Plasma amino-acid patterns in liver disease
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SUMMARY Plasma amino-acid concentrations were measured in 167 patients with liver disease of
varying aetiology and severity, all free of encephalopathy, and the results compared with those in
57 control subjects matched for age and sex. In the four groups of patients with chronic liver
disease (26 patients with chronic active hepatitis, 23 with primary biliary cirrhosis, 11 with
cryptogenic cirrhosis, and 48 with alcoholic hepatitis±cirrhosis) plasma concentrations of
methionine were significantly increased, while concentrations of the three branched chain
amino-acids were significantly reduced. In the first three groups of patients plasma concentrations
of aspartate, serine, and one or both of the aromatic amino-acids tyrosine and phenylalanine
were also significantly increased, while in the patients with alcoholic hepatitis±cirrhosis plasma
concentrations of glycine, alanine, and phenylalanine were significantly reduced. In the three
groups of patients with minimal, potentially reversible liver disease (31 patients with alcoholic
fatty liver, 10 with viral hepatitis, and 18 with biliary disease) plasma concentrations of proline
and the three branched chain amino-acids were significantly reduced. Patients with alcoholic fatty
liver also showed significantly reduced plasma phenylalanine values. Most changes in plasma
amino-acid concentrations in patients with chronic liver disease may be explained on the basis of
impaired hepatic function, portal-systemic shunting of blood, and hyperinsulinaemia and
hyperglucagonaemia. The changes in patients with minimal liver disease are less easily explained.

The effects of liver disease on amino-acid
metabolism have received much attention. Several
early workers found abnormally high concentrations of methionine, cysteine, and the aromatic
amino-acids in patients with cirrhosis,'8 and a
generalised or selective amino-aciduria has been
reported.2 3 1 Conversely, in other early studies
no consistent changes in plasma or urinary aminoacids could be found in patients with cirrhosis.'517
In recent years, with improving techniques for
measurement, specific and reproducible plasma
amino-acid patterns have been shown in patients
and experimental animals with chronic liver
failure, 125 and in patients with fulminant hepatic
failure.25 26 Almost without exception these studies
have concentrated on patients with appreciable
hepatocellular dysfunction evidenced by the
presence of either acute or chronic hepatic
encephalopathy. Little information is available on
the plasma amino-acid patterns in patients with
chronic though well-compensated liver disease, or in
patients with minimal liver damage.27 28 Addition-

ally, although certain animal work suggests that
changes in plasma amino-acids after liver damage
may be specifically linked to the nature of the
damaging agent, few attempts have been made to
relate this work to liver disease in man.13 20 29-32
We have therefore siudied the plasma amino-acid
concentrations in a large number of patients with
liver disease of varying aetiology and severity, but
without hepatic encephalopathy, to look for
patterns of change related to the nature of the
damage present.
As age and sex both influence plasma amino-acid
concentrations33 34 careful matching of the control
group was necessary. Sex differences are more
pronounced in the fasting state than postprandially;34 thus in all cases blood samples were
taken two hours after a standard meal.
Methods
PATIENTS

The study group comprised 167 patients in hospital.
The aetiology and severity of their liver disease was
* Address for correspondence: Dr M Y Morgan, Medical Unit, Royal Free
assessed clinically, with biochemical and serological
Hospital, Hampstead, London NW3 2QG.
tests, liver histology and, where necessary, by oral,
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intravenous, or retrograde cholangiography. None
of the patients had clinical or electroencephalographic evidence of portal systemic encephalopathy. None of the alcoholic patients had taken
alcohol for at least three days.29
The control group of 57 individuals, of whom 21
were laboratory personnel and the remainder
hospital inpatients without hepatic or renal disease,
was carefully matched by age and sex to the patient
groups.

Subjects in both control and patient groups were
weighed, their mean daily protein intake was
estimated, and note made of any medications taken.
All plasma samples were collected at 10.00, two
hours after a standard breakfast.34 The plasma was
separated and deproteinised in a final concentration
of 3% sulphosalicylic acid. Norleucine was added to
the supernatant after deproteinisation to a final
concentration of 25mM to act as an internal
standard. All samples were stored at -20°C until
analysed using a Technicon TSM amino-acid
analyser.34 In most patients two or more samples
taken under the same standardised conditions were
examined.
Although the values for individual amino-acids in
the control group were normally distributed, those
obtained in the various patient groups were not;
thus non-parametric statistical analyses were used.
Amino-acid values in control and patient groups
were compared using Kruskal-Wallis analysis of
variance. Values of amino-acids showing significant
intergroup differences were then compared in each
disease group with control values using the MannWhitney U test.
Because of the difficulty in obtaining reliable
results from analysis for tryptophan, glutamic acid,

and glutamine,34 these amino-acids have been
omitted from this study.

