources. It is ingested in foods either as the free
amino acid or as a component of dietary proteins;
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it may also be synthesized from phenylalanine.
The two major mechanisms for removal of tyrosine
from the body are urinary excretion and catabolic
degradation to p-hydroxyphenylpyruvic acid; the
latter process is catalyzed by the enzyme, L-
tyrosine: 2-oxyglutarate aminotransferase (EC
2.6.1.5) (tyrosine transaminase).

Tyrosine transaminase is concentrated in the
liver (1). It has been known for over 100 yr
that tyrosine metabolism is abnormal in patients
with liver disease. The first suggestion of this
abnormality has been attributed to Frerichs who,
in 1854, reported the presence of tyrosine and leu-
cine crystals in the urine of patients with acute yel-
low atrophy (2). In 1943, Bernhart and Schneider,
using a nonspecific colorimetric method, studied
plasma tyrosine levels in patients with liver dis-
ease (3). They reported that fasting levels of
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tyrosine tended to be high in these patients. Fur-
thermore, after oral administration of tyrosine, ele-
vations in plasma tyrosine levels tended to be
greater than were seen in patients without liver
disease. They suggested that the tyrosine toler-
ance test could serve as a useful test of liver
function.

The tyrosine tolerance test, however, failed to
gain widespread use in the diagnosis of liver dis-
ease as it offered no particular advantage over
other, more convenient liver function tests. Fur-
thermore, it did not prove to be specific for liver
disease; high plasma tyrosine levels or abnormal
*tyrosine tolerance tests have been detected in
several other conditions; e.g., in patients with
tyrosinosis (4), thyrotoxicosis (5-7), scurvy (6,
7), or renal failure (6), and in association with
anticoagulant therapy (6).

The metabolic conversion of phenylalanine to
tyrosine is catalyzed by the enzyme, phenylalanine
4-hydroxylase (EC 1.14.3.1) (8). This reaction
has not been found to occur, to any significant
extent, in any mammalian tissues other than liver
and neoplastic murine mast cells (9). Apparently,
reduced conversion of phenylalanine to tyrosine
has been reported previously only in two condi-
tions. Patients with phenylketonuria have con-
genital absence of phenylalanine hydroxylase (10);
in some heterozygous carriers of this disease, par-
tial deficiencies in the enzyme may be demon-
strated by reduced conversion of phenylalanine to
tyrosine (11-13). Impaired tyrosine synthesis
has been reported also in patients treated with folic
acid antagonists such as amethopterin (14); the
cofactor for phenylalanine hydroxylase is a re-
duced pteridine (8).

This paper reports the results of studies on the
metabolism of tyrosine in patients with various
types of liver disease; tyrosine levels in plasma
'were assayed by a specific fluorometric method.
Patients with liver disease tended to have high
fasting plasma tyrosine levels and abnormal tyro-
sine tolerance tests. There was subnormal con-
version of phenylalanine to tyrosine in patients
with biliary obstruction as well as primary hepato-
cellular disease. The impairment of phenylalanine
conversion correlated positively with abnormal
ammonia tolerance tests but not with the results
of other standard liver function tests.

Methods

Tyrosine assay. Venous blood was aspirated into 10
ml heparinized Vacutainer tubes (Becton, Dickinson &
Co., Rutherford, N. J.). After centrifugation, plasma
was removed and stored at -20'C until assayed. Tyro-
sine in plasma was assayed by a modification of the
method of Waalkes and Udenfriend (15). Modification
was necessary because, at high levels of tyrosine, fluores-
cence was not a linear function of tyrosine concentration.
Assays were done on 0.5 ml rather than on 1.0 ml samples
of plasma. When the fluorescence of any sample was
found to exceed the range of linearity, it was diluted with
a sufficient volume of reagent blank to lower its reading
into the linear range.