Results
DETAILS OF PATIENTS (Table 1)
The patient group of 167 comprised 26 patients with
chronic active hepatitis with progression to cirrhosis,
23 with primary biliary cirrhosis with stage 3 or 4
change on liver biopsy, 11 with cryptogenic
cirrhosis, 48 with alcohol-related hepatitis with or
without cirrhosis, 31 with alcohol-related fatty
change, 10 with viral hepatitis (non-B), and 18 with
cholelithiasis and cholangitis with only minimal
necrosis and inflammatory infiltration in the portal
and periportal areas of the liver.
The mean age and age range of all the patient
groups were similar to those of the control group,
with the exception of the patients with viral hepatitis
who tended to be younger.
The mean weight for most of the patient groups
was similar to the control mean. The patients with
primary biliary cirrhosis had a lower mean weight
and the patients with alcohol-related fatty change a
higher mean weight than the controls. This probably
reflects the predominance of women in the primary
biliary cirrhosis group and of men in this alcoholic
group.

The mean daily protein intake per kg body weight
in the disease groups did not differ significantly from
the control mean.
Most patients received vitamin supplements, and
the patients with chronic active hepatitis received
prednisolone in doses of from 2.5 to 20 mg daily. No
women in the patient or control groups were taking
an oral contraceptive. 34

Table 1 Details of control subjects and patient groups

Group

No.

Sex ratio
M:F

Control subjects

57

31:26

Chronic active hepatitis

26

6:20

Age
(mean
range)

(mean
range)

Daily protein
intake
(mean)

(yr)

(kg)

(glkg)

47-1

67-5

0-99

(17-94)

(35-112)

41-3

64-8

0-97

56-3

56-2

0-95

49-6

66-6

0-72

(22-65)

(49-90)

52-4

66-3

0-84

Vitamins B, C

47-0

71-4

0-99

Vitamins B, C

36-1

66-6

0-86

Vitamins B, C

50-7

67.5

0-89

Vitamin K

(17-81)

Primary biliary cirrhosis

23

3:20

(37-73)

Cryptogenic cirrhosis
Alcoholic hepatitis±cirrhosis

11

48

9:2
27:21

(27-73)

Alcoholic fatty liver

31

29:2

(29-61)

Viral hepatitis

10

6:4

(19-61)

Biliary disease

18

9:9

(22-75)

Weight

(40-89)

(45-78)

(40-108)
(40-101)
(55-76)

(50-86)

Medications

Prednisolone
25-20 mg/day
Vitamins A, D, K
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PLASMA AMINO-ACID CONCENTRATIONS

(Table 2)
No significant differences in plasma amino-acid
concentrations were observed in repeat samples
obtained from any given patient. The overall reproducibility of results was consistent within ±5%.
Values of seven amino-acids - asparagine,
alpha-aminobutyric acid, cysteine, ornithine, lysine,
histidine, and citrulline - showed no significant
intergroup differences. Comparisons of the values of
the remaining 13 amino-acids in each disease group
with control values showed several significant
increases and decreases (p<005) as indicated in
Table 2.

(Fig. 1)
Plasma concentrations of aspartate, threonine,
serine, methionine, and the aromatic amino-acid
tyrosine were significantly raised, while concentrations of proline and of the three branched chain
amino-acids valine, isoleucine, and leucine were
significantly reduced.