Amino acid loading procedures. Subjects fasted for 12
hr before ingesting the amino acids. The tyrosine toler-
ance test consisted of feeding the subject L-tyrosine (50
mg/kg body weight) mixed thoroughly in applesauce;
blood samples were obtained before, and at 60, 120, 240,
and 360 min after tyrosine feeding. The phenylalanine
conversion test consisted of feeding L-phenylalanine (100
mg/kg body weight) mixed thoroughly in applesauce;
blood samples were obtained before, and at 30, 60, 120,
and 240 min after phenylalanine feeding. L-tyrosine and
L-phenylalanine were purchased from Nutritional Bio-
chemicals Corporation, Cleveland, Ohio.

Subjects for study. Amino acid loading tests were done
on 10 normal subjects, from 20 to 40 yr of age and 58 pa-
tients, aged 18-70 yr, with liver disease. All patients had
been admitted to either the Veterans Administration Hos-
pital or the Yale-New Haven Medical Center between
1 January 1965 and 1 May 1966. 13 patients had hepa-
titis; in 10 the diagnosis was confirmed histologically.
12 were thought to have viral hepatitis; 1 was attributed
to ethionamide toxicity. 12 patients had biliary obstruc-
tion; of these, 6 were caused by neoplasm, 4 by gallstone,
1 by stricture, and 1 -was associated with pancreatitis.
24 patients had cirrhosis; in each case this diagnosis was
documented histologically; 23 had Laennec's cirrhosis and
1 had hemochromatosis. 9 additional cirrhotic patients
with portacaval anastamoses were studied. In 5 patients
phenylalanine conversion tests were done both before
and after portacaval anastamosis.

Liver function tests including serum bilirubin, brom-
sulphalein retention (BSP), thymol turbidity, alkaline
phosphatase, serum glutamic-oxalacetic transaminase
(SGOT), serum albumin, and ammonia tolerance tests
(16) were done by standard techniques. The presence
and magnitude or absence of jaundice, spider angiomata,
hepatomegaly, splenomegaly, and ascites were recorded
at the time of investigation. Cirrhotic patients were ex-
amined for the presence or absence of esophageal varices
by an experienced observer who used an Eder-Hufford
esophagoscope.

Results

Plasma tyrosine levels in fasting patients. In
15 normal subjects fasting plasma tyrosine levels
varied from 9 to 19 pg/ml (mean 12.7 ± 3.0, SD).
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These levels are similar to values reported pre-
viously for normal subjects (5, 6).

Fasting plasma tyrosine levels were determined
in 150 consecutive patients with diverse diseases
who reported to the clinical chemistry laboratory
for blood withdrawal. Of these, 21 had known
liver disease, and 2 had treated thyrotoxicosis. In
the 127 patients without known disease of liver
or thyroid, fasting tyrosine levels varied from 7.8
to 19.6 ptg/ml (mean, 12.5 + 2.7). Of the entire
group of 150 patients, 9 had fasting tyrosine levels
above 19 ug/ml; of these, 7 had overt liver dis-
ease. One 73 yr old man with no known disease
other than lenticular cataracts had a level of 19.6
,ug/ml. A level of 19.6 fug/ml was found in a 58
yr old man with aseptic necrosis of the hip. The
possibility that they were not truly fasting could
not be excluded. Thus, the incidence of high fast-
ing tyrosine levels that could not be explained by
known causes was less than 2%o.

Fasting plasma tyrosine levels were determined
on more than 1 day in each of 24 patients. Dif-
ferences in values obtained ranged from 0 to 16
Xfg/ml and averaged 2.0 /g/ml in normal subjects
and 3.0 pg/ml in cirrhotic patients. The 16 lug/ml
difference was found in a cirrhotic patient whose

determinations yielded values of 36, 50, and 52
/Ag/ml on 3 different days.

Fasting plasma tyrosine levels from all patients
to whom amino acid loading tests were adminis-
tered are compiled in Fig. 1. Mean levels in pa-
tients with either hepatitis or biliary obstruction
were slightly higher than in normal patients. In
patients with cirrhosis, mean tyrosine levels were
elevated significantly above normal.

Tyrosine tolerance tests. In normal subjects,
tyrosine tolerance tests were characterized by a
sharp rise in plasma tyrosine levels; mean max-
imum levels occurred at 60 min and levels had
decreased substantially by 240 min (Table I).
These results are similar to previously reported
normal values (6).

In cirrhotic patients, fasting tyrosine levels were
elevated; mean peak levels were observed at
120 min. Although peak levels were higher in
cirrhotic patients than in normal subjects, the
most characteristic abnormality was delayed re-
turn of tyrosine levels toward fasting levels
(Table I).

Phenylalanine conversion tests. Phenylalanine
conversion tests in normal subjects were charac-
terized by a prompt rise from fasting tyrosine
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FIG. 1. FASTING PLASMA TYROSINE LEVELS IN NORMALSUBJECTS AND
IN PATIENTS WITH VARIOUS TYPES OF LIVER DISEASE. Each point repre-
sents a single determination. The horizontal line indicates the mean for
each group.
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TABLE I

Tyrosine tolerance tests*

Plasma tyrosine concentrations

Subjects No. Time: min 0 60 120 240 360

Normal 5 14.0 4: 2.2 64.8 1 14.3 59.4 :I 5.3 29.0 3.2 24.0 :1 3.5
Laennec's cirrhosis 9 24.7 :I- 7.6 76.7 + 21.5 80.2 d 11.6 70.0 15.6 58.4 I 13.0

* Plasma tyrosine levels (,ug/ml, mean 4- SD) before and at various times after oral administration of tyrosine,
50 mg/kg body weight.

levels to a mean peak of 26.8 ,ug/ml at 3 hr
(Table II, Fig. 2). These findings are similar to
those reported previously in normal subjects (11,
13, 14). Increments in plasma tyrosine levels
ranged from 7 to 20 jug/ml (mean, 15.7). In 8
of the 10 subjects the peak tyrosine level was more
than twice the fasting concentration, and the mean
peak level was 217% of the fasting tyrosine con-
centration (Fig. 1). In 1 subject, whose fasting
level was 19 ug/ml, an increase of only 7 pug/ml
was observed. The explanation for the relatively
high fasting level is not known.

The shape of the individual curves of plasma
tyrosine concentrations varied considerably (Fig.
3). In two subjects the peak occurred at 1 hr, in
three at 2 hr, in two at 3 hr, and in three at 4 hr.

For purposes of subsequent discussion we shall
define a normal phenylalanine conversion test as
one in which the fasting plasma tyrosine level is
no greater than 19 ug/ml and the peak increment
is no less than 7 ug/ml.
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Viral hepatitis. Although the mean fasting
plasma tyrosine concentration was higher in pa-
tients with hepatitis than in normal subjects, the
increase in tyrosine levels after phenylalanine ad-
ministration was smaller and more gradual (Fig.
2, Table II). Increments in plasma tyrosine con-
centrations ranged from 5 to 17 ftg/ml (mean,
11.1). In only 2 of the 13 subjects was the peak
tyrosine level at least twice the fasting concentra-
tion. The mean tyrosine peak was 164%1o of
fasting tyrosine level. The peak tyrosine concen-
tration was not reached by 1 hr in any of the 13
patients. In five patients the peak was observed
at 2 hr, in four at 3 hr, and in four at 4 hr.
Plotted as per cent of fasting tyrosine levels the
curves in patients with hepatitis differed clearly
from those of normal subjects (Fig. 2).