CHRONIC ACTIVE HEPATITIS

PRIMARY BILIARY CIRRHOSIS

Plasma concentrations of aspartate, threonine,
serine, arginine, methionine, and tyrosine were
significantly raised, while concentrations of the

three branched amino-acids were significantly
reduced.
CRYPTOGENIC CIRRHOSIS

Plasma concentrations of aspartate, serine,
methionine, and the aromatic amino-acids tyrosine
and phenylalanine were significantly raised, while
the concentrations of the three branched chain
amino-acids were significantly reduced.
ALCOHOLIC

HEPATITIS±CIRRHOSIS

(Fig. 2)

The plasma concentration of methionine was significantly raised while concentrations of glycine,
alanine, phenylalanine, and the three branched
chain amino-acids were significantly reduced.
Thus in the four groups of patients with chronic
liver disease a common pattern of change in plasma
amino-acid was seen in which the concentration of
methionine was increased and the concentrations of
the three branched chain amino-acids were reduced.
Concentrations of aspartate, serine, and one or
both of the aromatic amino-acids tyrosine and
phenylalanine were raised in the groups with chronic
active hepatitis, primary biliary cirrhosis, and
cryptogenic cirrhosis, but not in the patients with
alcoholic hepatitis±cirrhosis. Changes in the
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Fig. 1 Plasma amino-acid concentration in patients with chronic active hepatitis (CAH) that show significant differences
from control values (p<O.OS). Blocks represent median values.
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Fig 2 Plasma amino-acid concentrations in patients with alcoholic hepatitis±cirrhosis that show significant differences
from control values (p<O0O5). Blocks represent median values.

concentrations of certain other amino-acids
occurred in each group in addition to the common
changes observed.

concentrations of proline and of the three branched
chain amino-acids.

Discussion
ALCOHOLIC FATTY LIVER

Plasma concentrations of proline, phenylalanine,
arginine, and the three branched chain amino-acids
were significantly reduced.
ACUTE VIRAL HEPATITIS

Plasma concentrations of aspartate and methionine
were significantly raised, while concentrations of
proline and of the three branched chain amino-acids
were significantly reduced.
BILIARY DISEASE (Fig. 3)

Plasma concentrations of proline and of the three
branched chain amino-acids were significantly
reduced.
Thus even in patients with minimal, potentially
reversible liver disease significant changes were seen
in plasma amino-acid profile - notably, reduced

This study has shown that significant changes occur
in plasma amino-acid concentrations in patients with
chronic well-compensated liver disease and also in
patients with minimal liver damage. Certain changes
were common to all groups of patients while others
appeared to relate to the severity of the liver
disease, its activity, or even to its aetiology.
Specific and reproducible plasma amino-acid
patterns have been shown in patients and experimental animals with chronic liver failure.1825 The
typical changes are increased concentrations of one
or both of the aromatic amino-acids tyrosine and
phenylalanine together with methionine and
decreased concentrations of the three branched
chain amino-acids - valine, isoleucine, and leucine.
This pattern was confirmed in the patients with
chronic liver disease in the present study with
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Fig. 3 Plasma amino-acid concentrations in patients with biliary disease that show significant differences from control
values (p<O.OS). Blocks represent median values.