The results of the phenylalanine conversion
tests were normal in seven patients with hepatitis.
In four patients abnormally flat patterns with in-
crements less than 7 pg/ml were seen. In two
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ACTUALPLASMATYROSINE LEVELS IN ug/ml (LEFT) AND AS PER CENT OF FASTING
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TABLE II

Phenylalanine conversion tests*

Plasma tyrosine concentrations

Subjects No. Time: min 0 30 60 120 180 240

Normal 10 12.8 :1 3.2 18.1 i 4.2 21.4 :1 3.7 25.1 :1 5.7 26.8 4± 5.4 25.9 4- 4.2
Hepatitis 13 16.5 d 2.8 20.5 i 4.4 21.4 =1 3.7 24.5 ± 5.2 25.3 4 4.9 26.6 i 6.1
Biliary 14 15.3 4 2.7 17.8 ±4 2.6 19.8 i- 3.0 21.1 h 3.2 21.3 3.3 21.8 i 4.0

obstruction
Cirrhosis 23 21.4 4 7.3 24.5 :1 6.0 24.7 4 6.0 26.4 i 5.0 28.0 4 3.8 30.7 4 3.8t
Cirrhosis with 9 24.0 ± 3.2 25.9 4 4.6 28.2 :1 6.5 27.8 4 2.6 28.4 i 3.3 30.8 i 1.5§

portacaval
anastamosis

* Plasma tyrosine levels (pg/ml, mean i SD) before and at various times after oral administration of phenylalanine,
100 mg/kg body weight.

t 13 patients.
§ 6 patients.

others there were abnormally elevated fasting
levels associated with normal increments in tyro-
sine concentration. Mean serum bilirubin levels
and SGOTactivities were higher in patients with
abnormal phenylalanine conversion tests than in
those with normal tests; however, the differences
were not statistically significant. Two of three
patients with subacute hepatic necrosis demon-
strated histologically had normal phenylalanine
conversion tests.

In two patients phenylalanine conversion tests
were repeated after clinical improvement had oc-
curred (Table III). One patient (K. B.), whose
initial test was abnormally flat, had a normal test
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FIG. 3. PHENYLALANINE CONVERSIONTEST CURVES IN
NORMALINDIVIDUALS. Mean results are indicated by the
heavy line.

4 months later after complete recovery. The other
patient (H. McD.) exhibited a borderline test on
the 25th day of a mild hepatitis; 10 days later the
test was normal.

Obstrucitve jaundice. Phenylalanine conver-
sion tests in patients with obstructive jaundice
were characterized by high-normal fasting tyrosine
levels and by small, gradual increases in plasma
tyrosine concentrations (Table II, Fig. 2). In-
crements in plasma tyrosine levels ranged from 5
to 14 (mean, 7.8 ttg/ml). Maximal tyrosine
levels were reached in one patient at 1 hr, in six
patients at 2 hr, in two patients at 3 hr, and in
three patients at 4 hr. The mean peak tyrosine
level averaged 142% of the fasting tyrosine con-
centrations (Fig. 2). In none of the 12 patients
did the tyrosine concentration double the fasting
level.

In six patients with obstructive jaundice there
were abnormally flat curves with increments less
than 7 ,ug/ml; in six patients the curves were
normal. Results of phenylalanine conversion tests
did not correlate significantly with either the
cause of the biliary obstruction or the degree of
abnormality of any liver function test.

Phenylalanine conversion tests were repeated in
two patients with abnormal tests after surgical
relief of obstructive jaundice (Table III). In one
patient (S. S.) the test became normal within
3 wk of surgery despite the presence of hepatic
metastases. The other patient (A. S.) underwent
choledocholithotomy without complication with
complete return to normal of the results of liver
function tests; the phenylalanine conversion test
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TABLE III

Serial Phenylalanine Conversion lTests

Plasma tyrosine concentrations

Patient Diagnosis Date Time: min 0 30 60 120 180 240

K.B. Viral hepatitis, active 2/13/65 15 20 20 22 22 21
Recovered 6/8/65 14 21 23 25 23 24

H.McD. Viral hepatitis, mild 1/9/65 15 19 19 20 23 24
Viral hepatitis, subsiding 1/19/65 16 22 23 26 25 25

S.S. Metastatic carcinoma of common bile duct 4/20/65 14 17 20 22 22 20
Postcholecystojejunostomy 5/4/65 12 18 26 31 30 30

A.S. Gall stone obstruction 3/2/66 15 18 18 20 20 20
Postcholecystectomy 4/28/66 13 13 16 18 21 22

was still slightly abnormal more than a month
postoperatively.

Cirrhosis. Phenylalanine conversion tests in
patients with cirrhosis were characterized by ele-
vated fasting tyrosine levels and by delayed in-
creases in plasma tyrosine levels (Fig. 2, Table
II). The mean fasting level of 21.4 Jug/ml was
significantly higher than the mean level in normal
subjects (P < 0.01). Increments in plasma tyro-
sine levels ranged from 2 to 25 jug/ml (mean,
8.1). In 13 cirrhotic patients peak increments in
plasma tyrosine levels were less than 7 ug/ml. 18
of the 23 patients had abnormal phenylalanine
conversion tests by virtue of either elevated fasting
levels, flat curves, or both.

The mean peak percentage increase in plasma
tyrosine concentration after phenylalanine admin-
istration was 157%, clearly lower than in normal
subjects. The peak tyrosine level achieved twice
the fasting concentration in only 3 of the 23 cir-
rhotic patients. One patient with moderately
severe cirrhosis who had an extremely low fasting
tyrosine level (5 fug/ml) exhibited a six-fold in-
crease after phenylalanine administration. The
explanation for this low fasting tyrosine level, the
lowest we have observed, is not known.

Peak tyrosine levels tended to occur later in
cirrhotic patients than in normal subjects. Peak
tyrosine levels were achieved within 2 hr of the
administration of phenylalanine in only eight pa-
tients. In four patients, peak values were insig-
nificantly greater than fasting levels. In most of
the remainder the peak occurred at 4 hr.

Cirrhotic patients with normal fasting tyrosine

levels did not differ from those with increased
levels either in clinical manifestations or by con-
ventional liver function tests. However, there
was a positive correlation between fasting tyrosine
levels and the degree of abnormality of the am-
monia tolerance test (Fig. 4). Similarly, abnor-
mal phenylalanine conversion tests were found to
correlate positively with abnormal ammonia toler-
ance tests (Fig. 5) but not with any other liver
function test results or with any clinical manifesta-
tion of cirrhosis. Although patients in whom
esophageal varices were seen esophagoscopically
had higher mean fasting tyrosine levels and more
frequently abnormal phenylalanine conversion tests
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phenylalanine conversion tests before and after
portacaval anastamoses in each of five patients
were nearly identical (Fig. 6).
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than those in whom varices were not seen, the
differences were statistically insignificant.

Phenylalanine conversion test curves in cirrhotic
patients with portacaval anastomoses were very

similar to those in cirrhotic patients without porta-
caval anastamoses (Table II). The results of
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Discussion

These studies indicate that major disturbances
exist in the metabolism of tyrosine in patients
with liver disease. They confirm the findings of
Bernhart and Schneider (3), that patients with
liver disease tend to have high fasting levels of
tyrosine in plasma and abnormal tyrosine tolerance
tests, using a specific method for assay of tyrosine.
In addition, they demonstrate impaired synthesis
of tyrosine from phenylalanine in patients with
hepatic disorders.

After phenylalanine loading the levels of tyro-
sine in plasma vary as a function not only of the
rate of tyrosine. synthesis but also of the rate of
its removal from plasma. Since, in patients with
liver disease, tyrosine is cleared from plasma at
a subnormal rate, peak plasma tyrosine levels dur-
ing phenylalanine conversion tests are probably
higher than they would be if the rate of its synthe-
sis were their sole determinant. Thus, comparison
of peak increments in plasma tyrosine levels prob-
ably results in an underestimate of the magnitude
of depression of phenylalanine hydroxylation. A
better estimate of this depression is obtained by
comparison of early increments in tyrosine levels
after phenylalanine loading. Increments in plasma
tyrosine levels during phenylalanine conversion
tests in patients with liver disease were more strik-
ingly subnormal during the 1st hr than they were