the exception that patients with alcoholic amino-acids are primarily catabolised via the
hepatitis±cirrhosis showed reduced plasma skeletal muscle.18 i6 37 The capacity of the extraphenylalanine concentrations. The patients with hepatic tissues to metabolise these amino-acids may
chronic active hepatitis, primary biliary cirrhosis, assume compensatory proportions if liver glucoand cryptogenic cirrhosis also showed increased neogenesis decreases, with the result that plasma
concentrations of aspartate and serine, while, in concentrations will fall. Insulin acts directly on the
contrast, the patients with alcoholic hepat- liver inhibiting glucogenesis and peripherally it
itis±cirrhosis showed reduced concentrations of suppresses muscle output of branched chain aminoglycine and alanine. Plasma proline concentrations acids.38 Hyperinsulinaemia may occur in chronic
were significantly reduced in the group with chronic liver disease40 as a result of portal-systemic shunting
active hepatitis. Previous studies have not and decreased hepatic catabolism.41-45 The low
differentiated patients on the aetiology of their liver levels of branched chain amino-acids may be related
disease so that comparisons cannot be made.
to the raised circulating insulin levels. Fasting
In the three groups of patients with minimal insulin and amino-acids values do not correlate,4
potentially reversible liver disease the consistent however, and branched chain amino-acid concenabnormality was of a reduction in the concentrations trations have been shown to fall in rats after
of the three branched chain amino-acids and of hepatectomy when peripheral and portal insulin
proline. The patients with alcoholic fatty liver, in levels are low.36 47 48 Thus the low concentrations of
common with the patients with alcoholic hepat- circulating branched chain amino-acids in these
itis±cirrhosis, showed significantly reduced plasma patients cannot be attributed solely to hyperphenylalanine values. No previous studies are insulinism. It has recently been suggested that
available for comparison.
spontaneous portal-systemic shunting itself is closely
Explanations are available for several of these related to the reduction in plasma branched chain
findings. In all patient groups the plasma concen- amino-acids independently of the presence of liver
trations of the three branched chain amino-acids disease ;46 the mechanism is not clear. Plasma
were significantly reduced. In normal man the liver glucagon values tend to be raised in cirrhotic
is of major importance in amino-acid trans- patients44 49 50 and could influence plasma branch
amination. Its ability to use the three branched chain amino-acid concentrations. Similarly, plasma
chain amino-acids, however, is limited,35 and these noradrenaline concentrations may be raised in
39
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cirrhotic patients51 and infusion of noradrenaline in
healthy subjects results in decreased plasma aminoacid concentrations.52 None of these explanations
serve, however, to explain the reduced circulating
branch chain amino-acid concentrations in the
patients with minimal liver disease. Hyperinsulinaemia has been reported in patients with viral
hepatitis28 but would at best provide only a partial
explanation for these findings.
The aromatic amino-acids and methionine are
catabolised mainly in the liver;36 their raised values
in patients with chronic liver disease probably result
from impaired hepatic metabolism and portal
systemic shunting of blood.30 The presence of a
catabolic state with hyperglucagonaemia and
increased gluconeogenesis could also contribute to
the abnormal amino-acid pattern. 50
High plasma aspartate concentrations were found
in patients with chronic active hepatitis, primary
biliary cirrhosis, and cryptogenic cirrhosis but not
in patients with alcoholic hepatitis±cirrhosis.
Increased plasma aspartate concentrations have
previously been reported in cirrhotic patients.23
Recently, a significant reduction in whole blood
aspartate concentration was reported in a group of
well-compensated cirrhotic patients, suggestin§
partial intracellular depletion of this amino-acid.
Aspartate serves as a nitrogen donor in the urea
cycle; if intracellular values were low, impaired
ammonia detoxification could result. Aspartate may
also serve as an excitatory neurotransmitter in the
brain,54 so that low intracellular levels could result
in impaired cerebral function. The majority of
patients in this recent study52 were alcoholics with
cirrhosis; in this group of patients in the present
study we found normal plasma aspartate levels.
Information is not available on the whole blood
aspartate values in cirrhotic patients in whom
plasma aspartate concentrations are high.
Plasma proline concentrations were significantly
reduced in patients with chronic active hepatitis and
in all three groups of patients with minimal liver
damage. Proline is used in collagen synthesis, and
low levels might indicate increased collagen
production. The normal proline levels in the other
groups of patients are unexplained.
A percentage of patients with liver disease are
malnourished, and protein-calorie malnutrition is
associated with reduced plasma concentrations of all
amino-acids except glycine and alanine.55 The
patients in the present study, however, were of
normal body weight and took a normal diet,
suggesting that malnutrition is an unlikely explanation for the changes observed.
In animal studies acute administration of ethanol
in vivo or in vitro inhibits the active intestinal

transport of L-phenyl-alanine, L-leucine, L-glycine,
L-alanine, L-methionine, and L-valine. 56-58
Although none of the alcoholic patients in the
present study had taken alcohol within three days of
the study, it is still possible that the low
phenylalanine concentrations seen in these patients,
in contrast with the findings in the other groups of
patients, might be explained as an effect of alcohol.
The patients with chronic active hepatitis were
receiving prednisolone, which is known to influence
protein and purine metabolism.59 Peripherally,
prednisolone mobilises protein and amino-acids
from skeletal muscle, thus increasing their circulating concentrations. Steroids will probably have
contributed to some of the plasma amino-acid
changes seen in this group.
Significant changes occur in plasma amino-acid
concentrations in patients with well-compensated
chronic liver disease and also in patients with
minimal liver damage. Most of the changes
occurring in patients with chronic liver disease can
be explained on the basis of impaired hepatic
function, portal-systemic shunting of blood, and
hyperinsulinaemia and hyperglucagonaemia. The
changes occurring with patients with minimal liver
damage, however, are less readily explained; nevertheless their presence indicates that amino-acid
metabolism can be significantly disturbed by liver
injury that is judged by all other criteria to be minor.
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