at their peaks. It should be noted, however, that
both initial and peak increments in tyrosine levels
were depressed significantly whether expressed as

per cent increase or as absolute increase.
Two additional characteristics of the abnormal

phenylalanine conversion test curves in patients
with liver disease indicate an important contribu-
tion of impaired tyrosine clearance; viz., peak
plasma tyrosine levels occurred later than they did
in normal subjects and the beginning return to-
ward fasting values generally was not observed
as it was in normal subjects.

In patients with cirrhosis, the only clinical or

laboratory manifestation of liver disease with
which either abnormal phenylalanine conversion
tests or high fasting tyrosine levels correlated posi-
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tively was the ammonia tolerance test. Ammonia
tolerance tests, as performed in this laboratory
(16), represent primarily a measure of portal-
systemic collateral circulation (17-20). The re-
sults of ammonia tolerance tests rarely are abnor-
mal in patients with either hepatitis or obstructive
jaundice (16, 17, 20), but usually are abnormal
in cirrhotic patients with clinical signs of portal
hypertension; e.g., ascites, splenomegaly, abdom-
inal collateral veins, and esophageal varices (16,
18). In fact, the degree of ammonia intolerance
in general reflects the magnitude of esophageal
varices in patients with cirrhosis (21). In addi-
tion, ammonia tolerance tests are useful in de-
termining the patency of surgically-constructed,
portal-systemic anastomoses (22).

The correlation of impaired ammonia tolerance
with abnormalities of tyrosine synthesis and catab-
olism and, particularly, the conversion of orally
administered phenylalanine suggest that these ab-
normalities are due, in part, to shunting of blood
from the portal to the systemic circulation and that
these abnormalities may actually reflect lack of
access to the liver. However, this cannot be the
sole explanation for these abnormalities; portal-
systemic shunting would not account for the ab-
normalities seen in patients with biliary obstruc-
tion or hepatitis. Furthermore, additional de-
terioration of phenylalanine conversion was not
observed in cirrhotic patients after construction of
portacaval anastamoses despite an increase in am-
monia intolerance.

These findings support the belief that in man,
as in rodents, synthesis and catabolism of tyrosine
are accomplished largely in the liver. The ob-
servation that patients with major defects in both
the synthesis and catabolism of tyrosine tend to
have high fasting levels of tyrosine in plasma as
well as in urine indicates that, in man, dietary
sources of tyrosine are quantitatively more sig-
nificant than synthesis.

Abnormal phenylalanine conversion tests were
found in some patients with liver disease with
minimal abnormalities in other liver function tests.
More commonly, patients with substantial abnor-
malities in other liver function tests had little or
no reduction in phenylalanine conversion. The
phenylalanine conversion test did not distinguish
between obstructive and other types of liver dis-

ease, nor was it useful in differentiating hepatic pa-
renchymal dysfunction from portal-systemic shunt-
ing. We must conclude that the phenylalanine
conversion test offers no advantage of either
specificity, sensitivity, or convenience over stand-
ard tests of liver function.

Finally, we wish to comment on the significance
of these findings in the interpretation of clinical
diagnostic tests based upon detection of abnormal-
ities of tyrosine metabolism. Tyrosine tolerance
tests done for the purpose of diagnosis of thyro-
toxicosis and phenylalanine conversion tests done
for the purpose of detection of heterozygous car-
riers of phenylketonuria may both yield falsely
positive results in patients with hepatic disease.
Tyrosinosis (hereditary p-hydroxyphenylpyruvic
acid oxidase deficiency) is commonly complicated
by cirrhosis (4) ; apparently, it is not generally
appreciated that the abnormal tyrosine tolerance
observed in these patients probably reflects not
only a genetically determined enzyme deficiency
but also the nonspecific effects of liver damage.
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